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1. 

SURGICAL DELVERY DEVICE AND 
METHOD OF USE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority under 35 U.S.C. 
S119(e)(1) to U.S. Provisional Patent Application Ser. Nos. 
61/238,063, filed Aug. 28, 2009: 61/287,030, filed Dec. 16, 
2009; and 61/322,486, filed Apr. 9, 2010; the entire teach 
ings of each of which are incorporated herein by reference. 

FIELD 

The present disclosure is generally directed to a Surgical 
delivery device and method of use. More particularly, the 
present disclosure is directed to a Surgical delivery device 
for delivering a stented heart valve to an implantation site. 

BACKGROUND 

Heart valve replacement is required when a patient’s heart 
valve becomes diseased or damaged. Surgically implanted 
heart valve prostheses have extended the life expectancy of 
many patients with defective heart valves. Such prostheses 
can be either mechanical or biological (tissue valves), 
stented or stentless, and may be implanted into an aortic, 
mitral, tricuspid, or pulmonary position. 

During a Surgical procedure, the heart is typically stopped 
and the patient attached to a heart/lung bypass machine that 
pumps and oxygenates the patient’s blood. The longer a 
patient is required to rely on the artificial heart/lung bypass 
machine to maintain vital functions, the greater the stress on 
the patient. There is consequently a need to simplify the 
Surgical implantation of a heart valve prosthesis into the 
implantation annulus in order to minimize both the length of 
Surgery and the amount of time spent on heart/lung bypass. 

Stented heart valves made from flexible material or from 
materials that exhibit shape memory characteristics promise 
less complicated and faster valve implantation procedures. 
The stents Supporting the heart valves are generally cylin 
drical in shape and are structured to be crimped so as to 
reduce their size for delivery to a target site. The stents may 
be either self-expanding or non self-expanding. Self-ex 
panding stents may be formed from any suitable shape 
memory material. Such as Nitinol. Non self-expanding stents 
are typically expanded via an inflation means or mechanical 
expansion means. Stented heart Valves are sometimes 
referred to as suture-less valves because they may be 
implanted and secured into the annulus without the use of 
Sultures. 

As appreciated by those of ordinary skill in the art, it is 
desirable to crimp or otherwise radially compress the stent 
in a substantially uniform manner to minimize the variation 
in pressures applied to the stent. Such pressure variations 
may lead to deformation of the stent, which may reduce the 
ability of the stent to securely maintain the heart valve at the 
target location. Thus, if a stent is crimped in a non-uniform 
manner, it is typically either re-crimped or thrown away. 
Re-crimping of stents is not desirable because the repeated 
application of force on the stent may cause fatigue or 
weakening of the stent structure. Disposing of poorly 
crimped stents is also not desirable due to the increased costs 
associated with the waste. This is especially true with 
stented heart valves because the stent and the heart valve are 
attached together and must be disposed of as a single unit. 
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2 
A number of different strategies have been used to repair 

or replace a defective heart valve with a stented replacement 
valve. Generally speaking, open-heart valve repair or 
replacement Surgery involves a gross thoracotomy, usually 
in the form of a median Sternotomy. In this procedure, a saw 
or other cutting instrument is used to cut the Sternum 
longitudinally and the two opposing halves of the anterior or 
Ventral portion of the rib cage are spread apart. A large 
opening into the thoracic cavity is thus created, through 
which the Surgeon may directly visualize and operate upon 
the heart and other thoracic contents. The patient must be 
placed on cardiopulmonary bypass for the duration of the 
Surgery. Open-chest valve replacement Surgery has the ben 
efit of permitting the direct implantation of the replacement 
valve at its intended target site. For example, the crimped 
stented replacement valve may be delivered to the target site 
with a delivery catheter or the like. Once positioned in the 
desired location, the stent may be re-expanded or self 
expands to secure the replacement heart valve in place by 
exerting radial forces against the internal walls of the 
implantation annulus. 
New delivery devices and methods which make the 

Surgical procedure more efficient and minimize the length of 
time of the procedure are always needed. Furthermore, new 
delivery devices and methods which provide the surgeon 
with improved visualization of the stented heart valve during 
delivery as well as improved control over the deployment of 
the stented heart valve are also needed. 

SUMMARY 

The present disclosure addresses the foregoing needs by 
providing a novel delivery device for a stented heart valve 
including a handle, an elongate shaft extending from a distal 
end of the handle, and a conical housing having a proximal 
end coupled to the elongate shaft and an open distal end, the 
conical housing having a conical lumen therein with a first 
internal diameter adjacent to the proximal end of the conical 
housing and a larger second internal diameter adjacent to the 
open distal end of the conical housing. 

In accordance with another aspect of the present disclo 
Sure, a novel method of loading a stented heart Valve into a 
delivery device includes the steps of receiving a delivery 
device having a handle on a proximal end, a housing on a 
distal end, and a shaft extending therebetween, crimping a 
stented heart valve with a crimping tool, pushing the 
crimped stented heart valve into the housing of the delivery 
device, pulling a control suture of the stented heart valve 
through the shaft and the handle of the delivery device, and 
engaging the control Suture with an engagement mechanism 
operably coupled to the handle of the delivery device to 
apply tension to the control Suture Such that the crimped 
stented heart valve is retained within the housing. 

In accordance with another aspect of the present disclo 
sure, a novel method of delivering a stented heart valve to 
an implantation site includes the steps of receiving a deliv 
ery device including a conical housing, the conical housing 
having a conical lumen therein with a first internal diameter 
adjacent to a proximal end of the conical housing and a 
larger second internal diameter adjacent to a distal end of the 
conical housing, loading a crimped stented heart valve into 
the conical housing Such that an inflow end of the stented 
heart valve extends outside of the housing past the distal 
end, positioning the conical housing at an implantation site, 
allowing the inflow end of the stented heart valve to expand 
within the implantation site, and manipulating the delivery 
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device to expose additional portions of the stented heart 
valve to allow for expansion within the implantation site. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a crimping tool in 
accordance with the present disclosure. 

FIG. 2 is an exploded perspective view of the crimping 
tool of FIG. 1. 

FIGS. 3A and 3B are front and back views, respectively, 
of the crimping tool of FIG. 1 illustrating a compression 
assembly in an uncrimped position. 

FIGS. 4A and 4B are front and back views, respectively, 
of the crimping tool of FIG. 1 illustrating the compression 
assembly in a crimped position. 

FIG. 5 is a front view of the crimping tool of FIG. 1 
illustrating a delivery device holder having a seat member 
aligned with an access aperture of the crimping tool. 

FIGS. 6A-6D are perspective, side, top, and bottom 
views, respectively, of a compression assembly bar in accor 
dance with the present disclosure. 

FIG. 7 is a perspective view of the compression assembly 
and attached drive wheel removed from the crimping tool. 

FIG. 8 is another embodiment of a compression assembly 
bar in accordance with the present disclosure. 

FIG. 9 is another embodiment of a compression assembly 
bar in accordance with the present disclosure. 

FIG. 10 is another embodiment of a compression assem 
bly bar in accordance with the present disclosure. 

FIGS. 11A and 11B are front and back views, respectively, 
of the crimping tool of FIG. 1 with a front plate removed to 
illustrate movement of the compression assembly. 

FIGS. 12A and 12B are perspective and side views, 
respectively, of a stented heart valve that may be crimped 
and delivered to a patient in accordance with the present 
disclosure. 

FIGS. 13A and 13B are perspective and side views, 
respectively, of a delivery device in accordance with the 
present disclosure. 

FIGS. 14A and 14B are diagrams illustrating the opera 
tion of a delivery device engagement mechanism in accor 
dance with the present disclosure. 

FIG. 15 is a perspective view of an engagement mecha 
nism retention assembly in accordance with the present 
disclosure. 

FIGS. 16A and 16B are diagrams illustrating the opera 
tion of the engagement mechanism retention assembly. 

FIG. 17 is a side view of a stylet tool that may be used 
with the delivery device of the present disclosure. 

FIG. 18 is a perspective view of the crimping tool with the 
stented heart valve loaded therein. 

FIG. 19 is a perspective view of the crimping tool after the 
stented heart valve has been crimped. 

FIG. 20 is a perspective view of the delivery device 
aligned with the crimping tool. 

FIG. 21 is a perspective view of the delivery device 
positioned within the delivery device holder of the crimping 
tool. 

FIG. 22 is a perspective view of the compression assem 
bly illustrating a plurality of recesses forming a stepped 
region for engagement with the delivery device. 

