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Purpose: To evaluate vitrectomy for diabetic macular edema (DME) in eyes with at least moderate vision loss
and vitreomacular traction.

Design: Prospective cohort study.
Participants: The primary cohort included 87 eyes with DME and vitreomacular traction based on investi-

gator’s evaluation, visual acuity 20/63–20/400, optical coherence tomography (OCT) central subfield �300
microns and no concomitant cataract extraction at the time of vitrectomy.

Methods: Surgery was performed according to the investigator’s usual routine. Follow-up visits were
performed after 3 months, 6 months (primary end point), and 1 year.

Main Outcome Measures: Visual acuity, OCT retinal thickening, and operative complications.
Results: At baseline, median visual acuity in the 87 eyes was 20/100 and median OCT thickness was 491

microns. During vitrectomy, additional procedures included epiretinal membrane peeling in 61%, internal limiting
membrane peeling in 54%, panretinal photocoagulation in 40%, and injection of corticosteroids at the close of
the procedure in 64%. At 6 months, median OCT central subfield thickness decreased by 160 microns, with 43%
having central subfield thickness �250 microns and 68% having at least a 50% reduction in thickening. Visual
acuity improved by �10 letters in 38% (95% confidence interval, 28%–49%) and deteriorated by �10 letters in
22% (95% confidence interval, 13%–31%). Postoperative complications through 6 months included vitreous
hemorrhage (5 eyes), elevated intraocular pressure requiring treatment (7 eyes), retinal detachment (3 eyes), and
endophthalmitis (1 eye). Few changes in results were noted between 6 months and 1 year.

Conclusions: After vitrectomy performed for DME and vitreomacular traction, retinal thickening was re-
duced in most eyes. Between 28% and 49% of eyes with characteristics similar to those included in this study
are likely to have improvement of visual acuity, whereas between 13% and 31% are likely to have worsening. The
operative complication rate is low and similar to what has been reported for this procedure. These data provide
estimates of surgical outcomes and serve as a reference for future studies that might consider vitrectomy for
DME in eyes with at least moderate vision loss and vitreomacular traction.
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*Group members listed online in Appendix 1 (available at http://aaojournal.org).
Diabetic macular edema (DME) is a disorder of major and
increasing public health importance throughout the
world.1–4 The only proven effective therapy for DME at this
time is focal/grid laser photocoagulation as performed in the
Early Treatment Diabetic Retinopathy Study (ETDRS).5–7

However, even with photocoagulation, some eyes have per-
sistent edema and visual loss. The Diabetic Retinopathy
Clinical Research Network (DRCR.net) has shown that
although approximately one third of eyes treated with focal/
grid photocoagulation improved by �10 letters at 2 years,
approximately 20% lost �10 letters, and approximately
50% still had evidence of central edema at 2 years.8 Other
pharmacotherapeutic interventions are under investigation
to determine if certain drugs, either alone or in combination
with focal/grid laser, result in superior visual acuity out-
comes compared with laser alone.

The vitreous has been implicated as a cause of macular
edema in people with diabetes via several mechanical and

physiologic mechanisms, all of which are postulated to lead
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to increased vascular permeability.9–34 Suggested mecha-
nisms include (1) destabilization of the vitreous by abnor-
mal glycation and cross-linking of vitreal collagen, leading
to traction on the macula, (2) accumulation and concentra-
tion of factors causing vasopermeability in the premacular
vitreous gel, and (3) accumulation of chemoattractant fac-
tors in the vitreous, leading to cellular migration to the
posterior hyaloid, contraction, and macular trac-
tion.9,10,12,14–16,19,23,24,27,28,30 The observation that release
of mechanical traction on the macula with subsequent re-
duction in DME, either by spontaneous posterior vitreous
detachment or with vitrectomy, lends support to this line of
reasoning.11,13,14,17,20,21,25,32 Furthermore, the evidence that
vitrectomy produces improved retinal oxygenation,28,29

taken together with the evidence that increased oxygenation
can reduce DME,35 suggests an additional physiologic ad-
vantage potentially conferred by vitrectomy.

A prospective observational protocol was developed by

the DRCR.net to evaluate visual and anatomic outcomes
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after vitrectomy performed without concomitant cataract
surgery in eyes with DME. A primary cohort was defined
that included eyes that not only had vitreomacular traction
based on clinical examination by their surgeon, but also had
at least moderately impaired visual acuity and definite thick-
ening within the central subfield on optical coherence to-
mography (OCT). This report describes the visual acuity
and OCT outcomes in this primary cohort.

Methods

The study was conducted by the DRCR.net at 50 clinical sites in
the United States. The protocol and Health Insurance Portability
and Accountability Act-compliant informed consent forms were
approved by multiple institutional review boards. Each subject
gave written informed consent to participate in the study. The
study is listed on www.clinicaltrials.gov, under identifier
NCT00709319 and the protocol is available on the DRCR.net
website (www.drcr.net; accessed September 2, 2009). This paper
reports data collected through the 6-month primary outcome phase
of the protocol with additional safety data collected through the
final follow-up at 1 year. A future report will evaluate factors
associated with the outcome of vitrectomy in 241 eyes with DME,
including the 87 eyes in the primary cohort described in this report.

