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CRIMPING DEVICE FOR COLLAPSIBLE VALVES

Field of invention

The present invention relates to a device dedicated to diameter reduction of collapsible valves, in
particular heart valves.

State of the art

In recent years, the development of both balloon-expandable and self-expandable valves allows crimping
the valvular structure into a cylindrical shaft prior to deploy the valve in the correct anatomical position.

In the present document, the expression “crimping a valve” has to be understood as “reducing the
diameter of a valve in a way as to make it possible to load it within a hollow cylindrical portion of a delivery
system”.

Furthermore, the terms “valve”, “stent” or “stent-valve” are indifferently used in the present document.

In the present context, the stent-valve is a prosthesis since its function is to replace a native valve.

Currently on the market crimping tools provide a single stage crimping mechanism (WO 2004/019768, US
2007/0056346, US 2015/0336150). For complex devices, which include multiple anchoring system, having a
single stage crimping tool may be flawed since it obliges to reduce simultaneously the entire stent frame
diameter, including the anchoring system. Another option is to crimp only the main structural stent, leaving
the marginal anchoring system, which protrude externally from the stent, to its original shape, and loading
subsequently the crimped stent into a delivery system with a double-sleeve stent cover. Nonetheless, many
projects include their anchoring system within the stent frame and it is not possible to discriminate it
during the crimping procedure. In addition, since these anchors are deemed to sustain the pressure loads
when prostheses are implanted, anchoring system usually offer higher resistance to radial forces, thus
deforming the stent frame structures during the process of crimping. In this context, having the possibility
of acting on selected portion of the stent during crimping phase may positively affect the outcomes of the
procedure itself. In fact, crimping annular portion of the stent to its final diameter without impacting
directly to external anchoring protrusion of stent frames may reduce the stresses imparted to the
structures, thus leading to a more homogenous and safe crimping process.

Crimping devices acting on selected portion of the valves are disclosed in the following patent documents :
EP 2014 257 Al and EP 2 644 158 Al.

In those devices each actuator has a bar shape that is radially oriented, i.e. perpendicular with respect to
the external surface of the cylindrical unit.

Those prior art devices are cumbersome and may not allow to obtain a precise crimping action.

There is therefore a need to improve the existing crimping devices.
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General description of the invention

The present invention consists in an improved crimping tool that allows the conditioning of collapsible
valves, via a reduction of the stent diameter. The stent is compressed so that it can be loaded e.g. into a

valve-cover of a delivery system.

More precisely the invention relates to a crimping device for reducing the diameter of collapsible valves,
said device including at least two independent cylindrical crimping units that are each adapted to crimp a
different specific part of a valve, independently from the other crimping unit(s), each of said unit
comprising a diaphragm rotation crimping mechanism that includes crimping jaws, and wherein each unit
comprises an actuator for activating said mechanism, characterized by the fact that said actuator is a

handling screw that is tangentially fixed to the external surface of the cylindrical crimping unit.

The use of the handling screw(s) according to the invention provide several advantages with respect to the
prior art devices, in particular a volume reduction of the crimping device and a more precise crimping, i.e.

the different diameters of the collapsed can be more precisely defined.

In a preferred embodiment, the device is made for the crimping of collapsible heart valves. To this effect, it
comprises three crimping units that are adapted to independently act over atrial, annular and ventricular
portions of the stent. This allows to reduce the stent-valve annular diameter without affecting both atrial
and ventricular stent portions. In particular, with the crimping device of the invention, it is possible to act
on the ventricular portion of the stent that may comprise an anchoring system, after the crimping annular
portion. Mutual and simultaneous stresses over the whole stent, that may affect its general structure, are
then avoided. Finally, the ability of leaving both atrial and ventricular portions of the stent protruding
outwards the crimping jaws, offers the possibility to load the stent within the delivery system by connecting

elements such as atrial flaps or ventricular engagement bodies to other parts of the delivery system.

Detailed description of the invention

The invention will be better understood in the present chapter, with non-limiting examples illustrated by

the following figures:

Figure 1: Lateral view of the three-stage crimping device. Three separated screws provide independent

crimping movements using this device.
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Figure 2: Sectional view of the crimper. From this perspective, it is possible to discriminate the three

independent crimping units 2, 3 and 4 made by multiple inclined adjoining jaws.

