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Subretinal alteplase injections in massive subretinal hemorrhage
due to age-related macular degeneration: A case report series
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Abstract. This report describes a series of cases with massive
subretinal hemorrhage (SRH) due to age-related macular
degeneration (AMD) treated by subretinal alteplase injections.
In all cases, the surgical technique consisted in 25-gauge
pars plana vitrectomy (PPV) and alteplase injection under the
retina using a 38-gauge cannula. After the fluid-gas exchange,
bevacizumab injection was performed in all patients. Three
cases of SRH in which this technique was used, as well as
their evolution at one week and one month postoperatively
are described. Visual acuity was hand motion in all three
cases at presentation. After surgery, a significant anatomical
and functional improvement was noted in all cases. One
month postoperatively, none of the patients had blood under
the macula, and visual acuities significantly improved to 0.8,
0.2 and 0.16 (decimal fraction). A consistent reduction of
central retinal thickness was observed on optical coherence
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tomography (OCT) from the first week postoperatively. No
intra and postoperative complications were noted. Subretinal
alteplase injection proved as a viable solution in these severe
SRH with early presentation. There was no need to change
the systemic anticoagulant and antiaggregant therapy.
Bevacizumab intravitreal injection at the end of surgery has an
important role in preventing further bleeding.

Introduction

Massive subretinal hemorrhage (SRH) is a devastating
complication that can occur in patients with both wet and dry
age-related macular degeneration (AMD). Due to the toxic
effect of the accumulated iron compounds on the photorecep-
tors and retinal pigment epithelium (RPE), the therapeutic
solution must be found very quickly, otherwise, the visual
prognosis is reserved (1-3). Subretinal injections with recom-
binant tissue plasminogen activator (‘TPA) have been used for
some time and the results are highly variable from case to case.

Alteplase is a thrombolytic agent, a glycoprotein, produced
by recombinant deoxyribonucleic acid (DNA) synthesis in cell
culture (4). It is approved by Food and Drug Administration for
intravenous administration in acute ischemic stroke, pulmo-
nary embolism, acute myocardial infarction, and occluded
catheters (5,6). From its inactive form, it becomes active after
fibrin coupling, which eventually results in the transformation
of plasminogen into plasmin.

Without treatment, in a massive SRH, in the most common
cases, the final visual acuity of the patients is only light
perception. The subretinal use of rTPA led to the improvement
of these results (7,8), despite possible retinal toxicity observed
in cats and rabbits (9,10). Moreover, using immunostaining
with antibodies against brain-specific home box/POU domain
protein 3a (Brn3a), in a mouse model of glaucoma, a degen-
eration of retinal ganglion cells was observed, determined by
up-regulating of the tissue plasminogen activation (11). Brn3a
is a transcription factor expressed in the central and peripheral
sensory nervous system such as trigeminal ganglion or retinal
ganglion cells (RGCs) in rodents and probably in humans. In
the report described herein, it was shown that the increase
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in IOP caused the increase of the proteolytically active tPA,
which led to a reduction of Brn3a and RGCs in mice.

However, there is no consensus regarding the indications
for this procedure, the dose of the substance, not even the
surgical technique. We describe three cases of massive SRH
determined by AMD, from our experience, in which we used
the subretinal injection of alteplase.

Case reports

The study was performed accordingly to the Institutional
Guidelines of the Ponderas Academic Hospital, Bucharest,
Romania. Approval was obtained from the Institutional
Review Board and the Ethics Committee of the Ponderas
Academic Hospital. All procedures conformed to the tenets
of the World Medical Association Declaration of Helsinki. All
patients gave their written informed consent.

A series of three cases of SRH are described. In all cases,
a 25-gauge pars plana vitrectomy (PPV) with hyaloid removal
was performed. In eyes with vitreous hemorrhage, all blood
and membranes were removed from the retinal surface. For
the subretinal injection, a 1 ml insulin syringe and a 38-gauge
cannula were used. Actilyse® 50 mg (Boehringer Ingelheim
International GMBH, Germany) was used. After the powder
and solvent were properly mixed according to the instruc-
tions, 0.6-0.7 ml of solution was drawn into the syringe. On
average 0.3 ml of the substance was injected through the lower
part of the macula, until a bullous retinal detachment was
obtained. Depending on the size of the clot, more or less of
the substance was injected or a second injection was made in
another part of the macula. In some cases, a quick dislocation
of the clot through the injected site was observed. After total
fluid-air exchange, 1.25 mg/0.05 ml bevacizumab (Avastin®,
Roche, Switzerland) injection was intravitreally injected in
all patients (12). Face-down position was recommended in all
cases for the next 24 h. Patients were evaluated on the first day,
1 week and 1 month after surgery.

