
Journal of Ophthalmology

Retinal Laser Therapy in the Era of 
Anti-VEGF

Guest Editors: Raffael Liegl, Marcus Kernt, Jay Chhablani, and Kathrin Hartmann



Retinal Laser Therapy in the Era of Anti-VEGF



Journal of Ophthalmology

Retinal Laser Therapy in the Era of Anti-VEGF

Lead Guest Editor: Raffael Liegl
Guest Editors: Marcus Kernt, Jay Chhablani,
and Kathrin Hartmann



Copyright © 2017 Hindawi. All rights reserved.

This is a special issue published in “Journal of Ophthalmology.” All articles are open access articles distributed under the Creative Com-
mons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.



Editorial Board

Monica L. Acosta, New Zealand
Hee B. Ahn, Republic of Korea
Usha P. Andley, USA
Siamak Ansari-Shahrezaei, Austria
Taras Ardan, Czech Republic
Francisco Arnalich-Montiel, Spain
Takayuki Baba, Japan
Paul Baird, Australia
Antonio Benito, Spain
Mehmet Borazan, Turkey
Francis Carbonaro, Malta
Chi-Chao Chan, USA
Lingyun Cheng, USA
Chung-Jung Chiu, USA
Colin Clement, Australia
Miguel Cordero-Coma, Spain
Ciro Costagliola, Italy
Vasilios F. Diakonis, USA
Priyanka P. Doctor, India
Michel E. Farah, Brazil
Giulio Ferrari, Italy
Paolo Fogagnolo, Italy
Joel Gambrelle, France
M.-A. Gamulescu, Germany
Santiago Garcia-Lazaro, Spain

Ian Grierson, UK
Vlassis Grigoropoulos, Greece
Vishal Jhanji, Hong Kong
Naoshi Kondo, Japan
Ozlem G. Koz, Turkey
Hiroshi Kunikata, Japan
Toshihide Kurihara, Japan
George Kymionis, Greece
Neil Lagali, Sweden
Achim Langenbucher, Germany
Van C. Lansingh, Mexico
Paolo Lanzetta, Italy
Theodore Leng, USA
Marco Lombardo, Italy
Tamer A. Macky, Egypt
Edward Manche, USA
Flavio Mantelli, USA
Enrique Mencía-Gutiérrez, Spain
Marcel Menke, Switzerland
Lawrence S Morse, USA
Majid M. Moshirfar, USA
Ramon Naranjo-Tackman, Mexico
Neville Osborne, UK
Ji-jing Pang, USA
Enrico Peiretti, Italy

David P. Piñero, Spain
Jesús Pintor, Spain
Antonio Queiros, Portugal
Anthony G. Robson, UK
Mario R. Romano, Italy
Dirk Sandner, Germany
Ana Raquel Santiago, Portugal
Patrik Schatz, Sweden
Kin Sheng Lim, UK
Wisam A. Shihadeh, USA
Bartosz Sikorski, Poland
Shivalingappa K. Swamynathan, USA
Suphi Taneri, Germany
Christoph Tappeiner, Switzerland
Stephen Charn Beng Teoh, Singapore
Panagiotis Theodossiadis, Greece
Biju B. Thomas, USA
Lisa Toto, Italy
Manuel Vidal-Sanz, Spain
Gianmarco Vizzeri, USA
Suichien Wong, UK
Victoria W YWong, Hong Kong
Terri L. Young, USA
Hyeong Gon Yu, Republic of Korea
Vicente Zanon-Moreno, Spain



Contents

Patient Preferences with Regard to Laser versus Intravitreal Injections in the Treatment of Diabetic
Macular Edema
Lauren Mason, Jason N. Crosson, John O. Mason III, and Gerald McGwin Jr.
Volume 2017, Article ID 7398470, 4 pages

Combination of Anti-VEGF and Laser Photocoagulation for Diabetic Macular Edema: A Review
Laura N. Distefano, Jose Garcia-Arumi, Vicente Martinez-Castillo, and Anna Boixadera
Volume 2017, Article ID 2407037, 7 pages

Combination of Navigated Macular Laser Photocoagulation and Anti-VEGFTherapy: Precise
Treatment for Macular Edema under Dry Retinal Conditions
Ernest V. Boiko and Dmitrii S. Maltsev
Volume 2017, Article ID 7656418, 9 pages

Combination of Intravitreal Injection of Ranibizumab and Photocoagulation for the Treatment of
Aggressive Posterior Retinopathy of Prematurity with Vitreous Hemorrhage
Yu Xu, Xiaoli Kang, Qi Zhang, Qiujing Huang, Jiao Lv, and Peiquan Zhao
Volume 2016, Article ID 5029278, 6 pages

Subfoveal Choroidal Thickness after Panretinal Photocoagulation with Red and Green Laser in Bilateral
Proliferative Diabetic Retinopathy Patients: Short Term Results
Ramak Roohipoor, Sina Dantism, Aliasghar Ahmadraji, Reza Karkhaneh,
Mohammad Zarei, and Fariba Ghasemi
Volume 2016, Article ID 9364861, 4 pages



Research Article
Patient Preferences with Regard to Laser versus Intravitreal
Injections in the Treatment of Diabetic Macular Edema

Lauren Mason, Jason N. Crosson, John O. Mason III, and Gerald McGwin Jr.

Retina Consultants of Alabama, University of Alabama at Birmingham School of Medicine, Callahan Eye Hospital, 700 18th St.
South, Suite 707, Birmingham, AL 35233, USA

Correspondence should be addressed to Jason N. Crosson; jncrosson@gmail.com and John O. Mason III; masonallmason@yahoo.com

Received 30 September 2016; Accepted 23 February 2017; Published 6 April 2017

Academic Editor: Raffael Liegl

Copyright © 2017 Lauren Mason et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Purpose. To identify treatment preferences of patients with diabetic macular edema (DME) having undergone laser and intravitreal
injections. Methods. Patients with DME who received lasers and injections were surveyed, measuring preferences toward specific
treatments. 66/210 diabetic patients met the criteria for our survey assessing preference for lasers and/or injections,
incorporating demographics and treatment preference questions. Outcome measures included treatment preference (laser or
injections), how often patients are willing to be treated, and how much vision they will sacrifice to avoid being treated every
month. Results. 66 patients completed the survey. The mean diabetes duration was 20.7 years, the mean retina follow-up was 4.4
years, and patients received a mean of 4.82 lasers and 4.86 injections. 56% preferred injections, 33% preferred laser, and 11%
had no preference. Regarding treatment effectiveness, 38% found no difference, 36% chose laser, and 25% chose injections.
Regarding anxiety, 56% reported injection anxiety. While 50% versus 38% reported that laser was easier than injections. 91%
would give up zero lines on the eye chart, and 76% would come in 12 times yearly for treatment to maintain vision. Conclusion.
Patients with DME have no profound preference regarding laser versus intravitreal injections but prefer aggressive treatment
and are unwilling to sacrifice vision for less visits.

1. Introduction

Diabetic mellitus is quickly becoming an epidemic in the
United States, with an estimated 29.1 million Americans
diagnosed to date [1]. Visual complications that result from
diabetes, such as diabetic retinopathy and diabetic macular
edema, remain the primary causes of vision loss in the U.S.
Diabetic macular edema (DME) is a common progressive
eye disease that affects an estimated 750,000 American dia-
betic patients [2]. Because of this, DME has an enormous
impact on the quality of life in these patients, affecting their
ability to perform everyday tasks such as driving and holding
a job, with resulting depression and anxiety [3]. Due to the
growing number of diabetic patients being diagnosed with
DME, studies have been done to examine current treatment
protocols for these patients to determine the most effective
way to maintain visual stability and improvement over a
long-term treatment plan. Although there are studies such

as Miller et al. that have looked at treatment recommenda-
tions for DME based on physician preference [4], no study
to date has evaluated actual patient preferences with regard
to focal grid laser and intravitreal injections. The objective
of our study was to perform a patient survey to identify the
treatment preferences of patients with DME that had already
been treated with both focal grid laser and bevacizumab
intravitreal injections. Furthermore, we wished to identify
how often patients are willing to be treated, which treatment
they prefer (laser or injections), and how much vision they
are willing to lose to avoid being treated every month.

2. Methods

After IRB approval, we conducted a single-center patient
preference survey on patients with DME who had previously
been treated with both focal grid lasers and bevacizumab
intravitreal injections.
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We consecutively evaluated 210 patients with diabetic
retinopathy and found 66 who met entry criteria for our
survey study. The entry criteria were patients over the
age of 18 who could give informed consent to participate
and who had prior focal grid laser treatment and intravitreal
injections for DME. Exclusion criteria included prior
panretinal photocoagulation (PRP) for proliferative diabetic
retinopathy (PDR). Patients were given a 21-question survey
(Table 1) that assessed patient preference for focal grid lasers
and/or intravitreal injections. The survey included demo-
graphic features such as age, race, gender, socioeconomic
status, transportation issues, employment and education,
insurance provider, and disability status to analyze whether
these factors correlated with the results regarding the
primary outcome measures as listed on the survey.

Survey questions included the following: which treat-
ment, focal grid laser or injection, made you more anxious
before and after the procedure; which hurts more; which
works better; which do you prefer; which is easier; how many
lines on the eye chart would you be willing to lose to receive
fewer treatments; would you be willing to come in every
month for treatment; and which treatment allows you to
drive from the office after being treated. Patients were also
asked if they would choose monthly injections with better
vision compared to 4 visits with focal grid laser and slightly
less vision.

Primary outcome measures of this study included which
treatment was preferred (lasers or injections), how often
patients are willing to be treated, and how much vision they
are willing to sacrifice to avoid being treated every month.

All lasers done in the past were performed in a stan-
dard modified Early Treatment Diabetic Retinopathy Study
(ETDRS) fashion [5]. All intravitreal injections were per-
formed in a standard fashion using American Academy of
Ophthalmology (AAO) protocols with topical anesthetic
and 5% povidone iodine, without lid speculum, or draping
the patient.

Statistical analysis was performed using chi square test-
ing to compare choices on survey questions with different
demographic subgroups. Baseline patient characteristics
were summarized using frequencies and percentages, and
patient treatment preference was estimated for each demo-
graphic subgroup. Association of demographic features
with treatment preference were assessed using chi square
tests. p values of 0.05 or less (two sided) were considered
statistically significant.

3. Results

A total of 66 patient statuses post treatment with focal grid
laser and bevacizumab injections for diabetic macular edema
completed the survey. The mean patient age was 63 (range
30–91), with 34 (52%) males and 32 (48%) females partici-
pating. 35 (54%) patients were Caucasian, and 31 (46%) were
African American. Patients had been diabetic for a mean of
20.7 years (range 3–53 years) and had been seeing a retina
specialist (JOM) for a mean of 4.4 years (range 1, visit 20
years). Of the 66 patients, 45% (30/66) were insured byMedi-
care or Medicaid, 18% (12/66) were insured by BlueCross,

30% were insured by others, and 6% were uninsured. Patients
surveyed had received a mean of 4.82 lasers (range 1–19) and
4.86 injections (range 1–25).

Results showed that 56% (37/66) of patients preferred
injections, 33% (22/66) preferred focal grid laser, and 11%
(7/66) had no preference. Regarding effectiveness of treat-
ment of either focal grid laser or injections, 38% (25/66) of
patients found no difference regarding effectiveness of treat-
ment of either focal grid laser or injections, 36% (24/66) of
patients reported that focal grid laser works better, and 25%
(17/66) reported that injections work better. Regarding pre-
treatment anxiety, 56% (37/66) reported that injections
caused more pretreatment anxiety. 50% (33/66) of patients
also reported that focal grid laser treatment was easier for
them to undergo, second to 38% (25/66) who reported injec-
tions were easier for them to undergo, and 12% (8/66) who
had no preference.

Regarding vision, 83% (55/66) of patients said that they
would be willing to have 15-16 injections to gain 2 lines of
vision. When asked to pick monthly injections with slightly
better vision or 4 visits with laser and slightly less vision,
78% (52/66) chose monthly injections with better vision, as
opposed to 21% (14/66) who chose fewer visits with less
visual gain. 86% (56/66) of patients reported that they would
be willing to sacrifice zero lines on the Snellen eye chart to
receive 4 lasers as opposed to 15-16 shots, followed by 8%
(5/66) who answered that they would sacrifice 2 lines and
6% (4/66) who would sacrifice one line on the Snellen eye
chart. Regarding sacrificing lines on the Snellen eye chart in
order to receive fewer treatments, 91% (60/66) said that they
would sacrifice zero lines on the eye chart, and 76% (50/66)
of patients would be willing to come in 12 times a year to
receive treatment in order to maintain their vision.

