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1. Laser Trials 
	

(1)	Diabetic	Retinopathy	Study	(DRS)	
	
	
	
The	Diabetic	Retinopathy	Study	Research	Group:		Photocoagulation	treatment	of	
proliferative	diabetic	retinopathy:		Clinical	Application	of	Diabetic	Retinopathy	Study	
(DRS)	Findings:		DRS	Report	No.	8.	Ophthalmology	88:		583-600,	1981.	
	
The	Diabetic	Retinopathy	Study	Research	Group:		Four	risk	factors	for	severe	visual	loss	
in	diabetic	retinopathy:		DRS	Report	No.	3.	Arch	Ophthalmol	97:		654-655,	1979.	
	
	

• The	 DRS	 was	 a	 randomized,	 prospective	 clinical	 trial	 evaluating	
photocoagulation	(PDR)	treatment	to	one	eye	of	patients	with	clear	media	and	
advanced	NPDR	or	PDR	in	both	eyes.	The	primary	outcome	measurement	in	the	
DRS	was	severe	visual	loss	(SVL)	defined	as	a	visual	acuity	of	less	than	5/200	on	
two	consecutive	follow-up	examinations	four	months	apart.			 	 	
	 	 	 	

• The	DRS	demonstrated	a	50%	or	greater	reduction	 in	 the	rates	of	SVL	 in	eyes	
treated	with	PRP	compared	to	untreated	control	eyes	during	follow	up	of	up	to	
5	years.			

	
• DRS	“high-risk”	PDR	was	defined	as	any	one	of	the	following:	

o Mild	 (1/4	 to	 1/3	 disc	 area)	 neovascularization	 of	 the	 disc	 (NVD)	with	
vitreous	hemorrhage.			

o Moderate	to	severe	NVD	with	or	without	vitreous	hemorrhage.	
o Moderate	 (1/2	 disc	 area)	 neovascularization	 elsewhere	 (NVE)	 with	

	 vitreous	hemorrhage	
	

• Another	way	of	defining	DRS	“high-risk	PDR	is	by	any	three	of	the	four		
	 	 	 Retinopathy	Risk	Factors:	

o The	presence	of	vitreous	or	preretinal	hemorrhage.	
o The	presence	of	new	vessels.	
o Location	of	new	vessels	on	or	near	the	optic	disc.	
o Moderate	to	severe	extent	of	new	vessels.	

	
• The	 DRS	 recommended	 prompt	 PRP	 of	 eyes	 with	 high-risk	 PDR	 because	 this	

group	had	the	highest	risk	of	SVL.		The	complications	of	argon	laser	PRP	in	the	
DRS	were	 generally	mild	 but	 included	 a	 drop	 in	 visual	 acuity	 of	 one	 or	more	
lines	in	11%	and	visual	field	loss	in	5%.	 	
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(2)	The	Early	Treatment	Diabetic	Retinopathy	Study	(ETDRS)	 	 	

	
• The	ETDRS	was	a	randomized,	prospective	study	evaluating	photocoagulation	and	aspirin	

treatment	 of	 diabetic	 patients	 with	 less	 than	 high-risk	 PDR	 in	 both	 eyes.	 	 The	 primary	
outcome	measurement	in	the	ETDRS	was	moderate	visual	loss	(MVL)	comparing	baseline	
with	 follow	up	visual	 acuities.	 	MLV	was	defines	as	 a	doubling	of	 the	visual	 angle	 (e.g.,	 a	
drop	 from	 20/20	 to	 20/40	 or	 from	 20/50	 to	 20/100),	 a	 drop	 of	 15	 or	more	 letters	 on	
ETDRS	visual	acuity	charts,	or	a	drop	of	3	or	more	lines	of	Snellen	equivalent.		
	

• It	defined	clinically	significant	macular	edema	(CSME)	as	any	one	of	the	following:		
 

o Retinal edema located at or within 500 µm of the center of the macula.	
o Hard exudates at or within 500µm of the center if associated with thickening 

of adjacent retina.  	
o A zone of thickening larger than one disc area if located within 1 disc 

diameter of the center of the macula. 	
	

• Classification	of	diabetic	retinopathy	
o Non-proliferative	Diabetic	Retinopathy	(NPDR)	

§ Mild	-	At	least	one:	Microaneurysms	or	Dot/blot	hemorrhages	
§ Moderate	 –	 Marked	 hemorrhages/microaneurysms	 or	 Cotton	

wool	spots	(CWS)	or	Venous	beading	(VB)	not	fulfilling	the	4-2-1	
rule.	

§ Severe/Very	Severe	–	as	per	4-2-1	Rule:	–		
• Marked	hemorrhages/microaneurysms	in	all	4	quadrants		
• VB	in	2	or	more	quadrants	or		
• IRMAʼs	in	1	quadrant	
Severe	-		if	1	of	the	above	3	features	present	
Very	Severe	-	if	2	of	the	above	3	features	present		

o Proliferative	Diabetic	Retinopathy	(PDR)	–	Including	high-risk		
	
	
	

The	Early	Treatment	Diabetic	Retinopathy	Study	Research	Group:		Photocoagulation	for	
diabetic	macular	edema.		Arch	Ophthalmol	103:		1796-1806,	1985.	
	
