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Abstract
·AIM: To investigate the feasibility and efficacy of tissue

plasminogen activator (tPA) injection into the optic nerve as a

treatment for retinal vein occlusion in rabbits.

·METHODS: Rose Bengal-mediated laser-induced retinal vein

occlusions were produced in rabbit eyes. Fluorescein

angiography (FA) was performed on each eye 3 days before

laser irradiation and 30 minutes after laser irradiation. The

treatment group ( =20 veins) received intra-optic nerve

injection of tPA (12.5滋g in 0.05mL BSS) and the controls ( =

24 veins) received 0.05mL BSS. FA was repeated to
determine the recanalization of the vessel at 3 and 7 days

after treatment, followed by histological examination.

·RESULTS: Rose Bengal-mediated laser-induced retinal vein

occlusions were successfully developed and confirmed by FA.

The incidence of the recanalization of the vessels in treatment

animals was 70.0%, while 16.7% in the control animals ( =

0.001).

·CONCLUSION: Intra-optic nerve tPA injection increases the

incidence of recanalization of the occluded vessels. Although

further studies are needed, our data suggested that injection

of tPA into the optic nerve may have a potential benefit in the

treatment of central retinal vein occlusion.
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INTRODUCTION

C entral retinal vein occlusion (CRVO) is one of the most
common retinal vascular disorders, and its visual

prognosis remains poor [1-3]. Although new therapeutic
approaches have been developed in the past few years,
current treatment options are subject to controversy [4,5], and
no commonly accepted treatment exists to improve visual
acuity after CRVO. The only established management, laser
photocoagulation, targets the neovascular complications of
CRVO. Panretinal laser photocoagulation and grid laser
photocoagulation for macular edema are not effective in
improving visual acuity [6,7].Laser-induced chorioretinal
anastomosis attempting to bypass venous obstruction has
been performed with limited success and significant
complications [8-10]. Radial optic neurotomy remains a
controversial method of treatment for CRVO[11-16].
The increasing role of hypercoagulability in patients with
CRVO supports the use of antithrombotic drug in the
treatment of this disease [17-19]. Using thrombolytic agents to
dissolve the thrombus in CRVO holds promising as a radical
treatment. Recombinant tissue plasminogen activator (tPA)
is a relatively clot-selective fibrinolytic agent with a
molecular weight of 70Kd. Compared with non-selective
fibrinolytic agents such as streptokinase or urokinase, tPA is
superior in efficacy in the lysis of thrombi, achieving
reperfusion, its enhanced fibrin selectivity and its lack of
antigenicity, which leads to greater therapeutic activity for
cerebral infarction or myocardial infarction[20].
The systemic administration of tPA to treat RVO has shown
some beneficial effects, but was associated with vitreous
hemorrhage and serious systemic complications, including
patient mortality[21]. Systemic administration of tPA, therefore,
is currently not recommended as a treatment for RVO.
Intravitreal administration of tPA, which avoids systemic
complications, has been performed with no serious side
effects [22-24].Some of the reports showed benefits [22-24], and
others not. The former believed that intravitreal tPA may
diffuse across the internal limiting membrane of the retina,
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especially at the area of optic nerve head and then into the
retinal circulation through the vessels damaged by vein
occlusion. The tPA is then transported by residual venous
flow to the area of occlusion at the level of the lamina
cribrosa. An experimental study in rabbits, however, showed
that intravitreal tPA does not diffuse through the neural
retina in the absence of a retinal damage [25], and no study
proved that intravitreal tPA can diffuse into the retinal vein
in a RVO animal model. A recent study showed that retinal
toxicity associated with intravitreally injected tPA increase
in a dose-dependent manner and be exacerbeted in CRVO
eyes[26].
Vitrectomy with retinal vein cannulation and infusion of tPA
was performed with some success, but has technical
difficulties and was also with some complications, such as
vitreous hemorrhage, retinal detachment and some other
potential complications [27-30].We have experienced that tPA
was unintentionally injected into the optic disc, mainly to
the surface layer, during tPA cannulation surgery and
symptoms improved in a couple of cases. We, therefore,
hypothesize that direct injection of tPA into the area of
lamina cribrosa, where the thrombosis is thought to be
formed in CRVO[31], may allow tPA molecules to work more
efficiently. The purpose of this study is to investigate the
feasibility, and efficacy of injection of tPA into the optic
nerve for the treatment of RVO in rabbits.
MATERIALS AND METHODS
Experimental Animals A total of 30 Japanese albino
rabbits (Hokusetsu Co. LTD, Osaka, Japan), weighing 2.0 to
2.5kg, were used in this study. All experiments were
performed according to the Association for Research in
Vision and Ophthalmology Statement for the Use of
Animals in Ophthalmic and Vision Research, and the
policies in the Guide to the Care and Use of Laboratory
Animals by the National Institute of Health.
Retinal Vein Thrombus Formation Rabbits were anes-
thetized with an intramuscular injection of ketamine
hydrochloride (32mg/kg body weight) and xylazine
hydrochloride (4mg/kg body weight) for all procedures.
Fundus examination was performed to exclude any
abnormality and fundus photographs (TRC-50IX, TOPCON,
Tokyo, Japan) were taken to record the fundus status.
Rose Bengal-mediated argon laser retinal vein
photothrombosis was used to produce RVO near the center
of optic disc of 30 rabbit eyes according to the previous
reports [32-34]. Rose Bengal solution at a concentration of
40g/L was prepared by dissolving the Rose Bengal (Nakalai
Tesque, INC. Kyoto, Japan) in saline solution and filtering
with a 0.22μ m sterile Millipore filter (Medford, MA). Rose
Bengal solution (40mg/kg) was injected through ear vein
just before the laser irradiation. The argon laser
(COHERENT Ultima 2000SE, Carl Zeiss, Germany) was

