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Abstract

The objective of this case series is the evaluation of the efficacy and visual outcomes after displacement of subretinal
hemorrhage using intravitreal injection of recombinant tissue plasminogen activator, expansile gas, and in some cases an
anti-vascular endothelial growth factor agent. A case series of 28 eyes of 28 patients (16 men and 12 women with age range
67-95years) suffering from subretinal hemorrhage (duration range |—-15days) caused by age-related macular degeneration
or retinal macroaneurysm is presented. All the patients were treated with intravitreal injection of recombinant tissue
plasminogen activator and gas and some of them received an anti-vascular endothelial growth factor agent between January
2013 and December 2016. The outcomes assessed were visual acuity (preoperatively | week, and | month postoperatively)
with respect to duration and dimension of hemorrhage, displacement of hemorrhage, and possible complications of the
procedure. Successful displacement of hemorrhage was achieved in 25 patients (89.3%), |8 of 28 patients had significant
improvement in visual acuity | week after the treatment, and 22 of 28 patients had significant improvement in visual acuity
| month after the treatment. The mean improvement of all patients with anatomical displacement of the hemorrhage in
visual acuity was 0.7 = 0.5 (LogMAR) in | month. Two patients developed vitreous hemorrhage after the procedure and one
retinal detachment. Visual outcome a month after therapy displayed week correlation with duration, diameter, and thickness
of hemorrhage. The results lead to the conclusion that intravitreal treatment of recombinant tissue plasminogen activator
and expansible gas with or without injection of anti-vascular endothelial growth factor agent is effective in improving visual
acuity and displacing submacular hemorrhage secondary to age-related macular degeneration and retinal macroaneurysm.
The best functional outcomes can be expected in patients regardless of the size and duration of the hemorrhage.
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is left untreated, it can damage irreversibly the RPE cells and
the retina®* within 24 h, because of the direct toxicity derived
from hemoglobin, the contraction of the clot which can cause
mechanical damage to the outer segments, and the distur-
bances of diffusion between RPE and photoreceptors.’
Despite the fact that intravitreal anti-vascular endothelial
growth factor (VEGF) is the “gold standard” treatment for
neovascular ARMD, monotherapy of anti-VEGF agent
seems to be ineffective in restoring or improving visual acu-
ity (VA) when large SMH is present.

RAMSs are localized dilatations of a retinal arteriole, are
seen in the elderly, and have a predilection for hypertensive
women. Dyslipidemia and arteriosclerosis are also associated.®
The vision may be affected in eyes with the presence of RAMs
because of retinal edema with exudate formation, but occasion-
ally RAMs can rupture and cause hemorrhages in various lay-
ers in the vitreoretinal tissues. The visual prognosis of eyes
with the presence of vitreous hemorrhage or premacular hem-
orrhage associated with a RAM is good, in contrast to those
with SMH with or without a premacular hemorrhage, which is
generally poor.”

A novel technique in order to displace SMH has been
proposed by Heriot® in 1996, by combining a long-acting
gas and an intravitreal injection of recombinant tissue plas-
minogen activator (r-tPA), without performing vitrectomy.
tPA is a blood factor/protein in a recombinant form, which
catalyzes breakdown of plasminogen to plasmin, aiding the
endogenous fibrinolytic processes in dissolving blood
clots.” Effective displacement of SMH from the fovea is
achieved by mechanical (gas) effects as well as enzymatic
(r-tPA) action. The final visual outcome after the displace-
ment of the SMH though depends on additional factors
such as patient’s age, underlying disease, duration, and
thickness of the SMH.

Case section

This is a case series of 28 patients (16 males and 12 females),
selected in a consecutive manner, presenting with acute sub-
macular hemorrhage, who underwent enzymatic—mechanical
treatment of SMH between 2013 and 2016 by five different
surgeons. In all cases, hemorrhage, localized between the neu-
rosensory retina and the RPE, was secondary to ARMD and
retinal macroaneurysm. Written informed consent was obtained
retrospectively from the patient(s) or a legally authorized
representative(s) for anonymized patient information to be
published in this article. The study was conducted in accord-
ance with the Declaration of Helsinki.

