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Purpose: To report the visual and morphological outcomes following intravitreal bevacizumab
in neovascular age-related macular degeneration (nAMD) with submacular, predominantly
hemorrhagic, lesions.
Methods: Retrospective study of patients with a follow-up after 1 year. All eyes with submacular
hemorrhages larger than 50% of the total lesion size and received only anti-VEGF (vascular
endothelial growth factor) monotherapy (intravitreous administration of 1.25 mg bevacizumab,
PRN). The primary endpoint was the change in hemorrhage size and time to resolution, in
association with the mean best-corrected visual acuity (BCVA). The eyes were grouped based
on the size of the hemorrhage: group A ($1 to ,4 disc area [DA]), group B ($4 to ,9 DA),
and group C ($9 DA).
Results: Forty-six consecutive eyes were included. The mean area of the hemorrhage was 6 DA
at baseline. Eyes with smaller bleeding (group A) had better chances of stabilized or improved
vision. Complete resolution of the hemorrhage was seen in 96% of the eyes within 1 year. The
mean BCVA increased from 0.81 logarithm of the minimum angle of resolution (logMAR)
(95% confidence interval [CI]: 0.70–0.92) (Snellen 20/125) at baseline to 0.75 logMAR (95%
CI: 0.62–0.88) (20/125) after 1 year (P=0.11). BCVA improved (one or more ETDRS [Early
Treatment of Diabetic Retinopathy Study] lines) in 57% of the eyes (13/23) in group A; 53%
(8/15) in group B; and 38% (3/8) in group C.
Conclusion: Many of the eyes with hemorrhagic lesions showed stabilization or improvement
of the mean BCVA after treatment within 1 year. Anti-VEGF treatment can be considered as
a useful treatment option in eyes with hemorrhages secondary to nAMD.
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Neovascular age-related macular degeneration (nAMD) is the main cause of legal
blindness in the Western world, among people .50 years of age.1 If left untreated,
submacular hemorrhage caused by nAMD leads – besides the acute vision loss – to a
macular scar with irreversible vision loss.2,3
The available treatment modalities for eyes with nAMD complicated by
submacular predominantly hemorrhage, include macular surgery, 4 intraocular
injection of recombinant tissue plasminogen activator (with or without expanding gas), treatment by intravitreal drugs, and watchful waiting. 5–11 When antiVEGF (vascular endothelial growth factor) drugs were extensively studied in the
Phase III trials,12–14 all eyes with corresponding hemorrhages (.50% of lesion
or .1 disc area [DA]) were excluded. Although, the outcomes of anti-VEGF
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monotherapy for hemorrhagic choroidal neovascularization
(CNV) have been previously reported, only a few large case
series with longer follow-ups are available.15–20
In this retrospective study, we report on morphological
and functional outcomes following intravitreal bevacizumab
monotherapy.

Methods
The charts of all nAMD patients who received bevacizumab
in a tertiary referral center (University Eye Hospital at the
Centre for Ophthalmology, Tuebingen) from December
2006 to November 2009, were screened, using the electronic
patient records.
Inclusion criteria were: an age $50 years, to evaluate
only lesions of nAMD including a submacular predominantly
hemorrhagic CNV; the area of the submacular hemorrhage
had to be at least 50% of the total lesion; and the hemorrhage
itself $1 DA. Fluorescein angiography was used to prove
evidence of CNV. Only patients who received at least one
intravitreous injection of 1.25 mg of bevacizumab (after
obtaining informed consent and disinfection with povidone
iodine) were included. It has to be considered that the asneeded (PRN) retreatment was used sparingly, based on a
decrease of visual acuity and activity seen in time-domain
ocular coherence tomography.
Exclusion criteria included: all causes of the hemorrhage
other than AMD (such as myopia of more than 6 D); eyes with
subfoveal scar; any previous treatment of nAMD (except for
nutritional agents); and combination therapies, such as vitreomacular surgery, intravitreal recombinant tissue plasminogen
activator with expansive gas or air injection, intravitreal
steroids, or anti-VEGF therapy other than bevacizumab.
Patients had a routine ophthalmic examination, including best-corrected visual acuity (BCVA) using ETDRS
(Early Treatment of Diabetic Retinopathy Study) charts at
baseline and at follow-up examinations at 4-week intervals.
All eyes had fluorescein angiography and color fundus
photography at baseline. Fluorescein angiograms and color
fundus photographs were used for determining the area of
the CNV and hemorrhage by using the digital image analysis
software of Visupac (Visupac 4.2.2, Carl Zeiss Meditec AG,
Jena, Germany). Color fundus photography of the macula
was performed every 3 months. Eyes were categorized into
three groups, based on the size of the hemorrhage. Group A
(small): #1 and ,4 DA, group B (medium): $4 and ,9 DA,
and group C (large): $9 DA. Optical coherence tomography
(OCT; Stratus OCT, Carl Zeiss Meditec AG) was performed
if the subfoveal hemorrhage was thin enough, allowing the
visualization of the retinal pigment epithelial band, and
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determining whether the fovea was free of the hemorrhage.
Indocyanine green angiography was performed at baseline,
or at the follow-up examination if the physician expected
additional clinical information.
Bevacizumab administration (1.25 mg/0.05 mL) was
performed under sterile conditions. The retreatment was
administered at 4-week intervals at the physician’s discretion.
Reinjections were offered in the event of lesion activity (indicated
by increased/persistent intraretinal/subretinal fluid or new
hemorrhage) or vision decrease of at least one ETDRS line.
For every patient, age, sex, cardiovascular risk factors like
artery hypertension and diabetes, and the use of anticoagulant medication were recorded. The patients were informed
about the experimental nature of the therapy as well as the
alternative treatment options. The analysis of the data was
performed after the approval from the institutional ethics
committee. The study was conducted in accordance with the
Declaration of Helsinki.
The Wilcoxon signed-rank test was used for data not
normally distributed. Results are presented as mean including 95% CI (confidence interval). The statistical software
package JMP 4.0 (SAS Institute Inc, Cary, NC, USA) was
used for analysis. A P-value ,0.05 was considered statistically significant. BCVA was converted to the logarithm of
the minimum angle of resolution scale (logMAR).