FIG. 23 is a perspective view of the crimping tool 
illustrating the crimped stented heart valve being loaded into 
the delivery device. 

FIG. 24 is a diagram illustrating a control Suture of the 
stented heart valve engaged by the engagement mechanism. 
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4 
FIG. 25 is a perspective view of the delivery device with 

the stented heart valve hanging from a distal end thereof. 
FIG. 26 is a perspective view of the delivery device with 

the crimped stented heart valve loaded therein and ready for 
delivery to a patient. 

FIGS. 27A-27C are diagrams illustrating a method of 
delivering a stented heart valve to an aortic annulus in 
accordance with the present disclosure. 

DETAILED DESCRIPTION 

The present disclosure is generally directed to devices and 
methods for reducing the size of a stented heart valve and 
delivering the stented heart valve to an implantation site for 
deployment within a patient. In some embodiments 
described in detail herein, a stented heart valve may be 
crimped using a crimping tool, loaded into a delivery device, 
and deployed within a patient implantation site in a con 
trolled manner. 
As will be appreciated by those of ordinary skill in the art, 

the stented heart valve may be crimped or radially com 
pressed in any Suitable manner prior to loading the heart 
valve into the delivery device. Thus, the specific crimping 
tool embodiments set forth herein are provided merely for 
purposes of example and not limitation. 

FIG. 1 is a perspective view of one embodiment of a 
crimping tool 10 that may be utilized with the present 
disclosure. As illustrated in FIG. 1, the crimping tool 10 
generally includes a compression assembly 12 disposed 
within a housing 14, an actuation lever 16, a lever lock 18, 
and a delivery device holder 20. The housing 14 includes an 
elongated base portion 21 that is sized and structured to 
provide Sufficient Support and stability to the crimping tool 
10 during use. As will be appreciated by those of ordinary 
skill in the art, the base portion 21 of the housing 14 may be 
positioned on or attached to a table or other Support Surface 
during use of the crimping tool 10. In alternative embodi 
ments, the base portion 21 may be a separate structure that 
is coupled to the housing 14 instead of being formed integral 
therewith. 
As illustrated in FIG. 1, the housing 14 of the crimping 

tool 10 includes a front wall or plate 22 and a back wall or 
plate 23 coupled together in a spaced apart relationship so as 
to define an opening 25 therebetween. The compression 
assembly 12 is disposed between the front plate 22 and the 
back plate 23 and is operably coupled to the actuation lever 
16 such that the actuation lever 16 extends through the 
opening 25. As will be discussed in further detail to follow, 
movement of the actuation lever in the directions indicated 
by arrows 24A and 24B controls movement of the compres 
sion assembly 12 between an uncrimped position and a 
crimped position, respectively. The actuation lever 16 of 
FIG. 1 is designed for manual operation by an operator, Such 
as by grasping and moving the actuator 16 by hand. How 
ever, alternative embodiments of the crimping tool 10 may 
include actuation levers that are operated via alternative 
mechanical, electrical, hydraulic, electromechanical, or 
computer-controlled actuation means without departing 
from the intended scope of the present disclosure. 
The housing 14 of the crimping tool 10 is described as 

being formed by two spaced apart plates that are coupled 
together so as to form an opening therebetween merely for 
purposes of example and not limitation. Thus, numerous 
other housing configurations may be used as will be appre 
ciated by those of ordinary skill in the art. In one alternative 
embodiment, the housing 14 may instead be formed as a rear 
housing portion having a cavity that is structured to receive 
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the compression assembly 12 and a cover plate that may be 
coupled to the rear housing portion Such that the compres 
sion assembly 12 is substantially enclosed therein. Further 
more, the housing 14 may be constructed using any Suitable 
materials including, but not limited to, various metals or 
plastics. 

Although not a necessary component of the present dis 
closure, the lever lock 18 is hingedly coupled to the housing 
14 and operable to lock the actuation lever 16 when the 
compression assembly 12 is in the crimped position. As 
illustrated in FIG. 1, the lever lock 18 “blocks' movement 
of the actuation lever 16 in the direction indicated by arrow 
24A thereby preventing unintentional expansion of the com 
pression assembly 12 and the stent (not shown) positioned 
therein from the crimped position back toward the 
uncrimped position. As discussed above, repeated cycles of 
compression and expansion of a stent may lead to fatigue or 
weakening of the stent structure. Thus, the leverlock 18 may 
be used to ensure that the stent is only crimped a single time 
prior to delivery to a patient. 
The delivery device holder 20 is structured to engage a 

delivery device and align the delivery device with an access 
aperture 26 in the front plate 22 of the housing 14 that is 
sized to allow a stent (not shown) to be passed therethrough 
and into the compression assembly 12 for crimping. This 
alignment allows the crimped stent to be loaded into the 
delivery device for subsequent delivery to a patient. More 
particularly, as illustrated in FIG. 1 the delivery device 
holder 20 includes a sliding plate 17 having a seat member 
19 that is structured to mate with or engage the delivery 
device. As will be appreciated by those of ordinary skill in 
the art, the structure and contour of the seat member 19 may 
vary depending upon the type of delivery device that is being 
supported. The sliding plate 17 and the seat member 19 are 
illustrated in FIG. 1 as separate components that are coupled 
together with a suitable fastening means such as a fastener 
15. Alternatively, the sliding plate 17 and the seat member 
19 may be formed as a single, integral unit. 
The sliding plate 17 is slidably coupled to the front plate 

22 of the housing 14 via at least one engagement member 27 
positioned within a corresponding horizontal slot 28. The 
delivery device holder 20 is structured for movement in the 
direction indicated by arrow 35 from a first position as 
illustrated in FIG. 1 wherein the seat member 19 is not 
aligned with a center axis of the access aperture 26 to a 
second position wherein the seat member 19 is substantially 
aligned with the center axis of the access aperture 26. The 
range of movement of the delivery device holder 20 is 
determined by the length of the horizontal slot 28 in the 
sliding plate 17. 
The delivery device holder 20 of FIG. 1 is illustrated as 

including two engagement members 27 and two correspond 
ing horizontal slots 28 merely for purposes of example and 
not limitation. Those of ordinary skill in the art will appre 
ciate that any number of engagement members and corre 
sponding slots may be used without departing form the 
intended scope of the present disclosure. 

FIG. 2 is an exploded perspective view of the crimping 
tool 10 of FIG.1. As illustrated in FIG. 2, the crimping tool 
10 further includes a drive wheel 29 that, along with the 
compression assembly 12, is structured to be positioned 
between the front plate 22 and the back plate 23 of the 
housing 14. The drive wheel 29 is a generally cylindrical 
structure with an open center portion, thereby resembling a 
rim or ring member. The drive wheel 29 is rotatable with 
respect to the housing 14 and operably coupled to the 
compression assembly 12 to drive movement of the com 
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6 
pression assembly 12 during the crimping process. As will 
be appreciated by those of ordinary skill in the art, the front 
plate 22 and the back plate 23 are spaced sufficiently apart 
when assembled (FIG. 1) such that the drive wheel 29 and 
attached compression assembly 12 may freely rotate ther 
ebetween. The actuation lever 16 is designed to operably 
engage the drive wheel 29 to initiate and control the move 
ment of the drive wheel 29. As will be appreciated by those 
of ordinary skill in the art, the actuation lever 16 may be 
coupled to the drive wheel 29 in any suitable manner, or 
alternatively may be formed integral with the drive wheel 
29. 