Study Population

Eligible participants had to be �18 years old with type 1 or type
2 diabetes. Data were collected on 241 individuals who had a
vitrectomy as treatment for DME. The current study included a
predefined subset of eyes that met the following criteria for the
primary analysis: (1) vitreomacular traction as the indication for
vitrectomy based on investigator assessment, (2) best-corrected
visual acuity of 20/63–20/400 (electronic [E]-ETDRS letter score
between 19 and 63), (3) retinal central subfield thickness �300
microns on Zeiss Stratus OCT (Carl Zeiss Meditec, Dublin, CA),
and (4) cataract extraction not performed in conjunction with
vitrectomy. Major exclusion criteria included (1) a history of
macular photocoagulation, intravitreal corticosteroids or other
treatment for DME within 3.5 months before enrollment, (2)
peripheral scatter photocoagulation within 4 months before enroll-
ment, (3) prior pars plana vitrectomy, (4) other major ocular
surgery (including cataract extraction, scleral buckle, or other
intraocular surgery) within 6 months before enrollment or antici-
pated within the 6 months after enrollment, or (5) YAG capsulot-
omy performed within 2 months before enrollment. Only 1 eye per
participant could be enrolled.

Intervention

A standard pars plana vitrectomy was performed according to the
investigator’s usual routine. General guidelines included (1) 3 pars
plana sclerotomies, (2) removal of the vitreous gel with peeling of
the posterior hyaloid, if attached, and removal of the peripheral
vitreous leaving only a small residual vitreous skirt, (3) engage-
ment and peeling of epiretinal membranes judged visually signif-
icant, (4) examination of the peripheral retina at the close of the
procedure, and (5) treatment of peripheral breaks with laser or
cryotherapy. Additional collected information included gauge of
vitrectomy instrumentation and other maneuvers performed, such
as removal of the internal limiting membrane, use of agents to
improve visualization of membranes, use of corticosteroids at the

close of the procedure, and use of concomitant laser.
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Follow-up Visits

Follow-up visits were performed at 3, 6, and 12 months within
prespecified time windows. At each visit, an interval history was
elicited, which included medical and surgical treatment of the
study eye. At baseline and at each follow-up visit, best-corrected
visual acuity was measured at 3 meters by a certified tester us-
ing an electronic procedure based on the ETDRS method (E-
ETDRS).36 The OCT images were obtained through a dilated pupil
by a certified operator using the Zeiss Stratus OCT. The OCT
scans were 6 mm long and included the 6 radial line pattern (fast
macular scan option with Zeiss Stratus OCT) for quantitative
measures and the cross-hair pattern (6–12 to 9–3 o’clock) for
qualitative assessment of retinal morphology. Seven-field fundus
photographs were obtained at baseline, 6, and 12 months.

The OCT images and fundus photographs were sent to the
DRCR.net Reading Center at the University of Wisconsin—Madison
for grading. Fourteen percent of the 87 baseline scans and 27% of
the 155 follow-up scans were judged by the Reading Center to
have inaccurate automated central subfield thickness measure-
ments. In these cases, center point thickness was measured man-
ually and the resultant value used to impute a value for the central
subfield thickness (based on a correlation of the two measures of
0.99) as previously published.7 Grading of fundus photographs for
proliferative diabetic retinopathy (PDR) included both active neo-
vascularization and prior panretinal photocoagulation (PRP) even
without active neovascularization.

Additional Treatment for Diabetic Macular Edema

By protocol, injectable medications, focal laser, or other treatments
for DME were to be deferred until completion of the 6-month visit.
Between 6 and 12 months, treatment of DME was at investigator
discretion.

Statistical Methods

A sample size was planned to be approximately 100 eyes that met
all the criteria for the primary cohort. This was a convenience
sample based on the expected number of subjects to be enrolled in
a given time period. However, based on actual recruitment, the 100
subject goal was not reached.

The main outcomes were best-corrected visual acuity and OCT-
measured central subfield thickness at 6 months. The visual acuity
letter score was used for analyses; approximate Snellen equivalents
are presented to facilitate interpretation. Signed-rank tests were per-
formed on changes in central subfield thickness from baseline to
follow-up visits. Missed visits were excluded from the analysis. SAS
version 9.1 (SAS Inc, Cary, NC) was used for all analyses.

Results

Between 2005 and 2008, 87 subjects who met the primary cohort
criteria for this study were enrolled at 35 sites. The baseline
characteristics are presented in Table 1. The presence of vitreo-
macular traction, as identified by the investigator, was a require-
ment for inclusion in this cohort. However, epiretinal membranes
were only identified as “probably” or “definitely present” by the
investigator in 71% of study eyes. Presumably, the vitreomacular
traction was not associated with a clinically apparent epiretinal
membrane in the other 29%. In 27 eyes (31%), the surgeon listed
“unresponsive to other therapies” as an additional indication for
the vitrectomy. Surgery characteristics are presented in Table 2.

