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Introduction

Retinal vein occlusions are one of the most

Purpose: We report a newly developed device to fragment thrombi in retinal vein
occlusion.

Methods: The new instrument consists of a 23-gauge (G) pipe and a 37-G needle with
an internal wire. A total of 40 porcine eyes were used; 20 eyes for experiments in the
branch retinal vein (BRV group) and 20 eyes for experiments in the central retinal vein
(CRV group). We placed 25-G 3-port trocars, and core vitrectomy was performed.
Another 23-G scleral incision was performed for insertion of the needle. The needle
pierced the retinal vein at a distance of three- to four- or one-disc diameters from the
optic disc (BRV or CRV group, respectively), and the internal wire was advanced
toward the disc. The success rates of needle piercing and cannulation of the internal
wire were recorded in each group. In the CRV group, the cannulation was deemed
successful when the tip reached inside the optic disc. Real-time optical coherence
tomography imaging also was performed using the Zeiss Rescan 700 device in
porcine eyes. Histologic examination of the retinal vessel inserted with the internal
wire was performed.

Results: The success rates of needle piercing into the BRV and CRV were 85% and
95%, respectively. The success rates of cannulation of the internal wire into the BRV
and CRV were 85% and 0%, respectively. The process of cannulation was recorded
successfully with the Rescan 700. Histologic examination showed no damages to the
endothelial cell layer.

Conclusions: The needle and internal wire intended to be used for recanalization of
BRV occlusion were successfully pierced and cannulated into the BRV.

Translational Relevance: This newly developed device could become a treatment
modality for retinal vein occlusion to fragment thrombi that present treatment
methods cannot reach and remove directly.

bility. Damage to the endothelial layer of the retinal
vessel by atherosclerosis changes the rheological
properties near the adjacent vein, leading to the

common causes of vision impairment. They can be
divided into two categories according to the site in
which the retinal vessel is occluded: branch retinal
vein (BRV) and central retinal vein (CRV) occlusions.
The occlusion of a BRV occurs commonly at the
arteriovenous (A/V) crossing sites, and occlusion of
the CRV occurs at the lamina cribrosa of the optic
disc." The pathogenesis of a retinal vein occlusion
follows the principles of Virchow’s triad for throm-
bogenesis: vessel damage, stasis, and hypercoagula-

formation of thrombus.” Thus, the bent portions of
the vessel are the sites that most frequently suffer
occlusion.

There have been many attempts to treat the vein
obstruction and subsequent macular edema, includ-
ing intravitreal injection of triamcinolone aceto-
nide®* and intravitreal injection of antivascular
endothelial growth factor agents, such as ranibizu-
mab”® and aflibercept.” However, these treatment
modalities are directed mainly to macular edema
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Figure 1. Characteristics of an endovascular cannulation needle.
(a) Image of the device. The handgrip has a projection on the side
and a 23-G pipe, which can be inserted through a sclerotomy site.
(b) Close-up view of the square in Figure 1a. A 37-G needle is
attached on the tip of the 23-G pipe. (c) An internal 100-um wire is
thrust out of the 37-G needle.

resulting from the vein obstruction, and their effects
sometimes are temporary. Surgical treatments have
been attempted, such as surgical decompression of
A/V crossing by sheathotomy for BRV occlusion'’
and radial optic neurotomy for CRV occlusion.'''?
However, these treatment modalities have shown
limited success because intravascular clots cannot be
removed directly, and, in some cases, there have been
severe complications.l’g’15 Recently, more direct
approaches to the clot in the retinal vein have been
attempted, such as intravascular injection of tissue
plasminogen activator (tPA) into the retinal vein
using a microneedle,'®'” microglass pipette,'* > and
a polyimide 44-gauge (G) cannula.”® However,
whether it is possible to use the direct injection
method to remove the thrombus in the vein remains
to be proved, because resolution of the intraretinal
hemorrhage after surgery may be observed even
during the natural course of the disease. To
overcome these issues, we developed an instrument
with a 37-G needle and an internal wire that can be
inserted into the retinal vein to directly fragment the
thrombus from the vein. In this study, we introduced
this instrument and demonstrated its performance in
porcine eyes.
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Figure 2. Images of scanning electron microscopy of the tip of
the 37-G needle. (a) The tip of the needle has a sharp edge. (b) The
surface of the internal wire is smooth and has a dull edge to avoid
any damage to the endothelial cells of the vessels.

Materials and Methods

Characteristics of an Endovascular
Cannulation Needle for BRV Occlusion

This 23-G instrument is attached with a 37-G
needle (Fig. la). An internal 100 pm solid metal
wire, made of nitinol (a shape memory alloy; a
material that remembers its original shape), is slid
inside the needle and can be thrust out of the 37-G
needle with a projection on the side of the
instrument sliding toward the needle (Figs. 1b, Ic¢).
The 37-G needle is soft, and the angle can be
adjusted along with the curved surface of the fundus
(Figs. 1b, 1c).