With the crimping tool 10 illustrated in FIG. 2, the front 
plate 22 is attachable to the back plate 23 with a plurality of 
fasteners 30 that are structured to be passed though corre 
sponding pluralities of apertures 31 in the front plate 22, 
elongate spacer elements 32 positioned between the front 
plate 22 and the back plate 23, and apertures 33 in the back 
plate 23. The fasteners 30 may have external threads that are 
structured to engage with internal threads of the apertures 31 
in the front plate 22 and/or the apertures 33 in the back plate 
23. As will be appreciated by those of ordinary skill in the 
art, numerous other means for attaching the front plate 22 to 
the back plate 23 of the housing 14 are contemplated and 
within the intended scope of the present disclosure includ 
ing, but not limited to, rivets, welding, an adhesive, or the 
like. Thus, threaded fasteners are described and illustrated 
merely for purposes of example and not limitation. 
As illustrated in FIG. 2, the compression assembly 12 

includes a plurality of bars 34, a plurality of drive pins 36, 
and a plurality of guide pins 38. The drive pins 36 and guide 
pins 38 are preferably metallic and generally cylindrical in 
shape, although the pins may be constructed in various other 
shapes and from various other materials without departing 
from the intended scope of the present disclosure. Each of 
the bars 34 includes a generally cylindrical drive pin slot 40 
structured to receive one of the drive pins 36 and a generally 
cylindrical guide pin slot 42 structured to receive one of the 
guide pins 38. The drive wheel 29 includes a plurality of 
generally cylindrical drive wheel slots 44 that are structured 
to receive the drive pins 36 to operably couple the drive 
wheel 29 to the plurality of bars 34 of the compression 
assembly 12. The drive pin slots 40 and/or the drive wheel 
slots 44 may be sized such that they have a diameter that is 
slightly larger than the diameter of the drive pins 36 to allow 
the bars 34 to rotate or pivot with respect to the drive wheel 
29 as the drive wheel is rotated with the actuation lever 16. 
The guide pin slots 42 may be sized similar to the guide pins 
38 such that a friction fit is formed therebetween, or alter 
natively the guide pin slots 42 may be sized larger than the 
guide pins 38 to allow for slight rotation of the distal end of 
the bars 34. 
The crimping tool 10 is described and illustrated herein as 

including a single plurality of drive pins 36 and a single 
plurality of guide pins 38 merely for purposes of example 
and not limitation. In alternative embodiments, the com 
pression assembly 12 may include a first plurality of drive 
pins structured to extend from the drive wheel slots 44 
toward the front side of the bars 34 adjacent the front plate 
22 and a second plurality of drive pins structured to extend 
from an opposite end of the drive wheel slots 44 toward the 
back side of the bars 34 adjacent the back plate 23. Similarly, 
the compression assembly 12 may include a first plurality of 
guide pins structured to extend from the guide pin slots 42 
in the bars 34 toward the front plate 22 and a second plurality 
of guide pins structured to extend from an opposite end of 
the drive pin slots 42 in the bars 34 toward the back plate 23. 
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The drive wheel slots 44 may be substantially equally 
spaced around the circumference of the drive wheel 29. 
Furthermore, as illustrated in FIG. 2 the number of drive 
wheel slots 44 is equal to the number of bars 34 in the 
compression assembly 12. Thus, each bar 34 includes one 
drive pin slot 40, one guide pin slot 42, and is associated 
with one drive wheel slot 44 in the drive wheel 29. With 
embodiments in which the drive wheel slots 44 are equally 
spaced around the circumference of the drive wheel 29, the 
bars 34 are also equally spaced around the circumference of 
the drive wheel 29 in a spoke-like fashion. 
As will be described in further detail to follow, the bars 34 

are arranged to form a generally circular or polygonal 
chamber 50 that is structured to receive a stent (not shown) 
or other element to be crimped. With the stent positioned 
within the chamber 50, the internal dimensions of the 
chamber 50 may be reduced by manipulating the actuation 
lever 16 as previously discussed, thereby moving the com 
pression assembly 12 from an uncrimped position to a 
crimped position. The extent to which the dimensions of the 
chamber 50 are reduced, and thus the amount of crimping, 
may be controlled by the position of the actuation lever 16. 
In the embodiment of the crimping tool 10 illustrated herein, 
the actuation lever 16 moves in a clockwise direction during 
the crimping process. However, those of ordinary skill in the 
art will appreciate that the compression assembly 12 may be 
modified such that the actuation lever 16 instead moves in a 
counter-clockwise direction during the crimping process. 

FIGS. 3A and 3B are front and back views, respectively, 
of the crimping tool 10 in accordance with the present 
disclosure. As illustrated in FIG. 3A, the front plate 22 of the 
housing 14 includes a first plurality of radially extending 
elongate slots 52. Similarly, as illustrated in FIG. 3B, the 
back plate 23 of the housing 14 includes a second plurality 
of radially extending elongate slots 54 that are aligned with 
the first plurality of elongate slots 52. When assembled, each 
of the guide pins 38 is structured to pass through a corre 
sponding guide pin slot 42 in one of the bars 34 as previously 
discussed. Additionally, each of the guide pins 38 is 
designed with a length that is sufficient to allow a first end 
of the guide pin 38 to extend into a corresponding one of the 
elongate slots 52 in the front plate 22 and a second end of 
the guide pin 38 to extend into a corresponding one of the 
elongate slots 54 in the back plate 23. As will be appreciated 
by those of ordinary skill in the art, the elongate slots 52 and 
54 are structured and sized to allow a predetermined amount 
of radial movement of the guide pins 38 and attached bars 
34 during the crimping process to alter the dimensions of the 
chamber 50. 

In the state of FIGS. 3A and 3B, the compression assem 
bly 12 is in an “uncrimped’ position. FIGS. 4A and 4B are 
front and back views, respectively, of the crimping tool 10 
illustrating the compression assembly 12 in a "crimped' 
position. As will be appreciated by those of ordinary skill in 
the art, the uncrimped position of FIGS. 3A and 3B and the 
crimped position of FIGS. 4A and 4B represent the two 
endpoints of the crimping range. Depending upon the size of 
the stent (not shown) and the amount of crimping that is 
desired, an operator may achieve a desirable amount of 
crimping without actuating the compression assembly 12 to 
the fully crimped position of FIGS. 4A and 4B. 

With reference again to the uncrimped position of FIG. 
3A, the chamber 50 is defined by a first internal dimension 
D1, which may approximately represent the diameter of a 
circle. When the chamber 50 is in the uncrimped position, 
each of the guide pins 38 is positioned substantially adjacent 
to a first end 56 of a corresponding elongate slot 52 in the 
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8 
front plate 22 as illustrated in FIG. 3A and a first end 58 of 
a corresponding elongate slot 54 in the back plate 23 as 
illustrated in FIG. 3B. In order to commence the crimping 
process to decrease the internal diameter D1 of the chamber 
50, the operator may move the actuation lever 16 in the 
direction indicated by arrow 24B. 
As illustrated in the crimped position of FIG. 4A, the 

chamber 50 is defined by a reduced second internal dimen 
sion D2, which may also approximately represent the diam 
eter of a circle. As will be appreciated by those of ordinary 
skill in the art, a center axis of the chamber 50 corresponds 
with the center axis of the access aperture 26. When the 
chamber 50 is in the crimped position, each of the guide pins 
38 is positioned substantially adjacent to a second end 60 of 
a corresponding elongate slot 52 in the front plate 22 as 
illustrated in FIG. 4A and a second end 62 of a correspond 
ing elongate slot 54 in the back plate 23 as illustrated in FIG. 
4B. As the chamber 50 contracts and becomes smaller, the 
internal surface defining the chamber 50 moves toward the 
center axis of the chamber 50 in a substantially uniform 
manner Such that the chamber maintains a Substantially 
circular configuration throughout the crimping process. This 
uniform compression is the result of the interaction between 
the bars 34, the drive pins 36, the guide pins 38, and the 
elongate slots 52 and 54 in the housing 14. 
More specifically, during the crimping process, move 

ment of the actuation lever 16 in the clockwise direction 24B 
causes the drive wheel 29 to also move in the clockwise 
direction. Because the bars 34 of the compression assembly 
12 are operably coupled to the drive wheel 29 with the drive 
pins 36 at a proximal end, the proximal ends of the bars 34 
are caused to rotate clockwise along with the drive wheel29. 
As discussed above, in order to allow movement of the bars 
34 relative to one another to adjust the size of the chamber 
50, the drive pins 36, drive pin slots 40, and drive wheel slots 
44 are sized such that the bars 34 are rotatable or pivotable 
with respect to the drive wheel 29 along an axis through the 
drive pins 36. However, the distal ends of the bars 34 are 
constrained from any Substantial amount of rotation due to 
the engagement of the guide pins 38 with the elongate slots 
52 in the front plate 22 and the elongate slots 54 in the back 
plate 23. As a result, the guide pins 38 are allowed to slide 
inward along the radially extending elongate guide slots 52 
and 54 to reduce the internal diameter of the chamber 50. 
As will be appreciated by those of ordinary skill in the art, 

any radially compressible stent having a diameter in the 
expanded state that is greater than D2 but less than D1 may 
be crimped with the crimping tool 10 of the present disclo 
sure. Furthermore, the size of the chamber 50 in the 
uncrimped and crimped positions may be modified by 
changing, for example, the number, size, or shape of the bars 
34 of the compression assembly 12. 
As illustrated in FIGS. 3A and 4A, the delivery device 

holder 20 is located in the first position wherein the seat 
member 19 is not aligned with the center axis of the access 
aperture 26. Once the stent (not shown) or other device has 
been crimped within the chamber 50, the seat member 19 of 
the delivery device holder 20 may be substantially aligned 
with the center axis of the access aperture 26 by moving the 
sliding plate 17 to the position illustrated in FIG. 5. With the 
seat member 19 of the delivery device holder 20 substan 
tially aligned with the center axis of the access aperture 26, 
the crimped stent may be easily loaded into the delivery 
device (not shown) for Subsequent deployment within a 
patient. 

