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CRIMP TOOL FOR COMPRESSIBLE 
CATHETER PUMP 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] The present application claims priority from and 
the benefit of U.S. Provisional Application No. 63 / 132,994 , 
which was filed on Dec. 31 , 2020 , and U.S. Provisional 
Application No. 63 / 275,264 , which was filed on Nov. 3 , 
2021 , and which are incorporated by reference herein in 
their entirety . 

Compressing the blood pump much earlier , such as during 
manufacture , is likely to negatively affect the blood pump's 
ability to resiliently rebound , because the resilient compo 
nents may develop a memory of their compressed state . 
[ 0008 ] Radially compressing the blood pump and insert 
ing the compressed blood pump into the transfer sheath , 
without damaging the blood pump , is difficult , often requir 
ing two highly skilled people working together . Conven 
tional methods and apparatus used to compress blood pumps 
and insert the blood pumps into transfer sheaths involve 
several steps and precise alignment of several components , 
as well as significant training of the people involved . Sim 
pler apparatus , and simpler and faster methods , for radially 
compressing a blood pump and inserting the compressed 
blood pump into a transfer sheath , without damaging the 
blood pump , would be highly desirable . 

BACKGROUND OF THE INVENTION 

[ 0002 ] The present disclosure relates to tools for crimping 
transcatheter intravascular assist devices , and more particu 
larly to tools for crimping expandable catheter blood pumps . 

BRIEF SUMMARY OF THE INVENTION 
RELATED ART 

a 

[ 0003 ] An intravascular blood pump is a pump that can be 
advanced through a patient's blood circulatory system , i.e. , 
veins and / or arteries , to a position in the patient's heart or 
elsewhere within the patient's vasculature . Such a blood 
pump is typically disposed at the end of a catheter , which is 
used to insert and position the pump , and later to withdraw 
the pump . Once in position , the pump may be used to pump 
blood through the circulatory system and , therefore , tempo 
rarily reduce workload on the patient's heart , such as to 
enable the heart to recover after a heart attack . An exemplary 
intravascular blood pump is available from Abiomed , Inc. , 
Danvers , Mass . under the tradename Impella® heart pump . 
[ 0004 ] Some intravascular blood pumps have resiliently 
radially - compressible ( “ crimpable ” ) pump housings , and in 
some cases radially - compressible impellers , to facilitate 
inserting the pumps into patients . A compressible - housing 
blood pump is inserted into a patient while the blood pump 
and impeller are in compressed states , and then after the 
blood pump is properly positioned , the pump housing and 
the impeller are allowed to radially expand . 
[ 0005 ] An exemplary compressible - housing blood pump 
is described in U.S. Pat . No. 8,439,859 ( “ the ' 859 patent ” ) , 
the entire contents of which are hereby incorporated by 
reference herein , for all purposes . FIG . 8 of the ' 859 patent 
shows a tubular mesh structure of a pump housing . The 
tubular mesh structure may be made of a suitable memory 
material , such as nitinol . When radially compressed , the 
pump section of the tubular mesh structure may be about 3 
mm in outside diameter . However , when unrestrained , the 
pump section resiliently rebounds to about 6.15 mm in 
outside diameter . Other compressible - housing blood pumps 
may have other compressed and / or rebounded outside diam 
eters . 
[ 0006 ] To prepare such a blood pump for insertion into a 
patient's vasculature , the blood pump must be radially 
compressed and then held in the compressed state , typically 
by inserting the compressed blood pump into a tubular 
transfer sheath . The transfer sheath is then attached to , or fed 
through , an introducer to insert the device into the patient's 
vein or artery . Once in the patient's vein or artery , and out 
of the transfer sheath or introducer , the blood pump housing 
radially resiliently expands . 
[ 0007 ] Such a blood pump should be compressed shortly 
before inserting the blood pump into a patient , such as in a 
surgical suite minutes before insertion into the patient . 

[ 0009 ] A crimp tool for crimping a blood pump for trans 
fer into a tubular sheath , the crimp tool is described herein . 
The crimp tool may have an elongated tube that defines a 
tapered longitudinal bore , the bore being at least about 30 
mm long and having an inside dimension that tapers along 
the length of the bore from ( a ) at least about a maximum 
outside dimension of the pump at a distal end of the bore to 
( b ) about an inside dimension of the tubular sheath at a 
proximal end of the bore . The crimp tool may have a hub 
attached to the proximal end of the tube , the hub defining a 
bore therethrough coaxial with the tube bore , one end of the 
hub bore being coupled to the proximal end of the tube bore , 
the other end of the hub bore being configured to receive a 
distal end portion of the tubular sheath substantially coaxi 
ally with the tube bore . 
[ 0010 ] The crimp tool may have an inside dimension of 
the distal end of the tube bore that is at least about 7 mm . The 
inside dimension of the proximal end of the tube bore may 
optionally be at most about 4 mm . The inside dimension of 
the distal end of the tube bore may be at least about 7 mm , 
and the inside dimension of the proximal end of the tube 
bore may be at most about 4 mm . 
[ 0011 ] The tube bore may be at least about 50 mm long . 
The tube bore may be at least about 100 mm long . The tube 
bore may be at least about 170 mm long . The tube bore may 
be at least about 300 mm long . 
[ 0012 ] The crimp tool may have an inside wall of the tube 
that defines the tapered tube bore and extends at an angle , 
relative to a longitudinal axis of the tube , of less than about 
2º . The tapered tube bore may have a taper ratio , calculated 
as a ratio of ( a ) a change in inside diameter of the tube bore 
to ( b ) length of the taper along a longitudinal axis of the tube 
is no greater than about 1:14 . 
[ 0013 ] The crimp tool may have a latch configured to 
releasably restrain the distal end portion of the tubular 
sheath within the other end of the hub bore . The latch may 
be disposed within the hub . The latch may have a first pillar , 
a second pillar and an actuator , the actuator being configured 
for activation by a human , the actuator having an inactivated 
mode and an activated mode . The first pillar may have an 
inactivated mode and an activated mode . The first pillar may 
be mechanically coupled to the actuator and configured to 
resiliently transition from the inactivated mode to the acti 
vated mode in response to activation of the actuator . The first 
and second pillars may collectively define an opening ther 
ebetween , the hub bore extending through the opening 

a 

a 
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substantially coaxially with the tube bore . In the inactivated 
mode of the first pillar , a smallest dimension of the opening , 
as viewed along a longitudinal axis of the tube , may be 
smaller than in the activated mode of the first pillar . The first 
pillar may be configured to resiliently displace away from 
the second pillar , independently of activation of the actuator . 
[ 0014 ] The crimp tool may have , in the inactivated mode 
of the first pillar , a smallest dimension of the opening , as 
viewed along a longitudinal axis of the tube , that is smaller 
than an outside dimension of a feature of the distal end 
portion of the tubular sheath . In the activated mode of the 
first pillar , the smallest dimension of the opening may be at 
least as large as the outside dimension of the feature . 
[ 0015 ] In another aspect of the crimp tool , the second 
pillar may have an inactivated mode and an activated mode . 
The second pillar may be mechanically coupled to the 
actuator and configured to resiliently transition from the 
inactivated mode to the activated mode in response to 
activation of the actuator . In this aspect , the first and second 
pillars may be symmetric and each of the first and second 
pillars may have a first arcuate shape . In this aspect the 
respective concave sides of the first arcuate shapes may 
counterface each other and each of the first and second 
pillars may be configured to resiliently transition from its 
respective first arcuate shape to a second respective arcuate 
shape and may have a smaller radius in response to activa 
tion of the actuator . In such aspect , in the inactivated mode 
of the first and second pillars , the opening is more eccentric , 
as viewed along a longitudinal axis of the tube , than in the 
activated mode of the first and second pillar . 
[ 0016 ] In a further aspect of the crimp tool each of the first 
and second pillars may have a front surface and a back 
surface . In this aspect the opening may extend from the front 
surfaces to the back surfaces to define a passage . The 
passage may be tapered to be narrower at the back surfaces 
than at the front surfaces . 
[ 0017 ] In a further aspect the crimp tool latch may be 
disposed within the hub . The latch may have an actuator 
configured for activation by a human , the actuator having an 
inactivated mode and an activated mode . The latch may 
further have a radial spring mechanically coupled to the 
actuator and configured to resiliently increase an inside 
dimension in response to activation of the actuator . The latch 
may be disposed within the hub , and may have a threaded 
compression fitting . 
[ 0018 ] In another aspect , described herein is a method for 
crimping a blood pump . According to one aspect of the 
method , the blood pump is disposed inside a distal end of a 
tapered longitudinal tube bore defined by an elongated tube , 
the tube bore being at least about 30 mm long and having an 
inside dimension that tapers along the length of the tube bore 
from ( a ) at least about a maximum outside dimension of the 
pump at the distal end of the tube bore to ( b ) at most about 
4 mm in diameter at a proximal end of the tube bore . The 
blood pump is translated through the tube bore in a direction 
toward the proximal end of the tube bore , including con 
tacting an outside surface of the blood pump with an inside 
surface of the elongated tube as the blood pump translates 
through the tube bore , thereby crimping the blood pump to 
produce a crimped blood pump . 
[ 0019 ] In one aspect , translating the blood pump may be 
pulling the blood pump through the tube bore . The inside 
dimension of the distal end of the tube bore may be at least 
about 7 mm . The inside dimension of the proximal end of the 