Results
This retrospective study included 46 eyes of 46 consecutive
patients (32 female, 14 male). Baseline characteristics of the
patients are summarized in Table 1. The mean age of the
patients was 77.2 years (standard deviation [SD]: 6.8 years;
95% CI: 75–79 years). Mean duration of the symptoms was
11.5±19 days (range: 1–45 days). Mean number of bevacizumab
injections was 2.6 (95% CI: 2.4–3.0) within 12 months.
The mean size of the hemorrhage was 6.0 DA (95% CI:
4.4–7.9 DA, range: 1.1–33.83 DA). The mean total lesion size
Table 1 Baseline characteristics

Age, years
(mean)
Sex (F/M)
Artery
hypertension
Diabetes
Anticoagulant
medication

Group A
(1–4 DA)
n=23

Group B
(4–9 DA)
n=15

Group C
(.9 DA)
n=8

Total
n=46

76.4

79.3

77.8

77.2

16/6
17 (74%)

12/6
10 (67%)

4/2
6 (75%)

32/14
33 (72%)

3 (13%)
11 (48%)

2 (13%)
9 (60%)

2 (25%)
4 (50%)

7 (15%)
24 (52%)

Abbreviations: DA, disc area; F, female; M, male; n, number of eyes.
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Table 2 Changes in visual acuity at 12-month follow-up
Improvement

Unchanged

($1 ETDRS line)
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Group A (n=23)
Group B (n=15)
Group C (n=8)
Total (n=46)

13 (57%)
8 (53%)
3 (38%)
24 (52%)

2 (9%)
1 (7%)
1 (13%)
4 (9%)

Worsening

12-month mean BCVA
logMAR (95% CI)

P-value

($1 ETDRS line)

Baseline mean BCVA
logMAR (95% CI)

8 (35%)
6 (40%)
4 (50%)
18 (39%)

0.67 (0.53–0.80)
0.86 (0.68–1.05)
1.12 (0.74–1.51)
0.81 (0.70–0.92)

0.60 (0.43–0.76)
0.79 (0.54–1.03)
1.14 (0.85–1.43)
0.75 (0.62–0.88)

0.11
0.26
0.52
0.15

Note: Data were compared using the Wilcoxon signed-rank test.
Abbreviations: BCVA, best-corrected visual acuity; ETDRS, Early Treatment Diabetic Retinopathy Study; logMAR, logarithm of the minimum angle of resolution;
CI, confidence interval.

was 7.5 DA (95% CI: 5.8–11.0 DA, range: 1.4–50.76 DA).
The hemorrhage showed complete resolution in 96% (44/46)
of the eyes within 1 year. The mean time of absorption for
the hemorrhage was 21 weeks (95% CI: 16–27 weeks;
range: 7–48 weeks).
Mean BCVA significantly increased from 0.81 logMAR
(95% CI: 0.70–0.92) (20/129) at baseline to 0.68 logMAR
(95% CI: 0.57–0.80) (20/96) at the 6-month examination
(P=0.0034); however, the mean BCVA declined again to
0.75 logMAR (95% CI: 0.62–0.88) (20/112) by the 1-year
point (P=0.11). In total, BCVA improved in 53% (24/46)
of the eyes by at least one or more ETDRS line, remained
unchanged in 9% (4/46), and worsened in 39% (18/46)
(Table 2).
The improvement of BCVA correlated positively with
the size of the hemorrhage, in favor of smaller hemorrhages
(group A). The BCVA improved in 57% of eyes (13/23) in
group A, but worsened in 35% (8/23). In group B and group C,
improvement of the BCVA was found in 53% (8/15) and
38% (3/8) of eyes, respectively.