The	Early	Treatment	Diabetic	Retinopathy	Study	Research	Group:		Early	Photocoagulation	
for	diabetic	retinopathy.			ETDRS	Report	No.	9.	Ophthalmology	(Suppl)	98:		766-785,	1991.	
	
The	Early	Treatment	Diabetic	Retinopathy	Study	Research	Group:	Effects	of	Aspirin	
Treatment	on	Diabetic	Retinopathy.	ETDRS	Report	No.	20.	Arch	Ophthalmol	113:		52-55,	
1995.			
	
Flynn	HW	JR.,	Chew	EY,	Simons	BD,	et	al.		Pars	plana	vitrectomy	in	the	Early	Treatment	
Diabetic	Retinopathy	Study.		ETDRS	Report	No.	17.	Ophthalmology	99:		1351-1357,	1992.	
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• The	ETDRS	addresses	three	issues:			

	
o 1)	 The	 efficacy	 of	 laser	 treatment	 for	macular	 edema.	 It	 showed	 a	 50%	or	 greater	

reduction	 in	 the	 rates	 of	 MVL	 in	 laser	 treated	 eyes	 with	 CSME	 (compared	 to	
untreated	control	eyes)		

o 2)	The	 timing	 for	 initiating	PRP.	The	ETDRS	 stated	 that	 provided	 follow	up	 can	be	
maintained,	scatter	panretinal	photocoagulation	was	not	recommended	for	eyes	with	
mild	 or	 moderate	 NPDR.	 	 When	 NPDR	 becomes	 more	 severe	 and	 approaches	 the	
high-risk	stage,	 scatter	PRP	 treatment	can	be	considered	and	usually	should	not	be	
delayed	when	the	retinopathy	reaches	the	high-risk	stage.		

o 3)	The	value	of	aspirin	treatment.	At	a	dosage	of	650mg	per	day,	aspirin	did	not	alter	
the	 rates	 of	 progression	 of	 diabetic	 retinopathy,	 had	 no	 influence	 on	 visual	 acuity	
outcomes,	 and	 did	 not	 increase	 the	 risk	 of	 vitreous	 hemorrhage.	 Therefore	 at	 this	
dosage,	 there	 appears	 to	 be	 no	 ocular	 contraindication	 to	 the	 use	 of	 aspirin	 in	
persons	with	diabetes	who	require	it	for	treatment	of	cardiovascular	diseases	or	for	
other	medical	indications.	
	
	

• Vitrectomy	in	the	ETDRS	was	a	secondary	issue.	 	Vitrectomy	was	performed	in	208	
(5.6%)	of	the	3711	patients	(243	eyes)	enrolled	in	the	ETDRS.		The	5-year	vitrectomy	
rates	 in	 the	ETDRS	were	5.4%	 in	patients	 assigned	 to	aspirin	and	5.2%	 in	patients	
assigned	the	placebo.		For	eyes	with	more	severe	retinopathy	and	macular	edema,	the	
5-year	 rate	 for	 the	 combined	 endpoint	 of	 severe	 visual	 loss	 or	 occurrence	 of	
vitrectomy	 was	 higher	 (10.3%)	 in	 eyes	 assigned	 to	 deferral	 of	 photocoagulation	
unless	HRC	developed	and	was	 lower	 (5.6%)	 in	 full	 scatter	 treated	eyes	 to	6.9%	 in	
mild	scatter	treated	eyes)	in	the	groups	assigned	to	early	PRP	treatment.			
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(3)	DRCR	(Protocol	A)	

	
Comparison of the Modified Early 
Treatment Diabetic Retinopathy Study 
and Mild Macular Grid Laser 
Photocoagulation Strategies 
for Diabetic Macular Edema 
Writing Committee for the Diabetic Retinopathy Clinical Research Network 

Objective: To compare 2 laser photocoagulation techniques for treatment of diabetic macular edema: the modified 
Early Treatment Diabetic Retinopathy Study (ETDRS) direct/grid photocoagulation technique and a 
potentially milder (but potentially more extensive) mild macular grid (MMG) laser technique in which micro 
aneurysms are not treated directly and small mild burns are placed throughout the macula, whether or not edema is 
present. 
 
Methods: Two hundred sixty-three subjects (mean age, 59 years) with previously untreated diabetic macular 
edema were randomly assigned to receive laser photocoagulation by either the modified ETDRS (162 eyes) or 
MMG (161 eyes) technique. Visual acuity, fundus photographs, and optical coherence tomography 
measurements were obtained at baseline and at 3.5, 8, and 12 months. Treatment was repeated if diabetic macular 
edema persisted. 
 
