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MICROSURGICAL INJECTION AND/ OR DISTENDING INSTRUMENTS
AND SURGICAL METHOD AND APPARATUS UTILIZING SAME

FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to microsurgical instruments and also to a
surgical method and apparatus utilizing such instruments. One embodiment of
the invention is particularly useful for injecting a liquid or a suspension substance
into a blood vessel in the retina of a subject’s eye in order to treat certain eye
diseases, such as retina disease, therein, and is therefore described below withf
respect to this application. Another embodiment of the invention is useful for
catheterizing (or distending or cannulating) an occluded blood vessel, such as in’
a subject’s eye, and is therefore described below also with respect to this
application. '

Venous occlusive diseases are among the most common retinal diseases’
seen in clinical practice. Recognition of these diseases is of particular importance:
because their complication may cause significant visual morbidity.

Central retinal vein occlusion (CRVO) is an acute occlusion of the central
retinal vein of the eye and can lead to a severe decrease of vision. The exact
mechanism of CRVO remains uhknown, but there is strong evidence supporting
that thrombus formation is the primary causative event. Many ocular and
systemic conditions have been associated with CRVO, with glaucoma and'
systemic hypertension present in about 40% and 60% of the cases. The most
common present complaint is an abrupt decrease in central vision. CRVO can
also cause permanently damaging complications such as macular edema, one of
the leading causes of visual loss in retinal pathology, and retinal ischemia, which
can lead to irreversible loss of vision and neovascular glaucdma.

Branch retinal vein occlusion (BRVO) is an acute occlusion of one of the
branch retinal veins, usually the temporal inferior or superior, and occurs almost
exclusively at.'an' arterio-venous intersection. The precise mechanism leading to a
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branch vein occlusion is still poorly understood, i.e., whether the occlusion is due

to a thrombus, or to the compression of the artery on the retinal vein, or to both. -

In both these conditions (CRVO and BRVO), the occlusion of the véin
leads to a dramatic reduction of the vein retinal blood flow and thus of the
drainage of the blood from the retinal circulation. The reduction of the blood flow
is responsible for decrease of perfusion of the macular area and for macular
edema and thus to a decrease of visual function.

Many treatments such as troxerutin, heparin, hemodilution, laser
photocoagulation have been proposed, but none has proved to be effective, and
none is used in current practice. ,

In order to restore the blood flow or to increase the drainage of the
retinal blood, many procedures have been proposed: chorioretinal anastomosis
induced by laser, intravenous fibrinolytic such as streptokinase or tPA.

However, it has been found that creating chorio-retinal anastomosis
require high energy laser that can lead to unacceptable eyes complications
such as choroidal and retinal neovascularization or vitreous hemorrhage.A
Moreover, a successful chorioretinal anastomosis is achieved in only a low
percentage of the cases. .

Treatment by injection of intravenous fibrinolytic such as streptokinase
or RTPA has shown to be effective in CRVO. However, several complications such
as hemiplegia or even fatal stroke have been described in those studies. Besides,
according to a major cardiologic study (ISIS 3, Lancet 1992), the use of
fibrinolytic is responsible for fatal stroke in about 0.5 % of the cases. Such risks
inherent to injection of fibrinolytic in the general circulation are unacceptable for
a non-life-threatening condition such as retinal vein occlusion.

In many organ systems, endovascular recanalization procedures such as
percutaneous transluminal angioplasty and regional thrombolytic delivery have
been effective in restoring blood flow. A recent study (Paques, Br J ophthalmol,
2000) suggested that infusion of urokinase into the ophthalmic artery through a
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microcatheter might improve the CRVO outcome in selected cases without death

risk for the patient. However it remains a heavy procedure and the fibrinolytic
agent is not delivered directly into the retinal vein.

These procedures even though they were not adopted as common
therapies in CRVO, support the rationale of a direct approach to dissolve the-
thrombus. Indeed these procedures have shown that restoration of the vein
retinal blood flow leads to a major improvement of the visual function.

Thus, we feel that increasing the bioavailability of the fibrinolytic
molecule to the occlusion site in the retinal vein may improve the response to the
treatment while lowering the side effects.