used to irradiate the two major retinal veins located within
the optic disc. The irradiation conditions were as follows:
power: 140mV, spot size: 50m, duration: 0.5 seconds. The
number of laser applications necessary to induce complete
RVO was recorded for each eye. Flurescein angiography
was performed on each eye 3 days before laser irradiation
and 30 minutes after laser irradiation. Sodium fluorescein
(100g/L; Alcon) was injected through ear vein (0.5mL/kg)
immediately before angiography. Occlusion was confirmed
by fluorescein angiography. Eyes were excluded from this
study if both treated vessels were only partly occluded. The
duration of follow up period in this experiment was 7 days.
Intra-optic Nerve tPA Injection Rabbits were randomly
divided into two groups. Rabbits in treatment group (10
eyes, 20 veins) were treated with optic nerve injection of
tPA (12.5滋g in 0.05mL BSS) 1 hour after laser irradiation.
Control animals (12 eyes, 24 veins) received optic nerve
injection of 0.05mL BSS. Either tPA or BSS was injected
into the center of the optic disc with a 30 gauge needle
(Becton Dickinson & Co. Franklin Lakes, NJ) through the
pars plana and vitreous. The depth of the injection was
about 1mm, and the needle stayed in the optic nerve for one
minute before being drawn out. FA was repeated at 3 and 7
days after RVO to determine the recanalization. The eyes
were harvested for histopathological study on the medullary
wings at 7 days after treatment.
Histological Study Rabbits were sacrificed with overdose
administration of pentobarbital. The eyes were immediately
enucleated, fixed in 40g/L paraformaldehyde at 4℃ for 4
hours. After removal of the anterior segment and vitreous,
the posterior portion of the eye was postfixed in the same
fixative before being placed in 300g/L sucrose overnight at
4℃ for cryosection. Tissues were embedded in a supporting
medium for frozen tissue specimens (OCT compound,
Tissue-Tek, CA, USA). Cryosections of 10滋m were cut and
stained with Hematoxylin-eosin. The sections were
examined by light microscopy, and the selected images were
digitized using a CCD camera (AxioCam: Carl Zeiss Japan,
Tokyo, Japan). The images were processed with AxioVision
2.0 (Carl Zeiss Japan, Tokyo, Japan) software on a
Windows-based computer.
Statistical Analysis Statistical comparisons between two
groups were done with Student's -test. Fisher's exact test
was used to assess the difference of the recanalization of the
vessels between treatment and control animals. Difference
were accepted as significant at <0.05.
RESULTS
Focal retinal vein occlusion was successfully produced by
Rose Bengal-mediated argon laser retinal vein
photothrombosis (Figures 1-4). The numbers of laser
application needed to produce complete RVO were not
significantly different in the treatment and control animals
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(Control group: 26.7; Treatment group: 27.6; =0.5371).
Immediately after occlusion, there was a marked dilation
and tortuosity of the vein peripheral to the site of occlusion

and narrowing of arteries on medullary rays. Vein occlusion
was confirmed by the lack of fluorescein filling and the
dilation and tortuosity of the veins peripheral to the

Figure 1 Color photograph and FA of tPA treated rabbit A, C: Occlusion of retinal vein at
site of Rose Bengal-mediated argon laser induced photohtrombosis; B, D: Seven days after tPA
injection, demonstrating normal perfusion of the retinal vein. The thrombi have been resolved

