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ABSTRACT 
Introduction: Submacular hemorrhage (SMH) in one of the potential causes of 
acute visual acuity loss. There is currently no ‘gold standard' treatment for acute 
SMH. Pneumatic displacement of SMH with expandable gas injection has 
historically and frequently been used. 
Purpose: to observe the outcomes of pneumatic displacement in early submacular 
hemorrhage patients. 
Methods: A total of 13 patients who underwent pneumatic displacement in 
Cicendo Eye Hospital from January 2017 to March 2019 were included. Visual 
acuity was observed before procedure, 1 day, 1 week, and 1 month after procedure. 
Result: The mean logarithm of  the minimal angle of resolution (logMar) visual 
acuity at baseline before procedure was 1,38 (± 0,84), at 1 day after procedure was 
logMar 1,41 (± 0,83), 1 week after procedure was 1,41 (± 0,77), and worsened after 
1 month to 1,57 (± 0,84). The mean duration between onset of symptoms and 
treatment was 8,8 ± 4,1 days (range 3-14 days). 
Conclusion: Pneumatic displacement could be an adjunctive as an immediate 
treatment for acute SMH. However, it is appeared to be less effective than a 
combined procedure with intravitreal Anti-VEGF injection. 
 

INTRODUCTION 
     Submacular hemorrhage in one of 
the potential causes of acute visual 
acuity loss. SMH is most often caused 
by age related macular degeneration 
(AMD) with choroidal 
neovascularization that results in 
bleeding in the macular area. 
Experimental studies using animal 
models showed that subretinal blood 
causes significant retinal damage 
within 24 hours. As for the natural 
history in humans, 90% of the patients 
would eventually have a final visual 
acuity (VA) of 20/200. Clinical and 
experimental studies support prompt 
treatment, as tissue damage can occur 
within 24 hours. Without treatment 

the natural history is poor, with a 
mean final visual acuity of 20/1600.1,2 

    There is currently no 'gold 
standard' treatment for acute 
submacular hemorrhage. The 
treatment strategies for SMH include 
displacement of blood from the fovea, 
usually by injection of an expansile 
gas, pharmacologic clot-lysis such as 
recombinant tissue plasminogen 
activator  (rtPA),  and  treatment  of    
the underlying choroidal 
neovascularization  (CNV) or PCV, 
as with anti-vascular endothelial 
growth factor (anti-VEGF) 
agents. These three strategies have 
been employed in isolation or in 
combination.1-3 
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      Pneumatic displacement of SMH 
with expandable sulfur hexafluoride 
(SF6) gas or octafluoropropane 
(C3F8) injection has historically and 
frequently been used to treat SMH. 
Heriot was the first to displace SMH 
with expansile gas, as reported in 
1996 at the Vail Vitrectomy meeting. 
The pneumatic displacement 
procedure uses a gas bubble to 
mechanically push the SMH away 
from the visually sensitive fovea.1,2 

     The purpose of this study is to 
assess the effect of the pneumatic 
displacement using SF6, aimed to 
move the hemorrhage from the 
macula to prevent exposure of 
prololonged bleeding in the macular 
region. SF6 gas will dissapear within 
two weeks. In this observational 
study, researchers assessed and 
compared the visual acuity before and 
after pneumatic displacement in 
SMH.2,3 

 
MATERIAL AND METHODS 
     This is a retrospective, descriptive 
case series study. The data of this 
study were taken from medical 
records in Cicendo Eye Center 
National Eye Hospital. We collected 
13 cases of SMH patients who 
underwent pneumatic displacement 
using SF6 gas in January 2017 to 
March 2019.  
     Those that were included in this 
study were subjects who were 
diagnosed with SMH, underwent 
pneumatic displacement with SF6. 
Exclusion criteria were subjects who 
receives combination therapy, and 
subject with incomplete data. 
     Patients baseline characteristics 
were recorded including age, sex, and 
duration of onset of SMH. All patient 
underwent a complete ophthalmic 

examination including uncorrected 
visual acuity (UCVA) using Snellen 
chart, slit lamp biomicroscopy, and 
dilated fundus examination.  
     Descriptive analysis was 
performed for patients baseline 
characteristics, VA before treatment, 
1 day, 7 days, and 1 months after 
procedure. VA was converted to 
logarithm of minimal angle of 
resolution (logMAR) units for 
statistical calculation. All data were 
reported as mean (standard 
deviation). 
 