Main Outcome Measure: Change in optical coherence tomography measurements at 12-month follow-up. 
 
Results: Among eyes with a baseline central subfield thickness of 250 µm or greater, central subfield thickening de- 
creased by an average of 88 µm in the modified ETDRS group and by 49 µm in the MMG group at 12-month 
follow-up (adjusted mean difference, 33 µm; 95% confidence interval, 5-61 µm; P = .02). Weighted inner zone 
thickening by optical coherence tomography decreased by 42 µm in the modified ETDRS group and by 28 µm in the 
 
MMG group (adjusted mean difference, 14 µm; 95% confidence interval, 1-27 µm; P=.04); maximum retinal thickening 
(maximum thickening of the central and 4 inner sub- fields) decreased by 66 and 39 µm, respectively (adjusted mean 
difference, 27 µm; 95% confidence interval, 6-47 µm; P=.01), and retinal volume decreased by 0.8 and 0.4 mm3, 
respectively (adjusted mean difference, 0.3 mm3; 95% confidence interval, 0.02-0.53 mm3; P = .03). At 12 months, the 
mean change in visual acuity was 0 letters in the modified ETDRS group and 2 letters worse in the MMG group 
(adjusted mean difference, 2 letters; 95% confidence interval, −0.5 to 5 letters; P = .10). 
 
Conclusions: At 12 months after treatment, the MMG technique was less effective at reducing optical 
coherence tomography–measured retinal thickening than the more extensively evaluated current modified ETDRS 
laser photocoagulation approach. However, the visual acuity outcome with both approaches is not substantially 
different. Given these findings, a larger long-term trial of the MMG technique is not justified. 
 
Application to Clinical Practice: Modified ETDRS focal photocoagulation should continue to be a 
standard approach for treating diabetic macular edema. 
Trial Registration: clinicaltrials.gov Identifier: NCT00071773. 
 
Arch Ophthalmol . 2007;125:469-480 
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(4) DRCR (Protocol B) 
 

 
  

A Randomized Trial Comparing Intravitreal
Triamcinolone Acetonide and Focal/Grid
Photocoagulation for Diabetic Macular Edema

Diabetic Retinopathy Clinical Research Network

Objective: To evaluate the efficacy and safety of 1-mg and 4-mg doses of preservative-free intravitreal
triamcinolone in comparison with focal/grid photocoagulation for the treatment of diabetic macular edema (DME).

Design: Multicenter, randomized clinical trial.
Participants: Eight hundred forty study eyes of 693 subjects with DME involving the fovea and with visual

acuity of 20/40 to 20/320.
Methods: Eyes were randomized to focal/grid photocoagulation (n ! 330), 1 mg intravitreal triamcinolone

(n ! 256), or 4 mg intravitreal triamcinolone (n ! 254). Retreatment was given for persistent or new edema at
4-month intervals. The primary outcome was evaluated at 2 years.

Main Outcome Measures: Visual acuity measured with the electronic Early Treatment Diabetic Retinopathy
Study method (primary), optical coherence tomography-measured retinal thickness (secondary), and safety.

Results: At 4 months, mean visual acuity was better in the 4-mg triamcinolone group than in either the laser
group (P"0.001) or the 1-mg triamcinolone group (P ! 0.001). By 1 year, there were no significant differences
among groups in mean visual acuity. At the 16-month visit and extending through the primary outcome visit at
2 years, mean visual acuity was better in the laser group than in the other 2 groups (at 2 years, P ! 0.02
comparing the laser and 1-mg groups, P ! 0.002 comparing the laser and 4-mg groups, and P ! 0.49 comparing
the 1-mg and 4-mg groups). Treatment group differences in the visual acuity outcome could not be attributed
solely to cataract formation. Optical coherence tomography results generally paralleled the visual acuity results.
Intraocular pressure increased from baseline by 10 mmHg or more at any visit in 4%, 16%, and 33% of eyes in
the 3 treatment groups, respectively, and cataract surgery was performed in 13%, 23%, and 51% of eyes in the
3 treatment groups, respectively.

Conclusions: Over a 2-year period, focal/grid photocoagulation is more effective and has fewer side effects
than 1-mg or 4-mg doses of preservative-free intravitreal triamcinolone for most patients with DME who have
characteristics similar to the cohort in this clinical trial. The results of this study also support that focal/grid
photocoagulation currently should be the benchmark against which other treatments are compared in clinical
trials of DME.

Financial Disclosure(s): Proprietary or commercial disclosure may be found after the references.
Ophthalmology 2008;115:1447–1459 © 2008 by the American Academy of Ophthalmology.

