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Abstract
Purpose To assess the efficacy and complications of intra-
vitreal injection of sulfur hexafluoride (SF6) gas with/
without tissue plasminogen activator (tPA) for displacing
submacular hemorrhage.
Methods The medical records of 53 eyes that underwent
pneumatic displacement for submacular hemorrhage were
reviewed retrospectively. Submacular hemorrhage was
related to exudative age-related macular degeneration
(AMD) in 39 eyes and ruptured retinal arterial macro-
aneurysms in 14 eyes, and treated with intravitreal injection
of SF6 gas with or without tPA.
Results Compared with preoperatively (mean follow-up,
18.4 months), the final visual acuity (VA) improved by 0.3
or more logMAR unit in 34 eyes (64.2%), stabilized within
0.3 logMAR in 15 eyes (28.3%), and deteriorated in four
eyes (7.5%). In eyes with AMD, hemorrhage including
vitreous hemorrhage recurred in eight (22.2%) of 36 eyes
treated with tPA and one (33.3%) of three eyes not treated
with tPA. In eyes with macroaneurysms, hemorrhage
recurred in four (100%) of four eyes treated with tPA and
in one (10.0%) of ten eyes without tPA (p<0.005). Eight
eyes underwent vitrectomy for recurrent hemorrhage.
During follow-up, photodynamic therapy or intravitreal

ranibizumab or pegaptanib was administered in 16 (41.0%)
of 39 eyes with AMD. Postoperative ocular hypertension
persisting over 3 days was not observed.
Conclusions Intravitreal SF6 gas plus tPA may be well-
accepted, with good visual outcomes and no remarkable
complications for treating submacular hemorrhage second-
ary to AMD. tPA is not recommended for ruptured retinal
arterial macroaneurysms, because of a higher incidence of
subsequent vitreous hemorrhage. Pneumatic displacement
of submacular hemorrhage without tPA may provide good
visual outcomes with less re-bleeding.
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Introduction

Submacular hemorrhage is an important cause of sudden
visual loss in eyes with age-related macular degeneration
(AMD) and retinal arterial macroaneurysms [1–5]. A
variety of therapeutic approaches has been developed with
the common goal of clearing subfoveal hemorrhages to
minimize permanent damage to the photoreceptors and
retinal pigment epithelium [1].

Heriot first described managing submacular hemorrhage
with injection of intravitreal tissue plasminogen activator
(tPA) injection and pneumatic displacement of subfoveal
hemorrhages [6]. This simple procedure provides a high
anatomic success rate with few complications. However,
Kokame reported cases of dense vitreous hemorrhage after
intravitreal tPA, and pneumatic displacement of submacular
hemorrhage associated with retinal arterial macroaneurysms
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[7]. Other investigators had successfully displaced sub-
macular hemorrhage using an intravitreal gas injection
alone [8, 9]. Thus, the need for tPA is controversial.

In our hospital, we have had four consecutive cases of
submacular hemorrhage associated with retinal arterial
macroaneurysms with severe vitreous hemorrhage after
intravitreal injection of sulfur hexafluoride (SF6) gas and
tPA. Thereafter, we treated eyes with submacular hemor-
rhage secondary to macroaneurysms with intravitreal
injections of SF6 gas only, and we treated AMD-related
submacular hemorrhage with SF6 gas with tPA in most
cases.

The objective of the current study was to evaluate the
efficacy and complications of pneumatic displacement with
or without tPA for treating submacular hemorrhage.

Materials and methods

We retrospectively reviewed the medical records of 53
consecutive patients in our institution who had undergone
intravitreal injection of SF6 gas with or without tPA for
fibrinolysis and displacement of submacular hemorrhage.
Submacular hemorrhage was associated with exudative
AMD in 39 eyes, and with retinal arterial macroaneurysms
in 14 eyes. The procedure was performed after topical
instillation of 4% xylocaine under sterile conditions. Para-
centesis was followed by transconjunctival intravitreal
injection of tPA (40 kIU) in some cases and pure SF6 gas
(0.3–0.6 ml) 3.5 to 4.0 mm posterior to the limbus using a
30-gauge needle. The patients were required to maintain the
facedown position for the following 3 days or longer. The
best-corrected visual acuity (BCVA) and intraocular pres-
sure were measured, and funduscopy carried out preoper-
atively and postoperatively. Complications and additional
treatments were assessed. For statistical analysis, counting
fingers was categorized as a VA of 0.004, hand motions as
0.002, and light perception as 0.001. Improvement and
deterioration of BCVA were defined as a change of 0.3 or
more in logarithm of minimal angle of resolution (log-
MAR) VA compared with the preoperative value. Fisher’s
exact test was used to compare the incidence rates of
recurrent hemorrhage.

