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Background. Submacular hemorrhage can occur after blunt trauma to the eye. Intravitreal tissue plasminogen activator (tPA) and gas
injection are often used for treatment and are effective for submacular hemorrhage caused by age-related macular degeneration. This
report describes the clinical outcome in a child with submacular hemorrhage caused by traumatic choroidal rupture who underwent
successful intravitreal tPA injection and pneumatic displacement. Case Presentation. A 10-year-old boy developed sudden decrease
of vision and a central scotoma in his right eye after trauma. Submacular hemorrhage was found in the eye. Visual acuity was 20/70
OD. Tissue plasminogen activator (12.5 ug in 0.05 mL) and 0.3 mL of pure sulfur hexafluoride were injected into the vitreous cavity
under general anesthesia. After surgery, the patient was instructed to maintain a prone position. Displacement of the submacular
hemorrhage from the fovea revealed a choroidal rupture, presumed to be the cause of the hemorrhage. After 4 months of follow-up,
visual acuity was restored and final visual acuity is 20/16. Conclusion. Intravitreal tPA and gas injection can be an effective treatment

for children with submacular hemorrhage.

1. Introduction

Submacular hemorrhage can occur after blunt trauma to the
eye. In a patient with traumatic submacular hemorrhage,
intervention should be considered because the natural history
can be associated with poor visual acuity [1, 2]. In 1996,
Herriot reported a technique for treating submacular hem-
orrhage using intravitreal tissue plasminogen activator (tPA)
and gas injection [3]. This technique is often used and is
effective for submacular hemorrhage caused by age-related
macular degeneration [4]. We used this procedure without
vitrectomy to good effect in a pediatric patient with trau-
matic submacular hemorrhage but without posterior vitreous
detachment.

2. Case Presentation

A 10-year-old boy presented to a local doctor with a sudden
decrease of vision and a central scotoma in the right eye
two days after being hit in that eye with a wooden stick. A

hemorrhage was found in the fundus at that time, so the
patient was referred to our hospital, where a hemorrhage
was observed in the fovea (Figure 1). Corrected visual
acuity was 20/70 and intraocular pressure was 12 mmHg OD.
Optical coherence tomography scanning of the right eye
showed submacular hemorrhage (Figure 2). We performed
paracentesis (0.3 mL) under general anesthesia to reduce
the intraocular pressure. Next, we injected tPA (12.5ug in
0.05mL) into the vitreous cavity and waited 15 minutes for
the hemorrhage to dissolve. We then performed a further
paracentesis (0.1mL), followed by injection of pure sulfur
hexafluoride (SF6, 0.3mL) into the vitreous cavity. After
surgery, we instructed the patient to maintain a prone
position as much as possible for a week. One day later, the
hemorrhage had started to move out of the fovea, revealing
a choroidal rupture beneath (Figure 3). We considered this
choroidal rupture to be the cause of the hemorrhage.

The macula was not damaged (Figure 4) and visual acuity
improved to 20/16 by four months and 20/13 by seven months
after the above treatment. The submacular hemorrhage had
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FI1GURE 1: Fundus image showing hemorrhage in the fovea.
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FIGURE 3: Choroidal rupture observed after displacement.

FIGURE 2: Submacular hemorrhage detected by optical coherence
tomography.

been successfully displaced out of the fovea. In spite of the
remaining choroidal rupture, the patient has not complained
of any symptoms, including metamorphopsia, after 3 years of
follow-up.

3. Discussion

Approximately 5% of cases of blunt ocular trauma result in
rupture of the choroid [5, 6]. Although patients with submac-
ular hemorrhage may have spontaneous visual improvement
[7] and photoreceptor function may be reversible [8], most
patients with traumatic choroidal rupture do not recover
visual acuity to better than 20/40 [9].

The mechanism by which subretinal blood damages the
overlying neurosensory retina may be explained as follows.
Fibrin clots may dislodge photoreceptors from the retina; iron
derived from hemoglobin may have a destructive effect on
the outer layers of the retina; and the subretinal hemorrhage
may form a direct mechanical barrier preventing the pho-
toreceptors from receiving metabolic support from the retinal
pigment epithelium and choriocapillaris [10-12].