Macular edema is a frequent manifestation of diabetic ret-
inopathy and an important cause of impaired vision in
individuals with diabetes.1–3 The Wisconsin Epidemiologic
Study of Diabetic Retinopathy, a population-based study in
southern Wisconsin, estimated that after 20 years of known
diabetes, the prevalence of diabetic macular edema (DME)
was approximately 28% in both type 1 and type 2 diabetes.1

The most widely accepted methods to reduce the risk of
vision loss from DME are: (1) intensive glycemic control, as
demonstrated by the Diabetes Control and Complications
Trial4 and the United Kingdom Prospective Diabetes
Study5; (2) blood pressure control, as demonstrated by the
United Kingdom Prospective Diabetes Study6,7; and (3)
focal/grid photocoagulation, as demonstrated by the Early
Treatment Diabetic Retinopathy Study (ETDRS).8 The

ETDRS reported that focal/grid photocoagulation of eyes
with edema involving or threatening the fovea reduced the
3-year risk of losing 3 or more lines of visual acuity by 50%,
from 30% in the control group to 15% in the laser group.

During the last decade, a number of additional treatments
for DME have been proposed. Such treatments include
vitrectomy,9–16 pharmacologic therapy with oral protein
kinase C-! inhibitors,17 intravitreal injection of aptamers or
antibodies targeted at vascular endothelial growth factor
(VEGF),18–20 and intravitreal injection of corticosteroids
such as triamcinolone acetonide. In 2001 and 2002, the first
reports were published of the use of intravitreal injection(s)
of triamcinolone acetonide (hereafter referred to as intrav-
itreal triamcinolone) for DME,21,22 suggesting that intravit-
real triamcinolone potentially was an effective treatment for

1447© 2008 by the American Academy of Ophthalmology ISSN 0161-6420/08/$–see front matter
Published by Elsevier Inc. doi:10.1016/j.ophtha.2008.06.015
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(5)	DRCR	(Protocol	F) 

 
	

 
 

  

CLINICAL TRIALS

SECTION EDITOR: ANNE S. LINDBLAD, PhD

Observational Study of the Development of Diabetic
Macular Edema Following Panretinal (Scatter)
Photocoagulation Given in 1 or 4 Sittings
Diabetic Retinopathy Clinical Research Network*

Objective: To compare the effects of single-sitting vs
4-sitting panretinal photocoagulation (PRP) on macu-
lar edema in subjects with severe nonproliferative or early
proliferative diabetic retinopathy with relatively good vi-
sual acuity and no or mild center-involved macular edema.

Methods: Subjects were treated with 1 sitting or 4 sit-
tings of PRP in a nonrandomized, prospective, multicen-
tered clinical trial.

Main Outcome Measure: Central subfield thickness
on optical coherence tomography (OCT).

Results: Central subfield thickness was slightly greater
in the 1-sitting group (n=84) than in the 4-sitting group
(n=71) at the 3-day (P=.01) and 4-week visits (P=.003).
At the 34-week primary outcome visit, the slight differ-
ences had reversed, with the thickness being slightly

greater in the 4-sitting group than in the 1-sitting group
(P = .06). Visual acuity differences paralleled OCT
differences.

Conclusions: Our results suggest that clinically mean-
ingful differences are unlikely in OCT thickness or vi-
sual acuity following application of PRP in 1 sitting com-
pared with 4 sittings in subjects in this cohort. More
definitive results would require a large randomized trial.

Application to Clinical Practice: These results sug-
gest PRP costs to some patients in terms of travel and
lost productivity as well as to eye care providers could
be reduced.

Trial Registration: clinicaltrials.gov Identifier:
NCT00687154.

Arch Ophthalmol. 2009;127(2):132-140

T HE DIABETIC RETINOPATHY
Study demonstrated that
panretinal (scatter) photo-
coagulation (PRP) reduced
the risk of severe vision loss

(!5/200 at 2 consecutive 4-month visits)
due to complications of proliferative dia-
betic retinopathy (PDR) from 25% to 14%
over 2 years.1 The Early Treatment Dia-
betic Retinopathy Study (ETDRS) subse-
quently demonstrated that for patients with
severe nonproliferative diabetic retinopa-
thy or PDR, PRP and vitrectomy when nec-
essary reduced the risk of severe vision loss
to 4% over 5 years.2 Consequently, the use
of PRP has been accepted as the standard
care for patients with PDR.3

Panretinal (scatter) photocoagulation
has been associated with numerous com-
plications that can result in decreased vi-
sual acuity, including macular edema.3,4 In
the ETDRS, which was performed prior to
the advent of optical coherence tomogra-
phy (OCT), 18% of eyes that underwent
full PRP (1200-1600 spots) were noted to
have macular edema on stereoscopic fun-
dus photographs by 4 months (F. L. Fer-

ris, MD, unpublished data, June 17, 2008).
There are multiple theories as to why the
edema may occur, including oncotic fluid
accumulation related to the tissue destruc-
tion or PRP-induced inflammation lead-
ing to cytokine release and increased per-
meability of the retinal capillaries.5

In the ETDRS, PRP generally was given
over 2 or more sittings, usually within 4
weeks.6 Someclinicians,however,haverec-
ommendeddoingthePRPinasinglesitting.7