Regarding employment status, 17/66 (26%) were
employed, while 49/66 (74%) were unemployed. Mean
BCVA was 20/70 for the employed group and 20/80 for the
unemployed group, showing no statistical significance. The
BCVA did not correlate with employment status.

Regarding those patients who were willing to sacrifice
BCVA to receive fewer treatments, the mean BCVA was
20/60 and they had received a mean of 6.7 laser treat-
ments and 3.5 injections. This was not statistically differ-
ent from patients unwilling to sacrifice BCVA to receive
fewer treatments (mean BCVA 20/70, mean lasers 4.82,
mean injections 4.86).

Gender was a statistically significant factor as it pertains
to pain tolerance and pain perception for focal grid laser
and injections. Out of 18 patients who reported that focal
grid laser hurt more than injections, 67% (12/18) of those
were male patients. Furthermore, of the 27 patients who
reported that either focal grid laser or injection was painful,
only 37% (10/27) of those were male and 63% (17/27) were
female. Males overwhelmingly chose fewer treatments and
poorer vision as opposed to more treatments and better
vision in a ratio 11 to 3 compared to female patients. Of those
patients preferring fewer treatments, even if that meant
having to sacrifice vision, 76% were male (p = 0 0225).

The questionnaire surveyed demographic factors, and
17% (10/59) of patients reported having transportation

2 Journal of Ophthalmology



problems. 75% (49/66) of patients reported being unem-
ployed, 45% (30/36) did not attend college, and 40%
(27/66) also reported being on disability. There was a statisti-
cal significance between being unemployed and post-
treatment anxiety for both lasers and injections. Those
unemployed had more anxiety with receiving injections
(p = 0 036). There was also statistical significance between
employment and treatment preference between focal grid
laser and injection. Those unemployed preferred to have
laser treatment over injections compared to those with a job
(p = 0 0139). Regarding pain after either laser or injections,
males were more likely to have pain than females (p = 0 05).

4. Discussion

Diabetic macular edema is one of the leading causes of vision
loss in diabetics in the United States. DME has a vast impact
on the quality of life in patients suffering with this disease due
to visual acuity loss over time. This vision loss can lead to
inability to drive or hold a job, leading to psychological
symptoms of depression and anxiety. Rees et al. examined
the association between vision loss and DME with psycho-
logical outcomes such as symptoms of anxiety and depres-
sion in patients with diabetes. In their study, greater
depressive symptoms correlated with more severe diabetic

retinopathy, lower education level, poorer glucose control,
and longer duration of diabetes, and greater symptoms of
anxiety were reported with lower education level [3]. Our
findings regarding employment and treatment anxiety corre-
lated with these results. 75% (49/66) of patients surveyed
reported being unemployed. This extremely high rate is pos-
sibly due to poor health secondary to their disease, the num-
ber of doctor visits per month, and the location of the study
being rural Alabama. There was a statistical significance
between being unemployed and posttreatment anxiety,
showing that those who are unemployed show more anxiety
with injections (p = 0 036). There was also statistical signifi-
cance between employment and treatment preference
between focal grid laser and injection. Those unemployed
preferred to have laser treatment over injections compared
to those with a job (p = 0 0139). This strong correlation
between unemployment, anxiety, and treatment choice may
lead retina physicians to consider these associations prior to
treatment when considering lasers or injections for DME.

Our questionnaire surveyed demographic factors, and
17% of patients (10/59) reported having transportation prob-
lems. This could be due to socioeconomic status or a result
of losing vision and the inability to drive. 75% (49/66) of
patients reported being unemployed, 45% (30/36) did not
attend college, and 40% (27/66) also reported being on

Table 1: Patient DME survey.

Patient Name:

Age:

Race:

Gender:

Job/No Job:

Did they attend college:

How long they’ve been diabetic:

How long they have seen Dr. Mason:

Vision:

How many doctors do they have:

How many lasers have they received:

How many shots have they received:

Insurance carrier:

1. Which made you more anxious before you had either procedure (circle one): laser or shot

2. Which makes you more anxious now that you’ve had both (circle one): laser or shot

3. Which works better? (circle one) laser or shot

4. Which do you prefer? Laser or shot Why?

5. Which is easier for you? (circle one) laser or shot

6. If three lasers did not make you see quite as well as 15-16 shots, which would you pick? (circle one) Lasers or shots

7. How many lines on the eye chart would you be willing to give up in order to receive just 3 lasers as opposed to 15-16 shots?

8. Would you be willing to lose one line of vision on the eye chart so you didn’t have to come in every month for a shot? Y N

9. Would you be willing to lose two lines of vision on the eye chart so you didn’t have to come in every month for a shot? Y N

10. Would you be willing to lose three lines of vision on the eye chart so you didn’t have to come in every month for a shot? Y N

11. Is it worth 15-16 shots to gain on average 2 lines of vision? Y N

12. On a scale of 1-5, what is the chance you can visit for 15-16 shots over 2 years? (1=most likely; 5=least likely)

13. On a scale of 1-5, what is the chance you can visit for 7 shots and 3 lasers over 2 years? (1=most likely; 5=least likely)

14. On a scale of 1-5, what is the chance you can visit for 4 lasers over 2 years? (1=most likely; 5=least likely)
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disability. Lower socioeconomic status may be substantial
in contributing to transportation problems, lack of educa-
tion of their disease, lack of a college education, disability,
and low overall health management, leading to poorer
vision and higher depressive symptoms long term. Our
findings corroborate Rees et al. [3]. These results lead us
to believe that socioeconomic status, transportation issues,
education, employment, and disability are all significant
factors seen in our survey that can be linked to severity
of DME requiring many years of treatment.

We found that the majority of patients surveyed were
unemployed, which may be due to a number of factors
including the number of doctor visits they must make per
month, diabetes affecting their ability to be employed, and
their relatively poor visual acuity requiring frequent treat-
ments by the ophthalmologist. We found no correlation
between employment status and patient’s BCVA. Therefore,
our patient’s visual acuity alone is not the determining factor
for their employment status.

Those patients willing to sacrifice vision to receive fewer
treatments had no difference in BCVA compared to those
patients unwilling to sacrifice vision for fewer treatments.
We found that there was no difference between number of
treatments received by both groups. This implies that visual
acuity and number of treatments received have no bearing
on those patients who are willing to sacrifice vision to receive
fewer treatments. Gender played a role as we will discuss in
the following paragraph.

Gender differences were also statistically significant with
regard to patient treatment preference. When asked if
patients preferred an injection once a month for better vision
or 4 laser treatments per year and slightly worse vision, 14/66
(21%) chose 4 lasers and slightly worse vision. Males over-
whelmingly chose fewer treatments and poorer vision as
opposed to more treatments and better vision. Of those
patients preferring fewer treatments, even if that meant hav-
ing to sacrifice vision, 76% were male (p = 0 0225). Regarding
pain after either laser or injections, males were also more
likely to have pain than females (p = 0 05). These findings
lead us to believe that females have a higher pain tolerance
when it comes to focal grid laser and injection for DME when
compared to males. This supports the pain perception study
performed by Frot et al. [6]. This study found that pain inten-
sity, unpleasantness, and anxiety, especially as it pertains to
the face, are much higher in men than in women [6].
Although men have lower overall pain ratings, they reported
more pain-related anxiety and showed a more positive
correlation between anxiety and pain intensity and unpleas-
antness than women. These results also explain why 56%
(10/18) of men reported having posttreatment anxiety
regarding injections as compared to 44% in women.

Regarding vision, 91% (60/66) said that they would sacri-
fice zero lines on the eye chart and 76% (50/66) of patients
would be willing to come in 12 times a year to receive treat-
ment in order to maintain their vision. Previous studies have
identified a link between visual impairment, anxiety, and
depressive symptoms [3, 7–9]. Our study lends further cre-
dence that sight is indeed precious and patients recognize this
fact. Our patients, in general, are unwilling to sacrifice any

vision regardless of the number of treatments or the type of
treatments they must receive.

In conclusion, this is the first study to evaluate patient
preferences for treatment with focal grid laser and intravit-
real injection in diabetics with DME. The results of the survey
show that there is no statistically significant difference
between patient preferences for laser or intravitreal injection
treatment, 76% of patients are willing to be treated a maxi-
mum amount of times in order to maintain their vision,
and 91% would not give up any vision to receive fewer treat-
ments. Patients express a strong overall preference for treat-
ment schemes that allow the highest degree of visual acuity
and stability that can be achieved. Treatment schemes that
result in optimal visual outcomes are preferred, even if it
involves a high treatment burden. A significant correlation
was found between unemployment and gender with regard
to treatment preference, suggesting that demographics also
play a role in patient preferences toward DME treatment.
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Diabetic macular edema (DME) is the most common cause of vision loss in diabetic patients. Thirty years ago, the Early Treatment
Diabetic Retinopathy Study (ETDRS) demonstrated that focal/grid laser photocoagulation reduces moderate vision loss from DME
by 50% or more; thus, macular photocoagulation became the gold standard treatment for DME. However, with the development of
anti-VEGF drugs (bevacizumab, ranibizumab, and aflibercept), better outcomes were obtained in terms of visual acuity gain and
decrease in macular thickness in some studies when antiangiogenic drugs were administered in monotherapy. Macular laser
therapy may still play an important role as an adjuvant treatment because it is able to improve macular thickness outcomes and
reduce the number of injections needed. Here, we review some of the clinical trials that have assessed the efficacy of macular
laser treatment, either as part of the treatment protocol or as rescue therapy.

1. Introduction

More than four hundred million adults suffer from diabetes
mellitus worldwide [1]. Ninety percent of diabetic patients
will have some form of retinopathy twenty-five years follow-
ing diagnosis [2]. Diabetic retinopathy causes blood-retinal
barrier breakdown, leading to increased permeability and
leakage from retinal capillaries. Fluid accumulates within
the retinal layers, resulting in a thickened macula. Diabetic
macular edema (DME) is the most common cause of vision
loss in diabetic patients, with a prevalence that ranges from
19% to 65% [3]. This paper reviews the current role of laser
for DME in the era of antiangiogenic therapy.

2. Diabetic Macular Edema

Involvement or threatening of the center of the macula
was termed clinically significant macular edema (CSME) by
the Early Treatment Diabetic Retinopathy Study (ETDRS)
[4, 5]. Furthermore, in the ETDRS, edema was classified as
focal or diffuse by the proportion of leakage that came from
microaneurysms graded in fluorescein angiograms: more
than 66% or less than 33%, respectively. Severity of macular

ischemia was also graded according to the degree of capillary
loss in the central and inner subfields [6]. Nowadays,
however, DME is mainly classified by its central involvement
in most of the main clinical trials that evaluate intravitreal
therapy for DME.

3. Macular Laser Photocoagulation

3.1. Treatment Techniques. In the ETDRS, two macular
laser treatment techniques were defined: focal and grid, both
performed between 500 and 3000 microns from the fovea
but not within 500 microns from the papillary border [7, 8].
Focal laser was applied for focal lesions that not only
included microaneurysms but also included intraretinal
microvascular abnormalities (IRMA) and small capillaries
with focal leakage. Grid laser was performed in areas of
macular thickening with diffuse leakage or capillary loss.

Although effective, laser burns close to fixation were
described to enlarge over time, potentially affecting the fovea,
with secondary central visual loss, central scotomas, and
altered color vision [9]. To avoid these potential complica-
tions, a modification of the described ETDRS technique was
developed, called the modified-ETDRS laser treatment
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(MLT) technique. In this modified protocol, a smaller spot of
50 μm size and 50 to 100 milliseconds burn duration is
performed. Focal laser aims to treat only leaking microa-
neurysms, causing a mild gray-white burn but not neces-
sarily a darkening or whitening of the microaneurysm.
Grid laser is applied to areas with diffuse leakage or non-
perfusion, with barely visible, two-burn widths apart laser
burns [10]. This is currently the preferred technique in
daily practice, especially focal laser for treating small areas
of thickening, threating but not affecting the fovea. MLT
is, likewise, the protocol of choice in the studies we will
describe below.