tube bore may be at most about 4 mm . The inside dimension 
of the distal end of the tube bore may be at least about 7 mm , 
and the inside dimension of the proximal end of the tube 
bore may be at most about 4 mm . Optionally , the tube bore 
may be at least about 50 mm long . Further optionally , the 
tube bore may be at least about 100 mm long . Further 
optionally , the tube bore may be at least about 170 mm long . 
Further optionally the tube bore may be at least about 300 
mm long . 
[ 0020 ] In a further aspect of the method , an inside wall of 
the tube that defines the tapered tube bore extends at an 
angle , relative to a longitudinal axis of the tube , of less than 
about 2º . In yet another aspect , a taper ratio of the tapered 
tube bore , calculated as a ratio of ( a ) a change in inside 
diameter of the tube bore to ( b ) length of the taper along a 
longitudinal axis of the tube may be no greater than about 
1:14 . 
[ 0021 ] According to a further aspect of the method , the 
tubular sheath is disposed substantially coaxially with the 
proximal end of the tube bore . The crimped blood pump is 
translated from the proximal end of the tube bore to the 
tubular sheath , without substantially altering an outside 
dimension of the crimped blood pump . 
[ 0022 ] In another aspect of the method , the crimped blood 
pump is translated from the proximal end of the tube bore to 
the tubular sheath by : ( a ) releasably restraining a distal end 
portion of the tubular sheath in a hub , the hub being attached 
to the proximal end of the tube , the hub defining a hub bore 
therethrough coaxial with the tube bore , one end of the hub 
bore being coupled to the proximal end of the tube bore , the 
other end of the hub bore being configured to receive the 
distal end portion of the tubular sheath substantially coaxi 
ally with the tube bore . According to this aspect , the crimped 
blood pump is translated through the hub bore . According to 
this aspect of the method the distal end portion of the tubular 
sheath may be released from the hub . 
[ 0023 ] In another aspect , the crimped blood pump may be 
translated out of the tubular sheath and into a vasculature of 
a patient . The crimped blood pump is allowed to resiliently 
expand within the vasculature . 
[ 0024 ] In another aspect , the crimp tool has a tubular 
sheath that may have an inside dimension , an elongated tube 
that defines a tapered longitudinal tube bore , the tube bore 
being at least about 30 mm long and having an inside 
dimension that tapers along the length of the tube bore from 
( a ) at least about a maximum outside dimension of the blood 
pump at a distal end of the tube bore to ( b ) about the inside 
dimension of the tubular sheath at a proximal end of the tube 
bore . The distal end of the tubular sheath may be coaxially 
and frangibly attached to the proximal end of the tube . 
[ 0025 ] In another aspect , a method for crimping a blood 
pump is described in which the blood pump is disposed 
inside a distal end of a tapered longitudinal tube bore defined 
by an elongated tube . In this aspect , a proximal end of the 
tube may be coaxially and frangibly attached to a distal end 
of a tubular sheath that may have an inside dimension . The 
tube bore may be at least about 30 mm long and may have 
an inside dimension that tapers along the length of the tube 
bore from ( a ) at least about a maximum outside dimension 
of the blood pump at the distal end of the tube bore to ( b ) 
about the inside dimension of the tubular sheath at the 
proximal end of the tube bore . According to this aspect , the 
blood pump may be translated through the tube bore in a 
direction toward the proximal end of the tube bore , including 
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contacting an outside surface of the blood pump with an 
inside surface of the elongated tube as the blood pump 
translates through the tube bore , thereby crimping the blood 
pump to produce a crimped blood pump . Further according 
to this aspect the crimped blood pump is translated from the 
proximal end of the tube bore to the tubular sheath , without 
substantially altering an outside dimension of the crimped 
blood pump . Further according to this aspect , the tubular 
sheath is frangibly detached from the tube , with the crimped 
blood pump disposed within the tubular sheath . 
[ 0026 ] Also described herein is a system that may have a 
transfer sheath having a proximal end , a blood pump that 
may have a catheter with a retraction indicia arranged to aid 
during crimping of the blood pump and retraction of the 
blood pump into the transfer sheath ; and a crimp tool 
arranged to crimp the blood pump . In this aspect of the 
system , when the crimped blood pump is seated in a desired 
position of the transfer sheath , the retraction indicia may be 
visible proximally of the proximal end of the transfer sheath . 
According to this aspect , the retraction indicia may include 
one or more bands extending around a circumference of a 
portion of the catheter , optionally wherein the retraction 
indicia may include an elongate band . 
[ 0027 ] In another aspect , a system is described in which an 
introducer may be arranged to be received in a patient's 
vasculature . The system may have a blood pump having a 
catheter with an advancement indicia that may be arranged 
to aid during insertion of the blood pump through the 
introducer . The system may have a transfer sheath arranged 
to receive the blood pump , the transfer sheath having a 
proximal end . In this system , the advancement indicia may 
be visible proximally of the proximal end of the transfer 
sheath when the blood pump begins to emerge and / or has 
just emerged from the introducer . 
[ 0028 ] In a further aspect of the system , the advancement 
indicia includes one or more bands extending around a 
circumference of a portion of the catheter , optionally 
wherein the retraction indicia includes an elongate band . 
[ 0029 ] In another aspect , a method is described herein in 
which a blood pump is crimped using a crimp tool . The 
blood pump may have a catheter with a retraction indicia and 
an advancement indicia . According to the method , the 
crimped blood pump is retracted into a transfer sheath until 
the retraction indicia is visible proximally of the proximal 
end of the transfer sheath . In a further aspect of this method , 
the crimped blood pump is advanced into an introducer 
arranged to be positioned in a patient's vasculature until the 
advancement indicia is visible proximally of the proximal 
end of the transfer sheath . 
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eter pump , such as the heart pump of FIGS . 1-2 , and 
transferring the crimped pump into a tubular transfer sheath , 
according to an embodiment of the present disclosure . 
[ 0035 ] FIG . 5 is a perspective view of a portion of FIG . 4 . 
[ 0036 ] FIG . 6 is an enlarged perspective view of a distal 
end portion of the transfer sheath of FIGS . 4 and 5 showing 
features of the distal end portion that may be engaged by an 
optional latch of the crimp tool , according to an embodiment 
of the present disclosure . 
[ 0037 ] FIG . 7 is a cross - sectional view of the crimp tool of 
FIGS . 4-5 , with the heart pump of FIGS . 1-2 partially pulled 
into a tube of the crimp tool , and the distal end portion of the 
transfer sheath of FIG . 6 inserted into a hub and restrained 
in the hub by the latch , according to an embodiment of the 
present disclosure . 
[ 0038 ] FIG . 8 is an enlarged view of a distal portion of 
FIG . 7 . 
[ 0039 ] FIG . 9 is a cross - sectional view of a conventional 
die . 
[ 0040 ] FIG . 10 is a cross - sectional view of the crimp tool 
of FIGS . 4-5 , similar to FIG . 7 , but absent the heart pump of 
FIGS . 1-2 and absent the latch of FIG . 7 for clarity , accord 
ing to an embodiment of the present disclosure . 
[ 0041 ] FIG . 11 is an end view of the hub of FIG . 10 , 
according to an embodiment of the present disclosure . 
( 0042 ] FIG . 12 is a perspective view of the latch of FIGS . 
4 , 5 and 7 , according to an embodiment of the present 
disclosure . 
[ 0043 ] FIG . 13 is a perspective view of the hub of FIGS . 
4,5 , 7 , 10 and 11 , according to an embodiment of the present 
disclosure . 
[ 0044 ] FIGS . 14-16 are respective back , cross - sectional 
and front views of the latch of FIGS . 4 , 5 , 7 and 12 , 
according to an embodiment of the present disclosure . 
[ 0045 ] FIG . 17 is a cross - sectional view of the hub of 
FIGS . 4 , 5 , 7 , 10 , 11 and 13 , absent the latch of FIGS . 4 , 5 , 
7 , 12 and 14-16 , but with the distal end portion of the 
transfer sheath of FIGS . 4-6 disposed in the hub , according 
to an embodiment of the present disclosure . 
[ 0046 ] FIG . 18 is a cross - sectional view of the hub of 
FIGS . 4 , 5 , 7 , 10 , 11 , 13 and 17 and the latch of FIGS . 4 , 5 , 
7,12 and 14-16 , with the latch installed in the hub , according 
to an embodiment of the present disclosure . 
[ 0047 ] FIGS . 19-23 are perspective views of the distal end 
portion of the transfer sheath of FIGS . 4-6 being progres 
sively inserted into the latch of FIGS . 4 , 5 , 7 , 12 and 14-16 , 
with the hub of FIGS . 4 , 5 , 7 , 10 , 11 , 13 , 17 and 18 omitted 
for clarity , according to an embodiment of the present 
disclosure . 
[ 0048 ] FIG . 24 is a back view of the latch of FIGS . 4 , 5 , 
7 , 12 and 14-16 , similar to FIG . 14 , according to an 
embodiment of the present disclosure . 
[ 0049 ] FIG . 25 is a perspective view of the distal end 
portion of the transfer sheath of FIGS . 4-6 being removed 
from the latch of FIGS . 4 , 5 , 7 , 12 and 14-16 , with the hub 
of FIGS . 4 , 5 , 7 , 10 , 11 , 13 , 17 and 18 omitted for clarity , 
according to an embodiment of the present disclosure . 
[ 0050 ] FIG . 26 is a perspective view of a peel - away sheath 
that may be used as the tubular transfer sheath of FIGS . 4-7 , 
17-23 and 25 , according to an embodiment of the present 
disclosure . 
[ 0051 ] FIG . 27 is a cross - sectional view of a portion of an 
introducer , to which the tubular transfer sheath of FIG . 4-7 , 

. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

? 