Accordingly, a device for introducing a fibrinolytic agent directly into the;

occluded blood vessel, at or near the site of the occlusion, and for catheterizing
the occluded blood vessel with a miniaturized catheter is needed to disrupt the
vein thrombus and to restore the retinal blood flow.
The cannulation of retinal vessels with glass micropipettes has already been
described since 1987 (Allf, De Juan, Benner et al). The injection of a ﬁbrinolyti‘c'
agent in a retinal vein to tfeat CRVO in humans has been reported (Weiss JN.
Ophthalmic Surg Lasers 2000 ;31 :162-16). For this procedure, the author used
glass micropipettes and a manipulator.

Glass micropipettes are fragile and can easily be broken within the eye or
within the retinal vein during the surgical procedure. This risk makes the
procedure unsafe. Also, the external manipulator needed to stabilize the needle
placed in the vessels in the XYZ axis makes the procedure cumbersome. Other
prior art reflects numerous devices for ophthalmic surgery, including many”
devices for intraocular injections andjor illumination, as shown by the following
USA Patents: Nos. 4,968,296; 5,201,730; 5,207,660; 5,364,374; 5,425,730;
5,725,514; 5,916,149; 5,843,071; 5,964,747; 6,004,302; 6,015,403. However,
none of these known instruments appears to be suitable for the above treatment
of venous occlusive diseases. -
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OBJECTS AND BRIEF SUMMARY OF THE INVENTION

An object of the present invention is to provide a microsurgical
instrument having a source of illumination therein, or usable with a microsurgical
illumination instrument, particularly useful in the treatment of retinal diseases,
particularly the above described ones. Another object of the invention is to

provide a microsurgical injection instrument for injecting substances, particularly

fibrinolytic agents, as well as other substances to be described below, into
occluded blood vessels. A further object of the invention is to provide a
microsurgical instrument that may be used for catheterizing blood vessels. A still
further object of the invention is to provide a novel treatment for venous
occlusive diseases. |
According to one aspect of the present invention, there is provided a

microsurgical injection instrument particularly useful by a physician for injecting a
substance into a blood vessel in the retina of a subject’s eye, comprising: a hand
piece having a proximal end graspable by the physician, and a distal end carrying
a hollow miniaturized needle sharpened at its tip for penetrating the blood vessel
in the subject’s retina; the handpiece being formed with at least one passageway
there through from its proximal end to the hollow needle at the distal end for the
delivery thereto of the substance to be injected; the longitudinal axis of the distal
end of the handpiece and of the hollow needle being an angle ("a") of from
90°-180°, preferably about 120°-170°, most preferably about 145°, to the
longitudinal axis of the proximal end of the handpiece, to facilitate orienting the
needle coaxial with the retinal vein in the subject’s retina and substantially
tangentially to the plane of the subject’s retina and thereby to facilitate
penetrating the blood vessel in the subject’s retina.

| Preferably, the handpiece further comprises a stabilizer connected to or
integrally formed with a distal portion of the hand-piece, the stabilizeer being
positionale against the retina and serves for stabilization while penetrating the
blood vessel in the subject’s retina.
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The mid part of the device placed within the eye can include a system

that is used to obtain the coaxial placement of the needle and the vessel to be
catheterized. This system will allow variation of angle "o" during the procedure.

Another improvement of the device includes a plate that is placed under
the needle to be apposed at the surface of the retina, which plate is useful for
stabilizing the needle by formation of contact between the retinal surface and the
device during the penetration of a vessel by the miniaturized needle. Then, the
plate located under the miniaturized needle at the distal end is apposed against
the retina to improve the stability of the device during the penetration of the
vessel.

As will be described more particularly below, such an instrument is
particularly useful for the treatment of RVO by the injection of a fibrinolytic
substance. .

According to another aspect of the present invention, there is provided a
microsurgical instrument comprising: handpiece having a proximal end graspable
by the physician, and a distal end carrying a hollow needle sharpened at its tipl
for penetrating the blood vessel; the handpiece being formed with at least one
passageway there through from its proximal end to the hollow needle at the
distal end; and a flexible tube movable in the passageway through the hollow
needle, after the needle has penetrated the blood vessel, to enter and
catheterize the blood vessel.