Figure 3 — A: Lateral view of the crimping device with partial closure of atrial crimping unit 2. In this

configuration, jaws are partially rotated so that crimping system is only marginally closed.

Figure 3 — B: Lateral view of the crimping device with total closure of atrial crimping unit 2. In this

configuration, jaws are rotated until final positioning of control screw 53.

Figure 3 — C: Lateral view of the crimping device from ventricular crimping unit side. It appears evident as
the three different crimping units are independent. In fact, despite atrial unit appears totally closed, both

annular and ventricular crimping units are in their fully-open configuration.
Figure 4: Exploded later view of each components of the three-stage crimping device.
Figure 5 — A: Perspective view of the crimping device without the atrial external cam 5.

Figure 5 — B: Perspective view of the crimping device without the atrial external cam 5, annular cam 6 and

atrial part of the anterior inner translational shell 8.

Figure 5 — C: Perspective view of the crimping device without the atrial external cam 5, annular cam 6,

anterior inner translational shell 8 and the atrial crimping mechanism 2, 21.

Figure 5 — D: Perspective view of the crimping device without the atrial external cam 5, annular cam 6,
anterior inner translational shell 8, the atrial crimping mechanism 2, 21 and the annular crimping

mechanism 3, 32.

Figure 6: perspective view of a singular atrial 2, annular 3 and ventricular 4 crimping jaws with their

correspondent hinge (22, 34, 42) and translation (23, 33, 43) peg holes.

Numerical references used in the figures

1 three-stage crimping device

2 atrial crimping unit

3 annular crimping unit

4 ventricular crimping unit

5 atrial external cam

6 annular cam

7 ventricular external cam

8 anterior inner translational shell
9 posterior inner translational shell

10 support base
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21 atrial translation pegs

22 atrial hinge holes

31 principal hinge pegs

32 annular translation pegs

41 ventricular translation pegs

51 atrial handling screw

52 atrial cam sliding guides

53 atrial cam scroll screws

54 atrial peg translation guides

61 ventricular handling screw

62 annular cam sliding guides

63 annular peg support guides

71 ventricular handling screw

72 ventricular cam sliding guides

73 ventricular cam scroll screws

74 ventricular peg translation guides

81 inner translational shell fixing screws

82 atrial peg support guides

83 annular peg support guides on the anterior inner translational shell
84 principal hinge peg binding holes on the anterior inner translational shell
85 scroll screw fixing holes of the anterior inner translational shell

91 principal hinge peg binding holes on the posterior inner translational shell
92 ventricular peg support guides

93 annular peg support guides on the posterior inner translational shell
94 annular peg support guides on the posterior inner translational shell
95 scroll screw fixing holes of the posterior inner translational shell

101 support base fixing screws

The illustrated example includes a three-stage independent crimping device 1 for collapsible valves.

An important feature of the device includes the presence of three independent crimping units 2, 3, 4 for
allowing acting separately on atrial, annular or ventricular portion of a valve for reducing its diameter.

The present disclosure describes a crimping tool designed to reduce selectively and independently
different stent portion using a diaphragm rotation mechanism. The crimper device includes an atrial
external cam 5 and a ventricular external cam 7 which respectively allow the rotational movements of atrial

2 and ventricular 4 crimping jaws. Moreover, an internal annular cam 7 allows the movement of the
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annular crimping unit 3. Atrial, annular and ventricular jaws, located within the inner translational shell 8-9,
have different thickness, depending of the length of the correspondent stent portions in totally crimped
configuration. Both external atrial and ventricular cams 5,7, annular cam 6, inner translational shell 8-9 and
crimping jaw system 2-3-4 present circular shape, with a center radial hole allowing the insertion of the
stent frame during crimping procedure. Actual movements of jaws, which provide crimping effect, are
based on rotational movement of each unit jaws around a principal hinge peg (one for each adjacent jaw).
The mutual contact between adjacent jaws and their inner portion surface design (in contact with the
stent), allow to transform the rotation of the jaw around their hinge pegs in the progressive reduction of
inner diameter of crimping units. This crimping mechanism is mediated by guided movement of
appropriate translational pegs, fixed to each jaw, within their correspondent sliding guides (one for each
adjacent jaw). Actuation movement, that will be subsequently described, is conducted using an handling
screw 51, 61, 71. In addition, the present device may include different separate actuators, each one
dedicated to each single crimping unit or a singular actuator able to selectively act on each different
crimping unit. Such unique actuator may be manufactured so that it will be possible to progressively crimp
down the annular, ventricular and atrial stent section in sequence. Crimping unit actuation sequence may

be decided independently by the user.