In a 2004 survey of investigators participat-
ing in theDiabeticRetinopathyClinicalRe-
search Network (DRCR.net), about a quar-
terof theresponding investigators indicated
thattheyroutinelyperformedPRPinasingle
sittingwhilethree-quartersusedmultiplesit-
tings. While completion of PRP in 1 sitting
might be more convenient with respect to
numberofofficevisits andcompliancewith
completionof the treatmentplan, there is at
least a theoretical concern that this may in-
crease the development of vision-disabling
macularedema,althoughthereare fewdata
publishedtosupport thishypothesis.Other
potentialadverseeffects includepain,some-
timesrequiringretrobulbarorperibulbaran-

*Authors/Writing Committee:
Lead authors: Alexander J.
Brucker, MD; Haijing Qin, MS.
Additional writing committee
members (alphabetical):
Andrew N. Antoszyk, MD;
Roy W. Beck, MD, PhD;
Neil M. Bressler, MD; David J.
Browning, MD; Michael J.
Elman, MD; Adam R. Glassman,
MS; Jeffrey G. Gross, MD;
Craig Kollman, PhD;
John A. Wells III, MS.
Group Information: The
members of the Diabetic
Retinopathy Clinical Research
Network are listed on page 137.

(REPRINTED) ARCH OPHTHALMOL / VOL 127 (NO. 2), FEB 2009 WWW.ARCHOPHTHALMOL.COM
132

©2009 American Medical Association. All rights reserved.
Downloaded From: http://archopht.jamanetwork.com/ by a Thomas Jefferson University User  on 06/30/2013
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(6)	DRCR	(Protocol	K)	
	

	
 

 
 
 
 

  



10	
	

(7)	DRCR	(Protocol	V) 

 

Comparative	Effectiveness	Study	of	Laser,	Observation	and	
Aflibercept	for	DME	in	eyes	with	Very	Good	VA.	(NCT01909791)	
Official	Title:	Treatment	for	Central-Involved	Diabetic	Macular	Edema	in	Eyes	With	Very	
Good	Visual	Acuity.		

Study	Type:	Interventional/Randomized/Safety	-	Efficacy	Study	/	Parallel	Assignment	/	
Single	Blind	(Outcomes	Assessor)	Masking	

	

Primary	Objective	-	To	compare	the	%	of	eyes	that	have	lost	at	least	5	letters	of	visual	
acuity	at	2	years	compared	with	baseline	mean	visual	acuity	in	eyes	with	central-involved	
DME	and	good	visual	acuity	defined	as	a	Snellen	equivalent	of	20/25	or	better	(electronic-
ETDRS	letter	score	of	79	or	better)	that	receive		

	 (1)	Prompt	focal/grid	photocoagulation	+	deferred	anti-VEGF,		

(2)	Observation	+	deferred	anti-VEGF,	or		

(3)	Prompt	anti-VEGF	

	

Secondary	Objective	-	Other	visual	acuity	outcomes	

• Percentage	of	eyes	needing	anti-VEGF	treatment	

• Optical	Coherence	Tomography	(OCT)	Outcomes	

• Proportion	of	eyes	avoiding	vitreous	hemorrhage	or	panretinal	photocoagulation	
(PRP)	or	vitrectomy	for	PDR	

• Safety	Outcomes	

• Associated	treatment	and	follow-up	exam	costs	

	

Current	Status	–	Recruiting	participants	

	

Estimated	Completion	Date	–	March	2017	
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(8)	CLARITY	Trial 
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II. Pharmacotherapy Trials 
	
(1)	DRCR	Protocol	I	

 
 
  

Randomized Trial Evaluating Ranibizumab
Plus Prompt or Deferred Laser or
Triamcinolone Plus Prompt Laser for
Diabetic Macular Edema
The Diabetic Retinopathy Clinical Research Network*
Writing Committee: Michael J. Elman, MD; Lloyd Paul Aiello, MD, PhD; Roy W. Beck, MD, PhD; Neil M.
Bressler, MD; Susan B. Bressler, MD; Allison R. Edwards, MS; Frederick L. Ferris III, MD; Scott M. Friedman,
MD; Adam R. Glassman, MS; Kellee M. Miller, MPH; Ingrid U. Scott, MD, MPH; Cynthia R. Stockdale,
MSPH; Jennifer K. Sun, MD, MPH. *The members of the DRCR Network who participated in this protocol are
listed in Appendix 5.

Objective: Evaluate intravitreal 0.5 mg ranibizumab or 4 mg triamcinolone combined with focal/grid laser
compared with focal/grid laser alone for treatment of diabetic macular edema (DME).

Design: Multicenter, randomized clinical trial.
Participants: A total of 854 study eyes of 691 participants with visual acuity (approximate Snellen equiva-

lent) of 20/32 to 20/320 and DME involving the fovea.
Methods: Eyes were randomized to sham injection ! prompt laser (n"293), 0.5 mg ranibizumab ! prompt

laser (n"187), 0.5 mg ranibizumab ! deferred (!24 weeks) laser (n"188), or 4 mg triamcinolone ! prompt laser
(n"186). Retreatment followed an algorithm facilitated by a web-based, real-time data-entry system.