[ 0030 ] The present disclosure will be more fully under 
stood by referring to the following Detailed Description of 
Specific Embodiments in conjunction with the Drawings , of 
which : 
[ 0031 ] FIG . 1 is a side view of a resiliently radially 
compressible intravascular blood pump . 
[ 0032 ] FIG . 2 is a side view of the blood pump of FIG . 1 
in six stages ( ( 1 ) to ( 6 ) ) of emerging from a tubular sheath , 
as the sheath is withdrawn . 
[ 0033 ] FIG . 3 is a perspective view of a conventional 
crimping tool , showing two stages of use thereof . 
[ 0034 ] FIG . 4 is a side view of a crimp tool for crimping 
a resiliently radially compressible human - implantable cath 
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relative position , such as coaxial or collinear , mean within 
reasonable manufacturing tolerances . Similarly , terms or 
phrases that denote dimensions , such as constant outside 
diameter along an object's length , mean within reasonable 
manufacturing tolerances . 
[ 0063 ] As used herein , including in the claims , “ tubular ” 
does not necessarily mean having a circular cross section . A 
tubular item may , for example , have an oval , square or other 
shaped cross section . 

17-23 and 25 or 26 may be coupled , according to an 
embodiment of the present disclosure . 
[ 0052 ] FIG . 28 is a perspective view of a frangible crimp 
tool for crimping a resiliently radially compressible human 
implantable catheter pump , such as the heart pump of FIGS . 
1-2 , and transferring the crimped pump into a tubular 
transfer sheath , which initially is part of the frangible crimp 
tool , according to another embodiment of the present dis 
closure . 
[ 0053 ] FIG . 29 is a back view of a latch , according to 
another embodiment of the present disclosure . 
[ 0054 ] FIG . 30 is a perspective , partial cross - sectional , 
view of a latch , according to yet another embodiment of the 
present disclosure . 
[ 0055 ] FIG . 31 is a side , partial cross - sectional , view of a 
latch , according to a third alternative embodiment of the 
present disclosure . 
[ 0056 ] FIGS . 32 and 33 are flowcharts that schematically 
illustrates methods for crimping a blood pump , according to 
respective embodiments of the present disclosure . 
[ 0057 ] FIG . 34 is a side view of a blood pump with 
retraction indicia on a catheter associated therewith . 

a 
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Resiliently Radially - Compressible Blood Pump 
[ 0064 ] FIG . 1 is a side view of a resiliently radially 
compressible intravascular blood pump 100 , here shown in 
its uncompressed state . FIG . 8 provides an enlarged view of 
a portion of the blood pump 100. The blood pump 100 
includes a tubular mesh structure 102 made of a suitable 
memory material , such as nitinol . An impeller 104 dis 
posed inside the tubular mesh structure 102. The impeller 
104 may also be radially compressible , such as by folding 
resilient blades of the impeller 104. The blood pump 100 
includes a resilient “ pig tail ” 106 ( best seen in FIG . 1 ) . The 
pig tail 106 may aid in positioning the blood pump 100 
and / or avoiding damage to heart tissue , among other func 
tions . The blood pump 100 may include a collapsible 
outflow tube 108 ( best seen in FIG . 1 ) . Blood flow into , and 
out of , the blood pump 100 is shown by arrows ( FIG . 1 ) . The 
blood pump 100 is attached to a distal end of a catheter 110 . 
[ 0065 ] FIG . 2 is a side view of the blood pump 100 in six 
stages ( ( 1 ) to ( 6 ) ) of emerging from a tubular sheath 200 , as 
the tubular sheath 200 is with relative to the blood 
pump 100 , as indicated by an arrow 202. As the tubular 
sheath 200 is withdrawn , portions of the blood pump 100 , 
particularly the mesh structure 102 and the impeller 104 , 
resiliently radially expand , and the pig tail 106 coils . 

DETAILED DESCRIPTION 
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[ 0058 ] A crimp tool facilitates crimping a resiliently radi 
ally compressible human - implantable catheter pump , and 
transferring the crimped pump into a tubular sheath , by 
pulling the heart pump through an elongated tube that 
defines a tapered longitudinal bore . The bore has an inside 
dimension that tapers along the length of the bore , from ( a ) 
at least about a maximum outside dimension of the pump at 
a distal end of the bore , to ( b ) about an inside dimension of 
the tubular sheath at a proximal end of the bore . In some 
embodiments , a hub is attached to the proximal end of the 
tube . The hub defines a bore therethrough , coaxial with the 
tube bore . One end of the hub bore is coupled to the 
proximal end of the tube bore , and the other end of the hub 
bore is configured to receive a distal end portion of the 
tubular sheath substantially coaxially with the tube bore . 
Optionally , a latch is configured to releasably restrain the 
distal end portion of the tubular sheath within the other end 
of the hub bore . Several embodiments of the latch are 
described herein . 
[ 0059 ] In some embodiments , the distal end portion of the 
tubular sheath is detachably attached to the proximal end of 
the tapered tube , such as by a frangible portion , without 
necessarily including a hub . In these embodiments , once the 
crimped pump is pulled into the tubular sheath , the frangible 
portion is broken to free the tubular sheath from the tapered 
tube . 
[ 0060 ] Also described are : a peel - away sheath ; and an 
introducer with a hub , similar to the hub of some embodi 
ments of the crimp tool . 

Conventional Crimping Tool 
[ 0066 ] FIG . 3 is a perspective view of a conventional 
crimping tool 300 used to crimp stents and the like . The 
crimping tool 300 is shown in an open mode in the upper 
portion of FIG . 3 , and in a closed mode in the lower portion 
of FIG . 3. The crimping tool 300 radially compresses an 
object placed in a chamber 302 of the crimping tool 300. The 
crimping tool 300 is large , heavy , complex , expensive and 
difficult to sterilize . Furthermore , the crimping tool 300 
includes several radially disposed linear segments , repre 
sented by segments 304 , 306 and 308 , that collectively 
define the chamber 302. Thus , the chamber 302 is not 
circular in cross section . Instead , the chamber is a polygon 
in cross section . Consequently , an object crimped by the 
crimping tool 300 may be undesirably distorted or damaged 
by the segments 304-308 or by corners formed at intersec 
tions of adjacent pairs of the segments 304-308 . 

Definitions 

[ 0061 ] As used herein , including in the claims , the term 
“ resilient ” means able to recoil or spring back into shape 
after deformation , such as bending , stretching or being 
compressed , by releasing energy stored internally as a result 
of the deformation . 
[ 0062 ] As used herein , including in the claims , terms that 
denote shape , such as circle , circular or square , mean within 
reasonable manufacturing tolerances . Terms that denote 

Crimp Tool 
[ 0067 ] FIG . 4 is a side view of a crimp tool 400 for 
crimping a resiliently radially compressible human - implant 
able catheter pump 100 and transferring the crimped pump 
100 into a tubular sheath , represented by a tubular transfer 
sheath 401 , according to an embodiment of the present 
disclosure . The transfer sheath 401 has certain physical 
features , which are described herein with respect to FIG . 6 . 
However , the crimp tool 400 , or a suitable variation thereof , 
can be used with other tubular sheaths , such as tubular 



