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Purpose: To evaluate the anatomical and functional outcomes in patients with submacular 

hemorrhage (SMH) due to age-related macular degeneration (AMD) treated with ranibizumab, 

and to evaluate the potential role of the SMH location in the final outcome after treatment.

Methods: Participants in this study were 12 treatment-naïve patients with SMH due to 

neovascular AMD who were treated with intravitreal ranibizumab and had at least 12 months’ 

follow-up. All patients underwent best-corrected visual acuity measurement and optical 

coherence tomography at baseline and at every visit posttreatment, while fluorescein angiography 

was done at baseline and at the discretion of the physician thereafter.

Results: Of the patients, 83.4% showed improvement or stabilization in best-corrected visual 

acuity after treatment at the 12-month follow-up, with a mean number of 7.3±2.9 injections. 

Patients with SMH surrounding the foveal area in 360° presented worse anatomical and func-

tional outcomes compared to those with SMH adjacent to the fovea.

Conclusion: Intravitreal ranibizumab seems to be safe and effective, either improving or 

stabilizing visual acuity, in patients with SMH due to wet AMD. The location of the SMH may 

predict the final outcome after treatment.
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Introduction
Age-related macular degeneration (AMD) is the leading cause of visual loss in 

patients .55 years old.1 Submacular hemorrhage (SMH) is an accumulation of blood 

between the neurosensory retina and the retinal pigment epithelium (RPE), arising 

from the choroidal or retinal circulation within the macular region, and is considered 

to occur usually in the context of neovascular AMD.2 SMH due to AMD can cause 

progressive or sudden visual loss, dependent on the extent and thickness of the hemor-

rhage, while the natural history of SMH has poor prognosis, resulting in final visual 

acuity (VA) of ,20/200 in about half of cases.2,3 In fact, subretinal blood seems to be 

toxic to the retina, causing irreversible retinal damage. A potential mechanism could 

be the traction exerted on the photoreceptors by the contracting fibrin meshwork, 

which is formed within the clot. In addition, iron derived from the blood could induce 

direct toxicity, while the hemorrhage can also act as a barrier to nutrients and waste 

products, which otherwise pass between the retina and the RPE.2

Various treatment modalities have been used for SMH due to AMD, including 

intravitreal gas, vitrectomy, macular translocation, RPE patch grafting, submacular clot 

evacuation, photodynamic therapy, pneumatic displacement, and tissue plasminogen 
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activator (tPA).2,4–7 However, all these approaches have 

serious complications and therefore have been limited.2 

Intravitreal anti-vascular endothelial growth factor (anti-

VEGF) agents are the gold standard for treatment of wet 

AMD. Large clinical trials have shown the efficacy and safety 

of intravitreal ranibizumab (Lucentis; Novartis International 

AG, Basel, Switzerland) in patients with neovascular AMD.8 

Nevertheless, it should be mentioned that patients with 

hemorrhage .50% of choroidal neovascularization were 

excluded in the aforementioned trials. In addition, the loca-

tion of the SMH has not been previously examined with 

respect to the anatomical and functional outcomes after 

treatment in patients with wet AMD. In light of this, the 

purpose of this study was to evaluate the efficacy and safety 

of intravitreal ranibizumab for the treatment of SMH due 

to AMD in a long-term follow-up of 12 months, evaluating 

the potential role of SMH location in the final outcome 

after treatment.

Subjects and methods
This retrospective, observational study comprised 12 patients 

with SMH secondary to neovascular AMD who were treated 

with intravitreal ranibizumab at Ophthalmiatrion Athinon. 

The study was in accordance with the tenets of the Helsinki 

Declaration and was approved by the institutional review 

board of Ophthalmiatrion Athinon. Written informed consent 

was obtained by all participants before treatment.

Inclusion criteria were age .50 years, diagnosis of treat-

ment naïve neovascular AMD with SMH comprising greater 

than 50% of the lesion, and at least 12-month follow-up 

and treatment with intravitreal ranibizumab. Diagnosis of 

choroidal neovascularization was confirmed by fluorescein 

angiography (FA). Patients who had previously received 

treatment or had evidence of end-stage AMD were excluded 

from the study. Furthermore, patients with ocular diseases, 

such as glaucoma, diabetic retinopathy, retinal vascular 

occlusion, retinal detachment, vitreoretinal interface diseases, 

or inflammatory disorders were excluded.

