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In this randomized trial of 205 eyes among 205 participants, the mean
visual acuity letter score over 24 weeks was 59.3 (Snellen equivalent,
20/63) for the aflibercept group vs 63.0 (Snellen equivalent, 20/63) for
the vitrectomy with panretinal photocoagulation group, a difference that
was not statistically significant.

Meaning

In participants with vitreous hemorrhage from proliferative diabetic
retinopathy, there was no statistically significant difference in visual acuity
over 24 weeks following initial treatment with aflibercept vs vitrectomy
with panretinal photocoagulation, but the study may have been
underpowered to detect a clinically important benefit in favor of initial
vitrectomy with panretinal photocoagulation.

Abstract

Importance

Vitreous hemorrhage from proliferative diabetic retinopathy can cause
loss of vision. The best management approach is unknown.

Objective

To compare initial treatment with intravitreous aflibercept vs vitrectomy
with panretinal photocoagulation for vitreous hemorrhage from
proliferative diabetic retinopathy.

Design, Setting, and Participants

Randomized clinical trial at 39 DRCR Retina Network sites in the US and
Canada including 205 adults with vison loss due to vitreous hemorrhage
from proliferative diabetic retinopathy who were enrolled from November
2016 to December 2017. The final follow-up visit was completed in
January 2020.



Interventions

Random assignment of eyes (1 per participant) to aflibercept (100
participants) or vitrectomy with panretinal photocoagulation (105
participants). Participants whose eyes were assigned to aflibercept
initially received 4 monthly injections. Both groups could receive
aflibercept or vitrectomy during follow-up based on protocol criteria.

Main Outcomes and Measures

The primary outcome was mean visual acuity letter score (range, 0-100;
higher scores indicate better vision) over 24 weeks (area under the
curve); the study was powered to detect a difference of 8 letters.
Secondary outcomes included mean visual acuity at 4 weeks and 2 years.

Results

Among 205 participants (205 eyes) who were randomized (mean [SD]
age, 57 [11] years; 115 [56%] men; mean visual acuity letter score, 34.5
[Snellen equivalent, 20/200]), 95% (195 of 205) completed the 24-week
visit and 90% (177 of 196, excluding 9 deaths) completed the 2-year visit.
The mean visual acuity letter score over 24 weeks was 59.3 (Snellen
equivalent, 20/63) (95% CI, 54.9 to 63.7) in the aflibercept group vs 63.0
(Snellen equivalent, 20/63) (95% CI, 58.6 to 67.3) in the vitrectomy group
(adjusted difference, −5.0 [95% CI, −10.2 to 0.3], P = .06). Among 23
secondary outcomes, 15 showed no significant difference. The mean
visual acuity letter score was 52.6 (Snellen equivalent, 20/100) in the
aflibercept group vs 62.3 (Snellen equivalent, 20/63) in the vitrectomy
group at 4 weeks (adjusted difference, −11.2 [95% CI, −18.5 to −3.9], P 
= .003) and 73.7 (Snellen equivalent, 20/40) vs 71.0 (Snellen equivalent,
20/40) at 2 years (adjusted difference, 2.7 [95% CI, −3.1 to 8.4], P = .36).
Over 2 years, 33 eyes (33%) assigned to aflibercept received vitrectomy
and 34 eyes (32%) assigned to vitrectomy received subsequent
aflibercept.



Conclusions and Relevance

Among participants whose eyes had vitreous hemorrhage from
proliferative diabetic retinopathy, there was no statistically significant
difference in the primary outcome of mean visual acuity letter score over
24 weeks following initial treatment with intravitreous aflibercept vs
vitrectomy with panretinal photocoagulation. However, the study may
have been underpowered, considering the range of the 95% CI, to detect
a clinically important benefit in favor of initial vitrectomy with panretinal
photocoagulation.

Trial Registration

ClinicalTrials.gov Identifier: NCT02858076

This randomized trial compares the effects of initial treatment with
intravitreous aflibercept vs vitrectomy with panretinal photocoagulation on
visual acuity over 24 weeks among adults with vitreous hemorrhage from
proliferative diabetic retinopathy.

Introduction

The global prevalence of proliferative diabetic retinopathy, the most
advanced form of diabetic eye disease, is estimated to be approximately
1.4% among all individuals with diabetes.1 Vitreous hemorrhage from
retinal neovascularization is a frequent occurrence of proliferative diabetic
retinopathy and can cause acute, severe vision loss.2 Among eyes with
previously untreated proliferative diabetic retinopathy in the DRCR Retina
Network Protocol S, vitreous hemorrhage developed in 46% and 48% of
eyes over 5 years despite treatment with panretinal photocoagulation and
ranibizumab, respectively.3,4

Vitrectomy has been the standard treatment for nonclearing vitreous
hemorrhage since the 1970s.5 Removal of the vitreous gel during surgery
provides rapid clearance of hemorrhage, elimination of traction on
neovascular vessels that contribute to recurrent vitreous hemorrhage, and

https://clinicaltrials.gov/ct2/show/NCT02858076


intraoperative delivery of photocoagulation to treat neovascularization.
Although surgical techniques have improved over the last 5 decades,6,7

the risk of complications remains.8,9 Thus, clinicians are highly interested
in developing nonsurgical approaches.