In the embodiment of the delivery device holder 20 
illustrated herein, the engagement members 27 are exter 
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nally threaded fasteners that are structured to threadably 
engage apertures in the front plate 22 of the housing 14. 
More particularly, the engagement members 27 are movable 
from a locked position wherein a compression force is 
applied to the sliding plate 17 to maintain its position 
relative to the front plate 22 of the housing 14, to an 
unlocked position wherein the compression force is released 
and the sliding plate 17 is movable relative to the front plate 
22. Prior to commencing movement of the sliding plate 17, 
the engagement members 27 are first rotated in a counter 
clockwise direction 51A as illustrated in FIG. 4A. Rotating 
the engagement members 27 in Such a manner releases the 
compression force applied to the sliding plate 17. After 
releasing the compression force by moving the engagement 
members 27 from the locked to the unlocked position, the 
delivery device holder 20 may be slid to the position 
illustrated in FIG. 5 to substantially align the seat member 
19 with the center axis of the access aperture 26. Once the 
seat member 19 has been properly aligned, the engagement 
members 27 may be rotated in a clockwise direction 51B as 
illustrated in FIG. 5 to prevent subsequent movement of the 
delivery device holder 20 relative to the front plate 22 of the 
housing 14. 

Although movement of the delivery device holder 20 has 
been described as occurring after the compression assembly 
12 has been actuated to the crimped position, those of 
ordinary skill in the art will appreciate that the seat member 
19 may be aligned with the center axis of the access aperture 
26 at any time without departing from the intended scope of 
the present disclosure. For example, the seat member 19 of 
the delivery device holder 20 may be aligned with the center 
axis of the access aperture 26 prior to actuating the actuation 
lever 16 to commence the crimping process. 

FIGS. 6A-6D are perspective, side, top, and bottom 
views, respectively, of one of the bars 34 in accordance with 
the present disclosure. As illustrated in FIGS. 6A-6D, the bar 
34 includes a proximal end 53, a distal end 55, a front face 
70, a back face 72, a first side face 74, a second side face 76, 
and a chamfered leading edge 78. The first and second side 
faces 74 and 76 are substantially straight or planar surfaces 
that are generally parallel to one another. The second side 
face 76 opposes and intersects the chamfered leading edge 
78 near the distal end 55. As further illustrated in FIGS. 
6A-6D, a proximal portion of the bar 34 comprises a front 
leg 80A and a back leg 80B separated by a proximal opening 
82 that is sized similar to or slightly larger than a width of 
the drive wheel 29. In the illustrated embodiment, the drive 
pin slot 40 extends through both the front leg 80A and the 
back leg 80B. However, in alternative embodiments, the 
drive pin slot 40 may extend completely through either the 
front leg 80A or the back leg 80B and only partially through 
the other of the front leg 80A or the back leg 80B as will be 
appreciated by those of ordinary skill in the art. 

Although the distal end 55 is illustrated as comprising a 
substantially flat chamfered leading edge 78, the leading 
edge 78 may alternatively be structured with a non-flat, 
curvilinear, and/or rounded Surface without departing from 
the intended scope of the present disclosure. 
As illustrated in FIG. 6B, the centers of the drive pin slot 

40 and the guide pin slot 42 are substantially aligned with a 
bar axis A extending through a center plane of the bar 34. 
However, in alternative embodiments, the drive pin slot 40 
and/or the guide pin slot 42 may be offset from the bar axis 
A. As will be appreciated by those of ordinary skill in the art, 
offsetting the drive pin slot 40 and/or the guide pin slot 42 
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10 
may provide additional tolerance for movement of the bars 
34 through the crimping range of the compression assembly 
12. 
The bars 34 may be constructed using any suitable 

material as will be appreciated by those of ordinary skill in 
the art. Exemplary materials may include, but are not limited 
to, polymeric materials, polycarbonate materials, thermo 
plastic materials, ceramic materials, composite materials, 
metallic materials, and the like. 

FIG. 7 is a perspective view of the compression assembly 
12 and the drive wheel 29 removed from the crimping tool 
to illustrate the positioning of the drive wheel 29 relative to 
the bars 34 of the compression assembly 12. As illustrated 
in FIG. 7, the drive wheel 29 is structured and sized to be 
positioned within the proximal opening 82 between the front 
leg 80A and the back leg 80B of the bars 34. As previously 
discussed, the compression assembly 12 is operably coupled 
to the drive wheel 29 by inserting the drive pin 36 through 
the drive pin slot 40 in the front and back legs 80A and 80B 
and the drive wheel slot 44 of the drive wheel 29 positioned 
therebetween. 

FIG. 8 is a side view of an alternative embodiment bar 
34A in accordance with the present disclosure. As illustrated 
in FIG. 8, the bar 34A is substantially similar to the bar 34 
previously described in detail with reference to FIGS. 
6A-6D. However, instead of the drive pin slot 40 and the 
guide pin slot 42 of the bar 34A being in substantial 
alignment with the bar axis A, the guide pin slot 42 of the 
bar 34A is offset from the bar axis A. As will be appreciated 
by those of ordinary skill in the art, the guide pin slot 42 may 
be offset in either direction, i.e. toward the first side face 74 
or the second side face 76, without departing from the 
intended scope of the present disclosure. 

FIG. 9 is a side view of another alternative embodiment 
bar 34B in accordance with the present disclosure. As 
illustrated in FIG. 9, the bar 34B is substantially similar to 
the bar 34 previously described in detail with reference to 
FIGS. 6A-6D. However, instead of the drive pin slot 40 and 
the guide pin slot 42 of the bar 34B being in substantial 
alignment with the bar axis A, the drive pin slot 40 of the bar 
34B is offset from the bar axis A. As will be appreciated by 
those of ordinary skill in the art, the drive pin slot 40 may 
be offset in either direction, i.e. toward the first side face 74 
or the second side face 76, without departing from the 
intended scope of the present disclosure. 

FIG. 10 is a side view of another alternative embodiment 
bar 34C in accordance with the present disclosure. As 
illustrated in FIG. 10, the bar 34C is a “hybrid” of the bar 
34A of FIG. 8 and the bar 34B of FIG. 9 wherein both the 
drive pin slot 40 and the guide pin slot 42 are offset from the 
bar axis A. As will be appreciated by those of ordinary skill 
in the art, the drive pin slot 40 and the guide pin slot 42 may 
either be offset on opposite sides of the bar axis A or on the 
same side of the bar axis A without departing from the 
intended scope of the present disclosure. 

FIG. 11A is a front view of the crimping tool 10 with the 
front plate 22 (FIG. 2) removed illustrating the compression 
assembly 12 in the uncrimped position. As illustrated in FIG. 
11A, the bars 34 are equally spaced around the drive wheel 
29 and arranged such that the chamfered leading edge 78 of 
one bar 34 is slidable upon the second side face 76 of an 
adjacent bar 34 during the crimping process. Further, a 
perimeter of the chamber 50 is defined by an exposed 
portion 86 of the second side face 76 of each of the bars 34. 

FIG. 11B is a front view of the crimping tool 10 with the 
front plate 22 (FIG. 2) removed illustrating the compression 
assembly 12 in the crimped position. As illustrated in FIG. 
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11B, the proximal ends of the bars 34 have rotated clockwise 
by a predetermined amount R relative to the uncrimped 
position. The distal ends of the bars 34 are constrained from 
any Substantial amount of rotation due to the interaction of 
the guide pins 38 with the elongate slots 52 in the front plate 
22 and the elongate slots 54 in the back plate 23 as 
previously discussed. Thus, the distal ends of the bars 34 are 
guided radially inward along the elongate guide slots 52 and 
54 as the chamber 50 is contracted. As will be appreciated 
by those of ordinary skill in the art, in the crimped position 
illustrated in FIG. 11B there is a decrease in the size of the 
chamber 50 perimeter due to a reduction in the exposed 
portion 86 of the second side face 76 of each of the bars 34. 
The compression assembly 12 is described and illustrated 

herein as including twelve bars 34. However, the number of 
bars 34 may be varied as will be appreciated by those of 
ordinary skill in the art. For example, the requisite number 
of bars 34 may depend upon a diameter of the drive wheel 
29 or a width of the bars 34 between the first side face 74 and 
the second side face 76. Thus, twelve bars 34 are illustrated 
merely for purposes of example and not limitation. 