As will be described below, such an instrument is particularly useful for
the treatment of BRVO since it can also be used for distending or expanding the
vein if the occlusion is caused partly or wholly by the compression of the vein.

In one described embodiment of the invention, the handpiece includes a
second passageway there through from its proximal end to its distal end; and an
optical fiber in the second passageway; the optical fiber having a distal end
coaxial with the distal end of the handpiece and having an end face spaced from
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the hollow needle for illuminating the hollow needle and the blood vessel to be

penetrated by the hollow needle.

Another embodiment is described, however, wherein the microsurgical
injection instrument is used with a microsurgical illumination instrument also
comprising a handpiece having a proximal end graspable by the physician, and a
distal end to be inserted into the subject’s eye; the illuminating instrument
handpiece being formed with a passageway there through from the proximal end
to the distal end; the latter passageway including an optical fiber having a
proximal end to be exposed to a source of light, and a distal end to be located in
the vicinity of the injection site in the subject’s eye to illuminate same.

According to a further feature in the latter embodiment, the distal end of
the handpiece of the microsurgical illumination instrument is constructed so as to
be engageable with the distal end of the microsurgical injection instrument for
stabilizing and guiding the distal end of the injection instrument when inserted
into the subject’s eye.

According to further features in yet another described embodiment, the
instrument further includes an external guiding member for placement against
the outer surface of the eye, and formed with a hole for receiving and‘g_uiding
the hollow needle to penetrate the blood vessel in the subject’s retina. The latter
member is preferably made of a soft material, such as soft plastic, which controls
the guided movement of the hollow needle.

According to a still further aspect of the invention, there is provided a
method of treating a retinal venous occlusive disease in a subject comprising
injecting a fibrinolytic agent into an occluded retinal vein of the subject by a
microsurgical injection instrument including a handpiece having a proximal end
graspable by the physician, and a distal end carrying a hollow needle sharpened
at its tip for penetrating the blood vessel in the subject’s retina.

According to yet another aspect of the invention, there is provided a

method for treating an occluded blood-vessel in a subject, comprising penetrating
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the occluded vein with a hollow needle having a sharpened tip, and moving a

flexible tube through the hollow needle to catheterize the retinal vessel and disrupt
the intraluminal thrombus.
Further features, advantages, and applications of the invention will be

apparent from the description below.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with
reference to the accompanying drawings, wherein:

-Fig. 1 illustrates one form of microsurgical injection instrument
constructed in accordance with the present invention;

. Fig. 2 is a fragmentary view illustrating the instrument of Fig. 1 as used
for catheterizing an occluded blood vessel to disrupt the intraluminal thrombus;

Fig. 3 illustrates one manner of using the microsurgical instrument of
Fig. 1;

Fig. 4 illustrates the use of the microsurgical instrument of Fig. 1
together with a microsurgical illumination instrument in the treatment of a retinal
disease; _

Fig 5 is a side view diagrammatically illustrating the use of an external -
guiding member with the described instrument; | _

Fig. 6 is a front view of the external guiding member; and

Fig. 7 is a top view of the distal portion of the microsurgical injection
instrument of the present invention, presenting, in partcicular a stabilizer

positioned at a distal portion thereof.

DESCRIPTION OF PREFERRED EMBODIMENTS

The microsurgical injection instrument illustrated in Fig. 1 is particularly

~useful by-a physician for the:treatmént of Tétinal diseases, especially central
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retinal vein occlusion (CRVO) or branch retinal vein occlusion (BRVO), as briefly:

described above, by reestablishing retinal blood flow by pharmacological and
mechanical means, by injecting a liquid substance or suspension, particularlyla
fibrinolytic agent into a blood vessel, and/or by catheterizing the blood vessel, in
the retina of a subject’s eye.

The illustrated instrument includes a handpiece, generally designated 2,
of rigid material, plastic or metal. It has a finger-piece 2a at its proximal end 2p
graspable by the physician, and a distal end 2d carrying a hollow needle 4
sharpened at its tip 4a for penetrating a blood vessel in the subject’s retina. As
will be described more particularly below, when the illustrated instrument is used
for treating for CRVO or BRVO, the blood vessel penetrated would be a retinal
vein, such as the central retinal vein; and the liquid substance injected into it
would be a fibrinolytic agent to increase the bioavailability of the fibrinolytic
molecule to the occlusion site.