A more recent method for managing vitreous hemorrhage is in-office
intravitreous injection of an antivascular endothelial growth factor (anti-
VEGF) agent that stimulates regression of neovascularization.10 The goal
of anti-VEGF treatment for vitreous hemorrhage is not to directly remove
the hemorrhage, but to regress neovascularization to prevent rebleeding
while the hemorrhage is absorbed.11,12

Despite the frequency of this common condition and 2 available treatment
approaches, there are not well-established guidelines regarding how to
treat vitreous hemorrhage to optimize visual outcomes. The hypothesis of
the study was that visual acuity recovery would be faster with vitrectomy
because the blood is mechanically cleared during surgery. The objective
of this study was to determine the efficacy of initial treatment with
aflibercept vs vitrectomy with panretinal photocoagulation for vitreous
hemorrhage from proliferative diabetic retinopathy.

Methods

This DRCR Retina Network study (Protocol AB) adhered to the tenets of
the Declaration of Helsinki.13 The ethics board associated with each site
provided approval. Study participants provided written informed consent.
An independent data and safety monitoring committee provided
oversight. The study protocol appears in Supplement 1 and the statistical
analysis plan appears in Supplement 2.

Study Population

We recruited adults with type 1 or 2 diabetes at 39 sites in the US and
Canada. We collected participant-reported race/ethnicity based on fixed
categories per the National Institutes of Health policy and consistent with
the US Food and Drug Administration guidelines.14,15 We enrolled 1 eye



per participant; eyes had vitreous hemorrhage from proliferative diabetic
retinopathy causing vision impairment (best-corrected visual acuity letter
score ≤78 [Snellen equivalent, 20/32 or worse] with at least light
perception) for which the investigator deemed an intervention was
indicated. Patients were excluded if their eyes had known center-involved
diabetic macular edema, retinal detachments from fibrosis or scar tissue
pulling on the retina (ie, traction) that were involving or threatening the
macula, rhegmatogenous retinal detachments, neovascular glaucoma, or
prior vitrectomy. We permitted patients who had prior panretinal
photocoagulation and intravitreous anti-VEGF injection if the injections
were administered more than 2 months before hemorrhage onset.

Study Design

Randomization schedules were stratified by site with a 1:1 assignment
ratio for initial treatment with intravitreous injections containing 2 mg of
aflibercept (Eylea, Regeneron) or vitrectomy with panretinal
photocoagulation (Figure 1). A statistician used computer-generated
random numbers to create permuted block design randomization
schedules (block sizes of 2 and 4). Treatment assignments were obtained
by the study coordinator from the study website.

Figure 1.
Randomization and Participant Flow in the Trial
aMissing data were imputed via multiple imputation for the primary analysis of visual acuity
over 24 weeks.

Participants were not formally screened before obtaining informed consent. The reasons for
participant ineligibility were not systematically collected. Visit completion at 2 years was
prespecified as completion of any study visit from 92 to 116 weeks.

Certified technicians obtained best-corrected visual acuity following
protocol-defined refraction using electronic Early Treatment for Diabetic
Retinopathy Study visual acuity testing16 at each visit and optical
coherence tomography scans (if not precluded by media opacity from
vitreous hemorrhage) at baseline and at weeks 24, 52, and 104. Retinal
detachments were clinically assessed at each visit and during vitrectomy

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7739132/figure/joi200123f1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7739132/figure/joi200123f1/


and, if needed, B-scan ultrasonography was performed. Visual acuity
technicians were masked to treatment allocation; however, the
investigators and participants were not.

Treatment Protocol

Eyes assigned to vitrectomy with panretinal photocoagulation underwent
surgery within 2 weeks of randomization. Vitrectomy was performed
according to the investigator’s usual routine using 23-gauge or smaller
instruments with complete panretinal photocoagulation performed
intraoperatively. Aflibercept could be given preoperatively but not
intraoperatively or within 4 weeks after surgery. Four weeks after the
vitrectomy, recurrent vitreous hemorrhage was treated with 2 monthly
aflibercept injections and additional injections every 4 weeks at the
discretion of the investigators. Repeat vitrectomy could be performed if
the vitreous hemorrhage failed to clear after 2 aflibercept injections.

Eyes assigned to aflibercept received injections at baseline and at weeks
4, 8, and 12. At 16 weeks, injections were deferred if the complete fundus
could be viewed and neovascularization was absent. At 24 weeks,
injections were given unless the eye stabilized (2 consecutive visits with
the size and density of the hemorrhage and neovascularization clinically
unchanged since the last visit). Starting at 16 weeks, vitrectomy could be
performed if there was persistent vitreous hemorrhage causing vision
impairment following 2 monthly injections. Care during and following
vitrectomy was the same as in the vitrectomy group.

All participants received aflibercept if the eye included in the study
developed center-involved diabetic macular edema and visual acuity was
20/32 or worse and central subfield thickness met prespecified
thresholds.17 Once initiated, treatment for macular edema followed the
DRCR Retina Network anti-VEGF retreatment protocol.18 Participants
whose contralateral eye, which was not included in the study, required
anti-VEGF were treated with study-provided aflibercept.