3.2. Mechanism of Action. Focal laser is thought to reduce the
leakage from the microaneurysm by direct occlusion of the
lumen [11]. On the other hand, although the exact mecha-
nism of the effect of grid photocoagulation is not well under-
stood, some plausible theories have been described [12]: (a)
destruction of photoreceptors which have high oxygen
demands, (b) increased oxygenation of the retina through
the laser scar, (c) restoration of new RPE barrier by spreading
in small lesions and by proliferation in larger lesions, (d)
production of cytokines TGF beta and PEDF from the
stimulated RPE, (e) decrease in area of abnormal leakage:
reduction in the leaking capillary area, and (f) autoregulation
with secondary decrease in retinal blood flow and consequent
decreased edema [13].

4. Clinical Trials of Diabetic Macular Edema

Several prospective, randomized, controlled clinical trials
have been conducted in the past years regarding the
treatment of DME involving the center of the macula. We
review here some of the ones that have compared macular
laser treatment as part of the treatment protocol or as
rescue therapy.

4.1. Early Treatment Diabetic Retinopathy Study (ETDRS). In
this classic study, patients with DME, visual acuity (VA) of
20/200 or better, and no proliferative retinopathy were ran-
domized into early or deferred focal/grid photocoagulation
[6]. DME eyes with CSME treated with laser had lower rates
of visual loss compared with controls: 12 versus 24%, at 3
years. In diffuse edema, grid was of limited benefit: VA
improved in 15%, worsened in 24%, and remained stable in
61% [4, 5]. Thus, the ETDRS demonstrated that focal/grid
laser photocoagulation reduces moderate vision loss from
DME by 50% or more, and from these results, it became
the gold standard against which all new treatments have been
compared to since then [4, 6].

4.2. Clinical Trials with Macular Laser as a Treatment Arm

4.2.1. Intravitreal Triamcinolone Acetonide and Focal/Grid
Photocoagulation for Diabetic Macular Edema (DRCR.net
Protocol B Study).One of the first drugs that was tested against
laser treatment was intravitreal triamcinolone. In 2008, the
first results from Diabetic Retinopathy Clinical Research
Network (DRCR.net) Protocol B were published: eight
hundred forty study eyes with VA of 20/40 to 20/320 were

randomized to focal/grid photocoagulation, 1mg or 4mg
intravitreal triamcinolone. Retreatment was administered
for persistent or new edema at 4-month intervals. The results
at 12 months showed no significant differences in mean VA
gain among the three treatment arms. At the 2-year follow-
up visit, mean VA change from baseline was clinically
modest but statistically greater in the laser group (+1 ETDRS
letter) than in the other 2 groups (−2 and −3 ETDRS letters;
p = 0 02 and p = 0 002, resp.). This difference was observed
even for those eyes that were pseudophakic at baseline and
for those that were pseudophakic or had minimal or no
cataract at the 2-year follow-up visit [14]. After three years
of follow-up, VA letter score did not show any change in
the triamcinolone groups but improved in 5 letters in the
laser group [15]. Macular thickness in optical coherence
tomography (OCT) decreased in a similar way. In terms of
cataract formation, most eyes treated with 4mg triamcino-
lone required surgery.

These results highlight the long-term effect of laser
treatment monotherapy, as the outcomes in visual acuity
and retinal thickness improved after three years of treatment.

4.2.2. Bevacizumab orLaserTherapy (BOLTStudy).Twoyears
later, the BOLT study evaluated intravitreal antiangiogenic
1.25 micrograms bevacizumab versus focal/grid photocoagu-
lation in patients with persistent center-involving CSME and
visual acuity of 20/40 to 20/320. Eighty eyes were randomized
into receiving either bevacizumab alone (at 6-week intervals)
or focal/grid alone (at 4-month intervals) [16]. At the 12-
month follow-up visit, subjects treated with bevacizumab
improved a median of 8 ETDRS letters, compared with
the laser-treated eyes, which lost VA (−0.5, p = 0 0002),
despite a median of 3 laser treatments being performed.
Twelve percent of subjects treated with bevacizumab
versus 5.3% treated with laser gained more than 15
letters. Consistently with VA results, central macular thick-
ness (CMT) decreased 129μm in the bevacizumab group
(p < 0 001) comparedwith 68μmin the laser group (p = 0 02).

At the 2-year follow-up visit, the bevacizumab armmain-
tained a median of +9 letters improvement, whereas laser-
treated eyes showed better results than at 1-year visit (+2.5,
p = 0 005). In terms of percentage of patients who gained
15 letters or more compared to baseline, the bevacizumab
arm showed superiority compared to laser (32% and 4%,
resp., p = 0 004). Mean reduction in central macular thick-
ness was 146μm in the bevacizumab arm versus 118μm in
the MLT arm [17]. Even though the follow-up was short,
laser outcomes are slightly better during the second year
compared with the first year.

4.2.3. VEGF-Trap-Eye in Patients with Diabetic Macular
Edema (DA VINCI Study). This phase II clinical trial enrolled
221 diabetic patients, assigned to receive either 0.5mg afli-
bercept every 4 weeks, 2mg aflibercept every 4 weeks, 3
monthly injections of 2mg aflibercept and then every 8
weeks, 3 monthly injections of 2mg aflibercept and then on
a PRN protocol, or macular laser photocoagulation alone.

All aflibercept groups gained VA ranging from a mean
of +9.7 to +13.1 letters, while patients in the laser group
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only lost a mean of 1.3 letters at 1-year follow-up. Mean
reductions in CMT in the 4 aflibercept groups ranged
from −165 to −227μm compared with only −58μm in the
laser group (p = 0 0066, aflibercept arms versus laser) [18].

4.2.4. Intravitreal Aflibercept for Diabetic Macular Edema
(VIVID/VISTA Studies). More recently, 872 eyes were
enrolled in two identical phase III trials that randomized
them into receiving 2mg aflibercept every 4 weeks, 5 monthly
injections of 2mg aflibercept and then every 8 weeks, or
focal/grid laser. Mean VA improvement from baseline to
week 100 was the lowest in the laser groups (+0.9 and +0.7)
compared with that of both aflibercept arms (+11.5 and
11.4 for aflibercept every 8 weeks; +11.4 and +9.4 for afli-
bercept every 8 weeks) for VIVID and VISTA, respectively.
The proportion of the eyes that gained 15 letters or
more from baseline at week 100 was 38%, 33%, and 13%
(p < 0 0001) in VISTA and 38%, 31%, and 12% (p < 0 0001)
in VIVID [19].

DA VINCI and VIVID/VISTA show poor short-term
results of laser alone in terms of visual acuity.

4.2.5. Ranibizumab for Edema of the Macula in Diabetes
(READ-2 Study). The READ-2 study added the combination
therapy as a treatment arm. For the first 6 months of the
study, 126 patients with DME were randomized to receive
0.5mg ranibizumab every two months, focal/grid laser
photocoagulation at baseline and at month 3 if needed,
or a combination of 0.5mg of both at baseline and month 3.
At month 6, the mean gain in BCVA was significantly greater
for ranibizumab monotherapy (+7.24 letters, p = 0 01) com-
pared with laser alone (−0.43 letters); combination therapy
showed no differences when compared to the other two
(+3.80 letters). Twenty-two percent, 0%, and 8% of the
subjects improved 15 letters or more ( p = 0 002). CMT
was reduced as well by 50%, 33%, and 45% in groups 1,
2, and 3, respectively [20].

After month 6, all subjects were allowed to be treated
with ranibizumab. Fewer injections were needed during the
18-month follow-up for the combination group (2.9) com-
pared with ranibizumab alone (5.3) and laser alone (4.4)
original groups. At 24 months, mean improvement in BCVA
remained stable for ranibizumab-treated patients (+7.7) but
was better for laser alone (+5.1) and combination therapy
(+6.8). The percentage of patients who gained 15 letters or
more of BCVA also improved for the laser and ranibizumab
plus laser-treated eyes, compared to the 6-month results
(24%, 18%, and 26% for ranibizumab, laser, and combina-
tion, resp.). In terms of mean CMT at the 24-month visit,
combination therapy showed the better results: 258 microns,
compared with 340μm achieved with ranibizumab and
286μm with laser alone [21].

At the 36-month visit, mean improvement from the base-
line BCVA was greater compared to the 24-month results in
the ranibizumab group (+10.3 letters). Laser (+1.4 letters)
and combination (+8.9 letters) groups showed more stable
results when compared with the 2-year results. However,
CMT showed greater reduction with combination therapy
(−243μm) than with laser alone (−193μm) or ranibizumab

alone (−132μm). The mean number of ranibizumab injec-
tions was greater in the ranibizumab arm compared with
the laser arm (5.4 versus 2.3 injections, p = 0 008) but
not compared with the ranibizumab plus laser arm (3.3,
p = 0 11) [22].

In brief, 3-year outcomes of combination therapy showed
the greatest CMT reduction, greater VA change than laser
but no ranibizumab, and fewer injections needed than
ranibizumab monotherapy.

4.2.6. Ranibizumab Monotherapy or Combined with Laser
versus Laser Monotherapy for Diabetic Macular Edema
(RESTORE Study). Similar to the READ-2 study, combina-
tion therapy was included in this protocol: 345 diabetic
patients with visual impairment due to DME were random-
ized to 0.5mg ranibizumab (group 1), 0.5mg ranibizumab
plus laser (group 2), or sham injections plus laser (group 3).
Ranibizumab was given monthly for the first 3 months then
pro re nata (PRN); laser was given at baseline then PRN.
Mean average change in BCVA letter score from baseline to
month 1 through 12 was +6.1 and +5.9 versus +0.8 for groups
1, 2, and 3 (bothp < 0 0001). No differences were found when
comparing focal and diffuse types of edema. At month 12,
22.6%, 22.9%, and 8.2% gained more than 15 letters in the
three groups, respectively. The mean central retinal thickness
was significantly reduced from baseline with ranibizumab
(−119μm) and ranibizumab plus laser (−128μm) versus
laser (−61μm; both p < 0 001) [23].

In the extension study [24], patients were eligible to
receive ranibizumab and concomitant laser treatment. In
the prior laser group, a progressive BCVA improvement
(+6.0 letters) and CMT reduction (−142.7μm) at month 36
were observed after allowing treatment with ranibizumab.
The prior ranibizumab and ranibizumab plus laser groups
improved +8 and +6.7 letters compared to baseline and
showed 142 and 146 microns CMT reduction, respectively.
Medians of 6 (mean of 6.8) and 4 (mean of 6) injections were
performed in the prior ranibizumab and ranibizumab plus
laser groups, respectively.

In the RESTORE study, combination therapy achieved
similar anatomical outcomes compared to ranibizumab
monotherapy but less VA improvement, with a small differ-
ence in injection number.

4.2.7. Ranibizumab Monotherapy or Combined with Laser
versus Laser Monotherapy in Asian Patients with Diabetic
Macular Edema (REVEAL Study). In this study, 396 Asian
diabetic patients were randomized to 0.5mg ranibizumab,
0.5mg ranibizumab plus laser, or sham injections plus laser.
Greater BCVA improvements were achieved at 12 months
in both ranibizumab 0.5mg groups (+5.9 and +5.7 letters),
compared with laser monotherapy (+1.4 letters). Mean CMT
reduced significantly from baseline to month 12 with ranibi-
zumab (−134.6μm) and ranibizumab + laser (−171.8μm)
versus laser (−57.2μm). A mean of 7.8 and 7 injections
was received in the ranibizumab and ranibizumab + laser
arms, respectively.

Althoughnot statistically significant, combination therapy
achieved better outcomes in terms of anatomical resolution of
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edema, with slightly less injections needed but similar BCVA
change compared to ranibizumab monotherapy.

4.2.8. Ranibizumab 0.5mg Treat-and-Extend Regimen for
Diabetic Macular Edema (RETAIN Study). Treat-and-extend
(T&E) approach progressively increases visits and intravit-
real injections intervals when BCVA stability is achieved.
This single-masked multicentric study aimed to demonstrate
the noninferiority (four-letter margin mean average change
in BCVA) of this regimen compared to PRN from baseline
to months 1 through 12. Patients were randomized to PRN,
T&E, or T&E plus focal/grid laser. The latter group received
laser treatment on day 1 followed by retreatment at investi-
gator’s discretion, with a 3-month minimum interval recom-
mended between treatments. Both T&E regimens were
noninferior to PRN based on mean average BCVA change
from baseline to months 1 to 12 (T&E plus laser +5.9 and
T&E+6.1 versus PRN+6.2 letters; bothp < 0 0001). Atmonth
24, no differences were found between either groups, but
T&E plus laser and PRN showed slightly better results than
T&E alone (mean BCVA +8.3 and +8.1 versus +6.5 letters,
resp.). The mean number of injections was similar in both
T&E approaches (12.4 and 12.8 in the T&E plus laser and
T&E groups) but higher than the PRN group (10.7).