In the instrument illustrated in Fig. 1, the handpiece 2 is formed with a
passageway 6 therethrough from the proximal end 2p to the distal end 2d. When
the instrument is to be used for injecting a substance, passageway 6 is used for
delivering the substance to be injected by the needle 4 from a syringe 10 at the
proximal end of the handpiece. When the instrument is to be used for
catheterizing a blood vessel, passageway 6 receives a flexible tube, which is
movable through the sharpened tip 4a of the hollow needie 4, after penetrating -
the blood vessel, to enter and catheterize the vessel and thereby to restore the
blood channel. '

The illustrated instrument includes a second passageway 12 for receiving
an optical fiber 14 having its proximal end 14p exposed to a light source 16, for
delivering the light via its distal end 14d to illuminate the needle 4 -and the
needle insertion site during the venous puncture.

As shown in Fig. 1, the outer face of the distal end 14d of the optical
fiber 14 is substantially-flush with the outer-face of the distal end-2d of the
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handpiece 2, whereas the needle 4 projects outwardly from both faces. Such an

arrangement better enables the optical fiber 14 to illuminate the needle 4 and
the injection site at the time of the injection operation.

As shown in particularly in Fig. 1, the distal end 2d of the handpiece 2 is
angulated at site “X” to an angle “o” to the proximal end 2p of the handpiece.
Since the needle 4 is coaxial with the distal end 2d of the handpiece, the
longitudinal axis LA; of the needle 4 is located at the same angle “o” with
respect to the longitudinal axis LA, of the proximal end 2p of the handle 2. Angle
“o” is from 90°-180° °, preferably from 120°-170°, most preferably about 1‘45°.4
Angle “a" is preferably variable between 90° to 180° and could be modified
during the procedure so that the distal end of the device, e.g., the miniaturized
needle, will be parallel (coaxial) to the vessel to be penetrated. As will be
described below particularly with respect to Fig. 3, this angulation of the distal
end 2d of the handpiece with respect to the proximal end 2p orients the needle 4
substantially tangentially to the plane of the subject’s retina, and thereby
facilitates the penetration of the needle into the vein of the subject’s retina. |

The flexible tube 8 disposed within passageway 6 of the handpiece 2 is
made of a soft, flexible material (nylon or soft silicon, for example) having a
distal end 8d movable within the passageway throughv the hollow needle 4. As
shown in Fig. 2, it has an outer diameter equal or inferior to the inner diameter
of needle 4 so that the distal end 8d of the tube may be moved through the
needle (as shown in full lines in Fig. 2 and in broken lines in Fig. 1) after the
needle has penetrated the blood vessel, to enter and distend the blood vessel.

As illustrated in Figs. 1 and 7, the handpiece preferably further comprises
a stabilizer 40, preferably shaped as a stabilizing plate, connected to or integrally
formed with a distal portion 42 of the hand-piece. In use, stabilizeer 40 is
positionale against the retina of the patient during the microinjection surgical
procedure and serves for stabilization of the needle while penetrating a blood
vessel in the subject’s retina:
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The instrument illustrated in Figs. 1 — 3 may be used to treat an

occlusion, such as an acute occlusion, of the central retinal vein of the eye
(CRVO) in the following manner as shown particularly in Fig. 3:

Under either local or general anesthesia, a conventional pars-plana
approach with vitrectomy with separated infusion is performed. The instrument
of Figs. 1 — 3 is used to introduce the needle 4 and the distal end 14d of the
optical fiber 14 into the eye through a sclerotomy. The distal extremity of the
needle is brought coaxially close to the retinal vein, approximately 500-2000
microns from the optic disc. The site of penetration of the vein can be nasal,
temporal, inferior or superior according to the clinical and anatomical features of
the fundus vessels of the eye to be treated. The retinal vein is then penetrated
with the sharp distal end of the needle 4 (Fig. 3), which is preferably 30-120
microns diameter. A fibrinolytic agent, such as recombinant tissue plasminogen
activator (rTPA) or streptokinase, is then injected to dissolve the vein thrombus.