Outcomes

The primary outcome was mean visual acuity letter score over 24 weeks
calculated using area under the curve.19 Visual acuity is measured on a
scale from 100 letters (Snellen equivalent, 20/10) to 0 letters (Snellen
equivalent, <20/800); higher scores indicate better vision.

The prespecified secondary outcomes included mean visual acuity letter
score, percentage of eyes 20/32 or better, and percentage of eyes 20/200
or worse at weeks 4, 12, 24, 52, and 104; mean visual acuity letter score
over 104 weeks; and recurrent vitreous hemorrhage, retinal
neovascularization, and central subfield thickness at weeks 24, 52, and
104. The percentage of eyes 20/20 or better, 20/40 or better, 20/800 or
worse, and gain or loss of at least 30 letters were reported as tabulations
without statistical comparison per the statistical analysis plan
(Supplement 2). A prespecified secondary analysis of work productivity
and activity impairment and an economic analysis are not reported.

The prespecified exploratory outcomes included an increase or decrease
of at least 15 visual acuity letters and treatment for center-involved
diabetic macular edema. Within-group frequency of aflibercept injections,
panretinal photocoagulation, and vitrectomy (including frequency, timing,
indication, and surgical details) also are presented.

A medical monitor, who was masked to treatment allocation, coded all
adverse events according to the Medical Dictionary for Regulatory
Activities. Prespecified ocular and systemic adverse events included
endophthalmitis, retinal detachment, retinal tear, cataract extraction,
visually significant cataract (based on investigator judgment without
standardized grading), ocular inflammation, elevated intraocular pressure,
neovascular glaucoma, iris neovascularization, vascular events defined by
Antiplatelet Trialists’ Collaboration criteria, death, hospitalization, and any
serious systemic adverse event.

Statistical Methods



A sample size of 162 was calculated, assuming a difference of 8 letters in
mean visual acuity over 24 weeks, a standard deviation of 18 letters, 80%
power, and an overall 2-sided type I error rate of 0.049. A mean difference
of 5 letters has been used as the noninferiority limit for retinal diseases
and a greater difference is needed for eyes with worse visual acuity such
as those with vitreous hemorrhage.4,20,21 The sample size was increased
to 200 to account for uncertainty in these assumptions.

The prespecified primary analysis was a multiple linear regression model
with mean visual acuity over 24 weeks as the dependent variable and
baseline visual acuity and lens status as covariates. Missing primary
outcome data and secondary visual acuity outcomes were imputed with
Markov chain–Monte Carlo multiple imputation. Prespecified sensitivity
analyses for the primary outcome included analyses without imputation
for missing outcomes, predictive mean matching imputation, Van der
Waerden score transformation, robust regression using M-estimation,
adjustment for additional covariates, and tipping point analyses. An
analysis controlling for site effects was conducted post hoc. The
prespecified subgroups of primary interest included prior panretinal
photocoagulation, lens status, and age. The prespecified exploratory
subgroups included prior treatment for diabetic macular edema,
hemoglobin A1C level, vitreous hemorrhage duration, participant sex, and
race/ethnicity. Differences in treatment effect between subgroups were
evaluated by including an interaction term in the regression model.

Summary statistics were calculated from observed data. Complete case
analyses were used for non–visual acuity outcomes. The regression
models for the visual acuity outcomes included baseline visual acuity and
lens status as covariates. The models for the other outcomes included
baseline lens status as a covariate. Continuous outcomes were analyzed
with multiple linear regression. Dichotomous outcomes were analyzed via
logistic regression, risk differences were estimated by conditional
standardization, and 95% CIs were estimated using the delta method.22

Kaplan-Meier estimates were plotted for time to event outcomes.23 Cox
proportional hazards regression24 with lens status as a covariate was



used for the development of center-involved diabetic macular edema. The
proportional hazards assumption was verified using cumulative sums of
Martingale residuals.25

The P values and 95% CIs were 2-sided. In the primary analysis, P < .049
was considered statistically significant. Because of the potential for type I
error due to multiple comparisons, the findings for the analyses of the
secondary end points should be interpreted as exploratory. The analyses
were conducted using SAS software version 9.4 (SAS Institute Inc).

Results

Study Participants

From November 2016 to December 2017, 205 participants were randomly
assigned to treatment with aflibercept (n = 100) or vitrectomy with
panretinal photocoagulation (n = 105) (Figure 1). The final 2-year visit was
completed in January 2020. Key baseline demographic and clinical factors
were similar between groups (Table 1). Overall, the mean (SD) age was 57
(11) years, 115 (56%) were male, the mean hemoglobin A1c level was
8.5%, and the mean visual acuity letter score was 34.5 (Snellen
equivalent, 20/200). At 24 weeks, 195 of 205 participants (95%)
completed the visit; 177 of 196 participants (90% excluding 9 deaths)
completed the 2-year visit.

Table 1.