Those of ordinary skill in the art will appreciate that the 
foregoing exemplary embodiment of a crimping tool is only 
one type of crimping tool that may be utilized with the 
delivery device and method of the present disclosure. Any 
tool that is capable of radially compressing a stented heart 
valve may also be used. One acceptable construction of a 
delivery device that is used to prepare a stented heart valve 
for deployment within a patient, along with its method of 
use, will now be described. The heart valve delivery device 
and method in accordance with the present disclosure allows 
for the loading and delivery of a radially compressible 
stented heart valve to a desired implantation position within 
a patient, Such as the aortic annulus. The delivery device of 
the present disclosure provides the Surgeon with improved 
visibility when deploying the stented heart valve within the 
aortic annulus and allows the stented heart valve to be 
radially deployed in a controlled manner for precise ana 
tomical placement. 

FIGS. 12A and 12B are perspective and side views, 
respectively, of a stented heart valve 100 that may be 
crimped from a first enlarged sized to a second reduced size 
using the crimping tool 10 (FIG. 1) previously described. As 
illustrated in FIGS. 12A and 12B, the stented heart valve 100 
is a Substantially tubular structure having a length L1 
between an inflow end 102 and an outflow end 104 and 
generally includes a tri-leaflet replacement valve 106, a 
support stent 108, and a cloth covering 110 adjacent the 
inflow end 102. As will be appreciated by those of ordinary 
skill in the art, any suitable cloth material may be used such 
as polyester or the like. The replacement valve 106 is 
attached to the support stent 108 such that the replacement 
valve 106 resides therein. The support stent 108 is a radially 
expandable and collapsible structure adapted to be delivered 
to an implantation site such as an aortic annulus, and may be 
formed from any suitable material including, but not limited 
to, stainless steel or Nitinol. 

The support stent 108 has a substantially tubular configu 
ration and includes a plurality of longitudinally extending 
Support posts 114 extending between an inflow rim and an 
outflow rim of the support stent 108. As illustrated in FIGS. 
12A and 12B, the support stent 108 includes three support 
posts 114 corresponding to the three leaflets of the replace 
ment valve 106. The replacement valve 106 is secured to the 
support stent 108 by threading a plurality of commissural 
tabs 116 of the replacement valve 106 through slots in the 
Support posts 114. 
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The replacement valve 106 is illustrated and described as 

a tri-leaflet valve merely for purposes of example and not 
limitation. Thus, the stented heart valve 100 may include a 
replacement valve having any number of valve leaflets. 
However, as will be appreciated by those of ordinary skill in 
the art, replacement valves having a number of leaflets other 
than three will require a modified valve support structure. 
As further illustrated in FIGS. 12A and 12B, the stented 

heart valve 100 includes a control suture 112 that is sewn 
into the cloth covering 110. The control suture 112 is 
threaded through a plurality of suture apertures 118 in the 
cloth covering 110. In the embodiment of the stented heart 
valve 100 illustrated and described herein, one control 
suture 112 is threaded through a total of six suture apertures 
118, wherein two suture apertures 118 are formed between 
each of the three support posts 114. However, as will be 
appreciated by those of ordinary skill in the art, the number 
and location of the suture apertures 118 may vary without 
departing from the intended scope of the present disclosure 
So long as a sufficient number of Suture apertures are utilized 
in order to maintain the radially compressed stented heart 
valve in the crimped configuration as will be described in 
detail to follow. Further, a single control suture 112 is 
described merely for purposes of example and not limita 
tion, and any number of additional disclosure may be 
incorporated into the stented heart valve 100 as will be 
appreciated by those of ordinary skill in the art. 

FIGS. 13A and 13B are perspective and side views, 
respectively, of a delivery device 130 in accordance with the 
present disclosure. As illustrated in FIGS. 13A and 13B, the 
delivery device 130 generally includes a handle 132, an 
engagement mechanism 133 operably coupled to the handle 
132, an elongate shaft 134, and a cone-shaped housing 136. 
The elongate shaft 134 is coupled adjacent a proximal end 
135 to the handle 132 and adjacent a distal end 137 to the 
cone-shaped housing 136. The elongate shaft 134 may be 
coupled to the handle 132 and the cone-shaped housing 136 
via any suitable coupling means including, but not limited 
to, a compression fit, a threaded coupling, or an adhesive. 
As illustrated in FIGS. 13A and 13B, the cone-shaped 

housing 136 includes a corresponding cone-shaped lumen 
138 that is sized and structured to receive the stented heart 
valve 100 upon crimping. Although not required, the cone 
shaped housing 136 may be made from a suitable transpar 
ent material. Such as polycarbonate or the like, to allow the 
Surgeon to visualize the correct anatomical placement of the 
device in the aortic annulus. Further, the cone-shaped hous 
ing 136 has a length L2 that is slightly less than the length 
L1 (FIG. 12B) of the stented heart valve 100 (FIG. 12B) to 
allow exposure of the inflow end 102 (FIG. 12B) in the 
aortic annulus during deployment so that the Surgeon can 
ensure correct anatomical placement. 
As further illustrated in FIG. 13B, a proximal base portion 

142 of the cone-shaped housing 136 includes a central 
passage 144 that is structured to provide a pathway from the 
cone-shaped lumen 138 to a shaft lumen 146 extending 
longitudinally along the length of the shaft 134 into the 
handle 132. When assembled, the central passage 144 in the 
base portion 142 is aligned with the shaft lumen 146 to allow 
the control suture 112 (FIG. 12A) to be received therein. 
More particularly, and as will be discussed in further detail 
to follow, the control suture 112 is of a sufficient length to 
extend through the shaft lumen 146 and into the handle 132 
to maintain the radially compressed stented heart valve in 
the crimped configuration and allow deployment within the 
aortic annulus or other implantation position. 
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The handle 132 of the delivery device 130 includes a 
handle lumen 148 extending from a back side of the handle 
132 into an interior thereof. The handle lumen 148 is 
substantially aligned with the shaft lumen 146 of the shaft 
134 and the central passage 144 in the cone-shaped housing 
136. The alignment of the handle lumen 148, the shaft lumen 
146, and the central passage 144 provides a Substantially 
linear pathway for insertion of a stylet tool through the 
handle 132 and into the cone-shaped housing 136 to grasp 
the control suture 112 and pull the control suture 112 back 
through the delivery device 130 such that the control suture 
112 (FIG. 12A) extends out of the handle lumen 148. 
As illustrated in FIGS. 13A and 13B, the handle 132 

includes a first handle section 147A and a second handle 
section 147B that are coupled together with a suitable 
fastening means, such as a plurality of threaded fasteners 
149 structured to threadably engage with a corresponding 
plurality of threaded apertures in the handle 132. Forming 
the handle 132 with two or more sections that are coupled 
together allows for easier assembly of the delivery device 
130. Although the first and second handle sections 147A and 
147B are described as being coupled together with a plu 
rality of threaded fasteners, any Suitable fastening means 
may be used including, but not limited to, rivets, bolts, 
welding, an adhesive, or the like. Thus, threaded fasteners 
are described merely for purposes of example and not 
limitation. 
The various components of the delivery device 130, 

including the handle 132, the elongate shaft 134, and the 
cone-shaped housing 136, may be made of any material that 
is suitable for use in a surgical device, such as stainless steel 
or medical-grade plastics. 

FIGS. 14A and 14B are side views of the delivery device 
130 with a portion of the handle 132 removed to illustrate 
the operation of a first exemplary engagement mechanism 
133 in accordance with the present disclosure. Particularly, 
FIG. 14A illustrates the engagement mechanism 133 in an 
“engaged position while FIG. 14B illustrates the engage 
ment mechanism 133 in a "disengaged’ position. As illus 
trated in FIGS. 14A and 14B, the engagement mechanism 
includes a trigger 150 that is pivotally coupled to a pivot pin 
152 extending through the trigger 150 and connected to the 
first and second handle sections 147A and 147B. The 
engagement mechanism 133 further includes a first elongate 
gripper 154A coupled to the trigger 150 and a second 
elongate gripper 154B coupled to the handle 132 such that 
it is stationary. The first and second elongate grippers 154A 
and 154B are operable to grip the control suture 112 (FIG. 
12A) as will be hereinafter explained. 
As illustrated in FIGS. 14A and 14B, the engagement 

mechanism 133 further includes a torsion spring 156 oper 
ably coupling the trigger 150 to the housing 132. Those of 
ordinary skill in the art will appreciate that the engagement 
mechanism 133 may include a single torsion spring 156 or 
alternatively multiple torsion springs 156. In one exemplary 
embodiment, the engagement mechanism 133 may include 
a first torsion spring positioned adjacent a first side of the 
trigger 150 and the first handle section 147A and a second 
torsion spring positioned adjacent a second side of the 
trigger 150 and the second handle section 147B. 