RESULT 
     Total 13 eyes of 13 patients met all 
the eligibility criteria. Baseline 
characteristics are shown in Table 1. 
The mean age of the patients was 58,6 
years (±13).  The sex distribution of 
the subjects are more in men than 
women. Underlying disease of SMH 
was AMD as much as 84%. 
 
Table 1. Baseline characteristics of 
patients 
Age  
Mean 58,6 (±13) 
Min-Max 43-81 
Sex, n (%)  
Male 9 (69 %) 
Female 4 ( 31%) 
Underlying 
disease 

 

AMD 11 (84%) 
IPCV 2 (16%) 

     
     Mean VA (SD) at baseline was 
1,38 (± 0,84). At 1 day follow up, the 
mean VA (SD) was 1,41 (± 0,83), at 7 
days follow up the mean VA (SD) 
was 1,41 (± 0,77)), and at 1 months 
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follow up the mean VA (SD) was 1,57 
(± 0,84). Changes of VA during 
follow up are shown in Table 2. 
 
Table 2. Changes of Visual Acuity 
Visual acuity 
(n=13) 

 

Pre Pneumatic 
Displacement 
Mean ± SD 

1,38 (± 0,84) 

1 day Post PD 
Mean ± SD 

1,41 (± 0,83) 

7 days Post PD 
Mean ± SD 

1,41 (± 0,77) 

30 days Post PD 
Mean ± SD 

1,57 (± 0,84) 

 
     At 1 months follow up visit, 3 eyes 
(23%) have improved VA than 
baseline, 3 eyes have stable VA than 
baseline, and 7 eyes (54%) have 
worsened VA than baseline as shown 
in table 3. 
 
Table 3. Final Visual Acuity 

Visual acuity n (%) 

Improved 3 (23%) 

Stable 3 (23%) 

Worsened 7 (54%) 
 
     The mean duration between onset 
of symptoms and treatment was 8,8 ± 
4,1 days (range 3-14 days).  
 
Table 4. Duration between onset of 
symptoms and treatment 
Duration  

Mean 8,8 

SD (min-max) ± 4,1 (3-14) 

DISCUSSION 
     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. 
The most common underlying cause 
of the SMH is CNV in AMD, 
followed by the leaking polyps in 
IPCV. Eyes with SMH associated 
with AMD have worse visual 
prognoses than eyes with CNV of 
other etiologies. In a review of visual 
outcomes after SMH, Bennet et al 
found that when no treatment was 
administered, average visual acuity 
was 20/480 at 3 years after diagnosis. 
Another study reported that 24 
months after diagnosis, 90% of eyes 
with SMH secondary to AMD had a 
visual acuity worse than 20/200.2,4 

     This study reported 13 cases of 
SMH majority secondary to 
neovascular AMD found within 2 
years at our clinic. 9 subjects (69 %) 
were male patients and 4 (31%) 
subjects were female. However, the 
incidence of SMH among patients 
with neovascular AMD remains 
unknown. A study reported that in 
patients diagnosed with neovascular 
AMD limited to one eye, neovascular 
lesions associated by any amount of 
hemorrhage were found to develop in 
the other eye in 19% during 4 years of 
follow up.4,6 

     SMH is associated with poor 
visual prognosis due to several 
different mechanisms including direct 
toxicity from the hemorrhage, 
mechanical traction on the 
photoreceptors and the establishment 
of a barrier effect between the 
photoreceptors and RPE. Toxicity 
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from the hemorrhage is caused by 
iron, in the form of ferritin, which is 
produced during hemolysis of the 
bleeding. Iron toxicity induces 
destruction of the photoreceptor and 
RPE layers. The traction effect on the 
photoreceptors is due to fibrin strands 
which forms within the hemorrhage 
during the clot retraction process. The 
layer of blood present also acts as a 
diffusion barrier preventing effective 
interchange of nutrients and 
metabolic products between the 
choroidal circulation and the retina. 
These three different mechanisms are 
time specific and thus contribute to 
worsening visual prognosis with 
increasing duration of SMH.2,6 

     As visual outcomes of SMH is 
usually devastating, several treatment 
options have been evaluated for its 
treatment including intravitreal 
injection of gases and tissue 
plasminogen activator (tPA), 
vitrectomy with or without 
intravitreal or subretinal tPA injection 
and pneumatic displacement of the 
hemorrhage. However, a concensus 
on the best approach to therapy has 
not yet emerged. Usually small 
hemorrhages are managed with 
intravitreal anti-vascular endothelial 
growth factor (Anti-VEGF) and gas 
or tPA injections, larger and thicker 
hemorrhages are managed with 
vitrectomy, intravitreal or subretinal 
tPA injection and pneumatic 
displacement, and massive 
hemorrhages require subretinal 
surgery. Displacement of the 
hemorrhage is recommended as soon 
as possible to reduce damage to the 
macular photoreceptors and improve 
the visual outcome.4,6 