The following procedure mightor not be associated to the first procedure:

After the fibrinolytic agent has been injected into the retinal vein, tube 8
is extended through the needle to enter the vein in order to catheterize the
central retinal vein, to disrupt the central retinal vein thrombus and to recanalize
the central retinal vein. At the end of the procedure, the needle and the tube are
removed from the retinal vessel and then from the eye.

The illustrated instrument may also be used t0 treat BRVO in the
following manner:

Under either local or general anesthesia, a conventional pars-plana

- approach and vitrectomy is performed. The retinal vein is penetrated upstream

from the occlusion site, as close as possible from it (preferably 500 microns), by
the sharp end of the hollow needle 4, which is preferably 30-120 microns
diameter. This is done by bringing the sharp end of the needle close to the site
of the occlusion (arterio-venous intersection), penetrating the vein, and injecting
the fibrinolytic-agent into the vein. After the fibrinolytic agent has been injected,
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tube 8 is extended through the needle to enter the vein and catheterize it to

thereby restore the blood channel and restore the blood flow. The needle and
the tube are removed from the vein and then from the eye. An additional
external surgery (sheathotomy, for example) can be associated with this
procedure. |

Needle 4 is made of a rigid material, such as a rigid plastic, stainless
steel, etc. In a preferred embodiment, needle 4 may have length of 400-1500
microns, preferably 500 microns; and may have an external diameter of 30-120
microns, preferably 60 microns. The distal end 2d of the handpiece 2 may have
an outer diameter of 0.5 mm to 2.5 mm, preferably about 1.0 mm; a length of
1.0-2.0 mm, preferably about 1.5 mm, before the bend “X”; and a length of
35-50 mm, preferably about 40 mm, between the bend “X” and the
finger-grip 2a. As indicated earlier, the angle “o” between the longitudinal axes
LA; of the needle 4 and LA, of the proximal end 2p of the handpiece 2 should be |
from 90°-180°, preferably from 120°-170°, most preferably about 145°. Such a
construction facilitates penetration of the retinal plane closer to the central
retinal vein to treat the occlusion.

During the foregoing procedures endoillumination is provided by the
optical fiber 14 from the light source 16. |

Fig. 4 Iillustrates an embodiment of the invention wherein the
endoillumination is provided partly or completely by a séparate mitrosurgical
illumination instrument, generally designated 20 in Fig. 4. Fig. 4 illustrates the
injection instrument described above in Figs. 1 — 3 as also including the
illuminating optical fiber 14 for illuminating the injection site. It will be
appreciated, however, that when using the illumination instrument 20 shown in
Fig. 4, the optical fiber 14 in the injection instrument may be omitted, or may be
included in order to provide more illumination at the injection site.

The illumination instrument 20 shown in Fig. 4 also includes a handpiece
22 having a proximal end 22p graspable-by the physician, and a distal end-22d to..
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be inserted into the subject’s eye. In this case, however, handpiece 22 is formed

with a single longitudinal passageway for receiving only an optical fiber 24.-
Optical fiber 24 has a proximal end 24p exposed to a light source 26, and a distél‘
end 24d entering the subject’s eye during the operétion and oriented so as to
illuminate the needle 4 of the injection instrument, and the injection site in the
subject’s retina.

The distal end 22d of the handpiece 22 also includes an extension 26
engagable with the distal end 2d of the injection instrument handpiece 2 within
the subject’s eye, adjacent to the injection site, for stabilizing and guiding the
distal end of the injection handpiece when inserted into the subject’s eye.

In all other respects, the procedure using the illumination instrument 20,
together with the injection instrument described above with respect to
Figs 1 — 3, may be the same as described above.

Figs. 5 and 6 illustrate the provision of an external guiding member, 4
generally designated 30, for placement against the outer surface of the eye
(sclera), and formed with a hole 32 for receiving and guiding the hollow needle 4
to penetrate the blood vessel in the subject’s retina. Preferably, the external
guiding member 30 is of a hollow cylindrical configuration and is made of a soft
material, such as soft plastic, which controls the guided movement of the hollow
needle during the insertion operation. Such a guiding member stabilizes the
hollow needle when inserted, so that when the fibrinolytic ihjection is performed,
the needle is stable in the retinal vein. Guiding 30 also facilitates the removal of
the needle from the eye.

