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(57) Abstract: A flwidic bridging tube (1), for bridging membranes 1n
the human or animal body allowing the passage of fluid, has a prox-
imal flange (2), an inter lumen connector (3) with a lumen (35) and
a distal flange (4). The tube comprises a metal skeleton or scaffold
structure (51) and a surrounding polymer which 1s softer than the scaf-
fold structure. The scatfold structure (51) has a tubular mesh provid-
ing structural strength to the inter lumen connector. The tubular mesh
has members (61) defining substantial rectangular mesh apertures, and
distal crowns (64). At its proximal end the scaffold structure compris-
¢s spines (68) extending from a proximal tubular mesh rim (63). The
spines provide structural strength to the proximal flange (2). In the
preferred embodiment the tube 1s a tympanostomy tube. A method of
manufacturing the tube comprises providing the scatfold structure and
over-moulding the outer material to form the shape of the proximal
flange, the 1nter lumen connector with a lumen, and the distal flange.
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“A Tympanostomy Tube”

INTRODUCTION

The 1invention relates to tympanostomy tubes, and to other tubes for passage of fluid within the
body across walls or membranes having broadly similar characteristics to the tympanic membrane.

Examples are tubes for bridging membranes 1n the body such as ocular drainage devices.

W02019/086608 (AventaMed Designated Activity Company) describes a tympanostomy tube and
placement device. The tube has a proximal flange which acts as a stop or depth perception during
placement, an inter lumen connector for passage of fluid across the tympanic membrane, and a
distal flange which 1s folded during deployment and un-folds when located on the distal side of
the membrane. It 1s desirable in this case, and for many other placement methodologies, that the

distal flange be more flexible than the proximal flange to achieve effective deployment.

The 1invention 1s directed towards achieving a tympanostomy tube which has improved flexural

and strength characteristics for both deployment and use.

SUMMARY

We describe a fluidic bridging tube as set out 1n the appended claims 1 to 17, and a method of

manufacture s set out 1n claim 18.

Also, we describe a fluidic bridging tube for use 1n a human or animal, the tube comprising a
proximal flange, an inter lumen connector with a lumen, and a distal flange, wherein the tube
comprises a scaffold structure and an outer material which 1s softer than the scaffold structure and

fully or partially surrounds the scatfold structure.

Preferably, the tube 1s a tympanostomy tube.

Preferably, the scatfold structure comprises a tubular mesh extending through at least some of the
inter lumen connector. Preferably, the tubular mesh has a member defining substantially curved
rectangular mesh apertures, which optionally have substantially equal sides. Preterably, the tubular

mesh comprises crowns at 1its distal end.
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Preferably, the tubular mesh comprises a rim without apertures at its proximal end.
Preferably, the scaffold structure comprises spines extending with a radial directional component
to provide structural support for the proximal flange at least. Preferably, the scaffold structure

comprises spines which are substantially equally separated radially.

Preferably, the scaffold structure comprises material selected from Stainless Steel, Nitinol,

titanium, or a polymer.

Preferably, the outer material comprises medical grade silicone rubber.

Preferably, the outer material 1s over-moulded on the scatfold structure.

Preferably, the scatfold structure 1s completely surrounded (enveloped) by the outer material.
Preferably, the distal flange does not include any part of the scatfold structure.

We also describe a method of manufacturing a fluidic bridging tube of any example described
herein, the method comprising providing the scaffold structure and over-moulding the outer

material to form the shape of the proximal flange, the inter lumen connector with a lumen, and the

distal flange.

Detailed Description of the Invention

The 1nvention will be more clearly understood from the following description of some
embodiments thereof, given by way of example only with reference to the accompanying drawings
in which:

Fig. 1 1s a perspective view of a tympanostomy tube;

Fig. 2 1s an 1llustration showing the internal structure with hidden lines;

Fi1g. 3 1s a perspective view of a scaffold or skeleton structure of the tube; and
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Figs. 4 and 5 are cut-away views showing both the scatfold structure and the over- mould.

Referring to Fig. 1 a tympanostomy tube 1 comprises:
— a proximal flange 2,
— an inter lumen connector 3 forming a lumen 5, and

— a distal tlange 4.

The proximal flange 2 has four equally-spaced through holes for retainer fingers of a placement
device aligned with tabs 20 of the distal flange 4. In other examples, there may be different
numbers and/or spacing of through holes and associated tabs in the distal flange. The holes 10
have curved outer surfaces and circumferentially curved inner surfaces 12. Each tab 20 has a radial
part 21 and an axial part 22, the latter being at an acute angle of about 10° to the longitudinal axis

of the tube 1. The longitudinal axis 1s the central axis of the lumen 3.