US 2022/0203084 A1 Jun . 30 , 2022 
5 

sheaths that lack these features . FIG . 5 is a perspective view 
of a portion of FIG . 4. FIG . 6 is an enlarged perspective view 
of a distal end portion 402 of the transfer sheath 401. Insert 
A and Insert B are respective close - up cross - sectional views 
of an extreme distal end portion 601 of the transfer sheath 
401 , according to respective embodiments . 
[ 0068 ] Main components of the crimp tool 400 include : an 
elongated tube 404 that defines a tapered longitudinal bore , 
and a hub 406 attached to a proximal end 408 of the tube 
404. The tube 404 and the hub 406 may be separate 
components jointed together , such as by a mechanical inter 
lock , threaded connection , compression fitting , ultrasonic 
weld , adhesive or other suitable joint . Alternatively , the tube 
404 and the 406 may be made as a single integrated 
component . In either case , the tube 404 and the hub 406 may 
be made of the same material or different materials . 
Although the tube 404 is shown as being straight in FIG . 4 , 
the tube 404 may curve , such as due to manufacturing 
non - idealities or weight of the tube 404 and flexibility of the 
material from which the tube 404 is made . Optionally , the 
tube 404 may be coiled or made with an inherent curve , so 
the coiled or curved tube 404 fits more easily into its 
packaging ( not shown ) . 
[ 0069 ] Optionally , the crimp tool 400 includes a latch 410 . 
If present , the latch 410 is configured to releasably restrain 
the distal end portion 402 of the transfer sheath 401. In the 
embodiment shown in FIGS . 4 and 5 , the latch 410 is 
disposed within the hub 406 , but in another embodiment , a 
suitable latch may be external to the hub 406 . 

a 

Tube 

words , the inside dimension 413 is at least 80 % of the 
dimension 416 of the heart pump 100. In some embodi 
ments , the inside dimension 413 is at least about 100 % of the 
dimension 416 of the heart pump 100. In some embodi 
ments , the inside dimension 413 is at least about 110 % of the 
dimension 416 of the heart pump 100. In some embodi 
ments , the inside dimension 413 is at least about 120 % of the 
dimension 416 of the heart pump 100. In some embodi 
ments , the inside dimension 413 is at least about 130 % of the 
dimension 416 of the heart pump 100. In some embodi 
ments , the inside dimension 413 is at least about 150 % of the 
dimension 416 of the heart pump 100. In some embodi 
ments , the inside dimension 413 is at least about 200 % of the 
dimension 416 of the heart pump 100 . 
[ 0073 ] The cross - sectional shape of the distal end 414 
opening into the tube 404 should be similar to the cross 
sectional shape of the compressible portion of the heart 
pump 100. In most embodiments , the cross - sectional shape 
of the inside of the tube 404 is circular or nearly circular . In 
some cases , the cross - sectional shape of the inside of the 
tube 404 is slightly oval , for example due to manufacturing 
non - idealities . Although the tubular mesh structure 102 
( FIG . 1 ) of the blood pump 100 may be made of struts and 
therefore give the tubular mesh structure 102 a polygonal 
cross - sectional shape , which approximates a circular shape , 
we refer to the cross - sectional shape of such a tubular mesh 
structure 102 as circular . In other embodiments , the cross 
sectional shape of the inside of the tube 404 is approximately 
square , approximately rectangular or another suitable shape . 
[ 0074 ] The “ maximum outside dimension 416 of the heart 
pump ” 100 refers to a portion of the heart pump 100 that 
requires careful crimping , for example the tubular mesh 
structure 102. If , for example , the collapsible outflow tube 
108 is non - rigid plastic that collapses by itself when not 
under internal pressure , the collapsible outflow tube 108 
may not require careful crimping . In this case , the outside 
dimension of the collapsible outflow tube 108 is not con 
sidered to define the maximum outside dimension 416 of the 
heart pump 100. In respective embodiments , the inside 
dimension 413 of the distal end 414 of the tube 404 bore is 
at least about 7 mm , at least about 8 mm , at least about 10 
mm , at least about 15 mm or at least about 30 mm . In other 
embodiments , the inside dimension 413 of the distal end 414 
of the tube 404 bore is selected based on a dimension and / or 
cross - sectional shape of an intended heart pump 100 . 
[ 0075 ] The cross - sectional shape of the proximal end 408 
opening of the tube 404 should be similar to the cross 
sectional shape of the opening of the transfer sheath 401. In 
most embodiments , the cross - sectional shapes are circular or 
nearly circular . In some cases , the cross - sectional shape of 
the inside of the tube 404 is slightly oval , due to manufac 
turing non - idealities , or to accommodate asymmetric radial , 
such as slightly non - circular , compression of the rotor 
blades . The dimensions and sizes should be about the same , 
so the compressed heart pump 100 can easily transition from 
the proximal end 408 of the tube 404 , into the transfer sheath 
401. In this context , “ same ” means within manufacturing 
tolerances . 
[ 0076 ] At the proximal end 408 of the tube 404 , the inside 
dimension 413 of the tube 404 is about the same as an inside 
dimension of the transfer sheath 401. In respective embodi 
ments , the inside dimension 413 of the proximal end 408 of 
the tube 404 bore is at most about 4 mm , at most about 3 
mm , at most about 2 mm or at most about 1.5 mm . In some 

[ 0070 ] A taper angle of the longitudinal bore of the tube 
404 is relatively small , as described herein , to gradually 
compress ( crimp ) the heart pump 100 , as the heart pump is 
pulled through the crimp tool 100 , without damaging the 
heart pump 100. For example , some heart pumps pulled 
through some embodiments of the crimp tool 400 are not 
materially longitudinally distorted . In other examples , the 
tubular mesh structure 102 ( FIG . 1 ) and / or the impeller 104 
may be resiliently longitudinally lengthened , but without 
damaging the tubular mesh structure 102 or the impeller 
104. That is , once the crimped heart pump 100 is withdrawn 
from the transfer sheath 401 , the crimped portions of the 
heart pump 100 resiliently rebound to substantially their 
pre - crimped size and shape . 
[ 0071 ] FIGS . 4 and 5 show a heart pump 100 in position , 
ready to be crimped by the crimp tool 400. In particular , the 
catheter 110 extends through the tapered longitudinal bore of 
the tube 404 and through the hub 406 to a handle 412. The 
tube 404 has an inside dimension 413 that tapers along the 
length of the bore , from a maximum inside dimension at a 
distal end 414 of the tube 404 , to a smaller inside dimension 
at the proximal end 408 of the tube 404. In some embodi 
ments , the inside dimension 413 tapers monotonically along 
the length of the bore . Some embodiments include non 
tapered portions of the bore . Some embodiments include 
counter - tapered portions of the bore . In some embodiments , 
the inside dimension 413 smoothly tapers , whereas in other 
embodiments , the inside dimension 413 is stepped . 
[ 0072 ] At the distal end 414 of the tube 404 , the inside 
dimension 413 of the tube 404 is at least as large as about 
a maximum outside dimension 416 of the heart pump 100 , 
to admit the blood pump 100 into the tube 404 , without 
substantially radially crimping the blood pump 100. In other 

a 
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a embodiments , the inside dimension 413 of the proximal end 
408 of the tube 404 bore is about 0.1 to about 0.3 mm 
smaller than the inside dimension of the transfer sheath 401 . 
In some embodiments , the inside dimension 413 of the 
proximal end 408 of the tube 404 bore is selected based on 
dimensions and / or cross - sectional shape of an intended heart 
pump 100 . 
[ 0077 ] In some embodiments , the inside dimension 413 of 
the proximal end 408 of the tube 404 bore is about 0.1 to 
about 0.3 mm larger than the inside dimension of the transfer 
sheath 401. In these cases , the extreme distal end portion 601 
of the transfer sheath 401 should be rounded or chamfered , 
as shown in FIG . 6 , Insert A and Insert B , respectively . 
[ 0078 ] Optionally , the cross - sectional shape of the distal 
end 414 opening into the tube 404 may be different from the 
cross - sectional shape of the proximal end 408 opening of the 
tube 404 , for example to match the cross - sectional shape of 
the opening of the transfer sheath 401. In these cases , the 
cross - sectional shape of the bore gradually changes along 
the length of the bore to smoothly transition from the distal 
end 414 opening cross - sectional shape to the proximal end 
408 opening cross - sectional shape . 
[ 0079 ] The tube 404 may be made of an extruded polymer 
material , such as polytetrafluoroethylene ( PTFE ) . Alterna 
tively , the tube 404 may be made of polyether block amide 
( PEBA ) , polyethylene , including high - density polyethylene 
( HDPE ) or low - density polyethylene ( LDPE ) , nylon , poly 
propylene ( PP ) , polyoxymethylene ( POM ) or another suit 
able material . For example , PebaSlix® medical tubing , 
available from Duke Extrusion , Santa Cruz , Calif . is suit 
able . Optionally or alternatively , the material of the tube 404 
may include an additive , or the inside surface of the tube 404 
may be coated with PTFE or another suitable substance , to 
reduce friction . In any case , the inside surface of the tube 
404 should be smooth and have a relative low coefficient of 
friction , relative to the outer materials of the heart pump 100 . 
[ 0080 ] Thus , when pulled through the tube 404 , as indi 
cated by an arrow 418 , the heart pump 100 is gradually 
radially compressed , and optionally changed in cross - sec 
tional shape , by the inside wall ( s ) of the tube 404 , until the 
compressed heart pump 100 fits inside the transfer sheath 
401 . 
[ 0081 ] FIG . 7 is a cross - sectional view of the crimp tool 
400 , with the heart pump 100 partially pulled into the tube 
404 , and the distal end portion 402 of the transfer sheath 401 
inserted into the hub 406 and restrained in the hub 406 by the 
latch 410. A portion of the pigtail 106 remains outside the 
tube 404 , not yet having been pulled into the tube 404. FIG . 
8 is an enlarged view of a portion of FIG . 7 . 
[ 0082 ] As can be seen in FIGS . 7 and 8 , in this embodi 
ment , the inside dimension 413 of the tube 404 monotoni 
cally tapers along the length of the tube bore 700 , from at 
least about the maximum outside dimension 416 ( FIG . 4 ) of 
the heart pump 100 at the distal end 414 of the tube bore 700 , 
to about an inside dimension of the transfer sheath 401 at the 
proximal end 408 of the tube bore 700. An inside edge of the 
distal end 414 of the tube 404 may be chamfered or rounded , 
to prevent damage to components of the blood pump 100 , 
such as the outflow tube 108 , as the blood pump 100 enters 
the tube bore 700 . 