While the invention has been described with respect to several preferred
embodiments, it will be appreciated that these are set forth merely for purposes
of example, and that many variations- may be made. For example, the described
instrument could also be used for injecting a coagulant or other medication into
the eye. Other variations and applications of the invention will be apparent.
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WHAT IS CLAIMED IS:

1. A microsurgical injection instrument particularly useful by a physician
for injecting a liquid substance or suspension into a blood vessel in the retina of
a subject’s eye, comprising:

a handpiece having a proximal end graspable by the physician, and a
distal end carrying a hollow needle sharpened at its tip for penetrating the blood
vessel in the subject’s retina;

said handpiece being formed with at least one passageway therethrough
from its proximal end to said hollow needle at the distal end for the delivery
thereto of the liquid substance to be injected;

the longitudinal axis of the distal end of the handpiece and of the hollow
needle being at an angle of from 90°-180° to the longitudinal axis of the proximal
end of the handpiece, to facilitate orienting said needle substantially tangentially
to the plane of the subject’s retina and thereby to facilitate penetrating the blood
vessel in the subject’s retina.

2. The instrument according to Claim 1, wherein said angle is variable,
~ such that said hollow needle is positionable coaxially to a bllod vessel to be '
penetrated.

3. The instrument according to Claim 1, wherein the instrument further
comprises a syringe at the proximal end of the handpiece communicating with
said hollow needle at the distal end of the handpiece for feeding therethrough
the liquid substance to be injected.

4. The instrument according to Claim 1, wherein said hollow needle has
an outer diameter of 30-120 microns.
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5. The instrument according to Claim 1, wherein said hollow needle has a

length of approximately 300—-600 microns.

6. The instrument according to Claim 1, wherein said angle between the
longitudinal axes of the distal and proximal ends of the handpiece is
approximately 145°, and said hollow needle has a length of approximately 500

microns.

7. The instrument according to Claim 1, wherein the external diameter of
the distal end of the handpiece is from 0.5 mm to 2.5 mm.

8. The instrument according to Claim 1, wherein said passageway
includes a flekible tube movable in said passageway of the hollow needle, after
the needle has penetrated the blood vessel in the subject’s retina, to enter and
to catheterize the blood vessel.

9. The instrument according to Claim 1, wherein said handpiece include a
second passageway therethrough from its proximal end to its distal end; and an
‘optical fiber in said second passageway; .
said optical fiber having a distal end coaxial with the distal end of the
handpiece and having an end face spaced from the_hollow fieedle for illuminating
“the hollow needle and the blood vessel to be penetrated by the hollow needle.

10. The instrument according to Claim 1, wherein the instrument further
includes an external guiding member for placement against the outer surface of
the eye, and formed with a hole for receiving and guiding said hollow needle to
penetrate the blood vessel in the' subject’s retina.
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11. The instrument according to Claim 10, wherein said external guiding

member is made of a soft material which controls the movement of the hollow
needle.

12. The instrument according to Claim 10, wherein said external guiding
member is of a hollow cylindrical configuration.

13. The instrument according to Claim 10, further comprising a
stabilizer connected to or integrally formed with a distal portion of said ‘
hand-piece, said stabilizeer being positionale against the retina and serves for

stabilization while penetrating the blood vessel in the subject’s retina.

14. Surgical apparatus comprising:

a microsurgical injection instrument according to Claim 1, and a
microsurgical illumination instrument for use therewith;

said microsurgical illumination instrument also comprising a handpiece
" having a proximal end graspable by the physician, and a distal end to be inserted
into the subject’s eye and also being formed with a passageway therethrough
from said proximal end to said distal end;

said latter passageway including an optical fiber having a proximal end to
be exposed to a source of light, and a distal end to be located in the vicinity of
the injection site in the subject’s eye to illuminate same.