Baseline Characteristics

Aflibercept
(n = 100)

Vitrectomy with
panretinal
photocoagulation
(n = 105)

Participant characteristics, No. (%)a

Sex

Male 53 (53) 62 (59)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7739132/figure/joi200123f1/
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Female 47 (47) 43 (41)

Age, mean (SD), y 56 (12) 57 (11)

Self-reported race/ethnicity

Hispanic or Latino 43 (43) 41 (39)

Non-Hispanic White 36 (36) 47 (45)

Non-Hispanic Black 16 (16) 11 (10)

Asian 2 (2) 5 (5)

American Indian/Alaska Native 1 (1) 0

>1 race 1 (1) 0

Unknown or not reported 1 (1) 1 (1)

Type of diabetesb

1 17 (17) 19 (18)

2 83 (83) 86 (82)

Duration of diabetes, mean (SD), yb 19 (10) 21 (11)

Insulin used 78 (78) 78 (74)

Hemoglobin A1c level, mean (SD), % (n = 96)
8.7 (2.2)

(n = 104)
8.3 (1.9)

Mean arterial pressure, mean (SD), mm
Hgc

102 (12) 102 (12)

Disease or eventb

Myocardial infarction 7 (7) 15 (14)

Stroke 5 (5) 8 (8)

Kidney disease 20 (20) 18 (17)

Body mass index, mean (SD)d (n = 85)
31 (7)

(n = 93)
32 (7)

Daily cigarette smoking

Never 60 (60) 72 (69)

Prior 27 (27) 25 (24)

Current 13 (13) 8 (8)

Study eye characteristics, No. (%)a

Diabetic macular edema

Prior treatment 29 (29) 37 (35)



Prior treatment with anti-VEGF injection 23 (23) 28 (27)

Prior focal or grid laser photocoagulation 15 (15) 16 (15)

Diabetic retinopathy

Prior anti-VEGF injection 23 (23) 22 (21)

Prior panretinal photocoagulation 42 (42) 58 (55)

Approximate duration of vitreous
hemorrhage, mo

<1 60 (60) 57 (54)

1-3 27 (27) 27 (26)

4-6 8 (8) 6 (6)

7-12 1 (1) 6 (6)

>12 4 (4) 9 (9)

Lens status at clinical examination

Phakic (natural lens) 75 (75) 81 (77)

Prosthetic intraocular lens 25 (25) 24 (23)

Visual acuitye

Letter score, mean (SD) 35.6 (28.1) 33.5 (28.8)

Snellen equivalent, mean 20/200 20/250

Letter score, median (IQR) 37.0 (63.0-
2.0)

37.0 (62.0-0)

Snellen equivalent, median 20/200 20/200

Snellen equivalent range (letter score
range)

20/32-20/40 (78-69) 17 (17) 15 (14)

20/50-20/80 (68-54) 18 (18) 24 (23)

20/100-20/160 (53-39) 13 (13) 9 (9)

20/200-20/800 (38-4) 26 (26) 24 (23)

Worse than 20/800 (≤3) 26 (26) 33 (31)

Traction retinal detachmentf

Yes (macula not threatened) 5 (5) 3 (3)

No 95 (95) 102 (97)

Intraocular pressure, mean (SD), mm Hgg 16 (4) 15 (3)



Abbreviations: IQR, interquartile range; VEGF, vascular endothelial growth
factor.

aSome of the data are expressed as mean (SD) or median (IQR) as
indicated.

bCollected by chart review when possible or was self-reported.

cCalculated as (⅔ × diastolic blood pressure) + (⅓ × systolic blood
pressure) at enrollment.

dCalculated as weight in kilograms divided by height in meters squared.

eMeasured using electronic Early Treatment for Diabetic Retinopathy
Study visual acuity testing on a scale from 100 letters (Snellen equivalent,
20/10) to 0 letters (Snellen equivalent, <20/800); higher scores indicate
better vision. The data presented are the best-corrected visual acuity
scores in the study eye following protocol-defined refraction.

fCaused by the presence of retinal fibrosis or scarring that pulls on the
retina.

gMeasured using a Goldmann Applanation tonometer (when available) or
a Tono-Pen tonometer.

Study Treatments

Among participants in the aflibercept group, the mean number of
aflibercept injections was 4.6 over 24 weeks and 8.9 over 2 years; 893 of
914 (98%) protocol-required injections were performed at completed
visits (Table 2). The cumulative probability of vitrectomy over 2 years was
34% (95% CI, 26% to 45%) (eFigure 1 in Supplement 3). During the first
16 weeks, 6 eyes underwent 7 vitrectomies (6 for retinal detachment and
1 for endophthalmitis) (eTable 1 in Supplement 3). Over 2 years, 33 eyes
(33%) assigned to aflibercept received vitrectomy. Participants completed
a median of 19 visits.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7739132/table/joi200123t2/


Table 2.

Study Treatment During Follow-up

Aflibercept
(n = 100)

Vitrectomy with
panretinal
photocoagulation
(n = 105)

Had ≥1 vitrectomy, No. (%)a 33 (33) 8 (8)

Timing of first vitrectomy, No. (%)a

Between 0 and <24 wk 14 (14) 5 (5)

Between 24 and <52 wk 9 (9) 3 (3)

Between 52 and 104 wk 10 (10) 0

Panretinal photocoagulation, No. (%)a

During follow-up vitrectomy 32 (32) 4 (4)

Outside follow-up vitrectomy 0 1 (<1)

Had ≥1 intravitreous aflibercept injection,
No. (%)b

99 (99)c 34 (32)d

No. of intravitreous aflibercept injections,
mean (SD), wkb

Between 0 and <24 wk 4.6 (1.3) 0.3 (0.8)

Between 0 and 104 wk 8.9 (4.6) 2.3 (4.3)

No. of intravitreous aflibercept injections
through 104 wk, No. (%)b

0 1 (1)c 71 (68)

1-4 12 (12) 11 (10)

5-8 39 (39) 12 (11)

9-12 28 (28) 6 (6)

≥13 20 (20) 5 (5)

aExcludes the initial vitrectomy and any procedures performed before or
during the initial vitrectomy.

bIncludes the initial injection of aflibercept.



cOne participant refused treatment.

dTwenty-one eyes (20%) received at least 1 aflibercept injection for
center-involved diabetic macular edema; 20 eyes (19%) received at least
1 aflibercept injection for complications of proliferative diabetic
retinopathy, which included vitreous hemorrhage.