Visit completion was 95% at the 3-month visit, 93% at the
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�From investigator’s observations at enrollment.
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6-month visit, and 90% at the 12-month visit. Four subjects died (2
before and 2 after the 6-month visit) and four subjects dropped out
of the study (2 before and 2 after the 6-month visit).

Visual Acuity

Median visual acuity was approximately 20/100 at baseline, 3
months, and 6 months. At 3 months, 22% of eyes had experienced
an improvement of 10 or more letters from baseline (Fig 1).
Conversely, 23% of the eyes had worsened by �10 letters from
baseline. At 6 months, 38% of eyes were improved by �10 letters
(95% confidence interval [CI], 28%–49%) and 22% had worsened
by �10 letters (95% CI, 13%–31%). Among the 18 eyes that
improved by �10 letters from baseline to 3 months, none had
additional improvement of at least �10 letters from 3 to 6 months.

Table 2. Surgery Characteristics (n � 87)

Characteristic n (%)

Vitrectomy system
19/20 gauge 35 (40)
25 gauge 43 (49)
23 gauge 9 (10)

Epiretinal membrane peeled 53 (61)
Internal limiting membrane removed 47 (54)
Agents used to improve visualization* 52 (60)

Triamcinolone acetonide 30 (34)
Indocyanine green 24 (27)
Trypan blue 2 (2)

Laser used*† 48 (55)
Focal to break(s) 14 (16)
PRP, no prior PRP 19 (22%)

PRP, prior PRP 16 (18%)
Focal/grid to DME 4 (5%)
With endoprobe 21 (24%)
With laser indirect ophthalmoscope 7 (8%)
Other‡ 4 (5%)

Peripheral cryotherapy given
No 80 (92)
Yes, not treated for breaks 6 (7)
Yes, treated for breaks 1 (1)

Corticosteroids used at close* 56 (64)
Intravitreal 37 (43)
Peribulbar 4 (5)
Subtenon’s 13 (15)
Subconjunctival 18 (21)

Lens removed 0
Posterior capsulotomy performed 7 (8)
Epiretinal membrane present

No 31 (36)
Probable 13 (15)
Definite 43 (49)

Status of vitreous
Attached 59 (68)
Partially attached 22 (25)
Detached 5 (6)
Uncertain 1 (1)

Complications from vitrectomy 6 (7)
Anesthesia complications 0
Surgical complications 6 (7)

PRP � panretinal photocoagulation.
*Same subjects could be listed for multiple categories.
†Laser technique was not recorded on the study data form in all cases.
‡Includes scatter over peripheral schisis (n � 1) and barrier laser (n � 3).
Table 1. Baseline Characteristics (n � 87)

Gender, female, n (%) 39 (45)
Age (yrs)

Median 66
25th, 75th percentile 60, 72

Race, n (%)
White 69 (79)
African American 7 (8)
Hispanic 5 (6)
Other 6 (7)

Diabetes type, n (%)
Type 1 14 (16)
Type 2 73 (84)

Duration of diabetes (yrs)
Median 20
25th, 75th percentile 12, 25

HbA1c (%)
Median 7.1
25th, 75th percentile 6.7, 7.9

Prior treatment for DME,* n (%) 51 (59)
Macular photocoagulation 38 (44)
Intravitreal corticosteroid 26 (30)
Peribulbar corticosteroid 3 (3)
Other 4 (5)

E-ETDRS Visual Acuity letter score
(Snellen equivalent)

Median 52 (20/100)
75th, 25th percentile 41, 58 (20/80, 20/160)
63–54 (20/63–20/80) 37 (43)
53–44 (20/100–20/125) 25 (29)
43–19 (20/160–20/400) 25 (29)

Central subfield thickness† (microns)
Median 491
25th, 75th percentile 356, 586
301 to �400 28 (34%)
400 to �500 15 (18%)
500 to �600 24 (29%)
�600 16 (19%)

Retinal volume (mm3)
Median 9.2
25th, 75th percentile 8.5, 11.8

Retinopathy severity,‡ n (%)
Microaneurysms only 1 (1)
Mild/moderate NPDR 6 (8)
Moderate severe NPDR 14 (18)
Severe NPDR 4 (5)
PDR 51 (67)

Prior scatter photocoagulation, n (%) 39 (45)
Lens status, n (%)

Phakic 37 (43)
Pseudophakic/aphakic 50 (57)

Epiretinal membranes present,� n (%)
No 21 (24)
Probable 19 (22)
Definite 43 (49)
Cannot determine 4 (5)

Status of vitreous,� n (%)
Attached 49 (56)
Partially attached 28 (32)
Detached 5 (6)
Uncertain 5 (6)

Reasons for vitrectomy,* n (%)
Vitreomacular interface abnormality 87 (100)
Unresponsive to other therapies 27 (31)

