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Abstract: Submacular hemorrhage (SMH) has been reported to be toxic to the retina based 
on animal studies. However, observational studies of patients with neovascular-related SMH 
and those treated with intravitreal anti-vascular growth factor (anti-VEGF) therapy have 
shown many favorable visual acuity outcomes. We report two cases of neovascular-related 
SMH with ten or more years of follow-up. The first case was an 83-year old female with 
a history of nonexudative age-related macular degeneration in both eyes presenting 
with sudden decrease in vision (20/400) in her right eye due to a large SMH, treated with 
anti-VEGF therapy. Over the next following months, there was resolution of the hemorrhage 
and return of good visual acuity. At 10-year follow-up, visual acuity was 20/30 in the right 
eye. The second case was a 49-year old female with a history of presumed ocular histoplas-
mosis syndrome (POHS), presenting with sudden vision loss (20/400) in her right eye due to 
large, thick SMH. With observation and intermittent anti-VEGF therapy, there was resolution 
of the hemorrhage. At 30-year follow-up, visual acuity was 20/20 in the right eye. 
Keywords: choroidal neovascularization, submacular hemorrhage, anti-VEGF, retinal 
toxicity, age-related macular degeneration, presumed ocular histoplasmosis syndrome

Introduction
Submacular hemorrhage (SMH) secondary to choroidal neovascularization (CNV) 
has been described in conditions such as exudative age-related macular degenera-
tion (AMD), myopic maculopathy, angioid streaks, presumed ocular histoplasmosis 
syndrome (POHS), polypoidal choroidal vasculopathy and others. Animal studies 
have speculated that submacular hemorrhage may be toxic to the retina.1,2 

However, observational studies of patients with SMH from all causes have shown 
some favorable visual acuity outcomes despite nonsurgical and nonmedical 
treatments.3,4 We report two such patients with SMH due to underlying CNV 
who have been followed for many years.

Cases
Case 1
An 83-year old female with a history of nonexudative AMD in both eyes presented 
with a sudden decrease in vision of her right eye. Visual acuity was 20/400 in the right 
eye and 20/20 in the left eye. Examination revealed large, thick SMH in the right eye 
and drusen in the left eye (Figure 1A–C). She was treated with intravitreal anti- 
vascular growth factor (anti-VEGF) agent bevacizumab injection to the right eye. 
One month later, there was some resolution of the SMH with persistent 
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dehemoglobinized blood and visual acuity improving to 20/ 
100 (Figure 1D). Six months later while the hemorrhage had 
resorbed, there was inferior subretinal fibrosis and visual 
acuity was 20/30 (Figure 1E). Over time, the patient was 
switched to intravitreal ranibizumab. Inferior subretinal 
fibrosis developed pigmentation and the OCT remained 
stable without subretinal fluid. At ten-year follow-up, the 
patient had a favorable visual acuity of 20/25 in the right eye 
with stable fundus examination and OCT (Figure 1F and G).

Case 2
A 49-year old female presented with sudden vision loss in her 
right eye. Four years prior, she had undergone laser treatment 
in the left eye for juxtafoveal CNV secondary to POHS. She 
presented with a visual acuity of 20/400 in the right eye and 
20/20 in the left eye. Fundus examination of the right eye 
revealed a large, thick SMH (Figure 2A). The SMH was 
observed. On one-month follow-up, the patient had some 
resorption of the hemorrhage with persistent dehemoglobi-
nized blood, with a visual acuity of 20/50 (Figure 2B). At 

three-month follow-up, the hemorrhage had mostly reab-
sorbed with minimal retinal pigment epithelial changes, and 
visual acuity was 20/30 in the right eye (Figure 2C). 
Approximately two years after, hemorrhage was resolved 
with some pigment changes and visual acuity returned to 
20/20 (Figure 2D). Fifteen years after her hemorrhage, the 
patient intermittently required intravitreal bevacizumab and 
aflibercept injections to the right eye for intraretinal and 
subretinal fluid. Fundus examination at 30-year follow-up 
demonstrated localized pigmented subretinal fibrosis and 
OCT was flat without subretinal fluid (Figure 2E). Visual 
acuity remained 20/20.

Discussion and Conclusions
Animal studies have reported that SMH may cause 
damage to retinal photoreceptors. Glatt and Machemer 
in 1982 injected autologous blood beneath the retina in 
a rabbit model to demonstrate irreversible photoreceptor 
damage and toxic effects on the retina during the first 24 
hours of exposure.1 Toth et al in 1991 demonstrated using 

Figure 1 83-year old female with exudative age-related macular degeneration of the right eye. (A) Fundus photograph of the left eye showed macular drusen at the time of 
presentation. (B) The right fundus photograph revealed large, thick submacular hemorrhage at the time of presentation (SMH). (C) OCT of the right eye from presentation 
revealed subretinal hemorrhage. (D)At one-month follow-up after receiving intravitreal bevacizumab, there was some resolution of the SMH with persistent dehemoglo-
binzied blood. (E) Six months later with continuation of anti-VEGF treatment, the hemorrhage had been completely resolved, with inferior subretinal fibrosis that was away 
from the fovea. (F) At ten-year follow-up, the inferior subretinal fibrosis developed pigmentation; (G) corresponding OCT was stable without subretinal fluid.