Results

Of 39 eyes with AMD, 36 eyes were treated with
intravitreal injection of SF6 gas with tPA; three eyes were
not treated with tPA. Of 14 eyes with ruptured retinal
arterial macroaneurysms, four consecutive patients were
treated with intravitreal injection of SF6 gas and tPA, and
the next ten cases underwent intravitreal injection of SF6

alone. The mean follow-up period was 18.4±16.6 months
(range, 3–61 months). The mean patient age was 72.6±
10.2 years (range, 50–90 years). The mean baseline decimal
BCVA, the mean maximal BCVA, and the mean final
BCVA were 0.09, 0.35, and 0.24 respectively (Fig. 1). At
the last visit, 13 (33.3%) eyes with AMD and six (42.9%)
eyes with macroaneurysms had a decimal BCVA of 0.5 or
better. Comparison of the baseline BCVA and the best
BCVA showed that the BCVA improved in 30 eyes
(76.9%), was unchanged in nine eyes (23.1%), and
deteriorated in no eyes (0.0%) in patients with AMD. At
the last visit, however, the improved BCVA was sustained
in 21 eyes (53.8%). In four eyes (10.3%), the last BCVA
deteriorated. In contrast, the BCVA improved in 13 eyes
(92.9%), and did not decrease in any eyes throughout the
observation period in patients with macroaneurysms
(Fig. 2). The major complication was recurrent hemor-
rhages, including vitreous hemorrhages, in 14 of 53 eyes.
Recurrent hemorrhages were caused by fresh re-bleeding in
11 eyes, while the other three eyes might possibly have
suffered translocation of preoperatively existing hemor-
rhages to vitreous cavity. Of the 14 eyes, eight eyes had
AMD treated with tPA, one eye AMD without tPA, four
eyes macroaneurysms treated with tPA, and one eye macro-
aneurysm without tPA. The incidence rates of re-bleeding
were 22.2% and 33.3% in eyes with AMD treated with or
without tPA and 100.0% and 10% in eyes with macro-
aneurysms with or without tPA respectively (Fig. 3). Macro-
aneurysms had a significantly higher risk of re-bleeding
when tPA was used, compared with macroaneurysms treated
without tPA and AMD treated with tPA (p<0.01). These
complicated cases were treated with pars plana vitrectomy,
with no adverse events that decreased the vision. Postoper-
ative transient ocular hypertension was observed in five eyes
that normalized within 2 days after administration of anti-
glaucoma eye drops. During the observation period, addi-

Fig. 1 The preoperative and postoperative BCVA levels
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tional therapies were administered in 16 patients with AMD
(41.0%), which included photodynamic therapy (PDT) in 11
eyes (28.2%) and antivascular endothelial growth factor
(VEGF) therapies in eight eyes (20.5%) (Fig. 4). Six eyes
were treated with intravitreal ranibizumab (Lucentis®,
Novartis Pharma K.K., Tokyo, Japan) and two eyes with
pegaptanib (Macugen®, Pfizer Japan Inc., Tokyo, Japan).

Discussion

The natural course of submacular hemorrhage often leads to
irreversible visual loss [1–5]. Several mechanisms, includ-

ing the toxic effects of hemoglobin-derived iron, shearing
damage to the photoreceptors by fibrin clots and subsequent
fibrinolytic response, and a longstanding mechanical barrier
between the retina and choriocapillaris, have been postu-
lated as explanations for retinal damage caused by thick
subretinal blood [1, 4, 10, 11]. The natural history and
experimental data underscore the need for safe and effective
treatments to remove thick subfoveal blood and prevent
irreversible blood-induced damage to the outer retina.

In 1996, Heriot introduced a new procedure to lyse and
displace submacular blood without intraocular surgery by
injecting intravitreal tPA and a bubble of long-acting
expansile gas into the vitreous cavity [6]. Intravitreal tPA
as an adjuvant has been used, along with pneumatic
displacement of submacular hemorrhage. Hassan et al.,
who used intravitreal tPA and expansible gas, described
displacement of submacular hemorrhage from the center of
the fovea in 15 of 15 eyes, and reported that the VA
improved by two or more lines in 14 of 15 eyes, with a low
rate of serious complications [12]. The investigators
concluded that intravitreal injection of tPA and gas
followed by brief prone positioning effectively displaces
thick submacular blood, and facilitates visual improvement
in most patients.