absent the latch 410 , for clarity . The hub 406 defines a hub 
bore 1000 therethrough . The hub bore 1000 is coaxial with 
the tube bore 700. One end 1002 of the hub bore 1000 is 
coupled to the proximal end 408 of the tube bore 700. The 
other end 1004 of the hub bore 1000 is configured to receive 
the distal end portion 402 of the transfer sheath 401 approxi 
mately coaxially with the tube bore 700 , as discussed in 
more detail herein , with respect to FIG . 17 . 
[ 0084 ] Thus , holding the hub 406 in one hand , and pulling 
the handle 412 or the catheter 110 at a location 420 ( FIG . 4 ) 
between a proximal end 422 of the transfer sheath 401 and 
the handle 412 with another hand , a user pulls the heart 
pump 100 into , and then through , the tapered longitudinal 
bore 700 of the tube 404 , and then through the hub 406 , into 
the transfer sheath 401. As the heart pump 100 translates 
through the tapered longitudinal bore 700 of the tube 404 , 
the heart pump 100 is gradually radially compressed 
( crimped ) , as indicated by arrows 702 ( FIG . 7 ) , without 
damaging the mesh structure 102 or the impeller 104. The 
transfer sheath 401 may then be released from the hub 406 
by activating the latch 410 , as discussed in more detail 
herein , and the transfer sheath 401 , with the compressed 
heart pump 100 disposed therewithin , may then be with 
drawn from the hub 406 . 
[ 0085 ] In some embodiments , the distal end portion 402 of 
the transfer sheath 401 , with the compressed heart pump 100 
disposed therewithin , is coupled to an introducer sheath ( not 
shown ) , and the compressed heart pump 100 is then pushed 
through the introducer sheath into a patient's vasculature , 
where the heart pump 100 expands . In some embodiments , 
the transfer sheath 401 , with the compressed heart pump 100 
disposed therewithin , is itself passed through an introducer 
sheath ( not shown ) into the vasculature , and then the com 
pressed heart pump 100 is pushed out of the transfer sheath 
401 into a patient's vasculature , where it expands . In the 
latter case , the transfer sheath should have a smooth outer 
surface , rather than define a mechanical feature such as 
feature 600 , to avoid thrombogenic issues . Thus , such 
embodiments are better matched with a compression latch , 
such as described herein with respect to FIG . 30 . 
[ 0086 ] The taper angle 800 ( exaggerated for clarity in FIG . 
8 ) is measured between an inside wall 802 of the tube 404 
and a line parallel to the longitudinal axis 804 of the tube 
404. That is , the inside wall 802 of the tube 404 that defines 
the tapered tube bore 700 extends at the taper angle 800 , 
relative to the longitudinal axis 802 of the tube 404. As 
noted , the tube 404 may be curved , rather than perfectly 
straight . In these cases , the longitudinal axis 804 is also 
curved , and the taper angle 800 is measured relative to a line 
parallel to the longitudinal axis 804 at a cross section that is 
transverse to the longitudinal axis 804 and extends through 
the tube wall at the taper angle 800 measurement point . As 
noted , the taper angle 800 of the longitudinal bore 700 of the 
tube 404 is relatively small , to gradually compress ( crimp ) 
the heart pump 100 , as the heart pump 100 is pulled through 
the crimp tool 100 , without damaging the heart pump 100 . 
In respective embodiments , the taper angle 800 is less than 
about 0.5 ° , less than about 0.6 ° , less than about 0.7 ° , less 
than about 1 ° or less than about 2 ° . In other embodiments , 
the taper angle 800 can have other upper limits , but gener 
ally less than about 10 ° . 
[ 0087 ] Alternatively , the taper of the longitudinal bore 700 
may be expressed as a taper ratio , calculated as a ratio of : ( a ) 
a change in inside diameter 413 of the tube bore 700 to ( b ) 

a 

2 

9 

Hub 

[ 0083 ] FIG . 10 is a cross - sectional view of the crimp tool 
400 , similar to FIG . 7 , but absent the heart pump 100 and 
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length 704 of the taper along the longitudinal axis 804 of the 
tube 404. In respective embodiments , the taper ratio is no 
greater than about 1:14 , no greater than about 1:20 , no 
greater than about 1:30 , no greater than about 1:40 , no 
greater than about 1:50 , no greater than about 1:60 or no 
greater than about 1:70 . 
[ 0088 ] In some embodiments , the tube bore 700 is at least 
about 30 mm long . In some embodiments , the tube bore 700 
is at least about 50 mm long . In some embodiments , the tube 
bore 700 is at least about 100 mm long . In some embodi 
ments , the tube bore 700 is at least about 170 mm long . In 
some embodiments , the tube bore 700 is at least about 300 
mm long 
[ 0089 ] The length of the tube bore 700 and the taper angle 
800 ( alternatively , taper ratio ) should be chosen such that 
crimping forces experienced by the impeller 104 are largely 
or exclusively radial , and such that the impeller 104 expe 
riences no or little longitudinal force . In general , these 
objectives can be met when the inside wall ( s ) of the tube 404 
contact only a cylindrical portion 806 ( FIG . 8 ) of the mesh 
structure 102 , and when the inside wall ( s ) of the tube 404 do 
not contact , or minimally contact , a proximal curved portion 
808 of the mesh structure 102. Alternatively , in general , 
these objectives can be met when the taper angle 800 is 
selected such that the inside wall ( s ) of the tube 404 contact 
the pump housing at , or close to , its maximum outside 
diameter and near the impeller . In part , geometry of the tube 
bore 700 may depend at least in part on axial position of the 
impeller 104 within the mesh structure 102 . 
[ 0090 ] The tube 404 , with its tapered bore 700 , is , how 
ever , distinguishable from a die , such as a wire drawing die . 
FIG . 9 is a cross - sectional view of an exemplary conven 
tional die 900. A die is a conventional material - shaping 
device that defines an aperture , exemplified by aperture 902 , 
through which to pull ( draw , as indicated by arrow 904 ) an 
object , exemplified by wire 906 , in order to reduce a 
cross - sectional dimension of the object to a dimension of the 
aperture 902. The aperture 902 may be tapered , as indicated 
at 908. However , as a result of the drawing , the length of the 
object 906 necessarily increases , as indicated by increased 
spacing between hatch marks 910. The length increases , 
because the object 906 is solid and essentially incompress 
ible , not resilient like a radially - compressible blood pump 
100. Furthermore , conventional wire drawing die tapers 908 
are much steeper than the taper angle 800 or the taper ratio 
described herein . 
[ 0091 ] As the object 906 is pulled through the die 900 , the 
wire's volume remains the same . Therefore , as the diameter 
of the wire decreases , the length of the wire 906 necessarily 
increases . Furthermore , the process of wire drawing changes 
material properties of the wire , due to cold working . 
[ 0092 ] In contrast , the crimp tool 400 described herein 
radially resiliently compresses ( crimps ) a heart pump 100 , 
without damaging the heart pump 100 , due to the gradual 
taper of the tube 404. In essence , the crimp tool 400 
decreases the volume of the heart pump 100 , unlike a wire 
drawing die . 

feature 600 that may be engaged by the latch 410 to 
releasably restrain the distal end portion 402 in the hub 406 . 
The latch 410 is configured to resiliently deform in response 
to the feature 600 of the distal end portion 402 of the transfer 
sheath 401 entering the latch 410. The latch 410 is further 
configured to at least partially rebound , as the feature 600 is 
further inserted into the latch 410 , to mechanically capture 
the feature 600 , to restrain the distal end portion 402 within 
the hub 406. The latch 410 includes an actuator , such as a 
button , which a human user can press to resiliently deform 
the latch 410 to release the feature 600 of the transfer sheath 
401 from the hub 406. Details of the latch 410 are described 
herein . 