In this study, second-year results showed a tendency
toward better visual outcomes with treat-and-extend regi-
men when associated with laser instead of ranibizumab
T&E monotherapy.

4.2.9. Ranibizumab Plus Prompt or Deferred Laser or
Triamcinolone Plus Prompt Laser for Diabetic Macular
Edema (DRCR.net Protocol I Study). In 2010, DRCR network
published the first results of a trial comparing sham injec-
tions plus prompt laser, 0.5mg ranibizumab plus prompt
laser, 0.5mg ranibizumab plus deferred laser (24 or more
weeks), or 4mg triamcinolone plus prompt laser in 854 study
eyes with visual acuity of 20/32 to 20/320. At 1-year follow-
up, sham injections plus prompt laser and triamcinolone plus
prompt laser achieved the lowest results in terms of mean
change in the VA letter score from baseline: +3 and +4,
respectively; on the contrary, ranibizumab groups gained a
mean of +9 letters in this period of time. In the subset of
pseudophakic eyes at baseline, visual acuity improvement
in the triamcinolone plus prompt laser group was similar to
that in the ranibizumab groups [25]. The expanded 2-year
results reported were similar to these results [26].

Sixty-seven percent of the eyes completed the 5-year
follow-up. While the ranibizumab arms continued to be
treated as the original protocol stablished, the laser alone
and triamcinolone plus laser groups were able to be treated
with ranibizumab as early as 74 weeks from baseline, for
persistent DME with vision impairment. Mean change in
ETDRS letter scores from baseline in the four groups was
+5, +8, +10, and +7 (original laser, ranibizumab plus laser,
ranibizumab plus deferred laser, and triamcinolone plus laser
groups, resp.). Original laser group achieved the greatest
CMT reduction at 5 years from baseline (−196 microns)
compared with ranibizumab and triamcinolone groups
(−152, −160, and −40 microns, resp.) [27].

Although ranibizumab plus deferred laser achieved the
best VA outcomes, it is noteworthy that ranibizumab plus
prompt laser-treated eyes reached similar 5-year VA with
lower number of injections needed (median of 17 versus 13,
resp.) and a median of 3 focal/grid photocoagulation treat-
ments. Furthermore, the original laser group achieved the
best results in terms of CMT reduction.

4.3. Clinical Trials with Macular Laser as a Rescue Treatment

4.3.1. Ranibizumab for Diabetic Macular Edema (RISE/RIDE
Studies). Adults with vision loss from DME (BCVA 20/40–
20/320 Snellen equivalent) and central subfield thickness of
275 or more were randomized to monthly sham, 0.3mg or
0.5mg ranibizumab injections. From month 3, all patients
were evaluated monthly for the need for macular laser. Grid
or focal photocoagulation directly to microaneurysms with
proven leakage in areas of retinal edema was performed if
CMT was 250μm or more; there was less than 50μm change
from the previous visit and the investigator believed it would
be of benefit. The mean number of macular laser treatments
over 24 months was 1.8 for the sham group and 0.8 in
both ranibizumab groups. In RISE, at 24 months, 18% of
sham patients gained 15 or more letters versus 45% of
0.3mg (p < 0 0001) and 39% of 0.5mg (p < 0 001) ranibizu-
mab patients. In RIDE, more patients treated with ranibizu-
mab gained 15 letters or more: 12% of sham patients versus
34% of 0.3mg patients (p < 0 0001) and 46% of 0.5mg
ranibizumab patients (p < 0 0001). Significant decreases in
retinal thickness were achieved, and retinopathy was more
stable in the ranibizumab-treated group [28].

In the third year, sham patients, while still masked, were
eligible to be treated with monthly 0.5mg ranibizumab. VA
outcomes and reductions in CMT seen at month 24 in the
ranibizumab groups remained stable through the last visit.
On the other hand, after being treated with ranibizumab,
average VA gains in the sham group were lower compared
with the gains seen in the ranibizumab patients after 1 year
of treatment (+2.8 versus +10.6 and +11.1 letters for prior
sham, 0.3mg and 0.5mg ranibizumab, resp.) [29].

Once again, laser monotherapy probes to be less effective
in improving VA: although 74 and 70% of patients received
focal/grid laser during the first 24 months of follow-up
in the sham groups, compared to 39 and 36% for 0.3mg
ranibizumab and 35 and 18% for 0.5mg ranibizumab, final
VA in this group was worse than in the ranibizumab groups.
The influence of macular laser in number of injections is
not evidentially because of the monthly based regimen of
the protocol.

4.3.2. Aflibercept, Bevacizumab, or Ranibizumab for Diabetic
Macular Edema (DRCR.net Protocol T Study). Protocol T was
the first study designed to compare PRN 2mg aflibercept,
1.25mg bevacizumab, and 0.3mg ranibizumab in center-
involved DME in 660 patients.

Although laser treatment was not part of study arms, it
was performed after 6 months if DME persisted. Aflibercept
group received fewer laser treatments (41%), compared with
bevacizumab and ranibizumab groups during the 2 years of
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follow-up (64% and 52%, resp.) (aflibercept versus bevaci-
zumab, p < 0 001; aflibercept versus ranibizumab, p = 0 04;
bevacizumab versus ranibizumab, p = 0 01). Fewer injections
were needed during the second year of follow-up in all
groups: 5, 6, and 6 compared with 10, 10, and 9 for afliber-
cept, bevacizumab, and ranibizumab, respectively. Afliber-
cept-, bevacizumab-, and ranibizumab-treated eyes showed
VA improvement from baseline to 2 years, but VA outcomes
among the eyes with worse baseline VA were better with
aflibercept compared with bevacizumab but not compared
with ranibizumab. Similarly, CMT decreased on average
by 171, 126, and 149 microns for aflibercept, bevacizumab,
and ranibizumab, respectively [30].

Even though aflibercept-treated eyes received less laser
treatment, it is not possible to assess the separate effect of
macular laser on visual and anatomical outcomes in each
treatment arm because it was part of the treatment regimen
in this study.

5. Conclusions

Since the ETDRS showed that focal/grid laser photocoagula-
tion reduced moderate vision loss from DME by 50% or
more, laser became the gold standard for the treatment of
DME. Twenty-five years later, intravitreal triamcinolone
showed no long-term benefit in VA improvement; thus, laser
continued to be the first-line treatment option for DME.
However, since the development of anti-VEGF drugs, better
VA results were obtained as well as a greater decrease in
macular thickness when antiangiogenic drugs alone were
compared with laser monotherapy. Currently approved
ranibizumab (0.3mg in the USA and 0.5mg in Europe)
and 2mg aflibercept, as well as off-label 1.25mg bevacizu-
mab, have become nowadays the first-line therapy for
center-involving DME.

However, macular laser therapy may still have an impor-
tant role as an adjuvant treatment, as studies with beva-
cizumab, ranibizumab, or aflibercept have shown that a
synergic effect can be achieved when laser is combined with
antiangiogenics. Laser effect, despite being slower than anti-
angiogenics, can have a longer lasting effect and seems to
increase over time while injections have more stable long-
term results. Furthermore, combination therapy may reduce
the chance of secondary engorgement of the laser burns, as
the prompt effect of the antiangiogenic drying the macula
reduces the intensity of the laser required. The change of
macular thickness at the final visit from baseline may be fur-
ther reduced when laser is added to injections, as described in
READ-2 study with 3 years of follow-up; this has been also
described in a short-term case series at 12 months (152 versus
143 microns reductions with bevacizumab monotherapy and
combination therapy, resp.) [31]. Also, in DRCR.net Protocol
I, prior laser monotherapy group with ranibizumab added
from week 74, achieved the greatest CMT reduction at 5
years. In the Protocol T, to achieve a totally dry macula, laser
needed to be done after six months of intravitreal therapy in
41%, 52%, or 64% of the patients treated with aflibercept,
ranibizumab, or bevacizumab, respectively. However, in a
meta-analysis of 12–36 months of follow-up studies, no

differences were found in this regard between ranibizumab
monotherapy and combined with laser [32], and in a
multicentric study comparing bevacizumab monotherapy
versus combination with laser, bevacizumab showed better
functional and anatomic results at 24 months than combina-
tion therapy [33].

Additionally, number of needed injections may be
reduced by the adjuvant effect of laser treatment, as dem-
onstrated by READ-2, RESTORE, and Protocol I studies.
Small case series also found a reduced number of injections
needed when combining laser with ranibizumab (mean of
2.4 versus 3.3 injections during a mean of 14 months of
follow-up, resp.). This study also found that the mean
duration between injections was significantly reduced in
the combination therapy [34].

Newer technologies like imaged-guided photocoagula-
tion systems and short-pulse lasers may improve laser out-
comes. Combination therapy with bevacizumab injections,
followed by navigated laser treatment applied after retinal
thinning, required a mean of 4.4 injections during the 12
months of follow-up [35]. Likewise, combination therapy
with short-pulse focal/grid photocoagulation required 3.4
ranibizumab injections in six months when no apparent
microaneurysms were present, presumably because of a
reduced influx of fluid into the treated macula [36].

Thus, although monotherapy macular laser treatment
seems to have lost its role as a gold standard treatment
for DME involving the center of the macula, it may still
play an important role when combined with antiangio-
genics helping to reduce macular thickness and number
of injections needed.
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Purpose. To compare the controllability of navigated macular laser photocoagulation (MLP) in dry versus edematous retina and
validate that pretreatment diagnostic images can be used as basis for navigated MLP after the macular edema (ME) has been
resolved. Materials and Methods. Group 1 was divided into subgroup 1 (dry retina MLP) and subgroup 2 (MLP in ME) for
comparisons of laser-burn diameters. In group 2, the areas and locations of ME before an intravitreal injection of anti-VEGF
(IVAV) were compared with those of recurrent ME. Results. The average actual diameter as percentage of planned diameter of
laser burn in subgroup 1 (11 DME eyes, 6 BRVO eyes) versus subgroup 2 (5 DME eyes, 8 BRVO eyes) was 115.1± 9.1% versus
167.2± 13.8% (based on retro-mode scanning laser ophthalmoscopy), and 118.1± 14.8% versus 176.1± 11.6% (based on OCT)
(p < 0 001). In group 2 (6 DME eyes, 6 BRVO eyes), difference in mean ME area before IVAV and that in recurrent edema was
insignificant (p > 0 05). Conclusion. The controllability of navigated MLP in dry retina is improved compared to edematous
retina. This study validates that pretreatment diagnostic images can be used as basis for navigated MLP after the edema has
been resolved.

1. Introduction

In diabetic macular edema, the combination of navigated
macular laser photocoagulation (MLP) and antivascular
endothelial growth factor (VEGF) therapy seems to reduce
the number of injections needed with comparable good
visual outcome as anti-VEGF monotherapy [1, 2]. In
addition, MLP is indicated also for branch retinal vein
occlusion (BRVO) without spontaneous resolution of
macular edema [3–5].

MLP is performed in the regions of vascular leakage
which are associated with retinal edema and thickening and
are demonstrated by fluorescein angiography (FA) [6]. In

recent years, optical coherence tomography (OCT) [7] and
retro-mode scanning laser ophthalmoscopy (RM-SLO) [8]
have been used to identify the retinal regions requiring
photocoagulation. Unfortunately, in the presence of signifi-
cant retinal edema and thickening, conventional MLP has
substantial limitations due to difficulties in delivering precise
amounts of laser energy to treatment areas.

Laser beam diffusion and difficulties with efficient visual-
ization of laser burns due to thickened neurosensory retina
may result in development of oversized laser burns and,
consequently, excessive chorioretinal scars and imminent
atrophic creep of the retinal pigment epithelium [9]. MLP
would be performed more easily, with improved control by
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the physician, if it could be preceded by either partial or com-
plete resolution of macular edema (ME) with intravitreal
anti-VEGF therapy or steroids. The use of MLP under dry
retinal conditions requires, however, preliminary planning,
because, after ME resolution, FA shows reduced or no
regions of vascular leakage [10], whereas OCT shows reduced
or normal retinal thickness [11].