At presentation, a comprehensive ophthalmic assessment
was performed, including best corrected visual acuity
(BCVA), biomicroscopic examination of the anterior seg-
ment of the eye, fundus photography, detailed dilated fundus
examination, intraocular pressure (IOP) measurement, and
spectral domain optical coherence tomography (OCT) scans.
Patients with small SMH (less than 1 disk diameter) were not

included in the study. Furthermore, patients with pre-exist-
ing retinal tears, diabetic retinopathy, retinal vein occlusion
pathology, intravitreal hemorrhage, and history of previous
photodynamic or laser therapy were excluded from the study.
None of our patients had been diagnosed with massive sub-
retinal hemorrhage.

All patients were examined before the treatment, 1 week
and 1 month after surgery. The follow-up after the treatment
with r-tPA, expansible gas, and anti-VEGF agent lasted at
least 6 months. Postoperative VA, complications, dimen-
sions, and displacement of SMH were recorded during fol-
low-up visits.

The procedure protocol slightly varied between five
surgeons. Treatment was performed in the operating
theater under topical anesthesia and sterile conditions.
Periocular region was cleaned with povidone-iodine and
an eyelid speculum was positioned. We used a two-step
surgical procedure to inject r-tPA (50 mcg in 0.1 mL) and
gas (=0.3mL of 100% SF,/C,F/C,F,) through the pars
plana into the vitreous cavity using a 30-gauge needle.
Paracentesis of the anterior chamber was performed, when
deemed necessary. Intravitreal injection of anti-VEGF was
administered in all ARMD patients provided that they
were not under any anti-VEGF treatment protocol. None
of the RAM patients received anti-VEGF treatment. Oral
acetazolamide was administrated as needed, based on the
presence of increased IOP. Face-down posturing was
advised to the patients for 3 days. Patients were re-exam-
ined and continuation of anti-VEGF therapy was advised
according to the clinical need.

The following statistical methods were used for the anal-
ysis of the provided data. The significance in differences
was set at p value < 0.05 with the qualitative variables ana-
lyzed with the chi-square (x?) method assuming independ-
ent samples,'" while the quantitative variables were not
complied with the criteria of normality (Kolmogorov—
Smirnov test) and were compared using Mann—Whitney
test. In addition, the correlation between the variables was
measured by Spearman’s correlation coefficient. All analy-
ses were performed using IBM SPSS Statistics Ver. 24.
Snellen VA was transformed to LogMAR for statistical
analysis and comparison with previous studies.

Results

Regarding patient demographics (Table 1), 28 eyes of 28
patients are presented in this case series. The patients con-
sisted of 16 men and 12 women with an average age of
82.5years. The mean age of the patients who had anatomi-
cal displacement was 87.2 = 9.2 years, while of those who
did not have anatomical displacement was 88.3 = 0.6 years.
The SMH was due to neovascular AMD in 25 patients,
while only 3 patients suffered from RAM. In 3 out of 28
patients, anatomical displacement of the SMH was unsuc-
cessful. All of these three cases were patients with ARMD.
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Table |. Patients with submacular hemorrhage secondary to age-related macular degeneration (ARMD) or retinal macroaneurysm who
were treated with intravitreal injection of r-tPA, gas, an anti-VEGF agent, and face-down positioning.

Patient PreVA Post VA Post VA Diameter Height Duration (d) Type Gas Complications Anatomical displacement
number (1) (I'm) HG (mm) HG (um) (0: no/l: yes) (0: no/l: yes)
| 1.00 0.60 0.60 2.0 8lI8 2 C,F, 0 |
2 2.00 2.00 2.00 35 254 15 C,F, 0 |
3 1.78 0.78 0.48 - - 2 C,F, 0 |
4 2.00 2.00 0.90 3.0 330 5 C,F, 0 |
5 2.00 .14 1.48 6.0 670 2 C,F, I (VH) |
6 2.00 2.00 1.48 6.0 1000 - C,F, 0 |
7 1.30 1.30 1.30 - - 5 C,F, 0 0
8 1.00 0.78 0.78 5.7 764 2 C,F, 0 |
9 2.00 1.00 0.60 - - - C,F, 0 |
10 2.00 1.32 1.32 - - I C,F, I (VH) |
I 1.00 0.48 0.18 - - 2 C,F, 0 |
12 2.00 1.24 0.78 5.0 733 - C,Fg 0 |
13 0.78 0.60 0.60 6.0 947 5 C,F, 0 |
14 1.40 0.78 0.78 3.0 457 6 C,F, 0 |
15 0.78 0.60 0.60 6.0 497 2 C,F, 0 |
16 1.00 0.78 0.78 45 1000 2 C,F, 0 |
17 2.00 2.00 2.00 4.9 828 2 C,F, | (RD) 0
18 2.00 2.00 2.00 - - - C,F, 0 0
19 1.00 0.78 0.60 45 1000 3 C,F, 0 |
20 2.00 2.00 2.00 4.0 300 2 C,F, 0 |
21 2.00 1.00 1.00 25 700 12 C,F, 0 |
22 2.00 0.78 0.50 2.0 352 | C,F, 0 |
23 2.00 2.00 0.38 5.5 227 | C,F, 0 |
24 2.00 1.00 0.78 4.0 1000 | C,F, 0 |
25 2.00 2.00 1.30 6.0 575 | C,F, 0 |
26 0.78 0.18 0.18 - - 2 SF, 0 |
27 2.00 2.00 2.00 6.0 492 2 C,F, 0 |
28 1.00 0.78 0.78 4.0 498 4 C,F, 0 |