Observation of the Endovascular
Cannulation Needle with Scanning Electron
Microscopy

The tip of the instrument was coated with osmium
tetroxide using osmium plasma coater (NL-
OPC80NS; Nippon Laser & Electronics Lab, Na-
goya, Japan), and the tip was observed and photo-
graphed using scanning electron microscopy (JSM-
7610F; JEOL Ltd., Tokyo, Japan; Fig. 2).
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Animal Use and Surgical Technique

We used 40 enucleated porcine eyes to test the
ability of the catheter for piercing the vessel and
cannulation of the internal wire. The porcine eyes, not
a model for BRV occlusion, were delivered and used
within 12 hours of enucleation. We placed 25-G 3-
port trocars, and core vitrectomy was performed.
Another incision was made on the right side using V-
lance without placing the trocar because the bent
shape of the instrument prevented itself from being
introduced through the trocar.

The eyes were divided into two groups; one in
which the instrument was intended to be inserted
into a BRV (BRV group; 20 eyes) and another in
which the instrument was intended to be inserted
into a CRV (CRV group; 20 eyes). In the BRV
group, the needle pierced the BRV at a distance of
three to four disc diameters from the optic disc,
distal to or at the bifurcation of the retinal vein,
and the internal wire then was intended to be
cannulated toward the disc inside the vein. In the
CRV group, the needle pierced the BRV at a
distance of one disc diameter from the optic disc,
and the internal wire then was cannulated toward
the disc, with an attempt to guide it into the central
vein of the optic disc. These procedures were
performed manually, and the instrument was held
with one hand. The success of the needle piercing
was defined when the tip of the needle pierced the
vessel wall, and the success of the cannulation of
the internal wire was defined when the elongated
wire was cannulated inside the vessel, particularly in
the CRV group, when the internal wire reached the
vessel inside the optic disc. The success rate of the
needle piercing of the vessel wall and cannulation of
the internal wire into the vessels in each group was
evaluated.

After the procedures had been performed, the
retina from an eye of the BRV group was examined
histopathologically. The retina was trimmed to a size
of 3 X 5 mm with a blade, including the vessels from
the piercing site to the optic disc. The specimen was
fixed in 10% formalin neutral buffer solution,
gradually dehydrated, and embedded in paraffin.
The retinal vessel in which the internal wire was
inserted was sectioned transversely and the sections
were mounted every 300 um. Hematoxylin-eosin
staining was performed and the sections were
observed and photographed by an Olympus micro-
scope (BX50; Olympus, Tokyo, Japan).

Figure 3.

lllustration of the process in which the needle and wire
are inserted into a vessel and how the thrombus is fragmented. (a)
The 37-G needle pierces the vessel. (b) The tip of the needle is
inserted into the vessel. (c) The internal wire is thrust out of the
needle and advances toward the thrombus. (d) The thrombus is
fragmented with the wire.

lllustration of the Procedure of Thrombus
Fragmentation with the Instrument in a
Retinal Vessel

Figure 3 illustrates a hypothetical process of clot
fragmentation with this instrument. The 37-G needle
pierces the vessel wall (Fig. 3a), and the cutting plane
is placed entirely inside the vessel (Fig. 3b). Then, the
internal wire is protruded toward the clot (Fig. 3c)
and chips the clot off from the vessel wall (Fig. 3d).
Finally, the fragment of the clot is washed away (Fig.
3d).

Real-Time Optical Coherence Tomography
(OCT)

Real-time OCT imaging was performed using a
microscope-integrated spectral domain OCT (Zeiss
Opmi Lumera 700 and Zeiss Rescan 700; Carl Zeiss
Meditec, Jena, Germany) in the porcine cadaver eyes.
After three-port core vitrectomy had been performed,
the process of piercing the vessel with the needle and
the cannulation of the internal wire was recorded.

The BRVs were pierced successfully with the 37-G
needle after overcoming a slight resistance, and the
internal wire was cannulated into the vein (Fig. 4).
The success rate of needle piercing in the BRV group
was 17/20 eyes (85%) and that of cannulation of the
internal wire in the same group was 17/20 eyes (85%).
On the other hand, the success rate of needle piercing
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Figure 4. Process of insertion of the needle and the internal wire
during 23-G three-port vitrectomy in a postmortem porcine eye
(arrow shows tip of the needle, arrowhead shows tip of the internal
wire). (a) The tip of the 37-G needle pierces the retinal vein. (b) The
internal wire is thrust out of the needle. (¢, d) The wire is
prolonged toward the bifurcation of the retinal vein.

in the CRV group was 19/20 (95%) and that of
cannulation of the internal wire in the same group was
0/20 (0%; Table 1).