Precise planning for MLP with the use of different
methods for determining the boundary of retinal edema has
become possible with the help of navigated technology. The
latter involves superimposition of FA image, OCT thickness
map, or RM-SLO image onto a color fundus photograph
and placing laser spot marks at the regions of retinal vascular
leakage, retinal thickening, or retinal edema [8, 12]. It is,
however, unclear whether the area and location of recurrent
retinal edema differ from those of pre-anti-VEGF treatment
edema. Answering this question may help perform MLP in
the most appropriate way under dry retinal conditions.

The purpose of this work was to compare the controlla-
bility of navigated MLP in dry versus edematous retina and
validate that pretreatment diagnostic images can be used as
base for navigated MLP after the edema has been resolved.
The key indicator of MLP controllability was the comparison
of (a) planned and actual laser burn diameters and (b) the
laser power required for induction of laser burns in navigated
MLP in the presence of macular edema with that after resolu-
tion of edema following treatment with a single intravitreal
injection of anti-VEGF agents (IVAV). To validate the use
of a pretreatment diagnostic image as base for navigated
MLP, the area and location of ME before anti-VEGF were
compared to those of recurrent ME after anti-VEGF when
no laser had been used.

2. Materials and Methods

The study was approved by the Ethics Committee of Military
Medical Academy and followed the tenets of the Declaration
of Helsinki. Before treatment, patients were explained the
cause of the disease and management options available to
address macular edema, as well as advantages and disadvan-
tages of these options. A management plan was agreed with
each patient, and subsequent written informed consent was
obtained for both participation in the study and for IVAV
injection or MLP. Patients’ decision in favor of having MLP
(instead of anti-VEGF) as the first management stage was
free, conscious, and voluntary.

This prospective study included patients with macular
edema associated with diabetes (DME) or BRVO-related ME
and not treated previously with MLP or anti-VEGF therapy.

There were two groups of patients. Group 1 (controllabil-
ity analysis group) was used for comparisons (a) between the
planned and actual laser burn diameters and (b) between the
average laser power required for induction of laser burns in
MLP in the presence of macular edema (subgroup 2) and that
after resolution of edema following treatment with a single
IVAV injection (subgroup 1). Group 2 was used for compar-
isons of the areas and locations of ME before anti-VEGF with
those of recurrent ME after anti-VEGF (without MLP)
(Figure 1).

Exclusion criteria included evidence of acute or
chronic uveitis, vitreoretinal traction, fibrosis of the internal
limiting membrane (with macular involvement), central
RVO, or apparent optic media opacity (including cataract
grades 2–4 on the Lens Opacity Classification System scale
III [13]). An additional exclusion criterion for patients with
branch RVO (BRVO) was duration of BRVO < 3 months.
Ranibizumab injections (Lucentis) were administered to
patients with DME (0.3mg/0.05 cc) and to those with BRVO
(0.5mg/0.05 cc) of subgroup 1 and group 2, as per manu-
facturer’s instructions.

2.1. MLP Controllability Analysis. At baseline, patients of
group 1 (controllability analysis group) underwent RM-SLO
and OCT.

The RM-SLO images obtained with SLO F-10 (NIDEK,
Gamagori, Japan) were utilized for photocoagulation treat-
ment planning and for measurements of actual diameters of
laser burns after photocoagulation.

OCT retinal thickness maps (Enhanced Macular Map 5
(EMM5) protocol) were acquired on the spectral domain
OCT system (RTVue-100, Optovue, Fremont, CA) and were
used for determination of retinal thickness before MLP treat-
ment planning. 3D reference scan pattern and line scan
pattern were used for measurements of actual diameters of
laser burns after MLP.

Navigated MLP was planned and performed using
NAVILAS system (OD-OS GmbH, Berlin, Germany). The
planning parameters used included a spot size of 100μm,
burn spacing of 2 burn-widths apart, and pulse duration of
100ms (Figure 2).

Controllability was defined as the conformance between
planned and actual diameters of laser burns, with the use of
laser power required for the creation of barely visible (light
gray) laser burns (as per Early Treatment Diabetic Retinopa-
thy Study (ETDRS)) [6].

In subgroup 1 (dry retina MLP subgroup), MLP was
guided by the pre-anti-VEGF RM-SLO and performed after
complete resolution of ME following anti-VEGF treatment.
Additional inclusion criteria for subgroup 2 were normal
central subfield (CSF) retinal thickness values and no intrar-
etinal cysts outside the CSF based on OCT data obtained after
a single IVAV injection. After anti-VEGF treatment, eyes
were examined on a weekly basis until the resolution of
ME. If the requirements above were not achieved during
3 weeks after anti-VEGF treatment, the patient was excluded
from the study; this resulted in the dropout of 62.3% of
DME patients and 35.5% of BRVO patients. The intravit-
real bevacizumab therapy was continued in patients who
dropped out due to incomplete resolution of ME following
a single injection.

In subgroup 2, MLP was planned and performed in
the presence of edema without any preliminary thera-
peutic treatment.

2.2. Comparisons of the Areas and Locations of ME before
Anti-VEGF Treatment with Those of Recurrent ME after
Anti-VEGF Treatment. Additional inclusion criteria for group
2 were (1) no prestudy history of anti-VEGF treatment, (2)
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normal CSF retinal thickness values based on OCT data
obtained after a single IVAV injection, and (3) recurrent mac-
ular edema 1–3 months after a single IVAV injection.

OCT retinal thickness maps (EMM5 protocol) were used
for comparisons of the areas and locations of ME before anti-
VEGF treatment with those of recurrent (after anti-VEGF
treatment) ME. RTVue-100 OCT software was used to quan-
titate the retinal area exceeding the threshold (350μm) at full
retina thickness maps and determine the area of macular
edema. Full Thickness MM5 Significance Maps (related to
the significance of the full retinal thickness deviation from
normal) were used to compare the location of baseline edema
with that of recurrent edema.

The ImageJ software (NIH, Bethesda, MD) was used to
measure the area where the retinal thickness value was
greater than the 99% confidence limit of normal thickness,
both before anti-VEGF treatment and in recurrent ME. The
area of overlap between these two areas was determined
(Figure 3).

To investigate the degree of conformance between
the planned and actual laser burn diameters, we deter-
mined the percentage of the ratio of average diameter
of 10 laser-induced lesions visualized on RM-SLO (or OCT)
30 minutes after laser photocoagulation, to the planned
diameter (100μm). On OCT, the diameter of laser burn
was determined at the outer nuclear retinal layer on the B
scan crossing the center of this burn.

Average laser power was determined from the report
provided by the Navilas laser system after completion of each
laser application.

Statistical analysis was performed with Statistica 10.0
(Statsoft, Tulsa, OK). Unless otherwise stated, all the data
are expressed as the means and standard deviation (SD).
The Mann-Whitney U test was used to assess intersubgroup
differences in age, actual diameter of laser-induced burns,

and power required to induce a laser burn. A p level of 0.05
was considered statistically significant.

3. Results

3.1. MLP Controllability Analysis. Twenty-one Caucasian
patients were included into group 1 (controllability analysis
group), with 12 patients (17 eyes; 7 women and 5 men; mean
age: 59.2± 11.5 years) in subgroup 1 (dry retina MLP sub-
group) and 13 patients (13 eyes; 8 women and 5 men; mean
age: 62.8± 12.6 years) in subgroup 2 (MLP in the presence
of ME subgroup). The subgroups were not statistically signif-
icantly different in age (Table 1).

Based on RM-SLO data, average actual diameter as per-
centage of planned diameter of laser burn in subgroup 1 and
subgroup 2 was 115.1± 9.1% and 167.2± 13.8%, respectively
(p < 0 001). Based on OCT data, average actual diameter of
laser burn in subgroup 1 and subgroup 2 was 118.1± 14.8%
and 176.1± 11.6%, respectively (p < 0 001). The intermethod
differences in measurements of actual diameter of laser
burn were insignificant (Figure 4(a)). There were no sta-
tistically significant differences between DME patients
and BRVO patients of each subgroup in average actual
diameter of laser burns or average laser power (p > 0 05)
(Table 2).

Eyes of subgroup 1 needed less average laser power than
eyes of subgroup 2 (91.5± 12.3mW and 112.8± 5.4mW, resp.,
p < 0 01). In subgroup 2 (MLP in the presence of ME sub-
group), the increase in actual diameter of laser burn resulted
in decrease in burn spacing (Figures 4(b) and 5).

3.2. Comparisons of the Areas and Locations of ME before
Anti-VEGF Treatment with Those of Recurrent ME after
Anti-VEGF Treatment. Twelve patients (12 eyes; 7 women
and 5 men; mean age: 64.2± 9.5 years) were included into
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Figure 1: Schematic overview of the groups of the study.
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group 2 (analysis of changes in area and location of ME in
the presence of recurrent ME after anti-VEGF treatment).
Diabetic ME and BRVO-related ME were found in 6
patients (6 eyes) and 6 patients (6 eyes), respectively, of
this group.

The mean edema area before anti-VEGF treatment was
7.45± 2.34mm2 and that in recurrent edema after anti-
VEGF treatment was 7.15± 2.18mm2 (p > 0 05) (Figure 6(a)).
The mean length of time between anti-VEGF treatment
and assessment of edema area in recurrent edema was
45.7± 21.9 days. The relative area of overlap between the
total edema area before anti-VEGF and that in recurrent
edema was 91.6± 3.4% (Figure 6(b)).

4. Discussion

This study demonstrates that MLP for DME or ME associ-
ated with BRVO can be performed with the help of navigated
technology in the most precise manner (with the burns more
uniform in diameter and in laser power required for their
production) under dry retinal conditions, using a retinal
macular thickness map obtained before anti-VEGF therapy.

It is known that the thinner the edema, the less laser
power it needs in MLP, since accumulation of exudative fluid
in macular edema results in reduced retinal clarity and
altered penetration of laser radiation into outer retinal layers
and into retinal pigment epithelium (RPE) due to power

(a) (b)

(c) (d)

(e) (f)

Figure 2: MLP planning based on OCT and RM-SLO. (a) OCT retinal thickness map demonstrates a thickened region (black dashed line)
spreading outside the map boundary (white dashed line). (b) OCT map is superimposed onto the baseline image. (c) In OCT-guided
planning for macular laser photocoagulation, the number of laser spot marks was 156. (d) RM-SLO image demonstrates a region of retinal
edema with numerous microcysts. (e) RM-SLO image is superimposed onto the baseline image. (f) In RM-SLO-guided planning for
macular laser photocoagulation, the number of laser spot marks was higher than in OCT-guided planning (259 versus 156).
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dissipation. Therefore, conventional MLP with gray-white
burns around the fovea may cause significant retinal damage
in the macula. At the same time, according to ETDRS guide-
lines, the goal of grid treatment is to create barely visible
(light-gray) burns, and absence of visible burns does not allow
rating the laser treatment session as being performed
adequately [6].

In the present study, we found that an increase by
15–20mW in laser power was necessary to produce gray-
whitish laser burns on retinas that were thickened due to reti-
nal edema. This increase in laser power was found to result in a
considerably enlarged size of laser burns at steady laser spot

size (100μm). The uncertainty regarding the resulting size of
the laser burn may lead to unfavorable visual acuity or visual
field outcome and decreases controllability of the MLP per-
formed in the presence of a retinal edema. Our results go well
along with previous studies that demonstrated a higher laser
spot application accuracy focal MLP for DME [14] and a
higher rate of accuracy in focal MLP treatment of DME than
standard manual-technique laser treatment [15]. However,
the concordance between the size of actual laser burns and that
of planned laser burns has not been investigated until now,
and this aspect of MLP controllability and accuracy is more
important in grid MLP than in focal MLP due to a higher
number of laser burns applied to the retina.

A number of studies have investigated visual outcomes
following a combination of intravitreal anti-VEGF [16, 17]
or steroid [18] injections with prompt or deferred MLP for
macular edema. Although it is clear that intravitreal steroid
therapy was performed for reduction of ME and as a pretreat-
ment before MLP [16], no quantitative analysis of MLP
controllability was performed, and no retinal assessment
was performed on the presence and intensity of retinal
edema (expressed as central retinal thickness) at the time
of MLP. The use of MLP after resolution of ME will make
it possible to avoid the problems of power titration which
are associated with edema of the neuroepithelium and to

Table 1: Baseline characteristics of the sample.