In experimental cat models, the immediate damage due to
the mechanical shearing of photoreceptors during fibrin clot
formation has been reported to occur as early as one hour
after induction of subretinal hemorrhage [13, 14]. Severe de-
generation of the inner and outer retinal layers occurred
within 7-14 days in the holangiotic feline retina [12, 13]. In
experimental rabbit models, irreversible retinal damage was
observed in less than 24 hours of subretinal injection of

FIGURE 4: Optical coherence tomography showing intact macula.

blood [11] and significant destruction of the outer retina was
observed within 3-7 days in the merangiotic rabbit retina
[15]. Therefore, many investigators have advocated the early
removal of blood from the fovea to minimize these damaging
effects [16]. Delayed evacuation of a submacular hemorrhage
(for >7 days after onset) has been reported to be a risk factor
for a poor surgical outcome [17]. Hemorrhage that does not
persist for more than 14 days has been associated with better
restoration of vision [18].

In 1996, Herriot introduced a less invasive procedure for
treating submacular hemorrhage, that is, intravitreal tPA in-
jection to liquefy the subretinal blood clot and long-acting
intravitreal injection of expansile gas in combination with
postoperative face-down positioning to displace the subfo-
veal hemorrhage pneumatically [3]. Although this technique
has a high anatomic success rate with no significant compli-
cations and has been widely accepted, there are several con-
siderations with regard to the adjuvant effectiveness and
potential risk of tPA [19, 20]. Dose-dependent adverse reti-
nal reactions to intravitreal tPA have been documented in
experimental animal models and clinical case reports [16].
Johnson et al. observed toxic retinal reactions in rabbit eyes
after injection of t-PA at concentrations > 50 ug per 0.l mL
[21]. Lewis et al. found no morphologically toxic effect on the
retina in rabbits that received injection of tPA at a dose of
25 ug or 50 ug per 0.1 mL [22]. Hrach et al. observed pigmen-
tary changes in the fundus, reduced B-wave amplitude on the
electroretinogram, and loss of photoreceptor elements with
necrosis and proliferation of the retinal pigment epithelium
in cat eyes injected with tPA doses > 50 ug per 0.1mL [23].
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Hesse et al. reported large, inferior, exudative retinal detach-
ment in four of five patients treated with tPA 100 ug, which
they considered to be an adverse effect [24, 25]. Hassan et
al. did not find any evidence of retinal or other intraocular
adverse effects in 15 patients who received intravitreal tPA
doses of 25 pg to 100 pg per 0.1 mL [18]. Chen et al. described
perturbations of the retinal pigment epithelium, poor recov-
ery of visual acuity, and decreased photopic and scotopic A-
waves and B-waves on the electroretinogram in a patient who
received two 50 ug injections of tPA within 3 days [26].

Hassan et al., Hrach et al., and Chen et al. recommended
avoiding use of intravitreal tPA at concentrations > 25 ug per
0.1mL [18, 23, 26]. van Zeeburg and van Meurs concluded
that 25 pug per 0.1 mL is a safe and effective concentration of
tPA for intravitreal use [27].

There has been some doubt with regard to whether intrav-
itreal tPA is able to penetrate into the subretinal space in
sufficient quantities to induce clot liquefaction [16]. Kamei
et al. reported that intravitreal tPA labeled with fluorescein
isothiocyanate did not diffuse across the neurosensory retina
in the rabbit [14, 28]. However, albumin, a protein similar in
molecular weight to tPA (68 kDa and 70 kDa, resp.), has been
shown to diffuse into the subretinal space in less than one
hour after intravitreal injection in rabbit eyes [29]. Coll et al.
reported that intravitreal injection of tPA can penetrate the
subretinal space via the intact rabbit retina and promote lysis
of blood clots that have been present under the retina for 24
hours [18, 30]. In a pig model, Boone et al. demonstrated
that subretinal clots were partially liquefied 24 hours after
administration of intravitreal tPA [18, 31]. Some researchers
have concluded that retinal microlesions develop because of
stretching of the retina during acute bleeding and allow tPA
to pass into the subretinal space [24, 25, 28, 32].