VA: visual acuity; HG: hemorrhage; M: male; F: female; w: week; m: month; d: days; OCT: optical coherence tomography; VH: Vitreous Hemorrhage; RD:

Retinal Detachment.
No OCT available or duration unknown due to patient reporting.

In this case series, 17 out of 25 patients with ARMD
received anti-VEGF treatment at the time of intervention.
The rest 8 patients were already under an anti-VEGF
regime before SMH occurred and their treatment protocol
was continued as initially planned.

The mean duration of SMH was 3.5 = 2.1 days in patients
with no anatomical displacement and 3.4 *£3.6days in
patients with anatomical displacement. The mean diameter
of SMH was 4.9 mm in patients with no anatomical displace-
ment, while the mean height of SMH was 828.0um. In
patients with anatomical displacement the mean diameter of
SMH was 4.5 = 1.4 mm, while the mean height of SMH was
630.7 =270.0 um (Table 2).

Correlation analysis was carried out to establish an associa-
tion between duration of SMH and the final visual outcome.
We found no statistically significant correlation between post-
operative VA gain on the first week and duration of SMH
(r=—0.18, p=0.40), as well as between postoperative VA gain
on the first month and duration of SMH (»=—0.40, p=0.06).

Table 2. General characteristics of the two groups in which
submacular hemorrhage was displaced or not.

Anatomical displacement No Yes p value
Age (years) 883+06 872x92 05
Duration of symptoms (days) 3.5*+2.1 3436 09
Height of HG (um) 828.0 630.7 +270.0 —
Diameter of HG (mm) 4.9 4514 -
PreVA 1.8+04 1.6x05 05
PostVA (I week) 1.8+£04 I.1£06  0.098
PreVA—postVA (I week) 0.0x+0.0 0404 -
PostVA (I month) 1.8+£04 09+05 0.08
PreVA—postVA (I month) 0.0+0.0 0705 -

We also noticed that dimensions of the hemorrhage had
no prognostic value for the postoperative visual outcome. In
our study, no statistically significant relationship was
revealed between VA gain on the first week and the height of
the hemorrhage (r=0.29, p=0.21), as well as between VA
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Figure |. The change in best corrected visual acuity in different time points in patients with and no anatomical displacement.
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Figure 2. The change in best corrected visual acuity in different
time points in all patients.

gain on the first month and the height of the hemorrhage
(r=-0.04, p=0.85). Moreover, the correlation between
diameter of the hemorrhage and VA gain on the first week
was also considered as insignificant (r=—0.40, p=0.07), as
well as regarding the postoperative VA gain on the first
month (r=-0.26, p=0.27).

Mean VA was improved from 1.6 =0.5 (LogMAR) at
presentation to 1.1 = 0.6 (LogMAR) during the first week in
the patients with anatomical displacement. The mean gain in
VA was 0.4 = 0.4 (LogMAR) during the first week. The sta-
tistical analysis of patients’ data with anatomical displace-
ment also revealed considerable improvement of final VA
during the first month in the majority of patients compared
with the preoperative VA with mean gain in VA 0.7 £0.5
(LogMAR) (Figures 1 and 2).

Correlation analysis was also carried out to establish an
association between the type of gas that was used and the
outcome of successful or unsuccessful displacement. The
statistical analysis did not display statistical differentiation
(*=0.603, p=0.704).