[ 0094 ] In the embodiment shown in FIGS . 4-6 , 17-23 and 
25 , most of the proximal length of the transfer sheath 401 
has a relatively constant outside diameter 602 along its 
length . However , a distal longitudinal portion 604 has an 
outside diameter 606 that is less than the outside diameter 
602. In addition , a longitudinal portion 608 has an outside 
diameter 610 that is also less than the outside diameter 602 
of most of the proximal portion of the transfer sheath 401 . 
In some embodiments , the outside diameters 606 and 610 
are equal ; however , in other embodiments , the outside 
diameters 606 and 610 are not necessarily equal . 
[ 0095 ] Although circular cross - sectional shapes are shown 
for the portions 604 , 608 and 612 , other cross - sectional 
shapes may be used . For example , the cross - sectional shape 
may be triangular or circular with two parallel face cuts , 
similar to two sides of a hexagonal bolt head . Optionally or 
alternatively , features that are proud , as opposed to recessed , 
for example a ridge or bump , may be used . Inside diameters 
of the hub 406 and / or shape of the opening in the latch 410 
may be modified appropriately to facilitate insertion of the 
distal end portion 402 of the transfer sheath 401 into the hub 
406 and / or capture of the distal end portion 402 by the latch 
410 . a 

[ 0096 ] The portions 604 and 608 are longitudinally sepa 
rated from each other by another longitudinal portion 612 , 
whose outside diameter 614 is greater than outside diameters 
606 and 610. In some embodiments , the outside diameter 
614 is equal to the outside diameter 602 ; however , in other 
embodiments , outside diameters 614 and 602 are not nec 
essarily equal . The difference in diameters 606 and 614 
defines a first shoulder 616. The difference in diameters 614 
and 610 defines a second shoulder 618. The difference in 
diameters 610 and 602 defines a third shoulder 620 . 
Although the shoulders 616-620 are shown as steps perpen 
dicular to a longitudinal axis 622 of the transfer sheath 401 , 
in other embodiments one or more of the shoulders 616-620 
may be sloped or curved . 
[ 0097 ] As noted , FIG . 10 is a cross - sectional view of the 
crimp tool 400 , similar to FIG . 7 , but absent the heart pump 
100 and absent the latch 410. FIG . 11 is an end view of the 
hub 406. FIG . 12 is a perspective view of the latch 410 , and 
FIG . 13 is a perspective view of the hub 406 , absent the latch 
410. FIG . 14 is a back view of the latch 410 , FIG . 15 is a 
partial cross - sectional view of the latch 410 , and FIG . 16 is 
a front view of the latch 410 . 

[ 0098 ] FIG . 17 is a cross - sectional view of the hub 406 , 
absent the latch 410 , but with the distal end portion 402 of 
the transfer sheath 401 disposed in the hub 406. FIGS . 19-23 
are perspective views of the distal end portion 402 of the 

Optional Latch 
[ 0093 ] As noted with reference to FIG . 7 , the crimp tool 
400 optionally includes a latch 410 to releasably restrain the 
distal end portion 402 of the transfer sheath 401 in the hub 
406. FIG . 6 is an enlarged perspective view of a distal end 
portion 402 of the transfer sheath 401 , showing a mechanical 

a 
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transfer sheath 401 being progressively inserted into the 
latch 410. The hub 406 is omitted from FIGS . 19-23 for 
clarity . 
[ 0099 ] Referring to FIG . 12 , the latch 410 includes two 
resilient arcuate pillars ( first and second pillars ) 1200 and 
1202. Respective concave sides 1204 and 1206 of the 
arcuate shapes counterface each other . An actuator 1208 is 
mechanically coupled to the first and second pillars 1200 
and 1202 by a neck 1210. Optionally , the latch 410 includes 
a locating pin 1212 , on an opposite side of the first and 
second pillars 1200 and 1202 from the actuator 1208 . 
[ 0100 ] Alternating long - short dashed line 1300 ( extending 
between FIGS . 12 and 13 ) indicates how the latch 410 fits 
into the hub 406. The two pillars 1200 and 1202 are 
resiliently squeezed toward each other , as indicated by 
arrows 1214 , to temporarily narrow a space between the 
pillars 1200 and 1202 , so the two pillars 1200 and 1202 fit 
through an aperture 1006 ( FIGS . 10 and 13 ) defined by the 
hub 406. The locating pin 1212 fits into an opening 1008 
( FIG . 10 ) in the bottom of the hub 406. Alternatively , the hub 
406 includes an upward directed locating pin , and the latch 
410 defines an opening . Once disposed within the hub 406 , 
the two pillars 1200 and 1202 rebound , at least partially , 
toward their original shapes and enter respective voids , 
exemplified by void 1302 , defined by the hub 406 to prevent 
the latch 410 inadvertently dislodging from the hub 406 . 
FIG . 18 is a cross - sectional view of the hub 406 and the latch 
410 , with the latch 410 installed in the hub 406 . 
[ 0101 ] As noted , FIGS . 14 and 16 are respective back and 
fronts views of the latch 410. The first and second pillars 
1200 and 1202 collectively define an elongated opening 
1400 therebetween . As noted , the first and second pillars 
1200-1202 are resilient . Therefore , if a force is applied 
vertically on the pillars 1200-1202 , as indicated by an arrow 
1401 , while the bottoms of the pillars 1200-1202 ( proximate 
the locating pin 1212 ) are restrained , the pillars 1200-1202 
deform outward , as indicated by arrows 1403. In addition , a 
center 1405 of the opening 1400 moves down slightly . 
However , for purposes of this disclosure and the claims , this 
vertical movement of the center 1405 is ignored and the 
center 1405 is assumed to remain fixed , relative to the latch 
410. As can be seen in FIG . 18 , the hub bore 1000 extends 
through the opening 1400 , coaxially with the tube bore 700 . 
[ 0102 ] Referring again to FIG . 14 , each pillar 1200 and 
1202 has a respective back surface 1402 or 1404 , and 
referring to FIG . 16 , each pillar 1200 and 1202 has a 
respective front surface 1602 or 1604. The opening 1400 
extends from the front surfaces 1602-1604 to the back 
surfaces 1402-1404 to define a passage 1500 ( FIG . 15 ) . The 
passage 1500 is tapered to be narrower at the back surfaces 
1402-1404 than at the front surfaces 1602-1604 . Width of 
the opening 1400 at the back surfaces 1402-1404 is indi 
cated at 1406 , and width of the opening 1400 at the front 
surfaces 1602-1604 is indicated at 1605. This taper is 
evident from side walls 1606 and 1608 of the passage 1500 
being visible in the front view of FIG . 16 , but not in the back 
view of FIG . 14 . 
[ 0103 ] Due to this taper , as the distal end portion 402 of 
the transfer sheath 401 is inserted into the opening 1400 at 
the front surfaces 1200-1202 ( FIG . 19 ) , in some embodi 
ments the distal end portion 402 spreads apart the two pillars 
1200 and 1202 , as indicated by arrows 1610 ( FIGS . 16 and 
20 ) , distorting the pillars 1200 and 1202. The pillars 1200 
and 1202 are configured to resiliently displace away from 

each other , in response to insertion of the distal end portion 
402 of the transfer sheath 401 . 
[ 0104 ] As the distal end portion 402 of the transfer sheath 
401 is further advanced ( FIG . 21 ) through the opening 1400 , 
the side walls 1606 and 1608 bear against the outside wall 
of the transfer sheath 401 , due to the resilience and defor 
mation of the pillars 1200 and 1202 . 
[ 0105 ] As shown in FIG . 22 , when the portion 612 of the 
transfer sheath 401 enters the opening 1400 , the portion 612 
further resiliently separates the pillars 1200 and 1202 , as 
indicated by arrows 2200. That is , the first shoulder 616 
( FIG . 6 ) spreads apart the pillars 1200 and 1202. In some 
embodiments , the distal end portion 402 of the transfer 
sheath 401 is insufficiently large in outside diameter to 
displace the pillars 1200 and 1202 away from each other . 
Instead , the pillars 1200 and 1202 are first displaced away 
from each other by the first shoulder 616 . 
[ 0106 ] As shown in FIG . 23 , once the portion 612 of the 
transfer sheath 401 exits the opening 1400 , the pillars 1200 
and 1202 rebound , as indicated by arrows 2300 , to bear on 
the outside diameter 610 of the portion 608 of the transfer 
sheath 401. The portion 608 is longitudinally long enough to 
accept width 1502 ( FIG . 15 ) of the pillars 1200 and 1202 . 
The second shoulder 618 ( FIGS . 6 and 20 ) defined at 
changes in outside diameters 610 and 614 of portions of the 
transfer sheath 401 limit or prevent longitudinal travel of the 
transfer sheath 401 , once the pillars 1200 and 1202 have 
dropped into a notch 2100 ( FIG . 21 ) defined between the 
shoulders 2000 and 2002. Optionally , the third shoulder 620 
also limits or prevents longitudinal travel of the transfer 
sheath 401 , once the pillars 1200 and 1202 have dropped 
into the notch 2100. The second shoulder 618 defines the 
mechanical feature 600 that may be engaged by the latch 410 
to releasably restrain the distal end portion 402 of the 
transfer sheath 401 in the hub 406. Optionally , the mechani 
cal feature 600 also includes the notch 2100 and / or the third 
shoulder 620 , to prevent or limit longitudinal travel of the 
transfer sheath 401 further into the hub 406 , once the pillars 
1200 and 1202 have dropped into the notch 2100 . 