Main Outcome Measures: Best-corrected visual acuity and safety at 1 year.
Results: The 1-year mean change (#standard deviation) in the visual acuity letter score from baseline was

significantly greater in the ranibizumab ! prompt laser group (!9#11, P$0.001) and ranibizumab ! deferred
laser group (!9#12, P$0.001) but not in the triamcinolone ! prompt laser group (!4#13, P"0.31) compared
with the sham ! prompt laser group (!3#13). Reduction in mean central subfield thickness in the triamcinolone
! prompt laser group was similar to both ranibizumab groups and greater than in the sham ! prompt laser
group. In the subset of pseudophakic eyes at baseline (n"273), visual acuity improvement in the triamcinolone
! prompt laser group appeared comparable to that in the ranibizumab groups. No systemic events attributable
to study treatment were apparent. Three eyes (0.8%) had injection-related endophthalmitis in the ranibizumab
groups, whereas elevated intraocular pressure and cataract surgery were more frequent in the triamcinolone !
prompt laser group. Two-year visual acuity outcomes were similar to 1-year outcomes.

Conclusions: Intravitreal ranibizumab with prompt or deferred laser is more effective through at least 1 year
compared with prompt laser alone for the treatment of DME involving the central macula. Ranibizumab as applied in
this study, although uncommonly associated with endophthalmitis, should be considered for patients with DME and
characteristics similar to those in this clinical trial. In pseudophakic eyes, intravitreal triamcinolone ! prompt laser
seems more effective than laser alone but frequently increases the risk of intraocular pressure elevation.

Financial Disclosure(s): Proprietary or commercial disclosure may be found after the references.
Ophthalmology 2010;117:1064–1077 © 2010 by the American Academy of Ophthalmology.

Macular edema is a frequent manifestation of diabetic retinop-
athy and an important cause of impaired vision in individuals
with diabetes.1–3 Focal/grid photocoagulation, the current stan-
dard care for diabetic macular edema (DME), has been the
mainstay of treatment since its benefit was demonstrated in the
Early Treatment Diabetic Retinopathy Study (ETDRS) in
1985.4 In a randomized, multicenter clinical trial, the Diabetic
Retinopathy Clinical Research Network (DRCR.net) showed
that focal/grid photocoagulation in eyes with center-involved
DME and visual acuity "20/40 produces gradual visual acuity

improvement of !2 lines in approximately one third of eyes
after 2 years of follow-up, although approximately 20% of
laser-treated eyes worsen by !2 lines.5 Thus, other treatment
modalities, including anti-vascular endothelial growth factor
(VEGF) therapy and steroids, alone or in combination with
laser, are under investigation.

The rationale for anti-VEGF therapy for DME is based on
the observation that VEGF levels are increased in the retina
and vitreous of eyes with diabetic retinopathy.6 Vascular en-
dothelial growth factor has been demonstrated to increase

1064 © 2010 by the American Academy of Ophthalmology ISSN 0161-6420/10/$–see front matter
Published by Elsevier Inc. doi:10.1016/j.ophtha.2010.02.031



13	
	

(1)	DRCR	Protocol	I	(3	year	Results) 

	

Intravitreal	Ranibizumab	 for	Diabetic	Macular	
Edema	with	Prompt	versus	Deferred	Laser	
Treatment	Three-Year Randomized Trial Results 
Diabetic Retinopathy Clinical Research Network* Writing Committee: Michael J. Elman, MD,1 Haijing 
Qin, MS,2 Lloyd Paul Aiello, MD,3 Roy W. Beck, MD,2 Neil M. Bressler, MD,4 Frederick L. Ferris III, 
MD,5 Adam R. Glassman, MS,2 Raj K. Maturi, MD, PC,6 Michele Melia, ScM2

 

 
Objective:	 To	 report	 the	 3-year	 follow-up	 results	 within	 a	 previously	 reported	
randomized	 trial	 evaluating	prompt	 versus	 deferred	 (for	 >24	 weeks)	 focal/grid	 laser	
treatment	 in	 eyes	 treated	 with	 intravitreal	 0.5	 mg	ranibizumab	 for	diabetic	macular	
edema	(DME).	
	
Design:			Multicenter,	randomized	clinical	trial.	
	
Participants:	 Three	 hundred	 sixty-one	 participants	 with	 visual	 acuity	 of	 20/32	 to	
20/320	 (approximate	Snellen	equivalent)	and	DME	involving	the	fovea.	
	
Methods:	 Ranibizumab	 every	 4	weeks	 until	 no	 longer	 improving	 (with	 resumption	 if	
worsening)	and	random	assignment	to	prompt	or	deferred	(>24	weeks)	focal/grid	laser	
treatment.	
	