Heras-Mulero et al. reported that posterior vitrectomy
and intravitreal administration of tPA (50 pg per 0.1 mL) and
SF6 gas were effective for the treatment of traumatic submac-
ular hemorrhage in a 25-year-old patient [4]. Further, Doi et
al. reported that vitrectomy in combination with subretinal
injection of tPA (6.9 ug per 0.1mL) and air tamponade was
a successful treatment for traumatic submacular hemorrhage
in a 13-year-old boy [33].

Goldman et al. reported that pneumatic displacement
using SF6 gas improved visual acuity in a 25-year-old patient
with traumatic submacular hemorrhage [1]. Holland and
Wiechens reported that pneumatic displacement using tPA
(50 ug per 0.1 mL) and SF6 gas was an effective treatment for
traumatic submacular hemorrhage in a 37-year-old man and
that pneumatic displacement using SF6 gas was effective for
treatment of traumatic submacular hemorrhage in a 21-year-
old male patient [2].

Our case was a 10-year-old boy with traumatic submac-
ular hemorrhage. Injection of gas into an eye without pos-
terior vitreous detachment may cause serious complications,
such as vitreous hemorrhage and rhegmatogenous retinal
detachment. Vitrectomy for a pediatric patient can be associ-
ated with serious complications, including rhegmatogenous
retinal detachment and proliferative vitreoretinopathy [33].
Pneumatic displacement is less invasive than vitrectomy, so
we chose to avoid vitrectomy and use injection of tPA (12.5 ug

per 0.05mL) and SF6 gas in this patient. Vision was restored
in our patient without the above-mentioned complications.

In conclusion, pneumatic displacement is an effective
treatment for traumatic submacular hemorrhage, even in
young patients. However, this is a single case report, and a
prospective randomized controlled trial in a larger number
of patients would be needed to assess the benefit of this tech-
nique in the management of pediatric patients with traumatic
submacular hemorrhage.

Consent

Written informed consent for publication of the clinical
details and clinical images was obtained from the parent of
the patient.

Competing Interests

The authors declare that they have no competing interests in
this work.

Authors’ Contributions

Takayuki Tsuyama, Hiroshi Hirose, and Tomohiro Hattori
were in charge of the medical care of the patient and per-
formed the surgery. Takayuki Tsuyama wrote the manuscript.
Hiroshi Hirose approved the final version of the manuscript
for submission. All authors read and approved the final paper.

Acknowledgments

This manuscript was edited for language by Editage Author
Services, a division of Cactus Communications.

References

[1] D.R.Goldman, R. A. Vora, and E. Reichel, “Traumatic choroid-
al rupture with submacular hemorrhage treated with pneumatic
displacement,” Retina, vol. 34, no. 6, pp. 1258-1260, 2014.

[2] D. Holland and B. Wiechens, “Intravitreal r-TPA and gas injec-
tion in traumatic submacular hemorrhage,” Ophthalmologica,
vol. 218, no. 1, pp. 64-69, 2004.

[3] W.J. Herriot, Intravitreal Gas and TPA: An Outpatient Proce-
dure for Submacular Hemorrhage, AAO Annual Vitreoretinal
Update, Chicago, Ill, USA, 1996.

[4] H. Heras-Mulero, P. J. Garcia-Gémez, L. M. Sddaba-Echarri, A.
Salinas-Alamdn, and A. Garcfa-Layana, “Traumatic submacular
hemorrhage treated with rt-PA and SF6,” Archivos de la Sociedad
Espanola de Oftalmologia, vol. 82, no. 8, pp. 517-520, 2007.

[5] S. V. Raman, U. R. Desai, S. Anderson, and M. A. Samuel,
“Visual prognosis in patients with traumatic choroidal rupture;”
Canadian Journal of Ophthalmology, vol. 39, no. 3, pp. 260-266,
2004.