a 

Hub ( Continued ) 
[ 0107 ] As noted , FIG . 10 is a cross - sectional view of the 
crimp tool 400 , absent the heart pump 100 and absent the 
latch 410. Inside diameters ( collectively an internal profile 
1010 ) of the hub 406 should match outside diameters 606 , 
614 , 610 and 602 ( FIG . 6 ) of the distal end portion 402 of 
the transfer sheath 401 , allowing sufficient space between 
the inside walls of the hub 406 and the outside walls of the 
distal end portion 402 for at least a clearance fit , taking into 
account expected manufacturing tolerances . 
[ 0108 ] The hub 406 defines a shoulder 1012 in the hub 
bore 1000 , which acts as a stop to limit how far the transfer 
sheath 401 can be inserted into the hub bore 1000. FIG . 17 
is a cross - sectional view of the hub 406 , absent the latch 410 , 
but with the distal end portion 402 of the transfer sheath 401 
disposed in the hub 406. The shoulder 1012 limits how far 
the first shoulder 616 of the distal end portion 402 of the 
transfer sheath 401 can be inserted into the hub 406. Position 
of the shoulder 1012 and length 1700 of the distal longitu 
dinal portion 604 of the transfer sheath 401 should be 
selected such that , when the transfer sheath 401 is fully 
inserted into the hub bore 1000 , that is , the first shoulder 616 
abuts the stop 1012 , the extreme distal end portion 601 of the 
transfer sheath 401 dose not reach a shoulder 1702 defined 

2 
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to activation of the actuator 1208. As noted , the pillars 1200 
and 1202 collectively define an opening 1400 therebetween . 
In the inactivated mode of the pillars 1200 and 1202 , a 
smallest dimension 1406 ( FIG . 14 ) of the opening 1400 , as 
viewed along the longitudinal axis 1014 ( FIG . 10 ) of the 
tube 404 , is smaller than in the activated mode of the pillars 
1200 and 1202 . 
[ 0116 ] As noted , inserting the distal end portion 402 of the 
transfer sheath 401 , or the first shoulder 616 , into the hub 
406 increases the width 1406 of the opening 1400. This 
increase in the width 1406 does not require that the actuator 
1208 be pressed . Thus , the pillars 1200 and 1202 are 
configured to resiliently displace away from each other , 
independently of activation of the actuator 1208 . 
[ 0117 ] Although a latch 410 with symmetric pillars 1200 
and 1202 has been described , in other embodiments the 
pillars need not necessarily be symmetric . For example the 
pillars may be skew to each other . A first pillar may be 
arcuate shaped , and another pillar may be straight or have 
another shape , different from the first pillar . Some embodi 
ments have more or fewer than two pillars . 

Peel - Away Sheath 

- > 

in the hub bore 1000 , but instead the extreme distal end 
portion 601 is spaced a small distance 1704 from the 
shoulder 1702. The space 1704 prevents damaging the 
extreme distal end portion 601 of the transfer sheath 401 . 
[ 0109 ] Thus , restraining the distal end portion 402 of the 
transfer sheath 401 in the hub 406 simply involves inserting 
the distal end portion 402 into the hub bore 1000 , until the 
first shoulder 616 contacts the stop 1012. At that insertion 
distance , the pillars 1200 and 1202 rebound , as discussed 
with respect to FIG . 23 , and the shoulder 618 ( FIG . 20 ) 
prevents longitudinal withdrawal of the transfer sheath 401 . 
[ 0110 ] To release the distal end portion 402 from the hub 
406 , a user presses the actuator 1208. The actuator 1208 is 
configured for activation by a human . When fitted into the 
hub 406 , the actuator 1208 presents a push button ( visible , 
for example , in FIGS . 5 and 18 ) that can be pressed by the 
human user in a direction indicated by an arrow 1800 ( FIG . 
18 ) . The neck 1210 of the latch 410 is sufficiently long to 
make the actuator 1208 stand proud of a shoulder 1802 
defined by the hub 406 by a distance 1804. The shoulder 
1802 limits downward 1800 travel of the actuator 1208 . 
[ 0111 ] As illustrated in FIGS . 24 and 25 , pressing down 
1800 on the actuator 1208 , while the bottoms of the pillars 
1200 and 1202 are restrained , causes the pillars 1202 and 
1204 to bend outward , as indicated by arrows 2402 , thereby 
increasing the width 1406 of the opening 1400. The distance 
1804 ( FIG . 18 ) and geometry and material of the pillars 
1202 and 1204 are chosen such that pressing the actuator 
1208 no more than the distance 1804 cause the opening 1400 
to widen to at least the outside diameter 614 ( FIG . 6 ) of the 
portion 612 of the distal end portion 402. Consequently , the 
portion 612 clears the side walls 1606 and 1608 ( FIG . 16 ) of 
the passage 1500 , and the distal end portion 402 may be 
withdrawn from the hub 406 , as indicated by arrow 2500 . 
[ 0112 ] The opening 1400 is eccentric , as viewed along a 
longitudinal axis 1014 ( FIG . 10 ) of the tube 404 , although 
the opening 1400 need not be elliptical . “ Eccentric ” herein 
means how much a shape deviates from circular . Eccentric 
ity may be taken as a ratio of major axis dimension 1408 
( FIG . 14 ) to minor axis dimension 1406 or 1605 ( FIGS . 14 
and 16 ) . Essentially , the pillars 1200 and 1202 form an 
eccentric radial spring , and the eccentricity of the radial 
spring can be decreased by pressing on the actuator 1208 . 
[ 0113 ] The actuator 1208 can be either pressed down or 
not pressed down . Thus , the actuator 1208 can be thought of 
as having an activated mode and an inactivated mode , where 
pressing down the actuator 1208 puts the actuator in the 
activated mode , and not pressing or releasing the actuator 
1208 puts the actuator in the inactivated mode . 
[ 0114 ] As noted , pressing the actuator 1208 causes the 
pillars 1200 and 1202 to bend . Thus , each of the two pillars 
1200 and 1202 can be bent outward , as indicated by arrows 
2402 , to increase the width 1406 of the opening 1400 to 
release the distal end portion 402 of the transfer sheath 401 
from the hub 406 , or the pillars 1200 and 1202 can be in their 
respective unbent shapes . Thus , each pillar 1200 and 1202 
can be thought of as having an activated mode and an 
inactivated mode , where having been bent as a result of the 
actuator 1208 being pressed puts the pillars 1200 and 1202 
in the activated mode , and rebounding or not having been 
bent puts the pillars 1200 and 1202 in the inactivated mode . 
[ 0115 ] Each pillar 1200 and 1202 is mechanically coupled 
to the actuator 1208 and is configured to resiliently transition 
from the inactivated mode to the activated mode in response 

[ 0118 ] In some embodiments , as shown in FIG . 26 , the 
tubular sheath 401 defines one , two or more parallel longi 
tudinal regions , exemplified by region 2600 , that weaken the 
tubular sheath 401 , to facilitate peeling apart the tubular 
sheath 401 , once the compressed heart pump 100 has been 
removed from the tubular sheath 401. Each region 2600 
may , for example , define a groove to reduce wall thickness 
of the tubular sheath 401 , to facilitate a predetermined and 
controlled failure in the wall , when ears 2602 and 2604 are 
pulled apart , as indicated by arrows 2606. In other respects , 
the tubular sheath 401 of FIG . 26 is similar to the tubular 
sheath 401 described elsewhere in this disclosure , and 
descriptions of the tubular sheath 401 apply , mutatis mutan 
dis , to the tubular sheath of FIG . 26. For example , the 
mechanical feature 600 of the tubular sheath 401 may be 
engaged by the latch 410 , or an alternative latch , to releas 
ably restrain the distal end portion 402 in the hub 406 , as 
described herein . 