The torsion spring 156 of FIGS. 14A and 14B includes a 
first leg 158 that is structured to engage the trigger 150 and 
a second leg 160 that is structured to engage the handle 132. 
As will be appreciated by those of ordinary skill in the art, 
the first and second legs 158 and 160 anchor the ends of the 
torsion spring 156 to the trigger 150 and the housing 132, 
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14 
respectively. The torsion spring 156 is structured to bias the 
trigger 150 in the engaged position illustrated in FIG. 14A. 

In the engaged position of FIG. 14A, the first and second 
elongate grippers 154A and 154B are positioned in close 
proximity or in contact with one another to Substantially 
block the path from the handle lumen 148 to the shaft lumen 
146. In effect, the first and second elongate grippers 154A 
and 154B function as a clamping means for clamping and 
locking the control suture 112 (FIG. 12A) within the handle 
132 during the delivery procedure to maintain the stented 
heart valve 100 (FIG. 12A) in the crimped configuration. 

In order to actuate the engagement mechanism 133 to the 
disengaged position of FIG. 14B, the Surgeon simply pushes 
down on the trigger 150 against the force of the torsion 
spring 156. Pushing the trigger 150 against the force of the 
torsion spring 156 will cause the spring to become “loaded 
or compressed. In the disengaged position, the first and 
second elongate grippers 154A and 154B are separated from 
one another and the control suture 112 (FIG. 12A) is allowed 
to freely pass therebetween. When the control suture 112 is 
properly positioned within the handle 132, the surgeon may 
allow the engagement mechanism 133 to move back to the 
engaged position of FIG. 14A by releasing the trigger 150. 

Optionally, the engagement mechanism 133 includes a 
retention assembly 170 for retaining the trigger 150 in the 
disengaged position of FIG. 14B wherein the first and 
second elongate grippers 154A and 154B are separated from 
one another and the control suture 112 is allowed to freely 
pass therebetween. Although the retention assembly 170 is 
not a necessary component of the engagement mechanism 
133, it increases the ease-of-use of the delivery device 130 
because the surgeon is not required to keep the trigger 150 
manually depressed with one hand while pulling the control 
suture 112 (FIG. 12A) through the delivery device 130 with 
the other hand. 

FIG. 15 is a perspective view of the trigger 150 illustrat 
ing the exemplary retention assembly 170 in accordance 
with the present disclosure. As illustrated in FIG. 15, the 
trigger 150 includes a distal end 171, a proximal end 172, 
and a side face 173. The exemplary retention assembly 170 
includes a coil spring 174 and a retention pin 175 that are 
structured and sized to be received within a retention pin slot 
176 within the side face 173 of the trigger 150. When 
assembled, the coil spring 174 is partially compressed 
between an inside end of the retention pin slot 176 and an 
adjacent end of the retention pin 175, thus biasing the 
retention pin 175 in the direction indicated by arrow 178 
away from the trigger 150. 

FIGS. 16A and 16B are diagrams illustrating the opera 
tion of the retention assembly 170. Particularly, FIG. 16A is 
a cross-sectional distal end view of the trigger 150 illustrat 
ing the trigger in the engaged position wherein the first and 
second elongate grippers 154A and 154B are in contact with 
one another as previously illustrated in FIG. 14A. In the 
engaged position, the retention pin 175 is biased toward and 
slidable against an internal surface 180 of the handle 132. 

FIG. 16B is a cross-sectional distal end view of the trigger 
150 illustrating the trigger in the disengaged position 
wherein the first and second elongate grippers 154A and 
154B are separated from one another to allow the control 
suture 112 to pass therebetween. As the trigger 150 is being 
actuated from the engaged position of FIG. 16A to the 
disengaged position of FIG. 16B, the retention pin 175 slides 
against the internal surface 180 of the handle 132 and 
“snaps” into a mating slot 182 in the handle 132 due to the 
outwardly directed spring force from the coil spring 174 to 
lock the trigger 150 in the disengaged position. As illustrated 
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in FIG. 16B, when the retention pin 175 Snaps into the 
mating slot 182, it pushes a push button 184 outwardly such 
that the pushbutton 184 protrudes from the handle 132. With 
the trigger 150 locked in the disengaged position, the 
Surgeon may insert a stylet tool through the handle lumen 
148 and toward the cone-shaped housing 136 to grasp and 
pull the control suture 112 (FIG. 12A) back through the 
handle of the delivery device 130. Once the control suture 
112 has been pulled through the handle 132 of the delivery 
device 130, the Surgeon may once again move the engage 
ment mechanism 133 to the engaged position by pressing the 
push button 184 in the direction indicated by arrow 186. 
Pressing the push button 184 in this direction releases the 
retention pin 175 from the mating slot 182 causing the 
trigger 150 to pivot back to the engaged position illustrated 
in FIG. 14A due to the force of the torsion spring 156 biasing 
the trigger 150 to the engaged position as previously dis 
cussed. 

Those of ordinary skill in the art will appreciate that the 
retention assembly 170 has been illustrated and described as 
being positioned adjacent to the first handle section 147A 
merely for purposes of example and not limitation. Thus, in 
alternative embodiments the position of the retention assem 
bly 170 may be modified, such as by positioning the 
retention assembly on an opposing side of the trigger 150 
adjacent to the second handle section 147B, without depart 
ing from the intended scope of the present disclosure. 
As will be appreciated by those of ordinary skill in the art, 

numerous other engagement mechanisms and retention 
assemblies are possible and within the intended scope of the 
present disclosure. Thus, any suitable mechanical engage 
ment means that is movable between an engaged position 
and a disengaged position to allow a Suture to be pulled 
through the handle and locked therein may be used without 
departing from the intended scope of the present disclosure. 

FIG. 17 is a side view of a stylet tool 200 designed to be 
used in conjunction with the delivery device 130 (FIG. 13A) 
of the present disclosure. As illustrated in FIG. 17, the stylet 
tool 200 includes a flexible hook portion 202 at a distal end, 
a handle portion 204 at a proximal end, and an elongate main 
body 206 extending therebetween. As will be appreciated by 
those of ordinary skill in the art, the hook portion 202 is 
designed to grasp one or more control Sutures 112 (FIG. 
12A) when the stylet tool 200 is inserted through the 
delivery device 130 as will hereinafter be explained. 
Now that embodiments of a crimping tool and a delivery 

device in accordance with the present disclosure have been 
set forth in detail, methods of using the crimping tool and 
delivery device to crimp a stented heart valve and deliver the 
heart valve to a patient will be described. More particularly, 
depending on the preference of the Surgeon in operation, the 
stented heart valve 100 may (FIG. 12A) be loaded into the 
cone-shaped housing 136 of the delivery device 130 (FIG. 
13A) in several different ways. 

In a first embodiment of loading a stented heart valve into 
a delivery device in accordance with the present disclosure, 
the stented heart valve 100 (FIG. 12A) is initially placed in 
chilled ice water so that the support stent 108 (FIG. 12B) 
becomes malleable. As will be appreciated by those of 
ordinary skill in the art, any suitable cooling means may be 
used to chill the support stent 108 to make it malleable 
without departing from the intended scope of the present 
disclosure. Once the support stent 108 has been cooled and 
becomes malleable, the stented heart valve 100 is positioned 
within the chamber 50 of the crimping tool 10 with the 
compression assembly 12 in the uncrimped position as 
illustrated in FIG. 18. More particularly, the stented heart 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
valve 100 is inserted into the chamber 50 such that the 
inflow end 102 is positioned adjacent to the back plate 23 
and the outflow end 104 is positioned adjacent to the access 
aperture 26. As further illustrated in FIG. 18, the control 
suture 112 is positioned such that is extends through the 
outflow end 104 of the stented heart valve 100 and outside 
of the crimping tool 10. 