Group 1
Group 2

Subgroup 1 Subgroup 2

Mean age± SD, years 59.2± 11.5 62.8± 12.6 64.2± 9.5
Gender (male, n (%)) 5 (41.7%) 5 (38.5%) 7 (58.3%)

DME patients (eyes), n 6 (11) 5 (5) 6 (6)

BRVO patients (eyes), n 6 (6) 8 (8) 6 (6)

Mean BCVA± SD 0.43± 0.19 0.21± 0.11 0.34± 0.15
BCVA: best corrected visual acuity; BRVO: branch retinal vein occlusion;
DME: diabetic macular edema; SD: standard deviation.

(a) (b)

(c)

Figure 3: Typical example of the assessment of overlap between locations of initial and recurrent macular edema based on significance maps
(related to retinal thickness deviation) in the patient with central retinal vein occlusion. (a) Location of macular edema before anti-VEGF
treatment is marked with red. (b) Location of recurrent edema at day 41 after anti-VEGF treatment is marked with red. (c) Region of overlap
between locations of initial macular edema and recurrent macular edema is marked with yellow. The region of nonoverlap is marked with red.
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obtain laser-induced retinal burns of required size and
spatial distribution.

RM-SLO is the technique which is important to use for
accurate measurement of laser burns, since after the MLP
performed in the presence of marked macular edema, burn
boundaries are poorly defined on the fundus photographs,
FA, and even OCT. This is due to the facts that (1) the phys-
ical principle used in RM-SLO allows detecting minor eleva-
tions of the RPE and medium interfaces (including the
border between intact and coagulated retinal tissue) and (2)
near-infrared laser radiation emitted by the SLO laser pene-
trates well through edematous retina. In the study presented
here, RM-SLO-based and OCT-based measurements yielded
comparable results regarding diameters of laser-induced
burns, thus confirming the validity of these findings.

The use of the navigated approach to retinal photo-
coagulation under dry retinal conditions allows placing
laser burns precisely in the locations where the areas
of vascular leakage were revealed before anti-VEGF treat-
ment (and where these areas will reappear in the recurrent
edema) and avoiding excessive photocoagulation of relatively
intact retina.

The use of pre-anti-VEGF edema maps seems reason-
able, at least in the short term, since, after a single IVAV

injection, the recurrent edema occurs, with its location and
area being similar to those of initial edema.

In general, navigated photocoagulation under dry retinal
conditions seems to be not only more controllable but also
more standardized than conventional MLP.

The results of conventional MLP depend significantly on
the intensity of retinal edema (expressed as CRT) and will
differ from eye to eye as well as from one retinal subfield to
another in the same eye. Theoretically, the problem of exces-
sive actual burn size (compared to the planned one) can be
solved for the MLP performed in the presence of edema by
reduction of the laser spot size. However, this approach is sig-
nificantly limited by poor visualization of laser burns and by
the difference in edema intensities in different retinal sub-
fields of the same eye. It is the conformance between planned
and actual diameters of laser burns which is important for
controllability of MLP, whichever diameter is preset. This
may be ensured by pre-MLP intravitreal therapy (in particu-
lar, in the form of a series of injections) for resolution of
edema. In addition, even a partial resolution of ME following
IVAV injections may contribute to better MLP controllability,
which is important for patients with ME persisting in spite of a
series of injections. However, the methodology is not applica-
ble in patients with ME resistant to anti-VEGF therapy. In

Table 2: Comparison of diameter of laser burn and laser power in DME and BRVO patients.

Subgroup 1 Subgroup 2
DME BRVO DME BRVO

Mean diameter of laser burn± SD, μm OCT 112.8± 9.2 119.2± 8.0 164.8± 9.5 168.8± 10.2
RM-SLO 117.9± 9.8 118.7± 7.1 175.6± 11.2 176.4± 12.6

Laser power, mW 90.2± 13.1 93.0± 13.4 111.3± 14.8 114.1± 16.2
BRVO: branch retinal vein occlusion; DME: diabetic macular edema; OCT: optical coherent tomography; RM-SLO: retro-mode scanning laser
ophthalmoscopy; SD: standard deviation.
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Figure 4: Comparison of the controllability of navigated MLP in dry versus edematous retina. (a) Difference in mean actual diameter of laser
burns following navigated MLP in dry versus edematous retina based on RM-SLO (grey boxes) and OCT (white boxes) data. (b) Difference in
average laser power for navigated MLP in dry versus edematous retina. ∗p < 0 05; ns, nonsignificant.
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these cases, anti-VEGF therapy may be either prolonged or
stopped and followed by vitrectomy.

The approach describedmay be also used for subthreshold
micropulse laser photocoagulation, especially, for navigated
micropulse MLP that has been recently approved for
clinical use.

Our study has several limitations. First, the sample size
was small (especially in MLP in the presence of ME

subgroup) due to strict inclusion criteria followed in the
study, as well as due to the fact that most of patients with
ME receive intravitreal anti-VEGF therapy as the first ther-
apy in the treatment schedule. Second, the dry retina MLP
subgroup included only patients in whom edema resolved
completely following a single IVAV injection, whereas
patients in whom edema resolved incompletely were
excluded. However, it may be also possible to perform MLP
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Figure 5: Example of difference in MLP controllability, for dry retinal conditions (subgroup 1) and for the presence of macular edema
(subgroup 2). (a) Fundus photograph of the patient (subgroup 1), 30 minutes after MLP. (b) Fundus photograph of the patient (subgroup
2), 30 minutes after MLP. (c) B scan (through a photocoagulated region) of the patient of subgroup 1. (d) B scan (through a photocoagulated
region) of the patient of subgroup 2. (e) En face image (at the level of the outer nuclear layer) of the patient of subgroup 1. (f) Retinal
macular thickness map demonstrates either normal or decreased retinal thickness values in all ETDRS subfields in the patient of subgroup 1.
(g) En face image (at the level of the outer nuclear layer) of the patient of subgroup 2. (h) Retinal macular thickness map demonstrates
increased retinal thickness values in all ETDRS subfields in the patient of subgroup 2. (i) RM-SLO image of the patient (subgroup 1)
30 minutes after MLP. (j) RM-SLO image of the patient (subgroup 2) 30 minutes after MLP.
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in the postedematous period if the number of IVAV injec-
tions required for complete resolution of edema is more than
one. The requirement for additional data on the area and
location of recurrent edema after a series of injections is
one of the reasons why we did not investigate this possibility.
It is possible that the area and location of recurrent edema
after a series of injections will be different from those related

to initial edema. Third, in this study, we did not assess func-
tional differences in dry versus edematous retina following
navigated MLP. It is well known that laser treatment com-
bined with anti-VEGF results in better functional outcomes
in diabetic or BRVO-related ME than does laser monother-
apy; therefore, an appropriate comparison for functional out-
comes would be to compare ME groups (or subgroups)
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(a) Difference in mean edema area before anti-VEGF treatment and after ME recurrence. (b) Representative case of recurrent BRVO-related
macular edema after a single anti-VEGF injection. Retinal thickness maps demonstrate that the area of recurrent edema was similar to that of
edema before anti-VEGF injection. Significance maps demonstrate a near complete overlap between locations of initial edema (before anti-
VEGF injection) and recurrent edema. ns, nonsignificant.
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which received both laser and anti-VEGF. As, in our study,
only patients of subgroup 1 received laser treatment com-
bined with anti-VEGF, their functional outcomes should be
definitely better than those in patients of subgroup 2. This
is the major reason why we have not assessed final visual acu-
ity or other functional outcomes in the study. Fourth, we did
not examine late visual and anatomic outcomes. Assessing
these outcomes will require a long follow-up, since the
improvement after MLP increases slowly, and reduction in
central retinal thickness after MLP in some studies has been
observed for 2 years [18].

Although the benefits of combination treatment (MLP
plus anti-VEGF therapy or intravitreal steroid) for macular
edema has been postulated earlier [19], it is possible that
“precise laser photocoagulation under dry retinal conditions”
proposed will offer additional benefits.

In conclusion, the controllability of navigatedMLP in dry
retina is improved (with a better concordance between diam-
eters of planned and actual laser burns, and less average
power needed) compared to edematous retina. In addition,
this study validates that pretreatment diagnostic images
can be used as base for navigated MLP after the edema has
been resolved.
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To investigate the efficacy of intravitreal ranibizumab (IVR) combined with laser photocoagulation for aggressive posterior
retinopathy of prematurity (AP-ROP) patients with vitreous hemorrhage, we conducted a retrospective observational case series
study. A total of 37 eyes of 20 patients’ medical records were reviewed. Patients first received IVR (0.25mg/0.025mL) and later
photocoagulation. The mean postconceptual age of injection was 34.6 ± 1.4 weeks, and the mean follow-up period was 39.3 ± 8.3
weeks. During the follow-up, 96.6% eyes had various degree of rapid absorption of vitreous hemorrhage after IVR.The mean time
of received first photocoagulation after IVR was 4.8 ± 2.9 weeks. Ten (27.0%) eyes received second laser therapy and the mean time
of second laser therapy after IVR was 3.2 ± 0.8 weeks. All eyes exhibited adequate regression of ROP and were stable with attached
retina. Fibrosis membrane was observed in seven eyes (18.9%) and three of them demonstrated mild ectopic macula. No significant
side effects related to IVR were observed. So IVR could be conducted as primary treatment of AP-ROP associated with vitreous
hemorrhage, which can improve the fundus visibility, followed by conventional photocoagulation. Further randomized controlled
trials are necessary to compare the clinical efficacy and safety with conventional interventions.

1. Introduction

Retinopathy of prematurity (ROP), which is a major cause of
visual impairment in children, is a vasoproliferative disorder
associated with premature birth [1]. Laser photocoagulation
is the gold standard treatment for proliferative ROP and
has proven useful in reducing progression of classic ROP
[2, 3]. However, in treating aggressive posterior retinopathy
of prematurity (AP-ROP), as a more severe and unusual
form of ROP, laser photocoagulation often fails to stop its
progression to retinal detachment even with timely and
complete treatment [4, 5]. Compared with classic ROP, AP-
ROP is more likely associated with vitreous hemorrhage.The
presence of vitreous hemorrhage oftenmakes the completion
of laser treatment more difficult due to the poor fundus
visibility and is always associated with higher rates of unfa-
vorable outcomes [4, 6, 7]. So how to treat these patients
in a more efficacious way poses a real challenge to pediatric
ophthalmologists.

Previous studies demonstrated that the vascular endothe-
lial growth factor (VEGF) is a key factor in the progression
of ROP [3]. Directly halting the VEGF molecules released
from the ischemic retina, intravitreal injection of anti-VEGF
agents, either with bevacizumab (Avastin�; Genentech Inc.)
or Ranibizumab (Lucentis�; Novartis), was demonstrated as
effective in treating severe ROP and thus gained increasing
popularity [8–11]. Main advantages of anti-VEGF treatment
over conventional laser photocoagulation include causing
rapid regression of acute-phase ROP (neovascularization and
plus disease), allowing potentials for retinal vascularization,
approaching eyes with a rigid pupil, and reducing the risks
of unfavorable outcomes in zone I or posterior zone II ROP
[8, 9, 11].

Our purpose of this study was to investigate the efficacy
of intravitreal injection of ranibizumab (IVR) combined
with laser photocoagulation for the treatment of aggressive
posterior retinopathy of prematurity (AP-ROP) patients with
vitreous hemorrhage.
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2. Methods

The design and execution of this retrospective noncompar-
ative observational study was approved by Xinhua Hospital
affiliated to Shanghai JiaoTongUniversity School ofMedicine
Institutional ReviewBoard.The study protocol adhered to the
tenets of the Declaration of Helsinki. Written informed con-
sent was obtained from all participants’ parents or guardians.

2.1. Patients. Thirty-seven eyes of twenty patients having
a primary diagnosis of AP-ROP with vitreous hemorrhage
obscuring the posterior pole or obscuring at least 4 contigu-
ous clock hours of disease at the junction of vascular and avas-
cular retina at XinhuaHospital fromApril 2013 toMarch 2015
were enrolled. The medical records were carefully reviewed.
AP-ROP patients without primary vitreous hemorrhage or
with vitreous hemorrhage do not meet the above criteria, or
the patients with incomplete contents of chart were excluded.