Main	Outcome	Measures:			 Best-corrected	visual	acuity	and	safety	at	the	156-week	(3-
year)	visit.	
	
Results:			 The	estimated	mean	change	in	visual	acuity	letter	score	from	baseline	through	
the	3-year	visit	was	2.9	letters	more	(9.7	vs.	6.8	letters;	mean	difference,	2.9	letters;	95%	
confidence	 interval,	 0.4	–5.4	 letters;	 P	 =	0.02)	 in	 the	deferral	 group	 compared	with	 the	
prompt	laser	treatment	group.	In	the	prompt	laser	treatment	group	and	 deferral	 group,	
respectively,	 the	percentage	of	eyes	with	a	>10-letter	gain/loss	was	42%	and	56%	(P	=	
0.02),	 whereas	 the	 respective	 percentage	 of	 eyes	 with	 a	 >10-letter	 gain/loss	 was	 10%	
and	5%	(P	=	0.12).	Up	to	 the	 3-year	 visit,	 the	 median	 numbers	 of	 injections	 were	 12	
and	 15	 in	 the	 prompt	 and	 deferral	 groups,	respectively	(P	=	0.007),	 including	1	and	2	
injections,	 respectively,	 from	 the	 2-year	 up	 to	 the	 3-year	 visit.	 At	 the	 3-year	 visit,	 the	
percentages	of	 eyes	with	 central	 subfield	 thickness	of	250	µm	or	more	on	 time-domain	
optical	 coherence	 tomography	 were	 36%	 in	 both	 groups	 (P	 =	 0.90).	 In	 the	 deferral	
group,	 54%	 did	 not	 receive	 laser	 treatment	 during	 the	 trial.	 Systemic	 adverse	 events	
seemed	to	be	similar	in	the	2	groups.	
	
Conclusions:	 These	 3-year	 results	 suggest	 that	 focal/grid	 laser	 treatment	 at	 the	
initiation	 of	 intravitreal	 ranibizumab	 is	 no	 better,	 and	 possibly	 worse,	 for	 vision	
outcomes	 than	 deferring	 laser	 treatment	 for	 24	 weeks	 or	 more	 in	 eyes	 with	 DME	
involving	 the	 fovea	 and	 with	 vision	 impairment.	 Some	 of	 the	 observed	 differences	 in	
visual	 acuity	 at	 3	 years	 may	 be	 related	 to	 fewer	 cumulative	 ranibizumab	 injections	
during	 follow-up	 in	 the	 prompt	 laser	 treatment	 group.	 Follow-up	 through	 5	 years	
continues.	
Financial	 	 Disclosure(s):	 	 	 Proprietary	 	 or	 	 commercial	 	 disclosure	 	 may	 	 be	 	 found		
after		 the		 references.	
	
Ophthalmology	2012;119:2312–2318		
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(1)	DRCR	Protocol	I	(5	year	Results)	
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(2)	DRCR	(Ranibizumab	+/-	Laser	in	management	of	DME	in	
vitrectomized	versus	non-vitrectomized	eyes)		
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(3)	DRCR	(Protocol	N)	 

	
	

 
  



17	
	

(3)	DRCR	(Protocol	N)	
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(4)	DRCR	(Protocol	S)	
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(5)DRCR	(Protocol	T-1	Year)	
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(5)DRCR	(Protocol	T-2	Years)	
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(6)	DRCR	(Protocol	U)		
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(7)	READ-1	Study 
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Abstract	
	
PURPOSE:	 The	 role	 of	vascular	 endothelial	 growth	 factor	(VEGF)	 in	diabetic	macular	
edema	(DME)	was	tested	with	ranibizumab,	a	specific	antagonist	of	VEGF.	
	
DESIGN:	A	nonrandomized	clinical	trial.	
	
METHODS:	Ten	 patients	with	 chronic	 DME	 received	 intraocular	 injections	 of	 0.5	mg	 of	
ranibizumab	at	baseline	and	at	one,	two,	four,	and	six	months.	The	primary	outcome	was	
change	 in	 foveal	 thickness	 between	 baseline	 and	 seven	 months,	 and	 the	 secondary	
outcome	measures	were	changes	from	baseline	in	visual	acuity	and	macular	volume.	
	
RESULTS:	 Mean	 values	 at	 baseline	 were	 503	 micron	 for	 foveal	 thickness,	 9.22	 mm3	
for	macular	volume,	 and	 28.1	 letters	 (20/80)	 read	 on	 an	 Early	
Treatment	Diabetic	Retinopathy	Study	(ETDRS)	visual	acuity	chart.	At	seven	months	(one	
month	after	 the	 fifth	 injection),	 the	mean	 foveal	 thickness	was	257	micron,	which	was	a	
reduction	of	246	micron	(85%	of	the	excess	foveal	thickness	present	at	baseline;	P	=	.005	
by	Wilcoxon	signed-rank	test	for	likelihood	that	this	change	is	due	to	ranibizumab	rather	
than	 chance).	 The	macular	volume	was	 7.47	mm3,	 which	 was	 a	 reduction	 of	 1.75	mm3	
(77%	 of	 the	 excess	macular	volume	 at	 baseline;	 P	 =	 .009).	 Mean	 visual	 acuity	 was	 40.4	
letters	(20/40),	which	was	an	improvement	of	12.3	letters	(P	=	.005).	The	injections	were	
well-tolerated	with	no	ocular	or	systemic	adverse	events.	
	