In these cases, we achieved successful displacement of
the hemorrhage in 25 patients/eyes (25/28 patients—89.3%).
An example of hemorrhage displacement and complete mac-
ular reconstruction in a patient is shown in Figure 3. Another

Post-op OCT

Figure 3. Complete displacement of SMH secondary to AMD in
a patient treated with intravitreal r-tPA, gas, and anti-VEGF agent
preoperatively and postoperatively. The figure represents Case
Il from Table I.

example of complete clearance of subretinal blood with per-
sistent sub-RPE blood is illustrated in Figure 4.

Postoperative complications were few and were observed
in 3 patients (10.7%). In one patient retinal detachment
developed, which was immediately repaired with retinal
detachment surgery. Vitreous hemorrhage developed in 2
patients (13%). Of the 2 patients, 1 patient also had anterior
chamber hemorrhage and vitreous to the wounds, while vit-
reous hemorrhage occurred in the other patient during the
follow-up period, 3 months postoperatively.

Discussion

The objective of this case series was the assessment of the
structural and functional outcomes of intravitreal injection of
r-tPA and gas in the management of SMH. Long-standing
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Post-op OCT

Figure 4. Preoperative and postoperative OCT images of a
patient with AMD, who was treated with intravitreal r-tPA,
gas, and anti-VEGF agent. Displacement of extensive subretinal
hemorrhage without successful removal of sub-RPE blood. The
figure represents Case 6 from Table |.

SMH causes damage to retinal photoreceptors and pigment
epithelium by various mechanisms, resulting in permanent
visual loss.’

The best visual outcomes may be expected in patients
treated at an earlier stage. Hattenbach et al.!? underlined the
significance of the short treatment interval. Thus, the best
final visual outcome was achieved when the duration of
SMH was less than 14 days, while no visual improvement
was noticed when treatment was delayed by more than
21 days. Sobolewska et al.!* revealed that a combination of
the intravitreal injection of r-tPA and gas seems to be more
effective when it is applied within the first 4 days from the
beginning of acute SMH. In addition, Tsymanava and Uhlig'4
suggest that, in patients with SMH associated with ARMD,
the early treatment with 50-100 Lg r-tPA and gas application
the next day is more beneficial for the development of
BCVA, than in patients who did not received gas application
the next day.

Various surgical techniques have been described to dis-
place the blood and preserve macular function. The struc-
tural and functional outcomes of r-tPA and gas injection
compare favorably with other surgical techniques described
for the displacement of SMH. This method has the advantage
of being minimally invasive, quick, cost-effective, and its
relative accessibility may facilitate earlier intervention.

De Jong et al.!> compared intravitreal injection of r-tPA,
gas (C,F,), and bevacizumab with vitrectomy, subretinal
injection of r-tPA, gas (C,F;), and bevacizumab. The
median relative volume reduction of the hemorrhage was
97% and 100%, respectively, with no statistical significant

difference between both the treatment groups. Moreover,
the median VA improvement between these groups did not
differ significantly.

A recent review of the literature on this topic classified
the postoperative results between less invasive methods
(r-tPA + Gas * anti-VEGF—Group 1) and more invasive
techniques (vitrectomy + subretinal r-tPA = anti-VEGF—
Group 2). Successful hemorrhage displacement was similar
in both the groups (50%—100% in Group 1% and 53%—100%
in Group 2), while more complications were reported in the
more invasive group.'® Hillenkamp et al.!” also reported that
intravitreal injection of r-tPA was associated with less com-
plications compared with subretinal injection.

Abboud et al.'® reported the favorable results of 4 patients
who were treated with a protocol that combined the vitrec-
tomy, the subretinal injection of r-tPA 0.025mg/0.3 mL, the
intravitreal injection of 0.05mL of bevacizumab, and the
retinal tamponade with 20% SF6 gas. Ozkaya et al.'® also
suggested the beneficial combination of vitrectomy, r-tPA,
and gas for the outcome of the treatment, and they also
revealed a correlation between the duration and area of SMH
and the success of the displacement.

On the contrary, de Silva et al. presented a case series of
patients with subfoveal macular hemorrhage, who received
treatment with intravitreal tPA, C3F8, and anti-VEGF, irre-
spective of the severity and extent of hemorrhage. De Silva
and Bindra®® reported significant improvement of VA fol-
lowing treatment with similar benefits to more invasive ther-
apies and therefore suggested early treatment with this triple
therapy as a considerable firstline treatment for these
patients. Aratijo et al.?! also suggest the intravitreal injection
of r-tPA (50 ng/0.05 mL), which is followed by gas injection
(0.3mL SF6) as a minimally invasive procedure with few
related complications, which is characterized by simplicity
and few expenses.