Among participants in the vitrectomy group, 103 eyes (98%) underwent
vitrectomy with panretinal photocoagulation (eTable 2 in Supplement 3)
and 44 of 103 eyes (43%) received preoperative aflibercept. Repeat
vitrectomy was performed in 8 eyes (8%) (Table 2 and eTable 2 in
Supplement 3). Over 2 years, 34 eyes (32%) assigned to vitrectomy
received subsequent aflibercept (mean, 2.3 injections over 2 years). There
were 21 participants (20%) who received injections for diabetic macular
edema and 20 participants (19%) who received injections for
complications of proliferative diabetic retinopathy. Participants completed
a median of 12 visits.

Primary Outcome

The primary outcome of mean visual acuity letter score over 24 weeks
was 59.3 (Snellen equivalent, 20/63) (95% CI, 54.9 to 63.7) in the
aflibercept group vs 63.0 (Snellen equivalent, 20/63) (95% CI, 58.6 to
67.3) in the vitrectomy group (adjusted difference, −5.0 [95% CI,−10.2 to
0.3], P = .06) (Table 3). Visual acuity improved faster with vitrectomy, but
there was no difference at 24 weeks (Figure 2 and eFigure 2 in
Supplement 3). The prespecified and post hoc sensitivity analyses
provided estimated treatment effects of 3.9 to 6.3 letters better with
vitrectomy and corresponding P values of .14 to .007 (eTable 3 in
Supplement 3). There were no significant (P < .05) interaction effects to
indicate that the difference between treatment groups varied in the
primary preplanned subgroup analyses (lens status, prior panretinal
photocoagulation, age; eTable 4 in Supplement 3).

Table 3.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7739132/table/joi200123t2/
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Primary and Secondary Visual Acuity Outcomes

Aflibercept Vitrectomy with
panretinal
photocoagulation

Difference (95% CI)a,b P
valueUnadjusted Adjustedc

Primary outcomed

No. of
participants
over 24 wk

97 98

Visual
acuity
letter score
(area under
the curve),
mean (SD)

59.3 (21.9) 63.0 (21.7) −4.3 (−10.0
to 1.4)

−5.0
(−10.2 to
0.3)

.06

Snellen
equivalent,
mean

20/63 20/63

Visual
acuity
letter score
(area under
the curve),
median
(IQR)

65.0 (75.5
to 49.5)

71.3 (77.5 to 57.4)

Snellen
equivalent,
median

20/50 20/40

Secondary outcomesd

No. of
participants
at 4 wk

95 99

Visual
acuity
letter
score,
mean (SD)

52.6 (29.4) 62.3 (26.8) −10.3
(−18.2 to
−2.4)

−11.2
(−18.5 to
−3.9)

.003

Snellen
equivalent,
mean

20/100 20/63



Visual
acuity
letter
score,
median
(IQR)

63.0 (74.0
to 23.0)

73.0 (81.0 to 56.0)

Snellen
equivalent,
median

20/63 20/40

Snellen
equivalent
range
(visual
acuity
score), No.
(%)

20/32 or
better
(≥74)

24 (25) 49 (49) −24 (−37 to
−11)

−28 (−42
to −14)

<.001

20/200 or
worse
(≤38)

26 (27) 18 (18) 10 (−2 to
22)

11 (−0 to
23)

.05

No. of
participants
at 24 wk

97 98

Visual
acuity
letter
score,
mean (SD)

69.4 (23.8) 69.0 (23.1) 0.1 (−6.3 to
6.6)

−0.5 (−6.7
to 5.7)

.88

Snellen
equivalent,
mean

20/40 20/40

Visual
acuity
letter
score,
median
(IQR)

76.0 (85.0
to 67.0)

76.0 (83.0 to 66.0)

Snellen
equivalent,
median

20/32 20/32



Snellen
equivalent
range
(visual
acuity
score), No.
(%)

20/32 or
better
(≥74)

61 (63) 59 (60) 3 (−11 to 17) 2 (−12 to
16)

.75

20/200 or
worse
(≤38)

10 (10) 10 (10) 0 (−8 to 9) 1 (−7 to 8) .85

No. of
participants
over 2 y

90 87

Visual
acuity
letter score
(area under
the curve),
mean (SD)

68.7 (15.0) 70.0 (18.8) −1.8 (−6.5
to 3.0)

−2.2 (−6.7
to 2.3)

.34

Snellen
equivalent,
mean

20/50 20/40

Visual
acuity
letter score
(area under
the curve),
median
(IQR)