DME � diabetic macular edema; ETDRS � Early Treatment Diabetic Ret-
inopathy Study; HbA1C � glycosylated hemoglobin; NPDR � nonprolifera-
tive diabetic retinopathy; PDR � proliferative diabetic retinopathy.
*Same subjects could be listed for multiple reasons.
†Missing for 4 eyes.
‡Missing for 11 eyes.
One phakic eye lost 16 letters from 3 to 6 months. Among the 19
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eyes that lost �10 letters from baseline to 3 months, 3 eyes (16%)
lost an additional �10 letters from 3 to 6 months. All 3 of these
eyes still were phakic at 6 months. Also, among the eyes that lost
�10 letters from baseline to 3 months, 9 (47%) gained �10 letters
from 3 to 6 months, including 3 eyes that underwent cataract
surgery between 3 and 6 months after vitrectomy.

Retinal Thickness

Median retinal central subfield thickness at baseline was 491
microns (interquartile range, 356–586 microns). At both 3 and 6
months, there was a median 160-micron decrease from baseline in
the central subfield thickness (P�0.001; Fig 2). At 3 months, 82%
and 68% had a decrease in thickness from baseline of 50 and 100
microns or more, respectively, whereas only 3 (4%) eyes experi-
enced an increase in thickness of �50 microns. At 6 months, the
reduction in thickness from baseline of 50 and 100 microns or
more were seen in 82% and 66% of the eyes, respectively, whereas
68% decreased in thickening by �50%. Reduction of central
subfield thickness to �250 microns occurred in 33 eyes (43%).
Eyes with greater central subfield thickness at baseline tended to

Figure 1. Distribution of change in visual acuity from baseline.

Figure 2. Distribution of change in optical coherence tomography (OCT)
central subfield thickness in categories according to baseline thickness.
Box-whisker plot demonstrating mean (dashed horizontal line), median
(solid horizontal line), 25–75th percentiles (extremes of the box), 10–
90th percentiles (whiskers), and 5–95th percentiles (solid circles) of

change in OCT central subfield.
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have a greater reduction in thickness after surgery (P�0.001).
Results for OCT-measured retinal volume were similar to the
central subfield results (data not shown).

From baseline to 3 months, 55 (81%) of 68 eyes with OCT
measurements at baseline, 3 months, and 6 months had a reduction
in OCT central subfield of �50 microns, 10 (15%) changed by
�50 microns, and 3 (4%) worsened by �50 microns. Among the
55 eyes that improved by �50 microns from baseline to 3 months,
8 (15%) improved by �50 more microns from 3 months to 6
months, 36 (65%) changed by �50 microns, and 11 (20%) wors-
ened by �50 microns. Among the 10 eyes that changed by �50
microns from baseline to 3 months, 8 changed by �50 microns
from 3 months to 6 months and 2 worsened by �50 microns.
Among 3 eyes that worsened by �50 microns from baseline to 3
months, 2 improved by �50 microns between 3 and 6 months and
1 changed by �50 microns.

The correlation between changes in OCT central subfield thick-
ness from baseline to 6 months and changes in visual acuity during
this time was �0.31 (Fig 3). Except for cases with very large
decreases in central subfield thickness (�350 microns), a given
decrease in OCT was associated with a wide range of changes in
visual acuity.

Postoperative Complications and Treatments

Of the 87 subjects, 16 (18%) experienced postoperative compli-
cations in the first 6 months (Table 3). Of greatest importance, 4
eyes developed a vitreous hemorrhage, 2 eyes developed a retinal
detachment, 1 eye developed endophthalmitis, and 1 eye devel-
oped vitreous hemorrhage and retinal detachment; 4 of these 8
eyes lost �10 letters from baseline to 6 months. One additional eye
had a retinal detachment after the first 6 months.

Twenty-eight (78%) of 36 eyes that were phakic at the time of
vitrectomy (by definition, the cohort did not include eyes that had
cataract surgery at the time of vitrectomy) and completed 6-month
visit developed lens changes by 6 months based on investigator
assessment, including 5 eyes that underwent cataract surgery by 6
months (Table 4). Cataract surgery was performed in 12 eyes
between 6 and 12 months, for a total of 17 (46%) of the 37 eyes
that were phakic before vitrectomy having cataract surgery within

Figure 3. Comparison of change in optical coherence tomography (OCT)
central subfield and change in visual acuity from baseline to 6 months. The
solid line represents the regression line and the dotted lines represent the
95% confidence interval for the mean.
12 months after vitrectomy.
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Postoperatively, no eye had PRP performed, 4 eyes had mac-
ular laser performed, 2 eyes had intravitreal injections of cortico-
steroid, and 2 eyes received injections of antivascular endothelial
growth factor within the first 6 months.