      Pneumatic displacement uses a 
gas bubble to mechanically push the 
SMH away from the visually 
sensitive fovea.  The patient is then 
instructed to assume a prone 
positioning a few minutes after the 
procedure for periods between 24 
hours to 2 weeks. Patients that 
received intravitreal gas within 14 
days of their symptoms showed a 
better final VA than those treated 
after 14 days.2-4   

     This present study evaluates 
changes of VA after pneumatic 
displacement in patient with newly 
diagnosed submacular hemorrhage. 
In this study we found changes in VA 
before and after treatment, with mean 
VA of 1,41 (± 0,77) log MAR units at 
1 week follow up visit and mean VA 
(SD) of 1,57 (± 0,84) logMAR units 
at 1 month follow up visit. Most of the 
patients had worsened VA at the end 
of the study. 

     Fujikawa et al reported that the 
best corrected visual acuity was 
improved in patients receiving 
pneumatic displacement with 
intravitreal C3F8 gas alone, similar to 
those receiving a combined procedure 
with intravitreal tPA injections. 
Abdelkader et al also reported that 
visual acuity was improved in 83.3% 
of patients underwent pneumatic 
displacement procedure. One of the 2 
patients in the study with no VA 
improvement was noted to have 
advanced AMD with subfoveal 
fibrosis. The other case with no VA 
improvement presented with a 
prolonged history of blurred vision 
and a very thick SMH and central 
macular thickness. However, of the 
12 patients included in the series, 9 
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received intravitreal Anti-VEGF at 
the same time and 2 received prior 
intravitreal Anti-VEGF injection 
before pneumatic displacement 
procedure. In this study, we found 
that 7 cases had no VA improvement. 
This might be due to clot formation 
and the thickness of the 
hemorrhage.7,8 

     Bella et al reported the outcomes 
of pneumatic displacement combined 
with Anti-VEGF injection for patients 
with SMH at our clinic. The study 
reported the mean VA at baseline was 
logMAR 1.889 ± 0.3935 (n = 52), 
improved to logMAR 1.113 ± 0.4607 
(n = 40) at 1 month after treatment. 
Compared to our study, the VA at 
baseline was logMAR 1.38 (± 0,84), 
worsened to logMAR 1.57 (± 0,84) 
with the administer of pneumatic 
displacement alone. This suggested 
that pneumatic displacement alone 
was not enough as an immediate 
treatment of SMH.5,8 

     The duration between onset of 
symptoms to time of treatment in this 
study was 3 to 14 days. A study by 
Stanescu et al reported that duration 
of onset to treatment was significant 
to the improvement of VA. This is 
thought to be due to better 
liquefaction of SMH.2,9 

     Bella et al reported that duration 
between onset of symptoms to the 
time of procedure was significantly 
related to the better VA outcomes of 
the procedure. The study analysed 22 
patients who underwent combined 
pneumatic displacement with 
intravitreal Anti-VEGF injections 
with the onset of symptoms within up 
to 30 days.5,10 

     VA after both pneumatic 
displacement alone or combined 
pneumatic displacement with Anti-

VEGF injection appeared to be stable. 
Abdelkader et al reported that the VA 
6 months after pneumatic 
displacement was 2.8 logMar, Bella et 
al reported the mean VA at 6 months 
was 0.851 logMar.10,11  
     Limitations of this study include 
its retrospective nature, and hence the 
absence of fixed protocols for 
imaging and loss to follow-up. There 
were also only a small number of 
cases included in the study, lack of a 
control group, and relatively short 
follow-up period. A randomized 
clinical trial with head-to-head 
comparison of different therapeutic 
options would be the optimal study 
design for further investigations.  

 
CONCLUSION 
     Pneumatic displacement appeared 
to be a less effective way of treatment 
of SMH. In this study, visual acuity 
was generally not improved at 1 
month after treatment. The outcome 
might be depending on many factors, 
including the duration of bleeding. 
Several studies suggested that the 
shorter the duration, the better the 
results. 

     Pneumatic displacement could be 
an adjunctive as an immediate 
treatment for acute SMH. However, it 
is appeared to be less effective than a 
combined procedure with intravitreal 
Anti-VEGF injection. Further studies 
with a fixed protocol for imaging can 
be conducted for a better evaluation 
of this treatment. 
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