70.5 (79.4
to 64.2)

75.4 (82.1 to 65.8)

Snellen
equivalent,
median

20/40 20/32

No. of
participants
at 2 y

90 87

Visual
acuity
letter
score,

73.7 (16.4) 71.0 (24.0) 2.9 (−2.9 to
8.7)

2.7 (−3.1
to 8.4)

.36



Abbreviation: IQR, interquartile range.

aMissing data were imputed with Markov chain–Monte Carlo multiple
imputation. The imputation model included treatment group, lens status,
baseline visual acuity score, and visual acuity score at common follow-up
visits.

bThe mean differences were estimated via multiple linear regression for
continuous outcomes (positive values indicate better visual acuity scores
with aflibercept; ie, aflibercept minus vitrectomy) and the risk differences
were estimated via logistic regression and the delta method for binary
outcomes (positive values indicate greater risk with aflibercept; ie,
aflibercept minus vitrectomy).

mean (SD)

Snellen
equivalent,
mean

20/40 20/40

Visual
acuity
letter
score,
median
(IQR)

78.0 (85.0
to 65.0)

78.0 (85.0 to 69.0)

Snellen
equivalent,
median

20/32 20/32

Snellen
equivalent
range
(visual
acuity
score), No.
(%)

20/32 or
better
(≥74)

56 (62) 59 (68) −2 (−17 to
12)

−3 (−17 to
11)

.68

20/200 or
worse
(≤38)

3 (3) 10 (11) −7 (−14 to
0)

−6 (−13 to
1)

.08



cAdjusted for baseline visual acuity and lens status.

dScores indicate best-corrected visual acuity in the study eye following
protocol-defined refraction. Visual acuity was measured using electronic
Early Treatment for Diabetic Retinopathy Study visual acuity testing on a
scale from 100 letters (Snellen equivalent, 20/10) to 0 letters (Snellen
equivalent, <20/800); higher scores indicate better vision.

Figure 2.
Visual Acuity Letter Score Through 2 Years

Within each box and whisker plot, the horizontal bar represents the median and the white
square represents the mean. The top of the box is the third quartile (75th percentile) and the
bottom of the box is the first quartile (25th percentile). Whiskers extend from the nearest
quartile to the most extreme data point within 1.5 times the interquartile range; values beyond
these limits are plotted as circles. The number of eyes completing each visit and the
cumulative number of eyes that received alternative treatment through the visit (eg, aflibercept
in the vitrectomy group or vitrectomy in the aflibercept group) appear below the plot. The best-
corrected visual acuity was collected after protocol-defined refraction. Visual acuity was
measured using electronic Early Treatment for Diabetic Retinopathy Study visual acuity testing
on a scale from 100 letters (Snellen equivalent, 20/10) to 0 letters (Snellen equivalent,
<20/800); higher scores indicate better vision.

Secondary Outcomes

The secondary outcome of mean visual acuity letter score at 4 weeks was
52.6 (Snellen equivalent, 20/100) (95% CI, 46.7 to 58.6) in the aflibercept
group vs 62.3 (Snellen equivalent, 20/63) (95% CI, 57.0 to 67.7) in the
vitrectomy group (adjusted difference, −11.2 [95% CI, −18.5 to −3.9], P 
= .003) (Table 3). At 24 weeks, the mean visual acuity letter score was
69.4 (Snellen equivalent, 20/40) (95% CI, 64.6 to 74.2) in the aflibercept
group vs 69.0 (Snellen equivalent, 20/40) (95% CI, 64.4-73.6) in the
vitrectomy group (adjusted difference, −0.5 [95% CI, −6.7 to 5.7], P = .88)
(Table 3). A good visual acuity letter score of 74 letters or more (Snellen
equivalent, 20/32 or better) occurred in 61 of 97 eyes (63%) in the
aflibercept group vs 59 of 98 eyes (60%) in the vitrectomy group
(adjusted difference, 2% [95% CI, −12% to 16%], P = .75). A poor visual
acuity letter score of 38 letters or fewer (Snellen equivalent, 20/200 or
worse) occurred in 10 eyes (10%) in each group (adjusted difference, 1%

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7739132/figure/joi200123f2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7739132/table/joi200123t3/
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[95% CI, −8% to 7%], P = .85). Additional secondary and exploratory
outcomes appear in eTable 5 and eTable 6 in Supplement 3.

The mean visual acuity letter score over 2 years was 68.7 (Snellen
equivalent, 20/50) (95% CI, 65.6 to 71.9) in the aflibercept group vs 70.0
(Snellen equivalent, 20/40) (95% CI, 66.0 to 74.0) in the vitrectomy group
(adjusted difference, −2.2 [95% CI, −6.7 to 2.3], P = .34) (Table 3). At 2
years, the mean visual acuity letter score was 73.7 (Snellen equivalent,
20/40) (95% CI, 70.2 to 77.1) in the aflibercept group vs 71.0 (Snellen
equivalent, 20/40) (95% CI, 65.9 to 76.1) in the vitrectomy group
(adjusted difference, 2.7 [95% CI, −3.1 to 8.4], P = .36). A good visual
acuity letter score of 74 or more (Snellen equivalent, 20/32 or better)
occurred in 56 of 90 eyes (62%) in the aflibercept group vs 59 of 87 eyes
(68%) in the vitrectomy group (adjusted difference, −3% [95% CI, −17 to
11%], P = .68). A poor visual acuity letter score of 38 letters or fewer
(Snellen equivalent, 20/200 or worse) occurred in 3 eyes (3%) in the
aflibercept group vs 10 eyes (11%) in the vitrectomy group (adjusted
difference, −6% [95% CI, −13% to 1%], P = .08).