Fujikawa et al.?> compared the efficacy, safety, and
visual outcomes of pneumatic displacement with or with-
out tissue plasminogen activator (tPA) in 68 eyes with
SMHs. In both groups similar displacement of SMH, vis-
ual improvement, and complication rates at 1 month were
reported. On the contrary, Mizutani et al.?} reported that
the treatment of SMH secondary to AMD with intravitreal
SF(6) gas in addition to tPA may be well-accepted, with
good visual outcomes and no remarkable complications.
However, they suggest that tPA is not recommended as a
treating option for ruptured RAMs, due to a higher inci-
dence of subsequent vitreous hemorrhage. Good visual
outcomes with less re-bleeding could be provided by
treatment without tPA. On the contrary, Mayer et al.”*
showed that r-tPA in combination with gas seems to be
more effective than bevacizumab regarding the adverse
effects such as vitreous hemorrhage.

Our work clearly has some limitations. First, there is a
limited number of patients. Other limitations of our research
were the absence of a control group and the difficulty in



SAGE Open Medical Case Reports

randomization of variables, such as diameter and height of
SMH. Despite these limitations, the results of this case series
are very indicative of the usefulness of intravitreal r-tPA and
gas injection in the final visual outcome. In our sample, in
two cases the treatment was offered a week after the hemor-
rhage occurred. Thus, it should be noted that even the belated
intervention (more than a week) might offer an advantage to
the improvement or stabilization of the final VA. More
importantly, we can conclude that among early intervention
(less than 1week), the timing of surgery does not appear to
change the final visual outcome.

Conclusion

Intravitreal r-tPA and gas injection seems to be relatively
safe and effective for displacement of SMH due to exuda-
tive AMD and RAMs. However, multiple therapeutic
approaches and lack of specific treatment guidelines high-
light the need for larger randomized controlled trials in
order to assess different treatment options. As demonstrated
in our case series among early intervention (less than
1 week), the timing of surgery does not appear to change
the final visual outcome.

Author contributions

Conceptualization of the paper was done by A.K., V.P., T.I., D.C.,
K.S., and R.H.; methodology by A.K., V.P., T.I., D.C., K.S., and
R.H.; validation by A.K., V.P., T.I,, D.C,, K.S., and R.H.; formal
analysis by A.K., V.P., T.I., D.C.,K.S.,R.H., S K., and S.C.; inves-
tigation by A.K., V.P., T.I., D.C., K.S., and R.H.; writing and origi-
nal draft preparation by A.K., S.K., and S.C.; writing, reviewing,
and editing by A.K., S.K., and S.C.; visualization by A.K., SK.,
and S.C.; supervision by A.K., N.Z., T.P., and R.H.; and project
administration by A.K.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Ethical approval

Our institution does not require ethical approval for reporting indi-
vidual cases or case series.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Informed consent

Written informed consent was obtained retrospectively from the
patient(s) or a legally authorized representative(s) for anonymized
patient information to be published in this article.

ORCID iD

Sofia Karachrysafi https://orcid.org/0000-0001-6309-8410

References

1. Hochman MA, Seery CM and Zarbin MA. Pathophysiology
and management of subretinal hemorrhage. Surv Ophthalmol
1997; 42(3): 195-213.

2. Kiernan DF, Hariprasad SM, Rusu IM, et al. Epidemiology of
the association between anticoagulants and intraocular hemor-
rhage in patients with neovascular age-related macular degen-
eration. Retina 2010; 30(10): 1573-1578.

3. BennerJD, Hay A, Landers MB 3rd, et al. Fibrinolytic-assisted
removal of experimental subretinal hemorrhage within seven
days reduces outer retinal degeneration. Ophthalmology 1994;
101(4): 672-681.

4. Toth CA, Morse LS, Hjelmeland LM, et al. Fibrin directs early
retinal damage after experimental subretinal hemorrhage.
Arch Ophthalmol 1991; 109(5): 723-729.

5. Glatt H and Machemer R. Experimental subretinal hemor-
rhage in rabbits. Am J Ophthalmol 1982; 94(6): 762—773.

6. Rabb MF, Gagliano DA and Teske MP. Retinal arterial mac-
roaneurysms. Surv Ophthalmol 1988; 33: 73-96.

7. Tonotsuka T, Imai M, Saito K, etal. Visual prognosis for symp-
tomatic retinal arterial macroaneurysm. Jpn J Ophthalmol
2003; 47: 498-502.