Twelve-Month Outcomes

Between 6 and 12 months, 20 (26%) of 78 study eyes that com-
pleted the 12-month visit received some form of treatment for
DME and 58 (74%) did not, including 10 eyes that received laser
(including 1 eye listed below that also received intravitreal corti-
costeroids), 8 eyes that received intravitreal corticosteroids (in-
cluding 1 eye that also received laser listed above and 1 eye that
also received peribulbar steroids listed below), 2 eyes that received
peribulbar steroids (including 1 eye noted above that also received
intravitreal corticosteroids and 1 eye that listed below that also
received intravitreal bevacizumab), and 3 eyes that received intra-
vitreal bevacizumab (including 1 eye noted above that also re-
ceived peribulbar steroids).

At 1 year, median visual acuity was approximately 20/80
(interquartile range, 20/50–20/160), with 30 (38%) of the 78 eyes
having improved by �10 letters from the preoperative visual
acuity and 20 (26%) having worsened by �10 letters. Of the 29
eyes that had improved by �10 letters from baseline at 6 months,
22 still had 10 more letters improvement from baseline to 1 year,
and only 1 worsened by �10 letters from baseline to 1 year. Of the
17 eyes that lost �10 letters from baseline at 6 months, 12 still had
lost �10 letters from baseline at 1 year, and only 1 had improved
by �10 letters from baseline to 1 year.

Median OCT central subfield thickness at 12 months was 256
microns (interquartile range, 205–340), with the median change
from the preoperative OCT measurement being a decrease in
thickness of 153 microns (interquartile range, 286–61). In 33
(47%) of the 70 eyes with a 12-month OCT, central subfield
thickness was �250 microns.

Discussion

In this prospective study of 87 eyes undergoing vitrectomy for
DME associated with at least moderate visual loss and inves-
tigator-determined vitreomacular traction, the median change

Table 3. Postoperative Complications (0–6 months; n � 87)*

Postoperative Complications n (%)

Total 16 (18)
Vitreous hemorrhage 5 (6)
Development of additional vitreomacular interface

abnormalities
2 (2)

Elevated IOP requiring treatment 7 (8)
Retinal detachment 3 (3)
Retinal tear 0
Endophthalmitis 1 (1)
Macular ischemia 0
Double vision 2 (2)
Lamella hole 1 (1)
Choroidal effusion 1 (1)
Other 2 (2)

IOP � intraocular pressure.
*Same subject could have �1 complication.
in visual acuity at 6 months was an improvement of 3 letters,
with visual acuity improving by �10 letters from baseline to 6
months in 38% (95% CI, 28%–49%) and worsening by �10
letters in 22% (95% CI, 13%–31%). Reduction in OCT central
subfield thickness to �250 microns occurred in almost half,
and most eyes had a reduction of thickening of �50%. As one
might expect, eyes with greater retinal thickness at baseline
tended to have greater reduction in retinal thickness after
surgery, likely reflecting, at least in part, a floor effect on the
amount of thickness reduction that can occur when the macula
is only mildly thickened. Few changes in results were noted
between 6 months and 1 year, even though additional proce-
dures to treat DME were performed in 20 subjects and cataract
surgery in 12 subjects.

With respect to safety, the operative complication rate,
including vitreous hemorrhage, retinal detachment, or other
serious adverse events, was similar to what has been re-
ported for this procedure.9,10,12–19,22–27,30–34,37 Most phakic
eyes developed lens changes by 6 months after vitrectomy,
which may account for some decrease in visual acuity
between 3 and 6 months.

The surgical techniques recorded seem to mirror recent
vitreoretinal surgical practice trends in North America,38

characterized by the increased use of smaller gauge vitrec-
tomy systems, injection of triamcinolone acetate and other
agents to aid in intraoperative visualization of membranes,
and widespread use of epiretinal and internal limiting mem-
brane peeling in the treatment of patients with macular
disorders. However, the relative benefits or risks of these
preferences on visual acuity outcomes remain unknown.

There are several strengths to this study, including the
prospective collection of visual acuity and anatomic out-

Table 4. Investigator Assessment of Lens Changes from
Baseline to 6 Months in Eyes Phakic at Baseline (n � 36†)

Baseline

6 Months

Absent
Present �
Standard

Present �
Standard

Cataract
Extraction

Nuclear sclerosis (n � 36)
Absent 1 (3%) 1 (3%)* 0* 1 (3%)*
Present � standard 0 13 (36%) 8 (22%)* 4 (11%)*
Present � standard 0 2 (6%) 6 (17%) 0*

Posterior subcapsular
cataract (n � 36)

Absent 15 (42%) 6 (17%) 3 (8%) 4 (11%)
Present � standard 1 (3%) 4 (11%) 1 (3%) 1 (3%)
Present � standard 0 0 1 (3%) 0

Cortical cataract
(n � 36)

Absent 12 (33%) 6 (17%)* 0* 3 (8%)*
Present � standard 4 (11%) 7 (19%) 2 (6%)* 2 (6%)*
Present � standard 0 0 0 0*

Highest grade among all 3
types of lens opacity

Absent 1 (3%) 0 0 1 (3%)
Present � standard 0 14 (39%) 8 (22%) 4 (11%)
Present � standard 0 2 (6%) 6 (17%) 0

*Cataract progression. By definition of the cohort, no eyes had cataract
extraction at the time of vitrectomy.
†
One eye that was phakic at baseline did not complete the 6-month visit.
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comes after vitrectomy for DME in the presence of vitreo-
retinal traction. This is also the first large surgical series to
have OCT measurements at baseline and during follow-up.
Other strengths of this study include uniform entry criteria
and �90% follow-up through 6 months. Although this
study did not mandate standardizing the precise surgical
maneuvers used, data regarding the details of surgery were
acquired in a standardized fashion.