2.2. Diagnosis and Classification of ROP. The diagnosis of
AP-ROP was according to the international classification of
retinopathy of prematurity (ICROP, 2005) [12]. AP-ROP was
defined as a flat network of neovascularization in posterior
pole associated with increased dilation and tortuosity in all
4 quadrants. Zone I was defined as a circle with the radius
that extends from the center of the optic disc to twice the
distance from the center of the optic disc and the central
macula. Posterior zone II was defined as a circle whose radius
is three times the distance between the center of the optic disc
and the center of the macula.

Persistent of ROP was defined as the lack of adequate
regression of ROP. Recurrence was defined as arrest of ante-
rior progression of retinal vasculature with new demarcation
line, ridge, or extraretinal fibrovascular proliferation, with or
without recurrence of plus disease [13].

2.3. Treatments and Follow-Ups. Infants were treated within
24 hours of diagnosis. The injection technique is described
as follows. After the pupils were dilated with a combination
of 0.5% tropicamide and 0.5% phenylephrine eye drops
(Mydrin-P�, Santen Inc., Japan) the eyelids and conjunctiva
were cleaned by 5% povidone iodine. A lid speculum was
placed and an intravitreal injection with 0.25mg/0.025mL
of ranibizumab was performed through pars plicata into
the vitreous cavity with a 30-gauge needle inserted 1.0mm
posterior to the limbus of eyes under topical anesthesia with
0.5% proparacaine (Alcaine�, Alcon Laboratories Inc., USA).
Vital signs were monitored throughout the entire procedure.
The affected eye was given one drop of 0.3% ciprofloxacin
3 times a day for 5 days postoperatively. The patients were
followed up at days 1, 2, 3, and 7 after IVR and then weekly
until reaching 42 weeks postconceptual age (PCA).

In the cases exhibited with persistence/recurrence of
ROP or peripheral retinal avascularity at PCA 42 weeks,
treatment with laser photocoagulation was considered. All
laser treatments were performed using an 810 nm diode laser
(IRISMedical Oculight SL 810 nm infrared laser; Iris Medical
Inc., USA). Confluent laser burns, defined as laser burns
less than half a burn width apart, were applied to the entire

avascular retina. Repeated laser treatment to skip areas was
carried out in one to two weeks after the primary laser
treatment.

Then the treated patients were followed up at day 3,
weekly or biweekly, or monthly to at least 24 weeks after
retreatment. Extended follow-up was individually tailored
according to response to treatment. Bilateral indirect oph-
thalmoscopy with scleral indentation was performed at each
visit before and after treatment, and RetCam (ClarityMedical
Systems, Pleasanton, CA, USA) wide-angle fundus imaging
system was used to document fundus images of serial
examinations.

3. Results

The demographic data of the patients are shown in Table 1.
All these patients were transferred from outside hospitals.
Among them, seventy-five percent (16/20) was male. The
mean gestational age of these patients was 28.3 ± 1.6 weeks
(range, 26–32 weeks) with the mean birth weight of 1221.3 ±
229.1 g (range, 900–1900 g). Four of the patients were from
multiple birth pregnancies, and the remainder were singlets.
All these patients had bronchopulmonary dysplasia, sepsis,
and blood transfusions.

On the baseline, all the eyes had poor pupil dilation, and
91.9% (34/37) eyes demonstrated iris vascular engorgement.
The mean PCA of patients who received IVR was 34.6 ± 1.4
weeks (range, 32–38 weeks). Of the 37 eyes, 33 (89.2%) eyes
had zone I and 4 (10.8%) eyes had posterior zone II disease.
Two (5.4%) eyes demonstrated extraretinal fibrovascular
proliferation before the initial treatment (Figure 1).

On day 7 after IVR, the rigid pupil and iris vascu-
lar engorgement of all these eyes disappeared. Thirty-one
(83.8%) eyes demonstrated significant absorption of vitreous
hemorrhage and four (10.8%) eyes showed partial absorption
of vitreous hemorrhage, while two (5.4%) eyes did not show
any change of the vitreous hemorrhage.Thereby, the two eyes
that had no change in vitreous hemorrhage were defined as
persistent of ROP and received laser therapy immediately.
Adequate regression of dilation and tortuosity of posterior
vessels was observed in sixteen (43.2%) eyes, and subtle
regression was observed in the remainder.

On day 14 after IVR, no obvious change was observed in
vitreous hemorrhage, compared with day 7. Twenty (54.1%)
eyes demonstrated adequate regression of dilation and tor-
tuosity of posterior vessels. Thereby, the remaining 15 eyes
having subtle regression of dilation and tortuosity of posterior
vessels were defined as persistent of ROP, and received laser
therapy within 48 hours.

Among 20 eyes that had adequate regression of ROP,
6 eyes showed various extent of continued vascularization
of the peripheral retina after IVR treatment. But none of
them had vascularized Zone III. New demarcation line was
exhibited in 16 (80%) of these 20 eyes during the follow-
up. The mean recurrence time after IVR was 7.1 ± 1.6
weeks (range, 4–10 weeks). At PCA 42 weeks, four (10.8%)
eyes demonstrated persistent peripheral retinal avascularity
without any new demarcation line. According to the protocol,
we conducted laser therapy for these eyes.
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(a) (b)

(c)

Figure 1: RetCam2 image of the right eye of patient number 17. (a) Anterior segment photography showing significant iris vascular
engorgement (black arrow) and rigid pupil before IVR. (b) Before injection, fundus image showing prominent plus disease, vitreous
hemorrhage, and fibrovascular proliferation at the posterior pole. (c) Fundus image 4 weeks after combination treatment of IVR and laser
photocoagulation. An adequate regression of plus disease and significant absorption of vitreous hemorrhage was noted. A dense localized
fibrous proliferation and mild ectopic macula was also noted.

Thus, all eyes received first laser photocoagulation ther-
apy after IVR. The mean time of received laser therapy after
IVR was 4.8 ± 2.9 weeks (range, 1–10 weeks). Ten (27.0%)
eyes received second laser therapy according to our protocol.
The mean time of patients who received second laser therapy
after IVR was 3.2 ± 0.8 weeks (range, 2–4 weeks). After the
combination of IVR and laser photocoagulation treatment,
all eyes demonstrated adequate regression of ROP.

All patients were followed up for a minimum of 28
weeks.The mean follow-up time was 39.3 ± 8.3 weeks (range,
28–52 weeks). At the end of follow-up, seven (18.9%) eyes
exhibited fibrosis membrane, three (8.1%) eyes demonstrated
mild ectopic macula, and the remainder had normal vascular
pattern of the posterior fundus. All eyes were stable with
attached retina without any further surgical intervention. No
other significant ocular or systemic adverse effects related to
IVR were observed in these patients during the follow-ups.

4. Discussion

Our study demonstrated that intravitreal injection of
ranibizumab combined with laser photocoagulation might
be effective forAP-ROPassociatedwith vitreous hemorrhage.
All the rigid pupils and iris vascular engorgement disap-
peared, and 94.6% eyes showed various degrees of absorption

of vitreous hemorrhage after IVR treatment, which can
improve the fundus visibility and might contribute to
operability of following conventional laser photocoagula-
tion therapy. After the combination treatment, all eyes
demonstrated adequate regression of ROP and 92% eyes had
a favorite anatomical result.

With the improvement of neonatal intensive care, more
and more very preterm infants can survive, leading to the
increasing incidence of AP-ROP [1]. However, the prognosis
of AP-ROP is poorer than that reported for zone II ROP,
despite frequent screening in high risk infants and timely
confluent laser photocoagulation [4, 14, 15]. Unfavorable
outcomes for zone I ROP range from 28.6% to 55% [3, 14, 15].
For those AP-ROP associated with vitreous hemorrhage eyes,
the prognosis would be even poorer. As the poor fundus
visibility, complete retinal ablation is usually impossible and
the retinopathy may continue to progress. Previous reports
described that vitreous hemorrhage is the major risk factor
for development of unfavorable outcomes. Sanghi et al.
reported that hemorrhages before laser treatment is one of
themost significant risk factors for retinal detachment in AP-
ROP despite confluent laser photocoagulation [4]. Kim et al.
concluded in their study that the presence of pretreatment
hemorrhage increased the odds of developing a retinal
detachment (RD) by a factor of 10, and presence of vitreous
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organization increased the risk of RD by 16 times [6]. There-
fore, the treatment options for these eyes are truly limited.

The purpose of laser photocoagulation is to reduce VEGF
level produced by the avascular retina through ablating the
periphery retina. Nowadays, anti-VEGF agents have been
used as monotherapy or adjunctive therapy to laser photo-
coagulation, with effective results demonstrated [8–11, 16–
19]. The majority of studies have reported the results of
intravitreal injection of bevacizumab (IVB). There are a few
studies that reported the results of IVR [10, 17, 18]. To the
best of our knowledge, the present study is the first case series
study about the treatment efficacy of combination of IVR and
laser photocoagulation therapy in AP-ROP associated with
vitreous hemorrhage patients.

In a recent retrospective research of 241 infants being
followed up to over 65 weeks PCA, recurrence after IVB
monotherapy for severe type 1 ROP was approximately 8.3%
[20]. In another retrospective study, Yi et al. [18] treated 66
eyes of 33 premature infants diagnosed with type 1 ROP or
AP-ROPwith IVR as primary treatment. 87.9% eyes had total
regression of ROP after a single injection. And 12.1% eyes
had recurrence of ROP and received additional treatment. In
our present study, only 54.1% eyes had adequate regression of
ROP after the initial IVR treatment. The recurrence of ROP
was observed in 43.2% (16/37) eyes, which is much higher
than previous reports [8, 18, 20]. The reason of the lower rate
of adequate regression and higher rate of recurrence of ROP
after monotherapy of IVR in our study may probably be due
to the fact that the patients we enrolled were more severe
than other studies. But the recurrence time in our study
ranged from 4 weeks to 10 weeks, which is quite similar to the
other studies [18, 21]. Therefore, it seems that monotherapy
of IVR is not sufficient in treating severe type ROP, such
as AP-ROP associated with hemorrhage in particular. Close
monitoring is important for early detection and timely
retreatment of the recurrence of ROP and combination of
laser photocoagulation therapy would be recommended.

An interesting finding is that, in our study group, 80% of
patients were boys, indicating that boys may have predilec-
tion of severe ROP.However, we need to interpret this finding
carefully. Our results might have been biased as the patients
were all transferred from outside hospitals, and our sample
size was small.Theymay not be able to represent the AP-ROP
population. Although some previous studies reported that
male gender is one of the predictors of treatment-requiring
ROP [22, 23], we did not find any literature reporting the
disparity in gender predilection to develop AP-ROP. Further
prospective randomized studies may be needed to determine
any gender predilection.

Safety is always of particular interest when considering
the use of anti-VEGF agents in the treatment of infants,
especially in our very vulnerable AP-ROPpatients, as they are
always associated with other systemic diseases and may still
be in the process of organogenesis, in which VEGF still plays
an essential role. Ranibizumab is an antibody fragment that
has less molecular weight and better affinity to VEGF than
bevacizumab [24]. This makes ranibizumab potentially more
favorable in the treatment of infants with ROP with regard
to efficacy and ocular and systemic safety profile. Recently,

Wu et al. reported that serum VEGF levels in ROP patients
were suppressed for two months after treatment with IVB,
while VEGF levels were less affected after IVR treatment,
which suggested that IVR could be a safer choice than IVB in
the treatment of ROP [25]. In our present study, we did not
observe any drug related systemic side effects during follow-
up. But it remains important to be vigilant in the continued
search for systemic complications and to conduct necessary
clinical tests to identify any systemic complications.

On the other hand, the use of anti-VEGF agents for
patients with ROP required attention to the risk of acute
contraction of the proliferative membrane, thereby inducing
or exacerbating RD.The development or progression of trac-
tional RD is believed to be caused by a rapid neovascular invo-
lutionwith accelerated fibrosis and posterior hyaloid contrac-
tion, as a response to decreased levels of VEGF. There were
a few case reports regarding progressive tractional RD after
intravitreal injection of bevacizumab for ROP [26–28]. In our
study, although seven eyes demonstrated fibrosis membrane,
no patient had progressive fibrous traction after the injection.

Our study has several limitations worthy of consider-
ation. The series is neither randomized nor prospective.
The size of this cohort is relatively small, and all the data
is from a single institution. Despite these limitations, the
results suggest that combination of IVR and laser photoco-
agulation therapy can effectively treat AP-ROP with vitreous
hemorrhage without additional vitreoretinal surgery and
contributes to better anatomical results.