The tube 1 1s deployed 1n a manner described in W0O2019/086608, achieved by a placement device
having longitudinal fingers which extend through the holes 10 and press radially inwardly the
distal tlange 4, more specifically the tab 20 radial parts 21 and axial parts 22. When the placement
device’s needle has pierced the tympanic membrane the proximal flange acts as a stop or depth
perception of the device from the tympanic membrane, with its distally-facing face in contact or
near-contact with the tympanic membrane. The placement device retainer fingers and needle are
then retracted, causing the distal flange 4 tabs 20 to spring out to the radial position 1llustrated 1n

Fig. 1, thereby securing the tube 1 1n place across the membrane.

As shown 1n Fig. 2 the composition of the tube 1 comprises an internal skeleton or scaffold
structure 51 of metal (or in other examples of suitable rigid material such as a rigid polymer), and

a surrounding outer material 50 which 1s softer.

In this case the scaffold structure 51 material 1s Stainless Steel and the surrounding outer material
50 1s a silicone over-mould. In other examples the skeleton may include titanium or other suitable

material, which 1s also more rigid than the outer material.

The outer material 50 1s preferably over-moulded, and it preferably comprises a polymer of more

resilient and less rigid material than the scatfold. The over-mould material 1n this example 1s a
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liquid silicone rubber of medical grade, preferably having a Shore A hardness 1n the range of 50

to 90.

The scaffold structure 51 comprises, as shown in Fig. 3 a tubular mesh 60 comprising integral
structural members 61 defining curved rectangular apertures 62. A proximal end of the tubular
mesh 60 1s of higher strength forming a rim 63 without apertures. The distal end of the tubular

mesh 60 comprises distally-facing crowns 64 formed by distal members 64.

At the proximal end there are four metal spines 68 extending radially from the rim 63, at equal 90°

radial separations. The spines 68 are integral with the tubular mesh 60.

The tube 1s manufactured by fabricating the structure 51 using known techniques for fabricating
stents. An example 1s laser-cutting a pattern and folding and welding. Another example 1s laser
cutting from a tube with the correct internal diameter (ID) and wall thickness and then forming the
legs post manufacture of the part. Then, the silicone 50 1s over-moulded by injection moulding.
The internal scaffold 1s placed and held 1n position 1n a mould and the silicone 1s 1njection-moulded

over the scaffold. The over-moulding 50 1s shown in more detail in Figs. 4 and 5.

The manufactured tube 1 has excellent strength and flexural characteristics, with the proximal
flange 2 having more rigidity than the distal flange 4 due to the metal spines 68. The inter-lumen
connector 3 has excellent strength to remain open during deployment and after insertion for its life
time, which can be up to approximately 2 years in one example, but it could be permanent 1n
another example. The distal crowns 64 allow a configuration in the distal direction which facilitates

insertion through the tympanic membrane with minimum resistance.

The tube 1 has a rigid structure except for the distal flange 4 with the stand-ups 20, which allows
for effective installation 1nto a tube delivery system, providing a folded narrow lead-in of the distal
flange 1s desired. The rigid lumen and proximal flange allow for deployment of the tube without
collapsing or deforming the tube. In-vivo, the scaffold structure ensures that the lumen remains
intact throughout the lifetime of the device, whereas an all-silicone tube may kink or collapse due

to external forces acting upon it.
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Clinical Benefits

Silicone material 1s 1in contact with the body, while the tube has the underlying rigidity of a harder

material such as a fluoroplastic or titanium or metal.

The scaffold structure ensures that the lumen will not collapse in-vivo and thus reduces the risk of

tube blockage during use.

The scattold structure gives rigidity to the proximal flange. The diameter of the distal flange of a
tympanostomy tube 1s known to affect the rate of tube extrusion however it 1s also known that the
proximal flange affects the rate of extrusion as the natural growth of the tympanic membrane
pushes on the proximal flange, which causes the tube to extrude from the tympanic membrane
over time. If, unlike the tubes described here, there were a more flexible outer (proximal) flange
this may impair the body’s ability to extrude the tube 1n a timely manner as the flexible proximal

flange would deform rather than extruding from the tympanic membrane.

The more flexible distal flange and the inter-flange distance allows ease of tube placement, even
in retracted ear drums because, as the distal (1inner) flange deforms and opens 1t engages with the

medial side of the tympanic membrane and deploys precisely 1n the 1ncision.

The mechanical properties of the tube with silicone and Stainless Steel inner allows for flexibility
in manufacture of tubes with other tube configurations, such as a 'T-Tube, which could be included
in the device as an alternative tube choice for clinicians. Typically, a T-Tube has a very large distal
(inner) flange (approx. 10mm for example) and stays in the body for greater than 2 years and 1n

some cases indefinitely.

Colour 1s readily added to silicone material — a blue colour for example allows the clinician to
casily see the tube outer flange during intra-operative placement allowing for more accurate
placement. Post operatively, the clinician can see the tube 1n situ more easily which can often be

difficult when examining paediatric ears especially in small ears or a moving patient.