Fig.6 shows a clear representation of crimping jaws. As visible, each atrial, annular and ventricular crimping
jaw has two holes. External holes in atrial 22, annular 34 and ventricular 42 crimping jaw allow the passage
of the principal hinge peg 31 around which each jaw rotate during crimping process. Proximal holes 23 — 33
— 43 allocated on the atrial, annular and ventricular crimping jaws allow the passage of the correspondent
pegs that ensure the jaws rotation during crimping. Crimping jaws, which represent the only portion of the
crimping device in contact with the stent, may be manufactured using low friction materials, such as Delrin,
Polyoxymethylene  (POM), ultra-high-molecular-weight polyethylene (UHMWPE), Nylon, or
polytetrafluoroethylene (PTFE). External atrial and ventricular cams 5 - 7, annular cam 6, inner translational
shell 8 — 9, support base 10, fixing screws 81 - 101, scroll screws 53 — 73, hinge pegs 31 and translational
pegs 21 — 32- 41 may be manufactured with blood-resistance materials, such as plastic (polyester material,
polyethylene terephthalate PET, polyvinyl chloride PVC etc.) or metal (stainless steel AlISI 316, corrosion-

resistant aluminum).

Fig. 5 A-D shows the crimping device while removing progressively crimping elements from the external
atrial cam 5-A until leaving only the ventricular crimping mechanism 5-D. To better understand the
complexity of the crimping device, please refers to Fig. 4, where an exploded view of each element of the
crimping device is reported. Once stent is inserted in central opening of the crimper device and correctly
aligned so that each atrial, annular and ventricular portion of the stent are aligned to its correspondent

crimping unit of the device, it is possible to proceed with crimping procedure.
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Crimping procedure description for each atrial, annular and ventricular unit will be separately described

hereafter.

Atrial cam presents four main elements: a structural shell 5 where an atrial handling screw 51 can be
screwed, multiple atrial cam sliding guides 52 and multiple atrial peg translation guides 54. Atrial cam scroll
screws 53 are inserted within the sliding guides and fixed to the anterior inner translational shell 85.
Minimum crimping diameter of atrial portion is related to atrial cam sliding guides length. In fact, when in
fully-open configuration, atrial cam scroll screws 53 are in contact with one end of the atrial cam sliding
guides 52 (as in Fig. 2). For crimping atrial portion of the stent, it is necessary to act on atrial handling screw
51 located on the atrial cam 5. In this configuration, screwing the handling screw within its compartment on
the atrial cam, it is possible to rotate the cam shell itself. Such rotational movement allows each atrial jaw
2, in mutual contact with its adjacent jaw, while rotating around its principal hinge peg 31, to reduce the
inner diameter of the atrial crimping unit. Atrial pegs translational guides 54, located on the inner surface
of the atrial cam, force the radial movements of the atrial pegs 21, fixed to each atrial jaw 2, while rotating
the atrial cam. Atrial pegs movement within the translational guides 54 is aided by the atrial peg support
guides 82 located on the anterior inner translational shell 8. Since the atrial cam scroll screws 53 are fixed
to the translational shell 8, the rotation of the atrial cam, as well as the progressive reduction of the
crimping diameter imparted by the crimping system, is allowed until the scroll screws 53 touch the

opposite end of the atrial cam sliding guides.

Using the same functioning principle of the atrial crimping procedure, it is possible to act on the device for
the stent annular crimping section. Annular cam apparatus, which provide the rotational movements for
the crimping process, consists in a structural shell 6, onto which it acts an annular handling screw 61.
Moreover, on the annular cam are present multiple annular cam sliding guides 62 and annular peg support
guides 63. Minimum crimping diameter of annular portion is related to annular cam sliding guides length.
Screwing the handling screw 61 within its compartment on the annular cam 6, it is possible to rotate the
cam shell itself. Such rotational movement allows all annular jaws 3, that are in mutual contact with each
other’s, while rotating around their principal hinge peg 31, to reduce the inner diameter of the annular
crimping unit. Annular peg translational guides 83 - 93, located on both anterior and posterior portions of
the inner translational shell 8 - 9, force the radial movements of the annular pegs 32, fixed to each annular
jaw, while rotating the annular cam 6. Annular pegs movement within the translational guides 83 - 93 is
aided by the annular peg support guides 63 located on the annular cam 6. As for atrial section crimping
procedure, since the atrial cam scroll screws 53 are fixed to the translational shell 8, the rotation of the
annual cam, as well as the progressive reduction of the crimping diameter imparted by the jaws crimping