The scanning electron microscopy images showed
that the angle of the cutting plane of the needle from
the axis of the needle was 30°, sharp enough to pierce
the vessel wall (Fig. 2a). The tip of the internal wire
has a flat surface with a dull edge that prevents
damage to the endothelial cell of the vessel wall (Fig.
2b).

Figure 4 demonstrates the process of piercing the
retinal vein with the needle and the cannulation with
the internal wire in a porcine cadaver eye. The tip of
the needle approached the BRV and pierced the vein
with a little resistance but without damaging the
surrounding retina (Fig. 4a). After the tip of the
needle was inserted, the surgeon held the grip of the
instrument without any significant movement and
then projected the internal wire into the vein by

Table.

Figure 5. Real-time OCT images of a microscope-integrated
spectral domain OCT (Zeiss Rescan 700). The images of a normal
retinal vein (a—c). The blue and red arrows in the images indicate
where the OCT is scanning (a). Longitudinal (b) and transverse (c)
scans show a retinal vessel on the retina as a clearly distinct and
protruded structure (arrowhead). The images of the process of the
cannulation (d-f) show an internal wire ([e], white arrow) and a
needle ([e], yellow arrow) inserted in the retinal vessel as an object
with a high reflection and acoustic shadow.

sliding the projection on the side of the grip (Fig. 4b).
The internal wire was prolonged and advanced
toward the optic disc without any distortion of the
vein during the procedure (Figs. 4c, 4d; see
Supplementary Video).

Real-time OCT images using the Rescan 700
device showed a retinal vein (Fig. 5a) as a protrusion
from the retinal surface in longitudinal (Fig. 5b) and
transverse (Fig. 5¢) sections. The process of cannula-
tion was recorded successfully (Fig. 5d), and the wire
was shown as an object with a high reflection and

The Success Rate of Piercing of the Needle into the Retinal Vein and Cannulation of the Internal Wire

Number of Successful Procedure

Target Vessel

Piercing of the Needle

Cannulation of the Internal Wire

Branch retinal vein, n = 20
Central retinal vein, n = 20

17 (85%)?
19 (95%)°

17 (85%)
0 (0%)

@ Piercing of the needle was performed on the branch retinal vein 3 to 4 disc diameters from the optic disc, distal to or at

the bifurcation of the retinal vein.

b Piercing of the needle was performed on the branch retinal vein near the optic disc.
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acoustic shadow (Fig. Se; white arrow) thrusting out
of the needle (Fig. Se; yellow arrow).

Histopathologic examination revealed that the
endothelial layer of the retinal vessels in 8 sections
in which the internal wire was inserted was not
damaged. The representative Figure is shown in
Figure 6.

Discussion

A newly developed endovascular cannulation
device demonstrated successful piercing and cannula-
tion of BRVs in postmortem porcine eyes. On the
other hand, the internal wire was difficult to be
cannulated into CRVs in the optic disc.

The success rate of needle piercing was higher in
the CRV group than that in the BRV group. One
reason is that the piercing site was closer to the optic
disc in the CRV group than in the BRV group; that is,
the diameter of the vessels was larger near the optic
disc than in peripheral veins, which might allow the
needle to be inserted into the vessels. Another reason
is that some porcine cadaver eyes, even fresh ones,
had developed retinal detachment, making it difficult
to pierce the vessels with the needle. In the CRV
group, the piercing site was closer to the optic disc,
which acts like a tethering anchor allowing easier
piercing. To improve the success rate in the BRV
group, the cutting edge of the needle probably had to
be sharper to reduce the resistance during piercing.

In the CRV group, the internal wire inserted in the
retinal vein could not progress to the CRV at the edge
of the optic disc where the vessel was bent. The wire
used in this study is made of nitinol, a shape memory
alloy, and despite being soft and flexible, it could not
reach the CRV in the optic disc. A histopathologic
study of CRV occlusion patients has revealed a
thrombus in the region of the lamina cribrosa.' If
the tip of the internal wire was much more flexible
and reached that site, it could fragment the clot there
and could restore the retinal venous outflow. There-
fore, the instrument currently is undergoing further
improvements.

Insertion of the 37-G needle into the retinal vein
requires stability of the surgeon’s hand and the
patient’s eye. Furthermore, the internal wire is thrust
out of the 37-G needle by sliding the projection on the
side of the instrument with the surgeon’s thumb,
requiring fine manipulation. A tremor of the sur-
geon’s hand and an eye movement may lead to an
unsuccessful attempt. Therefore, to enhance the
success rate of needle piercing and cannulation of

Figure 6. Histopathologic examination of the retinal vein in
which the internal wire was inserted. The microscopic image
shows no visible damage to the endothelium of the vessel. Scale
bar: 50 um.

the internal wire, an auxiliary device, such as a robot-
assisted ophthalmic surgery device,”> may be helpful
to reduce the tremor of the surgeon’s hand, and
retrobulbar anesthesia may be helpful to reduce eye
movement.