Discussion
In this retrospective study of 46 eyes with submacular hemorrhage, a fast resolution of the submacular hemorrhages
accompanied by a moderate visual improvement, from 0.81
logMAR (20/125) at baseline to 0.75 logMAR (20/125)
after 1 year. BCVA improved (one or more ETDRS lines)
in 57%, 53%, and 38% of eyes with small-, medium-, and
large-sized submacular hemorrhages, respectively. In almost
all eyes (96%), the submacular hemorrhage showed complete
reabsorption within 1 year.
The study has major limitations. The analysis was based
solely on the size of CNV-induced hemorrhages, therefore not
allowing potential confounding factors such as the location
of CNV, the retinal thickness at baseline, and the coexistence
of negative prognostic predictors to be addressed.21,22 While
the treatment took place at the beginning of anti-VEGF treatment, the number of injections was quite low, in relation to
Clinical Ophthalmology 2015:9

modern PRN treatment algorithms (mean: 2.6). The probable
undertreatment might explain the discrepancy between the
visual prognosis data of other, more recent studies.21 The
retrospective design and the lack of a control group have to
be considered. On the other hand, the strengths of this study
include the available follow-up of the treatment under realworld conditions for 1 year, and the inclusion criteria that
restricted the study to treatment-naïve eyes.
Nevertheless, the observations can provide some information about the prognosis (in spite of the likely undertreatment).
No recurrences of hemorrhages or vitreous hemorrhages were
seen in this cohort, contributing to a high rate of blood-free
lesions after 1 year. Newer reports have proven that the presence of blood leads to damage of the outer retina, apparent
in the interruption of the ellipsoid zone.23,24 When discussing
treatment alternatives to anti-VEGF drugs, the location of the
hemorrhage in relation to the pigment epithelium might be
detrimental, as massive bleedings under the pigment epithelium are more closed to surgical interventions.4
The natural course of submacular hemorrhage in AMD is
poor.2,3 In a retrospective study, 60 eyes in Italy and France
had a decrease of the visual acuity from 20/240 to 20/1250
after a follow-up of 16 months, 80% of all eyes lost vision.25
Another case series reported a median decrease in vision of
four ETDRS lines in three years.2 In the Subretinal Surgery
Trial (SST), the only prospective randomized study in these
patients, the observation group with a hemorrhage showed
a median baseline BCVA of 20/200, and thereafter, 20/500,
20/500, and 20/640 after 1, 2, and 3 years, respectively.4
Median loss of vision was 3.2 ETDRS lines in 3 years in
eyes without treatment.
All retrospective case series to date reported stabilization
and/or improvement of the visual acuity in eyes with subretinal hemorrhage by using the anti-VEGF therapy.15–20,23,24 In
21 eyes with large-sized submacular hemorrhage, stabilization of the visual acuity and decrease in hemorrhage was
found after only 4 months. Twelve eyes had a follow-up
of 12 months or longer with a mean visual acuity of
submit your manuscript | www.dovepress.com
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0.28 (20/40).16 Using bevacizumab, ranibizumab, or both,
ten eyes had an improvement of the median BCVA from
20/400 at baseline to 20/125 after 1 year.
In a large retrospective case series, eyes with subretinal
bleedings secondary to typical AMD and polypoidal choroidal vasculopathy after anti-VEGF therapy were analyzed.19
In 91 eyes, the mean BCVA improved from 20/479 at baseline
to 20/182 at 6 months. Factors such as longer duration of symptoms, greater extent of hemorrhage, and greater central foveal
thickness were associated with a poor functional outcome.20
In a small prospective 1-year study, ranibizumab therapy was
given to seven patients, having hemorrhagic lesions secondary to AMD. A median gain of 1.5 ETDRS lines of visual
acuity was found, and no systemic or local side effects were
noted.17 Another prospective, nonrandomized study analyzed
23 eyes with thin hemorrhages secondary to occult CNV for
12 months after intravitreal ranibizumab treatment. The mean
BCVA improved significantly (from 0.82 [20/125] ± 0.22
to 0.68 [20/100] ± 0.41) and progressive resolution of the
macular bleeding was noted in 22 of 23 eyes.18
Meanwhile, Altaweel et al (the CATT research group)
presented a large analysis of patients with hemorrhagic
lesions.21 They described a lower baseline BCVA, similar
to our small cohort, but warn against a considerable growth
of the CNV lesions during the first 2 years. This underlines
the role of blood for the enforcement of subretinal fibrosis.
Based on the functional development, the CATT scientists
concluded that CNV with extensive bleeding can be managed
similarly to those “with less or no blood”.21
Several clinical features may influence the outcome of
eyes with subretinal hemorrhages, such as duration of the
symptoms, follow-up period, previous treatments, and the
presence of submacular fibrosis, size, thickness, and location
of the hemorrhage.25 There are promising data and a growing
body of evidence showing that post-injection rates of hemorrhages are lower than the incidence of spontaneous bleeding.26 The results of this study demonstrate beneficial effects
of anti-VEGF therapy in eyes with hemorrhagic lesions. The
benefit of the treatment was most pronounced in eyes with
small- and medium-sized submacular hemorrhages.
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