In the current study, the postoperative BCVA improved
in 30 eyes (76.9%) or was unchanged in nine eyes (23.1%),
while no eyes with a submacular hemorrhage associated
with AMD had decreased VA. Our visual results were
comparable to those in eyes treated with surgical evacuation
of hemorrhage or those observed over the natural course
[13–18]. There was no significant (p=0.578) difference in
the incidence of recurrent hemorrhage between the eyes
treated with and without tPA, although the number of
patients with AMD treated without tPA was too small for
statistical analysis.

During the current follow-up period, 16 (41.0%) of 39
patients with AMD also were treated with PDT or anti-
VEGF therapies such as intravitreal ranibizumab and
pegaptanib. In our previous study, 11 (28.2%) of 39 eyes

Fig. 4 The percentage of eyes with additional treatments for
exudative AMD. The VEGF therapies used were intravitreal
ranibizumab and pegaptanib

Fig. 3 The incidence rates of recurrent hemorrhage. * p<0.01 by
Fisher’s exact test

Fig. 2 a The percentages of patients with BCVAs of 0.5 or better, 0.1
or better, or worse than 0.1 in each group at the baseline, at the best, and at
the last visit. b The changes in the BCVA. Improvement and deterioration
of VA are defined as a change of 0.3 or more in logMAR unit
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with exudative AMD, which were treated primarily with a
sub-Tenon injection of triamcinolone acetonide and PDT,
required additional PDT during the mean follow-up period
of 12.7 months. Most cases that required no additional
therapy had polypoidal choroidal vasculopathy, which
when ruptured may form a dense subretinal hemorrhage,
but frequently result in spontaneous closure of polyps.
Taken together, the current results suggested that tPA might
be well-tolerated and achieve good visual outcomes,
without an increased risk of postoperative hemorrhage for
pneumatic displacement of submacular hemorrhages.

However, we observed severe vitreous hemorrhages in
four consecutive cases of submacular hemorrhages associ-
ated with retinal arterial macroaneurysms after intravitreal
injection of SF6 gas with tPA. Kokame also reported two
cases of severe vitreous hemorrhage 1 day after intravitreal
injection of SF6 gas with tPA in eyes with submacular
hemorrhage associated with retinal arterial macroaneurysms
[7]. It is easy to speculate that severe postoperative vitreous
hemorrhage may be an adverse effect of tPA in eyes with
ruptured retinal arterial macroaneurysms. Thereafter, we
had ten additional consecutive cases of submacular hemor-
rhage associated with macroaneurysms treated with intra-
vitreal injection of SF6 gas without tPA. As expected,
vitreous hemorrhage occurred in only one eye (10.0%).
Moreover, the postoperative BCVA improved in all cases.
There was a significant difference in the incidence of
recurrence of hemorrhages between the groups treated with
and without tPA (p=0.005). Our results indicated that a
higher incidence of subsequent vitreous hemorrhage asso-
ciated with tPA should be considered in eyes with macro-
aneurysms. Currently, gas injection without tPA can be
recommended in patients with ruptured retinal arterial
macroaneurysms.

A limitation of our study was the small sample size of
eyes in the group with AMD-associated submacular
hemorrhages treated with intravitreal injection of SF6 gas
alone. Since potent retinal toxicity of tPA has been reported
[19, 20], the necessity for tPA as an adjuvant for pneumatic
displacement of submacular hemorrhage associated with
AMD should be evaluated further. Ron et al. reported that
use of only gas injection to displace a submacular
hemorrhage can significantly improve the VA [21]. Ohji
et al. reported that when a subretinal hemorrhage is
relatively fresh, only injection of gas can remove it from
the subfoveal space [8]. However, Gopalakrishan et al.
reported that pneumatic displacement without tPA may not
be worthwhile in eyes with a submacular hemorrhage, due
to wet AMD [22]. More recently, the addition of intravitreal
bevacizumab to the injection of tPA and gas is reported to
be safe, and superior to the displacement of submacular
hemorrhage alone with tPA and gas [23, 24]. Further
investigations are needed to address these issues.

In conclusion, the results of our retrospective study
suggested that intravitreal injection of gas and tPA in patients
with submacular hemorrhage secondary to AMD provide
good visual outcomes without the possible adverse effects of
tPA such as recurrent hemorrhages. In contrast, a higher
incidence of subsequent vitreous hemorrhage associated with
tPA should be considered in eyes with retinal arterial macro-
aneurysms. Alternatively, gas injection without tPA is
recommended with good visual outcomes.
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