[6] M. Secrétan, M. Sickenberg, L. Zografos, and B. Piguet, “Mor-
phometric characteristics of traumatic choroidal ruptures asso-
ciated with neovascularization,” Retina, vol. 18, no. 1, pp. 62-66,
1998.



(7]

(8

(10]

(14]

(16]

(17]

(18]

[19

(20]

(21]

(22]

M. H. Berrocal, M. L. Lewis, and H. W. Flynn Jr., “Variations
in the clinical course of submacular hemorrhage,” American
Journal of Ophthalmology, vol. 122, no. 4, pp. 486-493, 1996.

H. Terasaki, Y. Miyake, M. Kondo, and A. Tanikawa, “Focal
macular electroretinogram before and after drainage of macular
subretinal hemorrhage,” American Journal of Ophthalmology,
vol. 123, no. 2, pp. 207-211, 1997.

C.S. Ament, D. N. Zacks, A. M. Lane et al., “Predictors of visual
outcome and choroidal neovascular membrane formation after
traumatic choroidal rupture,” Archives of Ophthalmology, vol.
124, no. 7, pp. 957-966, 2006.

S. R. Bennett, J. C. Folk, C. E Blodi, and M. Klugman, “Factors
prognostic of visual outcome in patients with subretinal hem-
orrhage,” American Journal of Ophthalmology, vol. 109, no. 1, pp.
33-37,1990.

H. Glatt and R. Machemer, “Experimental subretinal hemor-
rhage in rabbits,” American Journal of Ophthalmology, vol. 94,
no. 6, pp. 762773, 1982.

H. Lewis, “Intraoperative fibrinolysis of submacular hemor-
rhage with tissue plasminogen activator and surgical drainage,”
American Journal of Ophthalmology, vol. 118, no. 5, pp. 559-568,
1994.

C. A. Toth, L. S. Morse, L. M. Hjelmeland, and M. B. Landers
III, “Fibrin directs early retinal damage after experimental
subretinal hemorrhage,” Archives of Ophthalmology, vol. 109, no.
5, pp. 723-729,1991.

B. A. Handwerger, B. A. Blodi, S. R. Chandra, T. W. Olsen,
and T. S. Stevens, “Treatment of submacular hemorrhage with
low-dose intravitreal tissue plasminogen activator injection and
pneumatic displacement;” Archives of Ophthalmology, vol. 119,
no. 1, pp. 28-32, 2001.

L.-O. Hattenbach, C. Klais, E H. J. Koch, and H. O. C. Giimbel,
“Intravitreous injection of tissue plasminogen activator and
gas in the treatment of submacular hemorrhage under various
conditions,” Ophthalmology, vol. 108, no. 8, pp. 1485-1492, 2001.
C. Y. Chen, C. Hooper, D. Chiu, M. Chamberlain, N. Karia,
and W. J. Heriot, “Management of submacular hemorrhage
with intravitreal injection of tissue plasminogen activator and
expansile gas,” Retina, vol. 27, no. 3, pp. 321-328, 2007.

M. Kamei, Y. Tano, T. Maeno, Y. Ikuno, H. Mitsuda, and T.
Yuasa, “Surgical removal of submacular hemorrhage using tis-
sue plasminogen activator and perfluorocarbon liquid,” Ameri-
can Journal of Ophthalmology, vol. 121, no. 3, pp. 267-275, 1996.
A. S. Hassan, M. W. Johnson, T. E. Schneiderman et al., “Man-
agement of submacular hemorrhage with intravitreous tissue
plasminogen activator injection and pneumatic displacement,”
Ophthalmology, vol. 106, no. 10, pp. 1900-1907, 1999.

T. Mizutani, T. Yasukawa, Y. Ito et al., “Pneumatic displacement
of submacular hemorrhage with or without tissue plasminogen
activator;” Graefes Archive for Clinical and Experimental Oph-
thalmology, vol. 249, no. 8, pp. 1153-1157, 2011.