15. The apparafus according to Claim 14, wherein said distal end of the
handpiece of the microsurgical illumination instrument is constructed so as to be
engagable with the distal end of the microsurgical injection instrument for
stabilizing and guiding the distal end of the injection instrument when inserted
into the subject’s eye.
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16. A microsurgical instrument particularly useful by a physician for

catheterizing a blood vessel, comprising:

a handpiece having a proximal end graspable by the physician, and a
distal end carrying a hollow needle sharpened at its tip for penetrating the blood
vessel;

| said handpiece being formed with at least one passageway therethrough
from its proximal end to said hollow needle at the distal end;

and a flexible tube movable in said passageway of the hollow needle,
after the needle has penetrated the blood vessel, to enter and catheterize the
blood vessel.

1\7. The instrument according to Claim 16, particularly useful for
cannulation of a blood vessel in the retina of a subject’s eye, wherein the
longitudinal axis of the distal end of the handpiece and of the hollow needle are
at an angle of from 90°-180° to the longitudinal axis of the proximal end of the
handpiece, to facilitate orienting said needle substantially tangentially to the
plane of the subject’s retina and thereby to facilitate its penetrating the blood
vessel in the subject’s retina.

18. The instrument according to Claim 16, wherein said hollow needle
has an outer diameter of 30—120 microns.

19. The instrument according to Claim 16, wherein said hollow needle
has a length of approximately 300-600 microns.

20. The instrument according to Claim 16, wherein said angle between
the longitudinal axes of the distal and proximal ends pf the handpiece is
approximately 145°, and said hollow needle has a length of approximately 500
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microns.

21, The instrument according to Claim 16, wherein the external diameter
of the distal end of the handpiece is from 0.5 mm to 2.5 mm.

22. The instrument according to Claim 16, wherein the instrument
further comprises a syringe at the proximal end of the handpiece communicating
with said distal end of the cannula for feeding therethrough a liquid substance to
be injected.

23. The instrument according to Claim 16, wherein said handpiece
include a second passageway therethrough from its proximal end to its distal
end; and an optical fiber in said second passageway;

said optical fiber having a distal end coaxial with the distal end of the
handpiece and having an end face spaced from the hollow needle for illuminating
the hollow needle and the blood vessel to be penetrated by the hollow needle. |

24. The instrument according to Claim 16, wherein the instrument
further includes an external guiding member for placement against the oute~r
surface of the eye, and formed with a hole for receiving and guiding said hollow
needle to penetrate the blood vessel in the subject’s retina.

25. The instrument according to Claim 24, wherein said external guiding
member is made of a soft material which controls the guided movement of the
hollow needle.

26. The instrument according to Claim 24, wherein said external guiding
member is of a hollow cylindrical configuration.
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27. Surgical apparatus comprising:

a microsurgical injection instrument according to Clairh 16, and a
microsurgical illumination instrument for use therewith;

said microsurgical illumination instrument also comprising a handpiece
having a proximal end graspable by the physician, and a distal end to be inserted
into the subject’s eye, and also being formed with a passageway therethrough
from said proximal end to said distal end;

said latter passageway including an optical fiber having a proximal end to
be exposed to a source of light, and a distal end to be located in the vicinity of

the injection site in the subject’s eye to illuminate same.

28. The apparatus according to Claim 27, wherein said distal end of the
handpiece of the microsurgical illumination instrument is constructed so as to be
engagable with the distal end of the microsurgical injection instrument for
stabilizing and guiding the distal end of the injection instrument when inserted
into the subject’s eye. ’

29. A method of treating a venous occlusive disease in a subject )
comprising injecting a fibrinolytic agent into an occluded retinal vein of the SLibject
by a microsurgical injection instrument including a handpiece having a proximal
end graspable by the physician, and a distal end carrying a hollow needle
sharpened at its tip for penetrating the blood vessel in the subject’s retina.

30. The method according to Claim 29, wherein the longitudinal axis of
the distal end of the handpiece and of the hollow needle is at an angle of from
90° to 180° to the longitudinal axis of the proximal end of the handpiece, to
facilitate orienting said needle substantially tangentially to the plane of the
subject’s retina and thereby to facilitate penetrating the blood vessel in the



WO 02/17986 PCT/IL01/00823

19
subject’s retina.

31. A method of treating an occluded blood vessel in a subject,
comprising penetrating: the occluded blood vessel with a hollow needie having a
sharpened tip, and moving a flexible tube through said hollow needle to enter
and catheterize said blood vessel.
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