8. Heriot WI. Intravitreal gas and tPA: an outpatient proce-
dure for submacular hemorrhage. Chicago, IL: AAO Annual
Vitreoretinal Update, 1996.

9. Bell SG. Recombinant tissue plasminogen activator. Neonatal
1996; 15(6): 13-18.

10. Schulze SD and Hesse L. Tissue plasminogen activator plus
gas injection in patients with subretinal hemorrhage caused
by age-related macular degeneration: predictive variables for
visual outcome. Graefes Arch Clin Exp Ophthalmol 2002;
240(9): 717-720.

11. Fleiss JL, Levin B and Paik MC. Statistical methods for rates
and proportions. 3rd ed. New York: Wiley, 2003.

12. Hattenbach LO, Klais C, Koch FH, et al. Intravitreous injec-
tion of tissue plasminogen activator and gas in the treat-
ment of submacular hemorrhage under various conditions.
Ophthalmology 2001; 108(8): 1485-1492.

13. Sobolewska B, Utebey E, Bartz-Schmidt KU, et al. Long-term
visual outcome and its predictive factors following treatment
of acute submacular hemorrhage with intravitreous injection
of tissue plasminogen factor and gas. J Ocul Pharmacol Ther
2014; 30(7): 567-572.

14. Tsymanava A and Uhlig CE. Intravitreal recombinant tissue
plasminogen activator without and with additional gas injec-
tion in patients with submacular haemorrhage associated with
age-related macular degeneration. Acta Ophthalmol 2012; 90:
633-638.

15. DelongJH, Van Zeeburg EJT, Cereda MG, et al. Intravitreal
versus subretinal administration of recombinant tissue plas-
minogen activator combined with gas for acute submacular
hemorrhages due to age-related macular degeneration: an
exploratory prospective study. Retina 2016; 36(5): 914—
925.

16. Van Zeeburg Elsbeth JT and van Meurs JC. Literature
review of recombinant tissue plasminogen activator used
for recent-onset submacular hemorrhage displacement in
age-related macular degeneration. Ophthalmologica 2013,
229(1): 1-14.


https://orcid.org/0000-0001-6309-8410

Karamitsos et al.

17.

18.

19.

20.

Hillenkamp J, Surguch V, Framme C, et al. Management of sub-
macular hemorrhage with intravitreal versus subretinal injection
of recombinant tissue plasminogen activator. Graefes Arch Clin
Exp Ophthalmol 2010; 248(1): 5-11.

Abboud M, Benzerroug M and Milazzo S. Treatment of mac-
ular hematoma complicating AMD by vitrectomy, subretinal
r-TPA injection, intravitreal injection of bevacizumab com-
bined with gas tamponade: report of 4 cases. J Fr Ophtalmol
2017, 40(2): 133-137.

Ozkaya A, Erdogan G and Tarakcioglu HN. Submacular
hemorrhage secondary to age-related macular degenera-
tion managed with vitrectomy, subretinal injection of tissue
plasminogen activator, hemorrhage displacement with liquid
perfluorocarbon, gas tamponade, and face-down positioning.
Saudi J Ophthalmol 2018; 32(4): 269-274.

De Silva SR and Bindra MS. Early treatment of acute submac-
ular haemorrhage secondary to wet AMD using intravitreal

21.

22.

23.

24.

tissue plasminogen activator, C3F8, and an anti-VEGF agent.
Eye 2016; 30(7): 952-957.

Araugjo J, Sousa C, Faria PA, et al. Intravitreal injection of
recombinant tissue plasminogen activator in submacular hem-
orrhage: case series. Eur J Ophthalmol 2016; 26(3): e49—e51.
Fujikawa M, Sawada O, Miyake T, et al. Comparison of pneu-
matic displacement for submacular hemorrhages with gas
alone and gas plus tissue plasminogen activator. Retina 2013;
33(9): 1908-1914.

Mizutani T, Yasukawa T, Ito Y, et al. Pneumatic displacement
of submacular hemorrhage with or without tissue plasminogen
activator. Graefes Arch Clin Exp Ophthalmol 2011; 249(8):
1153-1157.

Mayer WJ, Hakim I, Haritoglou C, et al. Efficacy and safety of
recombinant tissue plasminogen activator and gas versus beva-
cizumab and gas for subretinal haemorrhage. Acta Ophthalmol
2013;91:274-278.