Case 1. A 74-year old male with neovascular AMD in both
eyes, with anti-vascular endothelial growth factor (VEGF)
therapy in the right one, presented due to a sudden decrease
of visual acuity and central scotoma for 2-3 days in his right
eye. Due to cardiovascular risk, the patient was treated with
anti-aggregating agents and oral anticoagulants for several
years. Best-corrected visual acuity (BCVA) at the presenta-
tion was hand motion. At the fundoscopic examination, a
massive SRH was observed affecting the entire macular
surface. Optical coherence tomography (OCT) revealed a
significant retinal thickening. The patient was submitted to
PPV, with subretinal TPA injection and intravitreal bevaci-
zumab. Fluid-gas exchange was performed at the end of the
surgery. Due to gas and diffuse vitreous hemorrhage, weakly
transparent, BCVA was hand motion the first 2 weeks postop-
eratively. One month after the surgery BCVA was 0.8 (decimal
fraction), with a significant improvement of the fundoscopic
and spectral domain optical coherence tomography (SD-OCT)
examination (Fig. 1). Clinical examination revealed the pres-
ence of the blood clot inferior, below the peripheral retina. The
patient followed regular checkups, with intravitreal injections
of bevacizumab as needed.

Figure 1. Clinical and optical coherence tomography appearance of Case 1.
(A and B) Fundus and optical coherence tomography (OCT) of the macula
at the presentation, showing a massive subretinal hemorrhage and a signifi-
cant retinal thickening, intraretinal fluid, moderate reflective material under
neuroepithelium and retinal pigment epithelial detachment (PED). (C) Fundus
of the same case, one month after surgery, which shows an almost complete
resorption of the hemorrhage from the macula level and the persistence of the
air in the upper part. (D) OCT of the macula, one month after surgery, which
shows a significant decrease in retinal thickness, lack of subretinal blood and
the presence of a PED.

Case 2. A 60-year old male patient was referred with acute
vision loss for 2 days in the right eye. Without ophthalmo-
logical history, being in treatment with oral anticoagulants
for 3 years. BCVA at presentation was hand motion. The
fundoscopic examination revealed an important SRH in the
macular area, with a marked increase in retinal thickness on
SD-OCT. PPV and subretinal rTPA injection were performed
on the same day. Intraoperatively, a slight movement of the
clot was already observed. Seven days after the surgery the
BCVA was 0.05. The fundoscopic aspect improved signifi-
cantly, a few small areas of blood below the retina and under
the RPE persisted. On SD-OCT the retinal thickness is close
to normal, foveolar depression is also observed. In one month
no postoperative complications appeared, BCVA was 0.2,
fundoscopic and SD-OCT appearance were preserved or even
small improvements were observed (Fig. 2).

Case 3. A 70-year old woman with neovascular AMD, treated
with anti-VEGF agents, was referred to our clinic for a severe
SRH. The last injection with bevacizumab was 10 months
before this event. Visual acuity decreased to hand motion for
about 4 days. The clinical aspect of the retina was similar to
the previous cases, a massive submacular hemorrhage. On
SD-OCT, a subretinal and under RPE hemorrhages were
observed. The same surgical steps were followed in this case.
BCVA was counting fingers after the first week and 0.16 after
one month, the patient was very happy that he returned to
visual acuity as before the event. At the fundoscopic examina-
tion, the remains of hemorrhage were visualized the first week
postoperatively. The SRH disappeared almost completely over
a month, an area of RPE atrophy and pigmentary changes
remained at the macula level. The SD-OCT showed an RPE
detachment, with possible RPE rolls and a significant distor-
tion of the outer layers of the retina after 1 week. The aspect
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Figure 2. Clinical and optical coherence tomography appearance of Case 2. (A and B) Fundus and optical coherence tomography (OCT) at presentation,
showing a massive subretinal hemorrhage, with a significant increase of the retinal thickness. (C and D) One week after the surgery, the fundus shows a
significant improvement in clinical appearance, with the persistence of a small amount of dehemoglobinized blood, and a significant reduction of retinal
thickness on OCT. (E and F) One month after surgery, fundus reveals some traces of subretinal haemorrhage, and the persistence of retinal pigment epithelial
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Figure 3. Clinical and optical coherence tomography appearance of Case 3. (A and B) Fundus and optical coherence tomography (OCT) at presentation,
showing a massive subretinal hemorrhage, with a significant increase of the retinal thickness, a subretinal hyperreflective tissue mass and intraretinal cystic
spaces. (C and D) One week after surgery, persistence of subretinal blood in the center of the macula is observed on the fundus, but with a significant decrease