Recurrent vitreous hemorrhage occurred at least once in 48 of 97
participants (49%) in the aflibercept group and 16 of 104 participants
(15%) in the vitrectomy group (adjusted difference, 34% [95% CI, 22% to
46%], P < .001; eTable 7 in Supplement 3). The proportion of eyes with
retinal neovascularization on clinical examination was significantly greater
among participants in the aflibercept group vs participants in the
vitrectomy group at 24 weeks (25 of 85 [29%] vs 3 of 92 [3%],
respectively; adjusted difference, 25% [95% CI, 15% to 36%], P < .001)
and at 2 years (20 of 88 [23%] vs 2 of 83 [2%]; adjusted difference, 20%
[95% CI, 11% to 30%], P < .001).

Exploratory Outcomes

The proportion with center-involved diabetic macular edema at 24 weeks
was 8% (7 of 87) in the aflibercept group vs 31% (28 of 90) in the
vitrectomy group (difference, −23% [95% CI, −34% to −12%], P < .001)
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and was 17% (15 of 88) vs 21% (17 of 80), respectively, at 2 years
(difference, −4% [95% CI, −16% to 8%], P = .48; eTable 8 in Supplement
3). The cumulative probability of receiving anti-VEGF injections for center-
involved diabetic macular edema through 2 years was 18% in the
aflibercept group vs 22% in the vitrectomy group (adjusted hazard ratio,
0.77 [95% CI, 0.41 to 1.46], P = .42; eFigure 3 in Supplement 3).

Adverse Events

Endophthalmitis occurred in 1 eye (1%) in the aflibercept group (related to
aflibercept injection) and in 2 eyes (2%) in the vitrectomy group (related
to vitrectomy) (Table 4). In the aflibercept group, traction retinal
detachment was identified at or before the first visit when vitreous
hemorrhage subsided sufficiently to allow the investigator a clear view of
the retina or the first vitrectomy (whichever occurred first) in 13 eyes
(13%) and after that time in 9 eyes (9%). In the vitrectomy group, traction
retinal detachment was first identified during the initial vitrectomy in 13
eyes (12%) and after the initial vitrectomy in 1 eye (<1%) (additional details
appear in eTable 9 in Supplement 3). New or worsened rhegmatogenous
retinal detachment was identified in 4 eyes (4%) assigned to aflibercept
and in 5 eyes (5%) assigned to vitrectomy. Among phakic eyes, cataract
extraction or visually significant cataract (per the investigator) occurred in
37 of 75 eyes (49%) in the aflibercept group and in 36 of 81 eyes (44%)
in the vitrectomy group; cataract extraction was performed in 23 eyes
(31%) and 22 eyes (27%), respectively.

Table 4.

Adverse Events Through 2 Years

No. (%)

Aflibercept
(n = 100)

Vitrectomy and
panretinal
photocoagulation
(n = 105)

Ocular adverse events occurring in study eyes: participants with ≥1 event

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7739132/table/joi200123t4/


Cataract extraction or visually significant
cataract on clinical examination (eyes with
natural lens only)

(n = 75)
37 (49)

(n = 81)
36 (44)

Visually significant cataract (n = 75)
34 (45)

(n = 81)
35 (43)

Cataract extraction (n = 75)a

23 (31)
(n = 81)
22 (27)

Adverse intraocular pressure event 23 (23) 25 (24)

Increase in intraocular pressure ≥10 mm Hg
from baseline

16 (16) 17 (16)

Intraocular pressure ≥30 mm Hg at any visit 8 (8) 10 (10)

Initiation of medication not in use at
baseline to lower intraocular pressure

14 (14) 16 (15)

Glaucoma procedure 0 2 (2)

Retinal detachment 23 (23) 15 (14)

Traction retinal detachment 22 (22) 14 (13)

Rhegmatogenous retinal detachment 4 (4) 5 (5)

Ocular inflammation 6 (6) 4 (4)

Neovascularization of the iris 2 (2) 5 (5)

Retinal tear (without detachment) 3 (3) 2 (2)

Endophthalmitis 1 (1) 2 (2)

Neovascular glaucoma 1 (1) 2 (2)

Systemic adverse events: participants with ≥1 event

Serious adverse event 42 (42) 43 (41)

Hospitalization 39 (39) 41 (39)

Death 6 (6) 3 (3)

Vascular events defined by Antiplatelet
Trialists’ Collaboration criteria

Any event 8 (8) 7 (7)

Death due to vascular or unknown cause 5 (5) 3 (3)

Nonfatal stroke 2 (2) 2 (2)

Nonfatal myocardial infarction 1 (1) 2 (2)

aAmong the 75 eyes with natural lens (ie, phakic eyes) in the initial



aflibercept group at baseline, 27 underwent vitrectomy during follow-up.
Of the 23 eyes that underwent cataract extraction, 9 had cataract
extraction and no vitrectomy during follow-up, 3 had cataract extraction
before undergoing vitrectomy (ie, these eyes were phakic at baseline but
pseudophakic at time of first vitrectomy), and 11 had cataract extraction
after their first vitrectomy.