A potential study weakness is that the assessment of the
presence or absence of vitreomacular traction was made by
the individual investigators based on their clinical judg-
ment, without standardized criteria and without central
reading center assessment or independent confirmation.
However, the lack of centralized assessment may have more
generalizability when applying these results to clinical prac-
tice, where there generally is no independent confirmation
of vitreomacular traction.

The lack of a concurrent control group also is a study
weakness. Our study was designed as a prospective cohort
investigation rather than as a randomized trial of vitrectomy
versus laser or observation because of a lack of equipoise on
the part of the participating surgeons, who were uncomfort-
able randomizing eyes with traction and decreased vision to
a nonvitrectomy trial arm.

The study protocol to defer macular photocoagulation
until after 6 months may also have affected the visual acuity
and retinal thickness outcomes. In addition, approximately
two thirds of these cases had PDR. It is possible that the
visual outcome for cases with this degree of vascular com-
promise or retinal ischemia associated with PDR is worse
than DME treatments in the absence of PDR. Also, many of
these eyes may have had limited potential for improvement
and a relatively high chance of losing vision due to complica-
tions of PDR or associated capillary nonperfusion in the mac-
ula. Even though approximately 40% of the study eyes re-
ceived PRP intraoperatively, which in the setting of preexisting
DME might have exacerbated the macular edema, very few
eyes experienced an increase in edema. Among the eyes that
received PRP, the average change in OCT from baseline to 6
months seemed to be similar to the average change in eyes that
did not receive PRP. An additional consideration may be that
eyes in the study had relatively poor visual acuity (median
20/100) and a relatively thickened macula (median central
subfield thickness, 491 microns) at the time of vitrectomy.
Perhaps earlier intervention in these compromised eyes would
have improved visual results.

There are few reports in the literature with which to
compare these DRCR.net results. Hikichi et al39 reported a
series of 53 consecutive nondiabetic eyes followed with
vitreomacular traction in the pre-OCT era, 64% of which
lost �2 lines of vision over the course of follow-up. In the
absence of a spontaneous peripheral vascular disease in this
series, 87% lost vision at the final visit. Since the report by
Smiddy et al40 in 1988 describing successful surgery for
nondiabetic eyes with macular traction and visual decrease,
many surgeons have elected to operate rather than to follow
patients with evident vitreomacular traction and significant
visual impairment. The report by Lewis et al17 in 1992 and
subsequent series extended this surgical indication to in-

clude diabetic patients with evidence of tangential hyaloidal
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traction. This study did not examine the impact of vitrec-
tomy for DME when traction was not identified by the
investigator. Reports in the literature on vitrectomy for such
eyes, in the absence of traction, include mixed visual acuity
results. Although some studies suggested positive out-
comes,9,14,16,30,33 recent studies have shown anatomic but
not visual improvement after surgery.10,19,24

In summary, this report adds prospective visual acuity and
OCT data to our understanding of the effect of vitrectomy on
DME in eyes with a visual acuity of 20/63–20/400 in the
presence of vitreomacular traction and central subfield thick-
ening confirmed on OCT, when cataract surgery is not per-
formed at vitrectomy. Vitrectomy performed for this indication
with the techniques reported herein usually resulted in a re-
duction in macular thickening. Visual acuity results were less
consistent with some eyes improving (estimated between 28%
and 49%) and some eyes worsening (estimated between 13%
and 31%). Whether vitrectomy provides an improvement over
other therapies or over the natural history of DME in this
setting requires further investigation.
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Appendix 1. Diabetic Retinopathy Clinical
Research Network Clinical Sites that
participated on this protocol:

Sites are listed in order by number of subjects enrolled
into the study. The number of subjects enrolled is noted
in parenthesis preceded by the site location and the site
name. Personnel are listed as (I) for Investigator, (C) for
Coordinator, (V) for Visual Acuity Tester and (P) for
Photographer.
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Pope (C,V); Ann D. Lundquist(V); Maureen D. Toomey
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Nolte(V); Peter N. Steinkamp(P); Joseph Cilio Rossi(P);
Kelly L. West(P); Scott R. Pickell(P); Patrick B. Rice(P);
Chris S Howell(P); Jessica M Gaultney(P); Patrick R. Wal-
lace(P) Jacksonville, FL University of Florida College of
Med., Jacksonville Health Science Cent (18): Kakarla V.
Chalam(I); Shailesh K. Gupta(I); Sandeep Grover(I); Ravi
Keshavamurthy (C,V); Tamil M Singh(C); Sadiq N.
Syed(C); Vikram S. Brar(P); John R. Carpentier(P) Knox-
ville, TN Southeastern Retina Associates, P.C. 18): Jo-
seph Googe(I); Stephen L. Perkins(I); Tod A. McMillan(I);
Christina T. Higdon (C,V); Stephanie Evans(C); Charity D.
Morris(C); Mary M. Johnson(V); Vicky L. Seitz(V); Cecile
Hunt(V); Ann Arnold(V); Jerry K. Whetstone(P); David J.
Cimino(P); Paul A. Blais(P); Michael Jacobus(P) Boston,
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Jennifer K. Sun(I); Timothy J. Murtha(I); Deborah K.
Schlossman(I); Lloyd Paul Aiello(I); Paul G. Arrigg(I);
Sabera T. Shah(I); Ann Kopple(C); Margaret E Stockman
(C,P,V); Richard M. Calderon(V); Elizabeth S.
Weimann(V); Jerry D. Cavallerano(V); Leila Bestour-
ous(V); James Strong(P); Robert W. Cavicchi(P); Ellen L.
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tute (12): Scott M. Friedman(I); Oren Zev Plous(I); Kelly
A. Blackmer(C); Jolleen S. Key (C,P,V); Steve Carlton
(C,P); Jessica Maldonado(V); Yvette Fraser-Neumann(V);
Virginia Gregory(V); Karen Sjoblom(V); Katie Gostisc-
ha(P); Sheila Walters-Treon(P); Allen McKinney(P) St.
Louis, MO Barnes Retina Institute (12): Rajendra S.
Apte(I); Nicholas E Engelbrecht(I); Prabakar Kumar
Rao(I); Kevin J. Blinder(I); Ginny S. Nobel(C); Pamela A.
Light(C); Rhonda F. Weeks(C); Lynda K. Boyd(V); Car-
olyn L. Walters(V); Merrilee K. Sgorlon(V); Tammy J
Ressel(V); Annette M. Vaughn(P); Timothy L Wright(P);
Dana L Gabel(P); Matt L. Raeber(P); Jarrod Wehmeier(P)
Charlotte, NC Charlotte Eye, Ear, Nose and Throat
Assoc., PA (9): David Browning(I); Andrew N. An-
toszyk(I); Danielle R. Brooks (C,V); Jennifer V. Helms
(C,V); Angela K. Price (C,V); Melissa K. Cowen (C,V);
Angella S. Karow(V); Wayne Lail(V); Heather L. Mur-
phy(V); Rachel E. Pierce(V); Sarah A. Ennis(V); Roderick
O. Walker(V); Michele E. Powers(P); Jennifer A. Bal-
lard(P); Linda M Davis(P); Richard J. George(P); Uma M.
Balasubramaniam(P); Donna McClain(P); Michael D.
McOwen(P); Loraine M. Clark(P) Portland, OR Retina

Northwest, PC (9): Mark A. Peters(I); Irvin L.
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gan(P); Howard Daniel(P); Christine Hoerner(P); Harry
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Rachel Falk(P); Janis Graul(P); Jacquelyn McDonald(P);
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Newton (V); Charisse Whitney(V); Lisa A. Faulhammer(P);
Joe Fischer(P) Rapid City, SD Black Hills Regional Eye
Institute (6): Prema Abraham(I); Kristi Livermont(C);
Buffi L. Green(C); Kayla Riley(V); Deborah Stewart(V);
Erin Robbins(V); Teresa A. Frisk(V); Dan Parks(P) De-
troit, MI Henry Ford Health System, Dept of Ophthal-
mology and Eye Care ervices (5): Paul Andrew Ed-
wards(I); Michael D. Ober(I); Janet Murphy (C,V); Damon
Q. Fletcher (C,V); Sheila M Rock (C,V); Mary K. Monk
(C,V); Bradley A. Stern(P); Lisa M. Schillace(P); Mark
Croswell(P); Tracy A. Troszak(P); Steven F. Ogilvy(P)
Providence, RI Retina Consultants (5): Caldwell W.
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Central New York, PC (5): G. Robert Hampton(I); Paul F.
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Corey(P); Kelly M. Harrison(P) Columbia, SC Carolina
Retina Center (4): Jeffrey G. Gross(I); Barron C. Fishbur-
ne(I); Amy M. Flowers (C,V); Peggy W. Cummings(C);
Kayla L. Henry (C,V); Regina A. Gabriel(V); Heidi K.
Lovit(V); Kristin K. Bland(V); Randall L. Price(P); Chris
N. Mallet(P); Rick Christoff(P) Loma Linda, CA Loma
Linda University Health Care, Department of Ophthal-
mology (4): Joseph T. Fan(I); Kara E. Rollins (C,P,V);
Carrousel J. Corliss (C,P,V); William H. Kiernan(V);
Johnathan D. Cloud(P); Gene Saldana(P); William Mi-
lam(P) Abilene, TX West Texas Retina Consultants P.A.
(3): Sunil S. Patel(I); Yvone Flores(C); Kristen L. Garcia
(C,P); Brenda K. Arrington(P); Misty Dawn McArthur(P);
Tamara A. Bartlett(P) Austin, TX Retina Research Center
(3): Brian B. Berger(I); Ginger J. Manhart(C); Renee Mor-
ris(C); Linda N. Nguyen (C,V); Telisa L. Clevenger-
Smith(C); Erin N. Scrivner (C,V); Elisabeth A. Durham(C);
Melissa A. Talbert(V); Nicole Callen(V); Yong Ren(P);
Ben Ostrander(P) Baltimore, MD Elman Retina Group,
P.A. (3): Michael J. Elman(I); Michelle D. Sloan(C); JoAnn