All participants had undergone thorough ophthalmo-

logic examination at baseline, including best-corrected 

VA (BCVA) measurement by means of Snellen charts 

(described in decimal scale), slit-lamp biomicroscopy, optical 

coherence tomography (OCT) and FA using Spectralis 

(Heidelberg Engineering, Heidelberg, Germany). All patients 

received three consecutive monthly intravitreal injections 

of 0.5 mg/0.05 mL ranibizumab and as needed thereafter if 

visual deterioration more than one Snellen line or evidence of 

persistent/recurrent fluid/hemorrhage on OCT were observed. 

All injections were performed under standard sterile condi-

tions. Topical antibiotics were administered to all patients 

four times a day for 1 day before and for 5 days after the 

injection. The minimum interval between two intravitreal 

injections was 4 weeks.

Patients were examined 1 month after injection and 

monthly thereafter. At each follow-up visit, BCVA measure-

ment and OCT were performed, while FA was done only 

at the examiner’s discretion and not at every postinjection 

evaluation. All participants had at least 12 months’ follow-up. 

Central foveal thickness was not included in our analysis, 

since its measurement is not accurate in cases of SMH. The 

number of injections was also recorded. Safety was assessed 

by ophthalmic examination and report of systemic adverse 

effects. Data were analyzed using paired Student’s t-test for 

comparisons of BCVA pre- and posttreatment. P,0.05 was 

considered significant. Statistical analysis was performed 

using SPSS 22.0 (IBM, Armonk, NY, USA).

Results
Table 1 shows the demographic and clinical characteristics 

of the study sample. The mean age of patients was 80.3±3.6 

years. Five patients (41.7%) were males, and seven (58.3%) 

females. BCVA at baseline was 0.28±0.24 (decimal scale), 

and differed significantly compared to month 12 (0.38±0.23, 

P=0.006); 41.7% of patients showed improvement in BCVA 

of two or more Snellen lines, and 41.7% presented stabiliza-

tion. Three patients presented recurrence in SMH despite 

treatment.

Five of 12 patients (41.7%) presented SMH surrounding 

the foveal area in 360° (group I), while seven patients (58.3%) 

had SMH which was adjacent to the fovea but did not encircle 

the fovea (group II). In group II, patients presented better 

anatomical and visual outcomes after treatment, as shown 

in Figures 1 and 2 and Table 1. The mean number of injec-

tions was 7.3±2.9 for the 1-year follow-up. No significant 

systemic or ophthalmic adverse events were registered during 

the 12-month follow-up.

Discussion
The principal message of this study is that patients with 

SMH due to AMD presented VA improvement or stabiliza-

tion after intravitreal ranibizumab. Specifically, 41.7% of 

patients in our study showed significant improvement in VA 

and 41.7% stabilization, while mean BCVA was improved 

from 0.28 to 0.38 at the 12-month follow-up. It is also 

worthy to note that the location of the SMH with respect 

to the fovea is a significant factor to predict final outcome, 
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with patients having SMH 360° around the fovea presenting 

worse results.

Before the widespread introduction of anti-VEGF treat-

ments, verteporfin photodynamic therapy was considered the 

treatment for SMH due to AMD, providing acceleration of SMH 

hemorrhage resolution and minimizing visual loss compared 

to the natural history of the disease.5 Later intravitreal injec-

tion of tPA and gas was a reasonable treatment option, as it 

was based on a double mechanism: enzyme-induced lysis of 

the clot by the tPA, and subsequent mechanical displacement 

Table 1 Demographic and clinical characteristics of our study sample

Case Age, y Gender SMH 
location

VA 
baseline

VA 
month 1

VA 
month 2

VA 
month 3

VA 
month 6

VA 
month 12

Injections SMH 
recurrence

1 81 F group II 0.90 0.80 0.90 0.80 1.00 0.90 12 0
2 81 M group II 0.20 0.20 0.20 0.20 0.40 0.40 6 0
3 88 M group I 0.40 0.40 0.50 0.50 0.50 0.20 12 1
4 82 F group II 0.05 0.30 0.30 0.30 0.50 0.50 5 0
5 80 F group I 0.40 0.40 0.60 0.30 0.30 0.40 7 0
6 76 F group II 0.50 0.50 0.50 0.50 0.50 0.50 4 0
7 79 F group II 0.30 0.40 0.40 0.50 0.50 0.50 6 0
8 82 M group II 0.20 0.20 0.30 0.40 0.40 0.40 5 0
9 78 F group I 0.20 0.05 0.10 0.05 0.05 0.10 10 2
10 83 M group I 0.10 0.10 0.05 0.10 0.10 0.10 8 1
11 74 M group I 0.05 0.05 0.10 0.10 0.10 0.10 9 0
12 80 F group II 0.10 0.10 0.20 0.40 0.40 0.40 4 0

Notes: group I, sMh surrounding 360° of the fovea; group II, sMh adjacent to the fovea but not encircling it.
Abbreviations: F, female; M, male; VA, visual acuity; sMh, submacular hemorrhage; y, years.