Next, as illustrated in FIG. 19, the actuation lever 16 of 
the crimping tool 10 is moved in the clockwise direction 24B 
to radially crimp the stented heart valve 100 within the 
chamber 50. Once the stented heart valve 100 has been fully 
crimped, the leverlock 18 may be moved from the unlocked 
position of FIG. 18 to the locked position of FIG. 19. As 
previously discussed, moving the leverlock 18 to the locked 
position prevents the unintentional expansion of the com 
pression assembly 12 and the stented heart valve 100 
positioned therein from the crimped position back toward 
the uncrimped position. 
Once the stented heart valve 100 has been crimped within 

the chamber 50, the cone-shaped housing 136 of the delivery 
device 130 may be aligned with the chamber 50 such that the 
cone-shaped lumen 138 is in communication with the inte 
rior of the chamber as illustrated in FIG. 20. Then, the 
surgeon may slide the delivery device holder 20 horizontally 
such that the seat member 19 is aligned with the center axis 
of the access aperture 26 as previously discussed in detail 
with regard to FIG. 5. With the seat member 19 of the 
delivery device holder 20 aligned with the access aperture, 
the delivery device 130 may then be engaged with the seat 
member 19 as illustrated in FIG. 21. 
To assist with the alignment of the cone-shaped housing 

136 of the delivery device 130 with the chamber 50, each of 
the bars 34 of the compression assembly 12 may include a 
recess 210 in the front face 70 as illustrated in FIG. 22. The 
plurality of recesses 210 together form a substantially cir 
cular stepped region that is structured to mate with and 
receive a distal edge 212 of the cone-shaped housing 136. In 
addition to assisting with the alignment of the cone-shaped 
housing 136 and the chamber 50, the stepped region formed 
by the plurality of recesses 210 also helps to maintain secure 
engagement between the delivery device 130 and the seat 
member 19 of the delivery device holder 20. 

Next, an elongate cylindrical pusher tool 220 may be 
inserted through an aperture 222 in the back plate 23 of the 
crimping tool housing 14 as illustrated in FIG. 23 to manu 
ally push the crimped stented heart valve 100 into the 
cone-shaped housing 136 of the delivery device 130. 
Because the length L2 of the cone-shaped housing 136 is 
slightly less than the length L1 of the stented heart valve 
100, a small portion of the inflow end 102 of the stented 
heart valve remains outside the cone-shaped housing 136. 
The exposed portion of the stented heart valve 100 in 
combination with the cone-shape of the housing 136 allows 
the Surgeon to visualize correct anatomical placement of the 
heart valve in the aortic annulus. As will be appreciated by 
those of ordinary skill in the art, care should be taken to 
ensure that the tail ends of the control suture 112 (hidden in 
FIG. 23), which may be tied or otherwise attached together 
to form a continuous loop, are exposed at the outflow end 
104 (FIG. 12A) of the stented heart valve 100 and positioned 
next to the central passage 144 (FIG. 13A) of the cone 
shaped housing 136. The flexible hook portion 202 (FIG. 17) 
of the stylet tool 200 is then inserted through the handle 
lumen 148 (FIG. 13A) and positioned through the shaft 
lumen 146 (FIG. 13A) and the central passage 144 of the 
cone-shaped housing 136. The control suture 112 is then 
grasped by the flexible hook portion 202 within the cone 
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shaped housing 136. With the trigger 150 (FIG. 14A) 
depressed such that the engagement mechanism 133 (FIG. 
14A) is in the disengaged position, the stylet tool 200 is 
pulled back through the shaft lumen 146 and the handle 
lumen 148 to thread the control suture 112 through the 
delivery device 130. The surgeon then manipulates the 
engagement mechanism 133 back to the engaged position to 
grasp and lock the control Suture 112 in place. 
As best seen in FIG. 24, the delivery device 130 locks and 

tensions the control Suture 112 in a taut position by engage 
ment between the first and second elongate grippers 154A 
and 154B. As will be appreciated by those of ordinary skill 
in the art, the tensioning of the control Suture 112 maintains 
the stented heart valve 100 (FIG. 23) in the radially crimped 
configuration throughout the deployment of the stented heart 
valve into the aortic annulus until the tension is released. As 
will further be appreciated by those of ordinary skill in the 
art, although the engagement mechanism 133 has been 
illustrated in the “fully” engaged and “fully disengaged 
positions, the Surgeon may manipulate the engagement 
mechanism 133 to a “partially engaged position wherein 
the first and second elongate grippers 154A and 154B 
maintain at least some tension on the control Suture 112 but 
also allow the control suture 112 to slide therebetween in a 
controlled manner. This allows the Surgeon to re-expand the 
stented heart Valve in a controlled manner during deploy 
ment within a patient as will be discussed in further detail to 
follow. 

Another method of loading a stented heart valve into a 
delivery device in accordance with the present disclosure is 
generally similar to the first exemplary method described 
above with regard to FIGS. 18-24. However, instead of 
threading the control suture 112 through the delivery device 
130 after the stented heart valve 100 has been crimped and 
pushed into the cone-shaped housing 136, the control Suture 
112 is threaded partially through the delivery device and 
locked by the engagement mechanism 133 prior to pushing 
the stented heart valve into the cone-shaped housing 136. 
Once the crimped stented heart valve has been pushed into 
the cone-shaped housing 136, the excess length of the 
control suture 112 may be pulled through the handle lumen 
148 and once again grasped by the engagement mechanism 
133 so that the control suture 112 is taut. As will be 
appreciated by those of ordinary skill in the art, the initial 
threading of the control suture 112 through the delivery 
device 130 may be performed either before of after the 
stented heart valve has been crimped. 

Another embodiment of loading a stented heart valve into 
a delivery device 130, the flexible hook portion 202 of the 
stylet tool 200 is first inserted through the handle lumen 148 
and positioned through the shaft lumen 146 and the central 
passage 144 of the cone-shaped housing 136. The control 
suture 112 is then grasped by the flexible hook portion 202 
within the cone-shaped housing 136. With the trigger 150 
depressed Such that the engagement mechanism 133 is in the 
disengaged position, the stylet tool 200 is pulled back 
through the shaft lumen 146 and the handle lumen 148 to 
thread the control suture 112 through the delivery device 
130. The Surgeon then manipulates the engagement mecha 
nism 133 back to the engaged position to grasp and lock the 
control suture 112 in an initial position in which the stented 
heart valve 100 hangs outside the cone-shaped housing 136 
as best seen in FIG. 25. The Stented heart valve 100 is then 
placed in chilled ice water so that the support stent 108 
becomes malleable. Once again, those of ordinary skill in 
the art will appreciate that any Suitable cooling means may 
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be used to chill the support stent 108 to make it malleable 
without departing from the intended scope of the present 
disclosure. 
Once the support stent 108 has been cooled and becomes 

malleable, the stented heart valve 100 is positioned within 
the chamber 50 of the crimping tool 10, and the heart valve 
100 is crimped by actuating the actuation lever 16 as 
previously described. The cone-shaped housing 136 of the 
delivery device 130 may then be aligned with the chamber 
50 such that the cone-shaped lumen 138 is in communica 
tion with the interior of the chamber, and the Surgeon may 
slide the delivery device holder 20 horizontally such that the 
seat member 19 is aligned with the center of the access 
aperture 26 in the housing 14. With the seat member 19 of 
the delivery device holder 20 aligned with the access aper 
ture 26, the delivery device 130 may then be positioned 
within the seat member 19. As will be appreciated by those 
of ordinary skill in the art, the delivery device holder 20 may 
alternatively be aligned with the access aperture and the 
delivery device 130 positioned therein prior to crimping the 
Stented heart valve 100. 

Next, the elongate cylindrical pusher tool 220 may be 
inserted through the aperture 222 in the back plate 23 of the 
crimping tool housing 14 as previously described to manu 
ally push the crimped stented heart valve 100 into the 
cone-shaped housing 136 of the delivery device 130. Once 
again, because the length L2 of the cone-shaped housing 136 
is slightly less than the length L1 of the stented heart valve 
100, a small portion of the inflow end 102 of the stented 
heart valve remains outside the cone-shaped housing 136. 
With the engagement mechanism 133 in the disengaged 
position, the surgeon then manually pulls the remaining 
length of the control suture 112 through the shaft lumen 146 
and handle lumen 148. The engagement mechanism 133 is 
then actuated back to the engaged position to once again 
grasp and apply tension to the control Suture 112 to maintain 
the stented heart valve 100 in the radially crimped configu 
ration during delivery of the valve. 
As will be appreciated by those of ordinary skill in the art, 

the foregoing represent three stent crimping and loading 
methods in accordance with the present disclosure. How 
ever, numerous other methods are possible and within the 
intended scope of the present disclosure. Further, the number 
and order of steps described with regard to the three exem 
plary methods may be altered as will be appreciated by those 
of ordinary skill in the art. 
The stent crimping and loading methods have been 

described with reference to the crimping tool 10 and the 
delivery device 130 merely for purposes of example and not 
limitation. Thus, the methods in accordance with the present 
disclosure may be performed using various other crimping 
tool and/or delivery device embodiments without departing 
from the intended scope of the present disclosure. 