Starr (C,V); Pamela V. Singletary (C,V); Theresa M. Butch-
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er(C); Dena Y. Salfer-Firestone(V); Teresa Coffey(V); Gio-
rya Andreani(P); Terri Cain(P); Peter Sotirakos(P) Lub-
bock, TX Texas Retina Associates (3): Michel Shami(I);
Carrie L. Tarter (C,V); Phyllis Pusser(C); Linda Squires(V);
Thom F. Wentlandt(P) McAllen, TX Valley Retina Insti-
tute (3): Victor Hugo Gonzalez(I); Vincent R. Vann(I);
Yu-Tang James Su(I); ReAnna L. McNames(C); Jessica
Herrera (C,P); Marlene Lopez(V); Maria M. Martinez(V);
Maria G. Trevino(V); Alma Herrera(V); Cassandra Gar-
za(P); Daniel Cuellar(P); Rosie M. Corona(P) Minneapolis,
MN University of Minnesota (3): Todd Robert Klesert(I);
Timothy W. Olsen(I); Jamie Marie Walski(C); Sally
Cook(C); Dave Philiph(V); Sabrina M. Rolfer(V); Pamela
K. Patterson(V); Pat Stanaitis Harvey(P); Mark J. Cohen(P)
Minneapolis, MN Retina Center, PA (3): Abdhish
Bhavsar(I); Geoffrey G. Emerson(I); Vu T. Huynh(C); Jen-
nifer Ries(C); Tanya M Olson(C); Craig H. Hager(V);
Dwight L. Selders(V); Melinda E. Spike(V); Christopher
M. Smith(P); William B. Carli(P); Laura Taylor-Reetz(P);
Jessica A. Kells(P); Carmen Chan-Tram(P) Salisbury, MD
Retina Consultants of Delmarva, P.A. (3): Jeffrey D.
Benner(I); John W. Butler(I); Hannah Scott (C,V); Jennifer
M. McCrorey(V); Cristy Carbaugh(P); Robin L. Hurley(P)
Sarasota, FL Sarasota Retina Institute (3): Melvin
Chen(I); John H. Niffenegger(I); Keye L. Wong(I); Chris-
tine Holland(C); Karen Hagin(V); Hasseema R Shelton(V);
Rosa Miller(P); Mark Sneath(P) Seattle, WA University of
Washington Medical Center (3): James L. Kinyoun(I);
Susan A. Rath (C,V); Patricia K. Ernst(V); James D. Le-
slie(P); Chuck Stephens(P); Brad C. Clifton(P) West Co-
lumbia, SC Palmetto Retina Center (3): W. Lloyd
Clark(I); Marcia D. Gridine (C,V); Cassie P. Cahill (C,V);
Peggy D. McDougal(V); Robbin Spivey(P); Melissa L.
Henderson(P); Amy B. Hickman(P) Aiea, HI The Retina
Center at Pali Momi (2): Gregg T. Kokame(I); Jacqueline
Shen(C); Andrew Yuen(P) Charlotte, NC Horizon Eye
Care, PA (2): Miriam E. Ridley(I); April E. Glessner(C);
Mara-Leigh Schafer(C); Dali Munoz(V); Amy A.
Brogdon(V); Jeanine K. Cisco(P); Viktor Kummer(P);
David C. Peterson(P) Dallas, TX Texas Retina Associates
(2): Robert C. Wang(I); Jean Arnwine(C); Brenda
Sanchez(V); Diana Jaramillo(P); Hank Aguado(P); Kim-
berly Cummings(P) Grand Rapids, MI Associated Reti-
nal Consultants (2): Thomas M. Aaberg(I); Debra Markus
(C,P); Sarita Scott (C,V); Sandy Kronlein (C,V); Sandra
Lewis(P) Houston, TX Retina and Vitreous of Texas (2):
H. Michael Lambert(I); Mikki R. O’Neal (C,V); Susan K.
Busch (C,P,V); Allison W. Schmidt(P); Joseph A. Mo-
rales(P) Indianapolis, IN Raj K. Maturi, M.D., P.C. (2):
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