In cases where tubes do not extrude naturally, they have to be surgically removed. The silicone
inner flange 1s flexible and therefore 1t may be easier and less traumatic to the tympanic membrane

to remove this tube, when necessary. This may result 1in a reduced perforation rate.
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The invention 1s not limited to the embodiments described but may be varied 1in construction and
detail. It 1s envisaged that the tubular mesh structure member may have smaller or larger cross-
sectional areas, depending on the clinical requirements. In some cases, there may be spines for the
distal flange, and 1f so, they may be more flexible than the spines for the proximal flange by having
a smaller cross-sectional area for example. There may be any desired number of spines for the
proximal flange, and for the distal flange 1f they exist. The volume of outer material 1s chosen to
ensure that the scaffold does not protrude in use, and of course according to other clinical

requirements.

As noted above the tube may be for other in vivo medical applications such as fluid transfer
between two biological structures which are separated by a thin membrane. However, it 1s

particularly preferred for the tympanic membrane.

The tube may be referred to as a fluidic bridging tube, for transter of any fluid, gas or liquid,
including air for ventilation. Also, the scatfold structure may be configured for expanding during
deployment, either self-expanding using a shape memory scatfold material such as nitinol or by

applied pressure from within using for example a balloon.

Also, 1t 1s envisaged that the outer material 1s not over-moulded, and the scaffold structure may be
embedded alternatively by for example press-fitting the scaffold structure into a tube or sleeve-
shaped body of outer material. Also, it 1s envisaged that the outer material does not completely

surround the scatfold structure.

It 1s envisaged that the tube and scatfold could be manufactured 1n a collapsed state. In one
embodiment the scaffold material could be made from a stainless steel or titanium material which
during deployment of the tube would utilize an expansion mechanism from within such as an
inflatable balloon. In another embodiment the scatfold material could be made from a metal with
shape memory properties which would expand once released from a retaining component of the
device. In both of these embodiments, the silicone over-mould would expand with the expansion
of the scatfold to the new larger size. These embodiments allow for a lower profile of device which
would 1mprove the ability to puncture the ear drum and visualization of the device during
deployment. The flexible silicone material may 1n other examples be a suitable medical-grade

flexible material such as a thermoplastic elastomer, “TPE”.
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A fluidic bridging tube (1) for use 1in a human or animal, the tube comprising a proximal
flange (2), an inter lumen connector (3) with a lumen (5), and a distal flange (4), wherein
the tube at least partially comprises a scaffold structure (51) and an outer material (50)
which 1s softer than the scaffold structure and fully or partially surrounds the scatfold

Structure.

A fluidic bridging tube as claimed in claim 1, wherein the tube 1s a tympanostomy tube.

A fluidic bridging tube as claimed in claims 1 or 2, wherein the scaffold structure (51)

comprises a tubular mesh extending through at least some of the inter lumen connector.

A fluidic bridging tube as claimed in claim 3, wherein the tubular mesh comprises a

member (61) defining substantially curved rectangular mesh apertures.

A fluidic bridge tube as claimed 1n claim 4, wherein said mesh apertures have substantially

equal sides.

A fluidic bridging tube as claimed 1n any of claims 3 to 5, wherein the tubular mesh

comprises crowns (64) at its distal end.

A fluidic bridging tube as claimed 1n any of claims 3 to 6, wherein the tubular mesh

comprises a rim (63) without apertures at its proximal end.

A fluidic bridging tube as claimed 1n any preceding claim, wherein the scatfold structure
comprises spines (68) extending with a radial directional component to provide structural

support for the proximal flange (2) at least.

A fluidic bridging tube as claimed 1n claim 8, wherein the scaffold structure comprises

spines (68) which are substantially equally separated radially.

A fluidic bridging tube as claimed 1n any preceding claim, wherein the scatfold structure

comprises material selected from Stainless Steel, Nitinol, titanium, or a polymer.
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A fluidic bridging tube as claimed in any preceding claim, wherein the outer material

comprises medical grade flexible material, preferably silicone rubber.

A fluidic bridging tube as claimed 1n any preceding claim, wherein the outer material (50)

1S over-moulded on the scaffold structure.

A fluidic bridging tube as claimed 1n any preceding claim, wherein the scatfold structure

1s completely surrounded by the outer material.

A fluidic bridging tube as claimed 1n any preceding claim, wherein the distal flange (4)

does not include any part of the scaffold structure.

A fluidic bridging tube as claimed 1n any preceding claim, wherein the scatfold structure

1s inflatable radially from within.

A fluidic bridging tube as claimed 1n claim 15, wherein the scaffold structure 1s inflatable
radially from within by a balloon, and the outer material 1s configured to expand with

expansion of the scaffold structure.

A fluidic bridging tube as claimed 1n any preceding claim, wherein the scatfold structure
comprises a shape memory material configured to expand from a retaining component, and

the outer material 1s configured to expand with expansion of the scaffold structure.

A method of manufacturing a fluidic bridging tube of any preceding claim, the method
comprising providing the scaffold structure and over-moulding the outer material to form

the shape of the proximal flange (2), the inter lumen connector (3) with a lumen (5), and

the distal flange (4).
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