Figure 2 49-year old female with presumed ocular histoplasmosis syndrome (POHS) of the right eye. (A) On presentation, fundus photograph of the right eye revealed 
a large, thick SMH. There was no OCT imaging or anti-VEGF treatment agents available in 1989. (B) During one-month follow-up, while some of the hemorrhage had been 
resorbed, there was persistent dehemoglobinized blood. (C) At three-month follow-up, the hemorrhage had mostly resolved with minimal retinal pigment epithelial changes. 
(D) Two years later, hemorrhage was resolved completely with inferior subretinal fibrosis. (E) At 30-year follow-up, fundus photograph demonstrated pigmented fibrosis and 
the OCT showed a shallow RPE detachment without subretinal fluid.
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a cat model that there was photoreceptor damage 1 hour 
after the onset of SMH, and significant outer retinal 
damage within 1 week.2 These findings encouraged 
prompt removal of large, thick SMH early-on via surgery 
in order to optimize visual acuity outcomes. However, 
even with prompt surgical removal, Wade et al reported 
that patients with exudative AMD still had poor visual 
acuity outcomes.5 They compared AMD versus non- 
AMD groups in assessing subretinal surgery to remove 
the SMH clot, and reported better anatomic success and 
visual acuity in patient without AMD compared to those 
patients with a CNV-related subretinal hemorrhage.5

In addition, other studies reviewing the natural history 
of SMH such as Berrocal et al6 demonstrated that in 
patients with non-AMD-related SMH, almost half had 
a visual acuity of 20/40 or better, but only 15% of 
patients with SMH in the AMD study arm achieved 
similar visual acuity. Chaudhry et al also demonstrated 
a case report of spontaneous resolution of SMH in patient 
with CNV and excellent visual acuity despite large, thick 
SMH.4 Prior to anti-VEGF treatment, Avery et al 
reported in patients with exudative AMD with SMH 
that there was an average of 3.5 lines lost in 3 years, 
emphasizing that vision loss may be progressive in AMD 
due to the actual disease and not necessarily the SMH 
itself.7

In terms of management, some studies have reported 
variable and disappointing visual outcomes with surgical 
intervention for SMH in patients with AMD.5,8 The 
SMH trials in patients with AMD concluded that there 
was no advantage of surgical removal of the SMH clot 
over observation in achieving stable visual acuity.9 

Surgical removal has adverse events such as recurrent 
bleeding, retinal detachment, cataract formation, prolif-
erative vitreoretinopathy, and others.9 Heriot first 
described the method of pneumatic displacement of 
SMH at the American Academy of Ophthalmology in 
1997 (San Francisco, AAO 1997). Haupert et al’s study 
in 2001 was one of the first studies evaluating displace-
ment of thick SMH using vitrectomy, subretinal tissue 
plasminogen activator (tPA), fluid-air exchange and 
prone positioning.10 While a small study, subretinal 
hemorrhage was successfully displaced in all cases with 
final visual acuity improvement in the majority of 
cases.10 Recurrent hemorrhage was a frequent 
complication.10 With the advent of anti-VEGF therapy, 
Chang et al studied vitrectomy and subretinal tPA with 
and without anti-VEGF.11 They reported that while 

vitrectomy, subretinal tPA and tamponade could success-
fully displace thick SMH, adding anti-VEGF postopera-
tively could help maintain visual acuity gains after 
surgery.11

In the era of pharmacotherapies for exudative AMD, 
management considerations in these patients have 
shifted to anti-VEGF monotherapy. Sheinbaum et al 
reported patients with exudative AMD and SMH treated 
with anti-VEGF therapy alone.12 This study demon-
strated visual acuity gains and OCT thickness improve-
ments in one year without systemic or ocular 
complications in 19 eyes.12 Altaweel et al analyzed 
patients with exudative AMD enrolled in the 
Comparison of Age-Related Macular Degeneration 
Treatment Trials (CATT).13 In anti-VEGF monotherapy 
treated patients with SMH (defined as >50% of lesion 
composed of blood) compared to the rest of the patients 
enrolled in the trial, visual acuity and morphologic out-
comes were equally improved in both groups. The 
CATT study investigators concluded that patients with 
SMH from AMD can be managed similarly to those who 
have less or no blood.13

In the current report of two patients with large, thick 
SMH, visual acuity improved from 20/400 to 20/30 or 
better with anti-VEGF monotherapy and observation dur-
ing long-term follow-up. In addition to visual acuity, OCT 
is an excellent tool in assessing the outer retinal damage 
that may occur following SMH. We demonstrate in both 
cases that the fovea was unaffected on OCT despite SMH. 
Contrary to the earlier reported animal studies, there was 
no direct clinical evidence that SMH was toxic to the 
retina in these two cases. Final visual acuity outcomes 
are often determined by the associated macular pathology 
and may be more favorable when the CNV complex is 
eccentric to the fovea. Patients treated with anti-VEGF 
therapy may benefit from stabilization of the active CNV 
without mechanical removal of the blood. This method 
can avoid surgical complications including retinal detach-
ment, proliferative vitreoretinopathy, and cataract forma-
tion. In the future, larger studies with similar long-term 
follow-up as ours may provide insight into risk factors that 
predict final visual outcomes in patients with large, 
thick SMH.
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