system, is allowed until the scroll screws 53 touch one end of the annular cam sliding guides 62.
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The crimping procedure of the ventricular portion of the stent may be implemented separately after the
end of annular crimping procedure alone or after both annular and atrial crimping procedures. It is
important to underline as it may be possible to act on each crimping unit independently using the present

device.

Ventricular cam presents four main elements: a structural shell 7 where the ventricular handling screw 71
can be screwed, multiple ventricular cam sliding guides 72 and multiple ventricular peg translation guides
74. Ventricular cam scroll screws 73 are inserted within their correspondent sliding guides 72 and fixed to
the posterior inner translational shell 95. Minimum crimping diameter of ventricular portion is related to
ventricular cam sliding guides length. In fact, when in fully-open configuration, ventricular cam scroll screws
73 are in contact with one end of the ventricular cam sliding guides 72 (as in Fig. 3 - C). For crimping
ventricular portion of the stent, it is necessary to act on ventricular handling screw 71 located on the
ventricular cam 7. Such rotative actuation movement may be substituted by an electric, lever or other
mechanical actuations, as for previous crimping mechanisms described. Screwing the handling screw within
its compartment on the ventricular cam, it is possible to rotate the cam shell. Such rotational movement
allows each ventricular jaw 4, in mutual contact with its adjacent jaw, while rotating around its principal
hinge peg 31, to reduce the inner diameter of the ventricular crimping unit. Ventricular pegs translational
guides 74, located on the inner surface of the ventricular cam 7, force the radial movements of the
ventricular pegs 41, fixed to each jaw 4, while rotating the ventricular cam. Ventricular pegs movement
within the translational guides 74 is aided by the ventricular peg support guides 92 located on the posterior
inner translational shell 9. Since the ventricular cam scroll screws 73 are fixed to the translational shell 9,
the rotation of the ventricular cam, as well as the progressive reduction of the crimping diameter imparted
by the jaws crimping system, is allowed until the scroll screws 73 touch the opposite end of the ventricular

cam sliding guides 72.

Atrial, annular and ventricular crimping mechanisms (2 - 3 — 4), including correspondent hinge and
translational pegs (21, 31, 32 and 41) are mutually interconnected and compenetrated. In addition, all
these elements are located within the inner translational shell 8 — 9. Anterior and posterior Inner
translational shells 8 — 9, bonded together using appropriate fixing screws 81, form the inner translational
shell. The latter is a not moving element, which provides support during crimping phase and allows fixing
the crimping structures to the support base 10 via support base fixing screws 101. The innovative design of
this three-stage crimping device allows obtain a complex and very versatile tool without loss in

compactness and ease of use.
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Claims

Crimping device (1) for reducing the diameter of collapsible valves, said device (1) including at least
two independent cylindrical crimping units (2,3,4) that are each adapted to crimp a different
specific part of a valve, independently from the other crimping unit(s), each of said unit (2,3,4)
comprising a diaphragm rotation crimping mechanism that includes crimping jaws, and wherein
each unit (2,3,4) comprises an actuator for activating said mechanism, characterized by the fact
that said actuator is a handling screw (51,61,71) that is tangentially fixed to the external surface of

the cylindrical crimping unit (2,3,4).

Crimping device (1) according to claim 1 for collapsible valves and comprising three crimping units

(2,3,4), namely an atrial unit, an annular unit and a ventricular unit.

Crimping device (1) according to claim 1 or 2 wherein each unit (2,3,4) comprises a disc-shaped cam

(5,6,7) for the rotational movements of the crimping jaws.

Crimping device (1) according to anyone of the previous claims wherein said crimping units (2,3,4)

have different thicknesses.

Crimping device (1) according to anyone of the previous claims in which mutual contact between
adjacent jaws and their inner portion surface design in contact with the valve allow to transform
the rotation of each jaw around a hinge peg in the progressive reduction of inner diameter of the

corresponding crimping unit (2,3,4).
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