At least 1 serious systemic adverse event occurred in 42 participants
(42%) in the aflibercept group and in 43 participants (41%) in the
vitrectomy group. Myocardial infarction, stroke, and death of vascular or
unknown cause occurred in 8 participants (8%) in the aflibercept group
and in 7 participants (7%) in the vitrectomy group. All adverse events
appear in eTables 10 through 12 in Supplement 3.

Discussion

In this multicenter randomized clinical trial among participants whose
eyes had vitreous hemorrhage from proliferative diabetic retinopathy,
there was no statistically significant difference in the primary outcome of
mean visual acuity letter score over 24 weeks between eyes initially
treated with intravitreous aflibercept injections vs those treated with
vitrectomy with panretinal photocoagulation, but the 95% CI was wide,
and the study may have been underpowered to detect a clinically
important benefit in favor of initial vitrectomy with panretinal
photocoagulation. Nonetheless, mean visual acuity was not significantly
different between the groups at 12 weeks or at any visit thereafter through
2 years.

Most previous studies of vitrectomy for vitreous hemorrhage have been
retrospective and involved a limited number of sites and surgeons.26,27,28

This study, however, was a multicenter randomized trial involving 87
investigators across 39 clinical sites. Surgeons could use their routine
technique with prior specifications regarding only instrumentation gauge,
panretinal photocoagulation, and perioperative anti-VEGF injection, which
enabled collection of surgical data across a diversity of practices and



enhanced the generalizability of these results. Importantly, because the
protocol (Supplement 1) allowed crossover treatment for prespecified
criteria, 1 in 3 eyes from each group received the alternate treatment
(aflibercept or vitrectomy with panretinal photocoagulation) over 2 years.
Thus, when following treatment approaches developed by the DRCR
Retina Network investigators, many participants receive both therapies.

During vitrectomy, visible vitreoretinal traction is generally removed along
with vitreous scaffolding. Therefore, most surgeries relieve retinal
detachments with macular-threatening traction and help prevent
subsequent traction retinal detachments. Only 1 eye developed traction
retinal detachment after initial surgery in the vitrectomy group. Eyes
starting treatment with aflibercept remained at risk for persistence,
progression, or development of a traction retinal detachment. Some of the
22 traction retinal detachments noted after baseline were likely present at
baseline but not visible because the vitreous hemorrhage precluded
complete retinal viewing. Regardless of when the traction retinal
detachments developed, 12 eyes (12%) in the aflibercept group
underwent vitrectomy for traction retinal detachment, and the final visual
acuity scores for eyes in the aflibercept group with traction retinal
detachment were similar to eyes without traction retinal detachment
(median, 20/32 for both).

Although visual outcomes were not significantly different between
treatment groups from 12 weeks through 2 years, additional findings from
this study may help clinicians guide therapeutic decisions for individuals
with vitreous hemorrhage. The benefits of vitrectomy in this study
included faster restoration of vision, reduced likelihood of recurrent
vitreous hemorrhage, and greater resolution of neovascularization. In
contrast, the aflibercept group experienced less frequent center-involved
diabetic macular edema and avoided vitrectomy in two-thirds of
participants. Based on prior results, panretinal photocoagulation may
result in more peripheral visual field deficits than anti-VEGF agents
injected in the eyes of patients with proliferative diabetic retinopathy.3,29

The decision to initiate treatment using anti-VEGF injections vs vitrectomy



with panretinal photocoagulation is influenced by many factors, including
anticipated likelihood of patient adherence with follow-up visits, medical
comorbidities, access to specialized treatments or medications, and the
need or desire to hasten visual recovery, particularly for patients whose
fellow eye also does not have good vision.

Limitations

This study has several limitations. First, even though retention through 24
weeks and 1 year was excellent in both groups (93%-97%), retention was
lower in the vitrectomy group vs the aflibercept group at 2 years (85% vs
96%, respectively), which could bias comparisons of 2-year outcomes if
loss to follow-up was related to treatment efficacy.

Second, neither the investigators nor the participants could be masked to
treatment allocation owing to the nature of the treatments; however, visual
acuity technicians were masked to treatment allocation, which limits bias
in the primary analysis.

Third, aflibercept was the only anti-VEGF agent used in this study;
therefore, it is unknown whether similar results would be obtained with an
alternative such as bevacizumab or ranibizumab.

Fourth, although the long-term effects of treatments in the population
with diabetes are important, this trial did not address visual outcomes or
durability of neovascularization regression beyond 2 years.

Conclusions

Among participants whose eyes had vitreous hemorrhage from
proliferative diabetic retinopathy, there was no statistically significant
difference in the primary outcome of mean visual acuity letter score over
24 weeks following initial treatment with intravitreous aflibercept vs
vitrectomy with panretinal photocoagulation. However, the study may
have been underpowered, considering the range of the 95% CI, to detect
a clinically important benefit in favor of initial vitrectomy with panretinal



photocoagulation.

Notes
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