Figure 2 Color photograph and FA of BSS treated rabbit A, C: Occlusion of retinal vein at site of Rose
Bengal-mediated argon laser induced photohtrombosis; B: D: Seven days after BSS injection, demonstrating
complete occlusion of the retinal vein. The thrombi have not been resolved
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occlusion. Representative color fundus photographs and FA
are shown in Figure 1A, 1C and Figure 2A, 2C. Retinal or
vitreous hemorrhages were not a prominent feature
immediately after occlusion. Retinal hemorrhages, retinal
edema on medullary rays and vitreous hemorrhage were
evident in some control animals three days after occlusion
(Figure 3A). Exudative retinal detachment was not seen in
both groups during the follow-up. Collateral vessel
development was common in control rabbits (Figure 4).
The incidence of the recanalization of the vessels in
treatment animals was 70.0% (14/20), while 16.7% (4/24)
in the control animals was. There was a statistical significant
difference between treatment group and control group ( =
0.001).
Histological examination showed a thrombus 7 days after
laser application (Figure 3C) and severe damage to retina
along the medullary rays of all eyes treated with BSS
(Figure 3D). Necrosis, hemorrhage and vacuoles were
observed in medullary rays.
There were no severe complications such as retinal
detachment, vitreous hemorrhage, or laceration of major
retinal and optic vessels. The only complication that we
experienced was a little hemorrhage located at the site of

injection (5/48 eyes; 10.4% ), but this disappeared
spontaneously within 2 weeks after injection.
DISCUSSION
In this study, we evaluated the feasibility and efficacy of
tPA injection into the optic nerve. There were no severe
complications and the only complication that we
experienced was a little hemorrhage located at the site of
injection. Penetration with 30G needle causes apparently
less traumatic damage to the optic nerve when compared
with radial optic neurotomy (RON) procedure in which an
incision is made in the scleral ring, cribriform plate, and
adjacent sclera at the nasal edge of the optic disc[11-16]. In this
animal model of retinal vein occlusion, intra-optic nerve tPA
injection significantly increased the recanalization of the
occluded vessels, and the recanalization prevented the retina
from necrosis. These results suggest that injection of tPA
into the optic nerve is a feasible and effective procedure.
We used Rose Bengal-mediated argon laser retinal vein
photo-thrombosis to produce focal retinal vein occlusions as
close as possible to the center of optic disc. Although exact
mimic of CRVO could not be obtained, the findings
including dilation and tortuosity of the vein, retinal
hemorrhage, retinal edema and vitreous hemorrhage are

Figure 3 Color photograph and FA of BSS treated rabbit A, B: Seven days after BSS injection,
demonstrating complete occlusion of the retinal vein. Retinal hemorrhage along the vascular wing and
vitreous hemorrhage are observed; C: Adherent thrombus was seen 7 days after Rose Bengal-mediated argon
laser induced photohtrombosis; D: Medullary ray of retina 7 days after receiving ON injection of BSS,
showing significant damages. Necrosis, hemorrhage and vacuoles are observed in medullary ray
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Figure 4 Color photograph of BSS treated rabbit A: Normal vessels before RVO; B: One hour after
photothrombosis, demonstrating complete occlusion of the retinal vein at the site of Rose Bengal-mediated argon laser
induced photohtrombosis. Collateral vessels dilated immediately after occlusion; C, D: Three and seven days after the
occlusion of retinal veins respectively, demonstrating collateral vessels gradually developed and maturated

similar to CRVO in human. This model has another
limitation that thrombus was induced at the edge of the optic
disc, not in the optic nerve at the level of the lamina
cribrosa. Since the distance between the occlusion site and
the injection site was short and the results showed
effectiveness of this technique, we hypothesize that direct
injection of tPA into the area of lamina cribrosa, where the
thrombosis is thought to be formed in the central retinal vein
occlusion[31], could be reasonable and applicable. Injection of
tPA into the vicinity of lamina cribrosa may allow tPA
molecules to diffuse more easily into retinal vein directly or
into venous circulation of the optic nerve head, because the
internal limiting membrane could work as a diffusion barrier
for intravitreally injected tPA to penetrate the retina.
Intravitreal administration of tPA, which avoids systemic
complications, has been performed with no serious side
effects [22-24]. However, an experimental study in rabbits
showed that intravitreal tPA does not diffuse through the
neural retina in the absence of a retinal damage [25]. In
addition, ischemic conditions may decrease threshold of tPA
retinal toxicity because it is reported that neuronal toxicity
increases under ischemia [35]. A recent study showed that

retinal toxicity associated with intravitreally injected tPA
increase in a dose-dependent manner and be exacerbeted in
CRVO eyes [26]. This study did not aim to compare
intravitreal injection and intra-optic nerve injection of tPA
for CRVO, a further study is needed to determine which
technique is more safe and effective.
In conclusion, injection of tPA into the optic nerve seems to
be a simple, feasible and effective treatment for the
experimental retinal vein occlusion, and may have a
potential benefit in the treatment of CRVO. Further studies
are needed to determine the optimal dose of tPA and
optimal time of injection.
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