CONCLUSION:	Intraocular	injections	of	ranibizumab	significantly	reduced	foveal	thickness	
and	improved	visual	acuity	in	10	patients	with	DME,	which	demonstrated	that	VEGF	is	an	
important	 therapeutic	 target	 for	 DME.	 A	 randomized,	 controlled,	 double-masked	 trial	 is	
needed	to	test	whether	intraocular	injections	of	ranibizumab	provide	long-term	benefit	to	
patients	with	DME.	
	 	

Vascular Endothelial Growth Factor Is a
Critical Stimulus for Diabetic Macular Edema

QUAN DONG NGUYEN, MD, MSC, SINAN TATLIPINAR, MD, SYED MAHMOOD SHAH,
MBBS, JULIA A. HALLER, MD, EDWARD QUINLAN, MD, JENNIFER SUNG, MD,

INGRID ZIMMER-GALLER, MD, DIANA V. DO, MD,
AND PETER A. CAMPOCHIARO, MD

● PURPOSE: The role of vascular endothelial growth
factor (VEGF) in diabetic macular edema (DME) was
tested with ranibizumab, a specific antagonist of VEGF.
● DESIGN: A nonrandomized clinical trial.
● METHODS: Ten patients with chronic DME received
intraocular injections of 0.5 mg of ranibizumab at base-
line and at one, two, four, and six months. The primary
outcome was change in foveal thickness between baseline
and seven months, and the secondary outcome measures
were changes from baseline in visual acuity and macular
volume.
● RESULTS: Mean values at baseline were 503 !m for
foveal thickness, 9.22 mm3 for macular volume, and
28.1 letters (20/80) read on an Early Treatment Diabetic
Retinopathy Study (ETDRS) visual acuity chart. At
seven months (one month after the fifth injection), the
mean foveal thickness was 257 !m, which was a reduc-
tion of 246 !m (85% of the excess foveal thickness
present at baseline; P " .005 by Wilcoxon signed-rank
test for likelihood that this change is due to ranibizumab
rather than chance). The macular volume was 7.47 mm3,
which was a reduction of 1.75 mm3 (77% of the excess
macular volume at baseline; P " .009). Mean visual
acuity was 40.4 letters (20/40), which was an improve-
ment of 12.3 letters (P " .005). The injections were
well-tolerated with no ocular or systemic adverse events.
● CONCLUSION: Intraocular injections of ranibizumab
significantly reduced foveal thickness and improved vi-
sual acuity in 10 patients with DME, which demon-
strated that VEGF is an important therapeutic target for

DME. A randomized, controlled, double-masked trial is
needed to test whether intraocular injections of ranibi-
zumab provide long-term benefit to patients with DME.
(Am J Ophthalmol 2006;142:961–969. © 2006 by
Elsevier Inc. All rights reserved.)

D IABETIC RETINOPATHY IS THE MOST PREVALENT
cause of vision loss in working aged individuals in
developed countries.1 Severe vision loss occurs

because of traction retinal detachments that complicate
retinal neovascularization, but the most common cause of
moderate vision loss is macular edema. Macular edema
occurs from the leakage of plasma into the central retina,
which causes it to thicken because of excess interstitial
fluid. The excess interstitial fluid is likely to disrupt ion
fluxes and the thickening of the macula results in stretch-
ing and distortion of neurons. There is reversible reduction in
visual acuity, but over time the perturbed neurons die, which
results in permanent visual loss.

The leakage of plasma in patients with diabetic macular
edema (DME) is visualized by fluorescein angiography and
may be focal because of leakage from microaneurysms or
diffuse. Microaneurysms are thought to occur because of
hyperglycemia-induced pericyte death, which weakens the
walls of retinal vessels and results in the small aneurysms in
which endothelial cells are perturbed causing them to lose
their barrier qualities and leak.2 However, diffuse leakage
from retinal capillaries that do not show visible structural
changes (such as microaneurysms) is also a common feature
of DME. This could be due to microscopic damage to
retinal vessels that are not visible in images that are
obtained during fluorescein angiography but could also be
due the presence of excessive amounts of pro-permeability
factors.

Recently, retinal hypoxia has been implicated in the
pathogenesis of DME.3 Hypoxia causes increased expres-
sion of vascular endothelial growth factor (VEGF), which
is a potent inducer of vascular permeability that has been
shown to cause leakage from retinal vessels.4,5 Thus, it is
reasonable to hypothesize that VEGF contributes to DME.
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