The process of thrombus formation in coronary
arteries is considered to be a gradual constriction of
the arterial lumen due to atherosclerosis. However,
the actual process has been revealed; in this process,
the lipid plaque is covered by an endothelial cell
layer at first. When the layer breaks, the lipid
plaques are exposed to blood. Thereafter, the
platelets aggregate at the site and result in the
formation of a thrombus.”® This process of throm-
bus formation in the coronary arteries may be
applied in the understanding of clot formation of
BRYV and CRYV occlusions. In this theory, rheolog-
ical properties might change because of the damage
of the endothelial layer at the A/V crossing site” or at
the lamina cribrosa. Recently, Muraoka et al.”’
reported that the retinal vein seems to curve and run
deep beneath the artery at the A/V crossing site and
that intravenous thrombi are detected downstream
of the A/V crossing. When the wire is inserted
intravenously, it must reach beyond the A/V crossing
through the curve of the vessel. Therefore, it should
be soft enough to advance along its curve and stiff
enough to hold its shape even in crooked vessels. The
width of the internal wire of our instrument is 100
um, which makes it easy to cannulate into the BRV.
The wire is made of nitinol, a shape memory alloy,
and it is soft and easily bent with a slight force,
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restoring then to its original state. The tip of the
internal wire has a slight round shape and no sharp
edges to prevent damage to the endothelial layer of
the vessel. This is an advantage of this instrument.
Although our results demonstrated that this device
did not cause any damage to the endothelial layer,
there still is a possibility that it could damage the
vessel. Furthermore, if the original damage of the
endothelial layer persists even after the thrombus is
removed with this instrument, there is a possibility of
the recanalized vessel occluding after a while.
However, even if it reoccludes, the thrombus that
would deteriorate the retinal tissue permanently
should be removed even temporarily. In addition,
there is one more possibility that the fragments of the
clot could occlude the vessels downstream.

Several attempts have been made to treat BRV and
CRYV occlusions with endovascular methods. A major
concept of endovascular surgery has been the injection
of tPA into retinal vessels by different methods of
administration. Attempts to inject tPA into CRV with
a glass pipette have been reported.'® **** The outer
diameter of the glass micropipette was 40 to 50 pum,”’
which is sufficiently small to be inserted into retinal
veins. However, the glass pipette may have some
disadvantages because the pipette is fragile and
transparent, offering poor visibility of the pipette and
damage to the vessel walls due to the bluntness of the
pipette.'® This would be a limitation of this method. A
microneedle with an outer diameter of 40 to 50 um also
has been developed and has shown an excellent success
rate for microvascular piercing and intravascular
injection of tPA.'® This needle seems to be a feasible
method for stably injecting tPA because the needle is
considered stiffer and able to withstand a high pressure
during the injection. Tameesh et al.”* have reported an
intravascular cannulation system for injection of tPA
into retinal veins. This system consists of a hybrid of
two different sizes of polyimide cannulas: a 26-G
polyimide tube housing a 44-G polyimide tube with a
glass tip, which is inserted intravenously and can be
cannulated close to the thrombi.

Attempts to inject tPA into retinal veins in BRV or
CRYV occlusions seem to have limitations. Just after
the onset of the occlusion, the thrombi in retinal veins
consist only of aggregated platelets and fibrin, and
can be lysed by tPA. However, the thrombus becomes
organized into a chronic fibrotic occlusion several
weeks to several months after the occlusion and may
not dissolve easily with tPA anymore.”® Another
limitation is that if the occlusion by the thrombi is
complete, the tPA injected downstream to the

occluded lesion may not reach the portion responsible
for the occlusion unless the pressure of the injection is
extremely high. The needle must be small to allow
injection into retinal vessels. However, the smaller the
needle, the more difficult it is to produce high
pressure during the injection. Considering all these
demerits, we believe that our method has great merits
because it physically fragments the thrombus. On the
other hand, cannulation with our device seems to
have a limitation. Because most BRV and CRV
occlusions are temporal and recanalize spontaneously
at the time of diagnosis, our treatment modality might
be useless in those cases. In addition, another
limitation would be that as the enucleated porcine
eyes we used were not a model for retinal vein
occlusion, we could not have direct evidence that the
device we developed could actually fragment the clots.

The histopathologic examination in this study
revealed that the endothelial layer of the retinal
vessels was not damaged. We used postmortem
porcine eyes that were fixed just after the experiment.
To verify that the internal wire does not damage the
endothelial layer, a time-course experiment might be
necessary in live animals. Thus, this is a limitation of
this study.

In conclusion, this instrument may become a
feasible treatment modality for BRV occlusion and
has a possibility to become useful for CRV occlusion
if the tip of the wire is modified.
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