M. Fujikawa, O. Sawada, T. Miyake et al., “Comparison of
pneumatic displacement for submacular hemorrhages with gas
alone and gas plus tissue plasminogen activator,” Retina, vol. 33,
no. 9, pp. 1908-1914, 2013.

M. W. Johnson, K. R. Olsen, E. Hernandez, W. D. Irvine,
and R. N. Johnson, “Retinal toxicity of recombinant tissue
plasminogen activator in the rabbit,” Archives of Ophthalmology,
vol. 108, no. 2, pp. 259-263, 1990.

H. Lewis, S. C. Resnick, J. G. Flannery, and B. R. Straatsma, “Tis-
sue plasminogen activator treatment of experimental subretinal

(26]

(27]

(28]

Case Reports in Ophthalmological Medicine

hemorrhage,” American Journal of Ophthalmology, vol. 111, no.
2, pp. 197-204, 1991.

C.J. Hrach, M. W. Johnson, A. S. Hassan, B. Lei, P. A. Sieving,
and V. M. Elner, “Retinal toxicity of commercial intravitreal
tissue plasminogen activator solution in cat eyes,” Archives of
Ophthalmology, vol. 118, no. 5, pp. 659-663, 2000.

L. Hesse, J. Schmidt, and P. Kroll, “Management of acute
submacular hemorrhage using recombinant tissue plasminogen
activator and gas,” Graefe’s Archive for Clinical and Experimental
Ophthalmology, vol. 237, no. 4, pp. 273-277,1999.

L. Hesse, B. Schroeder, G. Heller, and P. Kroll, “Quantitative
effect of intravitreally injected tissue plasminogen activator and
gas on subretinal hemorrhage,” Retina, vol. 20, no. 5, pp. 500-
505, 2000.

S.-N. Chen, T.-C. Yang, C.-L. Ho, Y.-H. Kuo, Y. Yip, and A.-
N. Chao, “Retinal toxicity of intravitreal tissue plasminogen
activator: case report and literature review,” Ophthalmology, vol.
110, no. 4, pp. 704-708, 2003.

E.J. T. van Zeeburg and J. C. van Meurs, “Literature review of
recombinant tissue plasminogen activator used for recent-onset
submacular hemorrhage displacement in age-related macular
degeneration,” Ophthalmologica, vol. 229, no. 1, pp. 1-14, 2013.
M. Kamei, K. Misono, and H. Lewis, “A study of the ability
of tissue plasminogen activator to diffuse into the subretinal
space after intravitreal injection in rabbits,” American Journal
of Ophthalmology, vol. 128, no. 6, pp. 739-746, 1999.

A. Takeuchi, G. Kricorian, X.-Y. Yao, J. W. Kenny, and M. E.
Marmor, “The rate and source of albumin entry into saline-filled
experimental retinal detachments,” Investigative Ophthalmology
& Visual Science, vol. 35, no. 11, pp. 3792-3798, 1994.

G. E. Coll, J. R. Sparrow, A. Marinovic, and S. Chang, “Effect
of intravitreal tissue plasminogen activator on experimental
subretinal hemorrhage,” Retina, vol. 15, no. 4, pp. 319-326, 1995.
D. E. Boone, H. C. Boldt, R. D. Ross, J. C. Folk, and A. E.
Kimura, “The use of intravitreal tissue plasminogen activator
in the treatment of experimental subretinal hemorrhage in the
pig model,” Retina, vol. 16, no. 6, pp. 518-524, 1996.

L. Hesse, “Treating subretinal hemorrhage with tissue plas-
minogen activator,” Archives of Ophthalmology, vol. 120, no. 1,
pp. 102-203, 2002.

S. Doi, S. Kimura, Y. Morizane et al., “Successful displacement
of a traumatic submacular hemorrhage in a 13-year-old boy
treated by vitrectomy, subretinal injection of tissue plasminogen
activator and intravitreal air tamponade: a case report, BMC
Ophthalmology, vol. 15, article 94, 2015.