Figure 1 submacular hemorrhage due to age-related macular degeneration, encircling the fovea 360° at baseline.
Notes: Infrared fundus photography (A), fluorescein angiography (B–D), and B-scan optical coherence tomography (E). Visual acuity was 6/120. B-scan optical coherence 
tomography at 1 month (F), 3 months (G), 6 months (H), 9 months (I), and 1 year (J) after initiation of intravitreal ranibizumab treatment, showing fibrotic tissue and poor 
visual acuity of 6/60.
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of the liquefied blood by the gas bubble. However, this 

treatment option fails to treat the underlying cause, ie, the 

neovascular AMD.4 Accordingly, vitrectomy with tPA and 

with or without gas has been used for SMH due to AMD 

with favorable results, although the potential complications 

of vitrectomy remain a matter of controversy.2

Nowadays, the gold standard in the treatment of neo-

vascular AMD is anti-VEGF agents. Large randomized 

controlled trials have shown the efficacy and safety of anti-

VEGF in wet AMD, although patients with SMH involving 

more than 50% of the lesion were excluded.8 Several studies 

have suggested that bevacizumab, ranibizumab, or aflibercept 

provide encouraging results with moderate visual gains or 

stabilization in patients with SMH due to AMD.9–13 Addi-

tionally, anti-VEGF agents have been combined with other 

treatment options, such as gas, tPA, or vitrectomy, offering 

variable results.14–16 Specifically, Altaweel et al reported an 

improvement in a prospective study of more than three lines 

(15 or more letters) in 32.1% of 78 eyes with SMH due to 

AMD receiving intravitreal bevacizumab or ranibizumab, 

while all patients presented either stabilization or improve-

ment of VA.10 This observation was in line with Shienbaum 

et al and Kim et al, who also found improvement in VA 

of more than three lines in 60% of patients and fewer than 

three lines in 30%–40% of patients with SMH treated with 

bevacizumab or ranibizumab in their retrospective studies.9,11 

Accordingly, Shin et al used intravitreal aflibercept for the 

treatment of 25 eyes with SMH due to AMD and found 

that aflibercept was an effective treatment option, showing 

improvement in BCVA from 0.79 to 0.54 logMAR and sig-

nificant decrease in SMH area at the 6-month follow-up.13

This study also demonstrated improvement or stabi-

lization of VA in patients with SMH due to AMD at the 

1-year follow-up. Regression of SMH was observed in all 

patients after treatment, while recurrence occurred in three of 

12 patients (25%) at the 12-month follow-up. Scupola et al 

reported bleeding recurrence in 4% of patients and vitreous 

hemorrhage in 6.6% of patients over a natural course of wet 

AMD.3 Kim et al reported vitreous hemorrhage in 12% of 

cases after bevacizumab or ranibizumab treatment,11 while 

Shin et al demonstrated recurrence of bleeding in 7% of cases 

after aflibercept use.13 An interesting finding of this study 

was that the location of SMH could be a predictor of final 

outcome, since patients with SMH surrounding the fovea 

360° presented persistent/recurrent fluid in OCT (Figure 1) 

and had lower VA than patients with SMH adjacent to the 

fovea (Figure 2).

Potential limitations of this study pertain to its retrospec-

tive nature and small sample size. In addition, there was a 

lack of control group without use of intravitreal ranibizumab. 

However, we had a relatively long follow-up period of 

12 months and pointed to the location of SMH, which has 

Figure 2 submacular hemorrhage adjacent to the fovea, but not encircling the fovea at baseline.
Notes: Infrared fundus photography (A) and optical coherence tomography (B). The arrow in A indicates the section of optical coherence tomography that was performed. 
Visual acuity was 6/60. Optical coherence tomography at month 6 (C) and month 12 (D) after initiation of intravitreal ranibizumab, showing great improvement with 
absorption of the hemorrhage. Visual acuity was 6/24.
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not been previously described. Further randomized studies 

with large samples comparing the three anti-VEGF agents, 

ie, bevacizumab, ranibizumab, and aflibercept, or other treat-

ment modalities are needed to evaluate the optimal treatment 

for SMH due to wet AMD. In conclusion, intravitreal ranibi-

zumab seems to be safe and effective, either improving or 

stabilizing VA in patients with SMH due to wet AMD. The 

location of the SMH may predict the final outcome after treat-

ment. Further prospective studies are warranted to validate 

our results.
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