FIG. 26 is a perspective view of the delivery device 130 
with the stented heart valve 100 loaded therein with the 
inflow end 102 partially exposed. After the stented heart 
valve 100 has been crimped and loaded into the delivery 
device 130 as illustrated in FIG. 26 using any suitable 
crimping and loading method, the delivery device 130 may 
be positioned adjacent to the desired implantation site for 
delivery of the crimped stented heart valve 100 within the 
implantation site. 

In one embodiment as discussed above, the delivery 
device 130 of the present native valve may be used to deliver 
a crimped stented heart valve to an aortic annulus. In order 
to access the disclosure annulus, the patient may be put on 
bypass and the aorta at least partially transected. Then, as 
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illustrated in the partial cross-sectional view of FIG. 27A the 
surgeon positions the delivery device 130 within the disclo 
sure annulus 230, pushing aside the native leaflets 232, such 
that the exposed inflow end 102 is substantially aligned with 
the inflow annulus of the native valve. As will be appreciated 5 
by those of ordinary skill in the art, warm bodily fluids cause 
the exposed portion of the stented heart valve 100, i.e. the 
inflow end 102, to start to expand to the “remembered 
shape as further illustrated in FIG. 27A. Alternatively or in 
addition, the Surgeon may apply a warm solution to the 10 
implantation site to promote re-expansion of the stented 
heart valve 100, such as a warm saline solution. 
As the stented heart valve 100 starts to expand, the 

delivery device 130 may be retracted as illustrated in FIG. 
27B to expose an additional length of the inflow end 102 of 15 
the stented heart valve 100. As tension is slowly released 
from the control Suture 112 by releasing the engagement 
mechanism 133 from the engaged position in a controlled 
manner, the inflow end 102 of the stented heart valve 100 
completely expands in the native annulus 230 where it 20 
friction fits and seals into place. The delivery device 130 is 
then slowly removed from the native annulus 230 which 
exposes and deploys the remainder of the stented heart valve 
100 in the native annulus 230 as illustrated in FIG. 27C. As 
will be appreciated by those of ordinary skill in the art, once 25 
the stented heart valve 100 is fully expanded within the 
native annulus 230, the control suture 112 may be manually 
removed from the stented heart valve in any suitable manner 
as it is no longer needed. 

Those of ordinary skill in the art will appreciate that heart 30 
valve delivery devices in accordance with the present dis 
closure may be used for the delivery of many types of 
valves, including both mitral and tricuspid valves. The 
cone-shape of the housing in combination with an exposed 
inflow end portion of the stented valve permits the surgeon 35 
to visualize placement of the delivery device and the stented 
valve in the anatomically correct position regardless of 
where the stented valve is implanted. Thus, delivery of a 
stented heart valve within the disclosure annulus has been 
described merely for purposes of example and not limita 
tion. 

40 

What is claimed is: 
1. A delivery device for a stented heart valve comprising: 
a handle; 
an elongate shaft affixed to and extending from a distal 

end of the handle; and 
a conical housing having a proximal base portion fixed to 

and disposed about an exterior of the elongate shaft via 
a central passage defined along the proximal base 
portion within which the elongate shaft is inserted and 
an open distal end, the conical housing having a conical 
lumen therein with a first internal diameter adjacent to 
the proximal base portion of the conical housing and a 
larger second internal diameter at the open distal end of 
the conical housing, wherein the conical lumen has a 
constant tapering diameter from the open distal end; 
wherein the first internal diameter of the conical lumen 
is larger than a diameter of the central passage. 

2. The delivery device of claim 1, wherein the elongate 
shaft includes a shaft lumen structured to provide a pathway 
between the conical lumen of the conical housing and an 
interior of the handle. 

3. The delivery device of claim 2, wherein the conical 
housing is formed from a transparent material. 

4. The delivery device of claim 2, wherein the handle 
includes a handle lumen in a proximal end thereof. 
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5. The delivery device of claim 4, wherein the handle 

lumen is substantially aligned with and open to the shaft 
lumen. 

6. The delivery device of claim 5, further comprising an 
engagement mechanism carried by the handle, the engage 
ment mechanism including a trigger projecting through and 
to an outside of the handle for moving the engagement 
mechanism between an engaged position and a disengaged 
position. 

7. The delivery device of claim 6, wherein the trigger is 
pivotally coupled to a pivot pin attached to the handle. 

8. The delivery device of claim 7, wherein the engage 
ment mechanism includes a first elongate gripper on the 
trigger and a second elongate gripper on the handle, wherein 
the first and second elongate grippers are located within the 
interior of the handle between the handle lumen and the shaft 
lumen Such that the first and second elongate grippers 
selectively clamp a Suture passing through the shaft lumen 
and the handle lumen. 

9. The delivery device of claim 8, wherein the second 
elongate gripper is fixed relative to the handle and the first 
elongate gripper is movable relative to the second elongate 
gripper between an engaged position and a disengaged 
position. 

10. The delivery device of claim 9, wherein the first and 
second elongate grippers are cylindrical in shape. 

11. The delivery device of claim 9, further comprising at 
least one torsion spring operably coupled to the trigger, the 
torsion spring biasing the engagement mechanism in the 
engaged position. 

12. The delivery device of claim 11, further comprising a 
retention assembly operable to lock the engagement mecha 
nism in the disengaged position. 

13. The delivery device of claim 12, wherein the retention 
assembly includes a coil spring and a retention pin struc 
tured to be received within a retention pin slot in the trigger. 

14. The delivery device of claim 13, wherein the handle 
includes a mating slot that is structured to receive the 
retention pin to lock the engagement mechanism in the 
disengaged position. 

15. The delivery device of claim 14, further comprising a 
push button slidably positioned within the mating slot, 
wherein actuating the push button moves the engagement 
mechanism from the disengaged position back to the 
engaged position. 

16. The delivery device of claim 1, in combination with 
a stented heart valve, the stented heart valve comprising: 

a Support stent having an inflow end and an outflow end; 
a replacement heart valve positioned within and coupled 

to the Support stent; 
a cloth covering on the inflow end of the Support stent, 

wherein the cloth covering terminates at an edge oppo 
site the inflow end and axially spaced from the outflow 
end such that the support stent is exposed relative to the 
cloth covering between the edge and the outflow end; 
and 

a control Suture sewn into the cloth covering at a Suture 
engagement location; 

wherein the combination is configured to provide a final 
loaded state in which the outflow end is disposed within 
the conical housing and the Suture engagement location 
is outside of the conical housing, the final loaded State 
including the control Suture retaining the inflow end in 
a radially crimped configuration. 

17. The delivery device of claim 16, wherein the cloth 
covering is formed from polyester. 
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18. The delivery device of claim 16, wherein the support 
stent is formed from Nitinol. 

19. The delivery device of claim 16, wherein the support 
stent includes a plurality of Support posts, each of the 
Support posts including a slot that is structured to receive a 
commissural tab for coupling the replacement heart valve to 
the Support stent. 

20. The delivery device of claim 19, wherein the control 
Suture is threaded through a plurality of Suture apertures in 
the cloth covering. 

21. The delivery device of claim 20, wherein the cloth 
covering includes two Suture apertures between each pair of 
adjacent Support posts. 

22. The delivery device of claim 16, wherein terminal 
ends of the control suture are tied together to form a 
continuous control Suture loop. 

23. The delivery device of claim 16, wherein the constant 
tapering diameter of the conical lumen extends from the 
open distal end to a second end opposite the open distal end, 
and further wherein an axial length of the conical lumen is 
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defined as an axial distance from the open distal end to the 
second end, and even further wherein the axial length of the 
conical lumen is less than an axial length of the Stented heart 
valve, the delivery device in combination with the stented 
heart valve being configured Such that upon final loading of 
the Stented heart valve into the conical housing, at least a 
portion of the inflow end of the stented heart valve extends 
distally beyond and outside of the open distal end. 

24. The delivery device of claim 16, wherein the combi 
nation is configured Such that in the final loaded State, an 
entirety of the Support stent is retained in a radially crimped 
configuration. 

25. The delivery device of claim 16, further comprising an 
engagement mechanism carried by the handle, wherein the 
final loaded State includes the control Suture extending from 
the stented heart valve, through a lumen of the elongate shaft 
and to the handle, and the control Suture engaged by the 
engagement mechanism at the handle. 
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