In conclusion, our study demonstrated that intravitreal
injection of ranibizumab could be conducted as primary
treatment of AP-ROP associated with vitreous hemorrhage,
which can improve the fundus visibility, and followed by
conventional laser photocoagulation therapy. Special atten-
tion must be paid to the risk of fibrous contraction and
recurrence of ROP. Due to the limited case numbers, further
randomized, prospective controlled trials are needed to
determine the safety and definite efficacy and to improve our
understanding of AP-ROP.
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Purpose. To compare subfoveal choroidal, central retinal, and peripapillary nerve fiber layer (RNFL) thickness after panretinal
photocoagulation (PRP) with red and green laser in diabetic patients. Study Design. Randomized clinical trial.Methods. A total of
50 patients with bilateral proliferative diabetic retinopathy and no diabetic macular edema underwent PRP. One eye was randomly
assigned to red or green laser. Subfoveal choroidal, central retinal, andRNFL thicknesseswere evaluated at baseline and 6weeks after
treatment. Results. The mean subfoveal choroidal, central retinal, and peripapillary nerve fiber layer (RNFL) thickness increased
significantly in each eye 6 weeks after PRP (𝑃 values in red laser group: <0.01, 0.03, and <0.01, resp., and in green laser group
<0.01, <0.01, and <0.01). There was no difference between red and green laser considering subfoveal choroidal, central retinal, and
peripapillary nerve fiber layer (RNFL) thickness increase after PRP (𝑃 values: 0.184, 0.404, and 0.726, resp.). Conclusion. Both
red and green lasers increased mean subfoveal choroidal, central retinal, and peripapillary nerve fiber layer (RNFL) thickness
significantly 6 weeks after PRP, but there is no difference between these two modalities in this regard.

1. Introduction

Diabetic retinopathy is one of the most common causes
of visual loss worldwide. According to Early Treatment of
Diabetic Retinopathy Study (ETDRS), protocol panretinal
photocoagulation (PRP) can prevent severe visual loss in pro-
liferative diabetic retinopathy (PDR) [1]. Several studies have
shownhistopathologic changes in choroid of diabetic patients
[2–4]. Meanwhile, using panretinal photocoagulation (PRP),
as was suggested beneficially by diabetic retinopathy study
for proliferative diabetic retinopathy, has gotten general
acceptance [1]. With the advent of enhanced depth imaging
optical coherence tomography (EDI-OCT), it is now possible
to visualize and measure choroidal changes easily.

Two different laser types for PRP are common, red and
green laser. To the best of our knowledge, no other study has
compared these two lasermodalities in changing choroidal or

central retinal thickness. In this study, we have evaluated the
subfoveal choroidal, central retinal, and peripapillary retinal
nerve fiber layer (RNFL) thickness changes before and after
PRP using EDI-OCT and we compare the green and red laser
in this regard.

2. Methods

This clinical trial was approved by the Institutional Review
Board/Ethics Committee. Written informed consents were
obtained from all participants. Eligible cases were 50 patients
(100 eyes) with bilateral proliferative diabetic retinopa-
thy. Exclusion criteria were advanced proliferative diabetic
retinopathy, a history of any laser treatment (panretinal or
focal laser photocoagulation), any history of intravitreal drug
injection, ocular surgery, significant media opacity, myopia,
or hyperopia with refractive error of more than 3 diopters.
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Primary objective was to determine subfoveal choroidal
and retinal thickness and peripapillary nerve fiber layer
thickness changes 6 weeks after red versus PRP laser.

A complete ophthalmic examination including best cor-
rected visual acuity (BCVA) using Snellen chart, Goldmann
applanation tonometry, and dilated indirect ophthalmoscopy
was conducted. Diabetic retinopathy grading (DRG) was
performed according to the ETDRS definition [5]. Enhanced
depth imaging optical coherence tomography (EDI-OCT)
mapping was performed using SD-OCT (Spectralis�, Heidel-
berg Engineering, Heidelberg, Germany). All patients were
treated on an outpatient basis. PRP was performed in 3
sessions with one week interval. A total number of 1600 to
2000 spots per eye were applied to ablate retina using Ellex
Integre Pro Scan laser photocoagulator (82 Gilbert Street,
Adelaide, SA 5000, Australia). The order of treated areas was
as follows: nasal, inferior, superior, and then temporal retina.
Time exposure was 100 milliseconds. To have threshold laser
photocoagulation, power setting was chosen to have a mild
gray-white burn (Grade 2) according to ETDRS guidelines
[1]. Laser setting parameters did not differ significantly
between two groups (mean power 303mWatts in red and
290mWatts in green laser group, 𝑃 value: 0.14; mean laser
spots 1789 spots in red and 1869 spots in green laser group,
𝑃 value: 0.13).

One eye of all patients was randomly assigned to red
laser and the other eye to green laser. Spectral domain optical
coherence tomography imageswere obtained using Spectralis
OCT (Heidelberg Engineering, Heidelberg, Germany) to
measure central retinal thickness and enhanced depth imag-
ing (EDI) mode to measure subfoveal choroidal thickness.
BCVA measurement and an OCT scan were performed at
baseline and 6 weeks after completion of PRP. Subfoveal
choroidal thickness was measured using apparatus measure-
ment tool at baseline and 6 weeks after PRP. Choroidal
segmentation was done manually, moving the reference lines
from the retinal borders to the choroidal borders.The internal
limiting membrane line was moved to the base of the
retinal pigment epithelium. The basement membrane line
was moved to chorioscleral junction. Also retinal nerve fiber
layer (RNFL) thickness analysis was done at baseline and 6
weeks after treatment.

2.1. Statistical Analysis. Data were analyzed using SPSS soft-
ware (version 16, SPSS, Inc.). Data normality was assessed
using Shapiro-Wilk test. A paired sample 𝑡-test was used to
comparemacula and choroid thickness before and after treat-
ment. Independent sample 𝑡-test was performed to compare
macula and choroid thickness changes frombaseline between
two groups. General Linear Model was applied to assess
differences within and between group. 𝑃 values of <0.05 were
considered significant.

3. Results

A total number of 50 patients with PDR entered the study.
The mean age of the patients ± standard deviation was
55.6 ± 8.9 years. Nineteen patients were male (38%). The

Table 1: Baseline characteristics.

Parameter Statistics
Age 55.6 ± 8.9 years
Sex 38% male (19 patients), 62% female (31 patients)
HbA1C 8.47 ± 1.57%

VA 0.32 ± 0.28 logMAR in red group and 0.27 ±
0.23 logMAR in green group

mean visual acuity of patients was 0.32 ± 0.28 logMAR and
0.27 ± 0.23 logMAR in red laser group and green laser group,
respectively.ThemeanHbA1Cwas 8.47±1.57%.The baseline
characteristics of the patients are presented in Table 1. No
complication occurred in both groups during laser and in
follow-up period.

The mean subfoveal CT increased significantly in each
group at 6 weeks follow-up (in red laser group, 202.14 ± 24.5
micron at baseline and 211.7±26.6micron at 6 weeks,𝑃 value
< 0.00, showing 4.86%CT increase compared to baseline) (in
green group, 201.9±21.13micron at baseline and 208.9±25.0
at 6 weeks, 𝑃 value < 0.00, showing 3.54% increase compared
to baseline) (Table 2).

There was not a significant difference between red and
green laser in terms of choroidal thickness changes from
baseline (𝑃 value 0.184).

In red laser group, the mean central retinal thickness was
271.6 ± 30.33 micron at baseline and 298.5 ± 62.14 micron
at week 6 of follow-up (𝑃 value 0.03). In green laser group,
the mean central retinal thickness was 267.0 ± 36.9 micron
at baseline and 306.4 ± 73.3 micron at week 6 of follow-up,
(𝑃 value 0.000 for both groups). There was no significant
difference between macular thickness increase between two
groups (𝑃 value: 0.404) (Table 2).

There was no significant association between choroidal
thickness change and retinal thickness change in each group
(𝑃 values: 0.051 and 0.52, resp.).

The mean peripapillary RNFL thickness was 100.5 ± 20.1
micron in red laser group at baseline which increased to
108.2 ± 23.1 micron at 6 weeks (𝑃 value 0.000) (7.8% as
compared to baseline). In green laser group, it was 103.5±19.8
micron at baseline which increased to 112.7 ± 22.9 in week 6
of follow-up (𝑃 value 0.000) (9.2% as compared to baseline).
RNFL change between two groups was not significant (𝑃
value: 0.762) (Table 2).

4. Discussion

In this study, in eyes with proliferative diabetic retinopathy
and without significant macular edema, the mean subfoveal
choroidal, central retinal, and peripapillary RNFL thickness
increased significantly after both red and green argon laser
treatments.

This is in accordance with some of previously published
studies that confirm this finding [6–9]. Takahashi et al. mea-
sured changes in choroidal blood flow in the foveal area one
month after PRP in patients with severe diabetic retinopathy
andnomacular edemausing a laser-Doppler flowmetry.They



Journal of Ophthalmology 3

Table 2: Measured thicknesses at baseline and week 6 of follow-up.

Baseline 6 weeks 𝑃 value (within each
group)

𝑃 value (between red and
green laser group)

Subfoveal choroidal thickness (red laser group) 202.14 ± 24.5 211.7 ± 26.6 <0.000 0.184
Subfoveal choroidal thickness (green laser group) 201.9 ± 21.13 208.9 ± 25.0 <0.000 0.184
Central retinal thickness (red laser group) 271.6 ± 30.33 298.5 ± 62.14 0.03 0.404
Central retinal thickness (green laser group) 267.0 ± 36.9 306.4 ± 73.3 <0.000 0.404
RNFL thickness (red laser group) 100.5 ± 20.1 108.2 ± 23.1 <0.000 0.726
RNFL thickness (green laser group) 103.5 ± 19. 112.7 ± 22.9 <0.000 0.726

reported that PRP increases both the choroidal blood flow
and the choroidal blood volume. Also, Cho et al. in their case
series reported that PRP induced increases in both SFCT and
macular thickness. Changes in subfoveal choroidal thickness
did not correlate with changes in macular thickness in their
study.

Two possible mechanisms are proposed by which this
increase occurs. First, it has been attributed to redistribu-
tion of choroidal blood flow [10–14]. After PRP, following
degradation of photoreceptors, blood flow of treated areas
decreases. This leads to redistribution of blood in other
untreated areas, especially the macula. Following blood flow
increase, choroidal thickness increases in the macular area.
This redistribution mechanism is documented in animals
in some prior studies [10–17]. The second hypothesis is the
inflammation triggered by PRP. This transient inflammation
probably causes release of cytokines and leads to increase of
blood flow and choroidal thickness [18, 19].

Mean CT increase in both groups in this study is similar
to what have been reported before in other trials [7–10]. It is
noteworthy that, in some other trials, themeasured subfoveal
CT showed decreased thickness after PRP in short term
follow-up. They have hypothesized that the reason may be
due to the destruction of choroidal vasculature after thermal
damage of PRP [20, 21].

Also, we found that central macular thickness and RNFL
thickness increased significantly in both groups; this is also
similar to what has been found in other studies [20–24]. This
finding is similar to what has been reported before about the
increase of retinal thickness after PRP and it was attributed to
the release of proinflammatory cytokines or hypoxia-induced
macular edema [20–24].

Also, we did not find any correlation between changes
of choroidal thickness and central retinal thickness. This is
similar to what has been reported by Cho et al. [7].

One of the novel analyses done in this study is the
comparison between red and green laser in changing retinal,
choroidal, and RNFL thickness. Although all three measured
variables showed significant increase after treatment in each
eye, intereye comparisons were not statistically significant
considering central retinal, subfoveal choroidal, and RNFL
thickness changes (𝑃 values: 0.404, 0.184, and 0.762, resp.)
that may indicate no considerable difference between red and
green laser in this regard. To the best of our knowledge, there
is only one report by Ghassemi et al. [24] that compared the
difference between red and green laser in PDR patients.They

reported significant increase of RNFL thickness after PRP
without any difference between red and green laser. This is
in accordance with our findings in this study.

One of the advantages of this study is selection of both
eyes of one patient which can exclude the effect of systemic
factors on retinal, choroidal, and RNFL thickness.

This study has some limitations including low sample size
and short follow-up time. Nonetheless, this study showed
significant increase of subfoveal choroidal, foveal retinal, and
peripapillary RNFL thickness after red and green laser PRP
and no significant difference between these two lasers in
aforementioned measurements.
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