in retinal thickness, with typical age-related macular degeneration changes in the external retinal structures on the OCT. (E and F) One month after surgery,
the hemorrhage disappeared almost completely, retinal pigment epithelial (RPE) detachment, with possible RPE rolls on the OCT.

alterations on OCT.

has improved significantly over a month (Fig. 3). The patient
followed regular check-ups, with intravitreal injections of
bevacizumab or aflibercept as needed.

Discussion

AMD is one of the most common causes of SRH in adults.
Therefore the definitive visual acuity of each patient, regard-
less of the therapeutic solution chosen, also depends on the
degree of macular damage before bleeding. In our practice,
we have 9 cases of SRH for which subretinal injections with

TPA were performed. Eight of them were caused by AMD
and a single one by a choroidal neovascular membrane in a
high myopic eye. In most cases, the baseline visual acuity was
hand motion or light perception and at least counting fingers
after the surgery. Case number 1 presented above is the one in
which the best postoperative visual acuity was obtained. The
postoperative clinical and OCT appearance was spectacular
in all cases.

The prognostic factors of postoperative visual acuity was
observed to be visual acuity before hemorrhage occurred and
the time elapsed since the onset of the SRH. The most frequent
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contraindication for rTPA injection was late presentation. Late
presentation means poor visual potential due to neurosen-
sory retinal distress (13). All cases in which a visual acuity
greater than counting fingers was obtained, presented in the
first 5 days of onset. The maximum duration of the SRH for
which we used this technique was 3 weeks, and postoperative
visual acuity was counting fingers at 1 m. We did not have any
intraoperative complications due to alteplase or other factors.
Regarding postoperative complications only one case of rheg-
matogenous retinal detachment, caused by a peripheral retinal
break, was observed.

Regarding the surgical technique used, we considered that
it is one of the most optimal in terms of the applications during
the surgery and after it. Probably one of the most widely used
methods is for the surgeon to hold the syringe and an assistant
to push the plunger. In other words, this technique requires a
good collaboration between team members and a good training
of the entire team of surgeons and assistant. Another method to
inject the alteplase is using the viscous fluid control unit. This
is a semiautomated technique that requires an insulin syringe
of 1-ml adapted to the viscous fluid control unit and a 41-gauge
cannula. This technique probably offers more control and
stability than the assisted one. In our opinion what makes our
technique more practical and easy to use is that all operative
steps can be performed by a single surgeon (14). No additional
time is needed for clot lysis or to prepare special injection
devices (15). There are no studies that compare the functional
results of these surgical techniques, so at the moment the choice
is strictly related to the comfort and possibilities of the surgeon.
Based on our experience the fluid-air exchange is sufficient for
the mobilization of the clot, the injection of an expandable gasis
not necessary. The decision to inject an anti-VEGF drug at the
end of the operation seems to be quite important, considering
the pathophysiological mechanism of the SRH.

In massive hemorrhages, a larger amount of alteplase was
needed for clot dislocation and dissolution. However, even in
these patients, no dose-dependent toxic effect was observed.
Also, no special attitude was taken towards patients treated
with anticoagulant or anti-aggregating agents. All the patients
followed the treatment recommended by the cardiologist.
Moreover, the injection with anti-VEGF agent at the end of
the surgery had exactly this purpose, to prevent subsequent
bleeding, which did not occur in any of the cases.

Studying the maximum duration of the SRH for which
surgery is worthwhile is one of our future goals. Another
purpose is a long-term follow-up of patients in whom the
subretinal alteplase was injected and their comparison with
those in whom a less invasive therapeutic solution was decided.

SRH is a common complication of the AMD which can
lead to irreversible loss of visual acuity. Due to intravitreal
injections with anti-VEGF agents, AMD in most patients can
be kept under control. Thus, surgery has become an indication
only for complicated cases of SRH. Subretinal injection with
fTPA is a viable solution in patients with massive SRH who are
addressed on time. In our practice, this technique has become
the first therapeutic approach that we adopt in such cases.
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