2 

Alternative Latches 

[ 0119 ] As noted , the latch 410 has two resilient arcuate 
pillars 1200 and 1202 , such that a force applied vertically on 
the pillars 1200-1202 , as indicated by the arrow 1401 ( FIG . 
4 ) , causes the pillars 1200-1202 to deform outward , as 
indicated by arrows 1403 , thereby increasing the width 1406 
of the opening 1400 , to release the mechanical feature 600 
of the tubular sheath 401. However , alternative latches are 
contemplated . 
[ 0120 ] A first alternative latch 2900 is shown in FIG . 29 . 
In this embodiment , pillars 2902 and 2904 do not material 
deform , and the width 2906 of the elongated opening 1400 
does not materially change , when the latch 2900 is activated , 
i.e. , when the force 1800 is applied vertically down on the 
actuator 1208. Instead , a spring 2910 compresses vertically , 
so the opening 1400 translates downward , along an elonga 
tion axis of the opening 1400 , as indicated by an arrow 2912 . 
In this embodiment , the width 2906 of the opening 1400 is 
sufficient for the portion 612 of the distal end portion 402 to 
pass through the opening 1400 , without materially out 
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wardly deforming the pillars 2902-2904 . That is , the width 
2906 is at least equal to the diameter 614 ( FIG . 6 ) . 
[ 0121 ] The center 1405 of the opening 1400 is above the 
longitudinal axis of the hub bore 1000 and the tapered tube 
bore 700. Approximate relative position of the hub bore 
1000 and the tube bore 700 are indicated by a dashed circle 
2914. Inserting the distal end portion 402 of the transfer 
sheath 401 into the latch 2900 causes the pillars 2902-2904 
to translate downward , due to the taper of the passage 1500 , 
from the front surfaces ( corresponding to front surfaces 
1602-1604 of the latch 410 ) to the back surfaces ( corre 
sponding to back surfaces 1402-1404 of the latch 410 ) of the 
pillars 2902-2904 . This downward translation compresses 
the spring 2910. However , once the portion 612 of the 
transfer sheath 401 has translated through the opening 1400 , 
the spring 2910 rebounds , the elongated opening 1400 
translates upward , and the latch 2900 captures the mechani 
cal feature 600 . 
[ 0122 ] The latch 2900 can be released by depressing the 
actuator 1208 to once again lower the opening 1400 and 
release the mechanical feature 600. In other respects , the 
latch 2900 is similar to the latch 410 , and descriptions of the 
latch 410 apply , mutatis mutandis , to the latch 2900 . 
[ 0123 ] A second alternative latch 3000 is shown in FIG . 
30. The second alternative latch 3000 includes a threaded 
compression fitting that clamps around the distal end portion 
402 of the tubular sheath 401. In this case , the distal end 
portion 402 need not necessarily define a mechanical feature 
600. The distal end portion 402 may be of constant outside 
diameter . Remainder of the hub 406 is shown in dashed line 
3002 . 
[ 0124 ] A third alternative latch 3100 is shown in FIG . 31 . 
The third alternative latch 3100 includes complementary 
male and female threaded connectors 3102 and 3104 , such 
as Luer connectors . One of the two threaded connectors 
3102 or 3104 is connected to , or part of , the hub 406 , and the 
other of the two threaded connectors 3102 or 3104 is 
connected to , or part of , the distal end portion 402 of the 
tubular sheath 401. In this embodiment , the tubular sheath 
401 is detachably attached to the hub 401 by mating the 
complementary male and female threaded connectors 3102 
and 3104 . 
[ 0125 ] Other latch mechanisms , such as ball detents , snap 
locks or locking pins , are also contemplated . 

hub 2704 includes one or more Tuohy - Borst adapters , exem 
plified by Tuohy - Borst valve 2710 , to releasably tighten 
around a circumference of the introducer sheath 2702 and / or 
the distal end portion 402 of the transfer sheath 401 to 
releasably hold the sheath or distal end portion in place and 
provide a fluid - tight seal . Essentially , such a valve 2710 
provides a threaded compression fitting latch . Alternatively , 
the hub 2704 includes a latch 3100 , as described herein . 
Optionally , the introducer hub 2704 defines a purge port 
2710. For example , the introducer hub 2704 may include a 
combination ring and slit valve 2712. The slit valve portion 
seals when no catheter 110 and / or sheath 402 is in the 
introducer hub 2704 , and the ring valve seals when the distal 
end portion 402 of the transfer sheath 401 , catheter 110 , or 
a dilator is in place . 
[ 0128 ] The introducer hub 2704 may include one or more 
valves , as needed , to maintain hemostasis . In other respects , 
the introducer hub 2704 of FIG . 27 is similar to the hub 406 
described elsewhere in this disclosure , and those descrip 
tions apply , mutatis mutandis , to the hub 2704. For example , 
hub bore 2706 may define an internal profile similar to the 
internal profile 1010 described with respect to FIG . 10 . 
Alternatively or additionally , the internal profile may be 
formed together with one or more valves and / or respective 
valve retainers . 

Frangible Crimp Tool 

[ 0129 ] As noted , and as shown in FIG . 28 , in some 
embodiments , the distal end portion 402 of the tubular 
sheath 401 is detachably attached to the proximal end 408 of 
the tapered tube 404 , such as by a frangible portion 2800 , 
without necessarily including a hub between the tapered 
tube 404 and the tubular sheath 401. The distal end portion 
402 of the tubular sheath 401 is coaxially coupled to the 
proximal end 408 of the tapered tube 404 by the frangible 
portion 2800. In these embodiments , once the crimped pump 
is pulled by the catheter 110 into the tubular sheath 401 , the 
frangible portion 2800 is broken to free the tubular sheath 
401 from the tapered tube 404. Before the frangible portion 
2800 is broken , the tapered tube 404 and the tubular sheath 
401 are collectively referred to as a crimp tool 2802 . 
Optionally , as discussed with respect to FIG . 26 , the tubular 
sheath 401 defines one , two or more parallel longitudinal 
regions , exemplified by region 2600 , that weaken the tubular 
sheath 401 , to facilitate peeling apart the tubular sheath 401 , 
once the compressed heart pump 100 has been removed 
from the tubular sheath 401. In other respects , the tapered 
tube 404 and the tubular sheath 401 of the crimp tool 2802 
are similar to those described elsewhere herein . 

Introducer 

a 

Methods 

a 

[ 0126 ] FIG . 27 is a cross - sectional view of a portion of an 
introducer 2700 , according to an embodiment of the present 
disclosure . The introducer 2700 includes an introducer 
sheath 2702 and a hub 2704. A dilator ( not shown ) may be 
used with the introducer 2700. The hub 2704 defines a hub 
bore 2706 coaxial with the introducer sheath 2702. One end 
2705 of the hub bore 2706 is coupled to a proximal end 2707 
of the introducer sheath 2702. The other end 2708 of the hub 
bore 2706 is configured to receive the distal end portion 402 
of the transfer sheath 401 approximately coaxially with the 
introducer sheath 2702 , similar to the way the hub 406 of the 
crimp tool 400 is configured to receive the distal end portion 
402 of the transfer sheath 401 . 
[ 0127 ] Optionally , in some embodiments , the hub 2704 
includes a latch 410 or 2900 , as described herein with 
respect to FIG . 4 , 5 , 7 , 12-16 and 18-25 or 29 , to releasably 
restrain the distal end portion 402 of the tubular sheath 401 , 
as described herein . In some embodiments , the introducer 

[ 0130 ] FIG . 32 is a flowchart that schematically illustrates 
a method 3200 for crimping a blood pump . The method 3200 
may , for example , be practiced using the crimp tool 400 
described herein . The method includes disposing 3202 the 
blood pump inside a distal end of a tapered longitudinal tube 
bore . The tube bore is defined by an elongated tube . The tube 
bore is at least about 30 mm long . The tube bore has an 
inside dimension that tapers along the length of the tube bore 
from ( a ) at least about a maximum outside dimension of the 
pump at the distal end of the tube bore to ( b ) at most about 
4 mm in diameter at a proximal end of the tube bore . 



US 2022/0203084 A1 Jun . 30 , 2022 
11 

has an inside dimension that tapers along the length of the 
tube bore from ( a ) at least about a maximum outside 
dimension of the blood pump at the distal end of the tube 
bore to ( b ) about the inside dimension of the tubular sheath 
at the proximal end of the tube bore . 
[ 0139 ] At 3304 , the blood pump is translated through the 
tube bore in a direction toward the proximal end of the tube 
bore , including contacting an outside surface of the blood 
pump with an inside surface of the elongated tube as the 
blood pump translates through the tube bore , thereby crimp 
ing the blood pump to produce a crimped blood pump . At 
3306 , the crimped blood pump is translated from the proxi 
mal end of the tube bore to the tubular sheath , without 
substantially altering an outside dimension of the crimped 
blood pump . At 3308 , the tubular sheath is frangibly 
detached from the tube , with the crimped blood pump 
disposed within the tubular sheath . 

Catheter Indicia 

[ 0131 ] At 3204 , the blood pump is translated through the 
tube bore in a direction toward the proximal end of the tube 
bore , including contacting an outside surface of the blood 
pump with an inside surface of the elongated tube as the 
blood pump translates through the tube bore , thereby crimp 
ing the blood pump to produce a crimped blood pump . 
[ 0132 ] In some embodiments , translating the blood pump 
includes pulling the blood pump through the tube bore . 
However , in principle , translating the blood pump can 
involve pushing the blood pump through the tube bore . 
[ 0133 ] In some embodiments , the inside dimension of the 
distal end of the tube bore is at least about 7 mm . In some 
embodiments , the inside dimension of the proximal end of 
the tube bore is at most about 4 mm . In some embodiments , 
the inside dimension of the distal end of the tube bore is at 
least about 7 mm , and the inside dimension of the proximal 
end of the tube bore is at most about 4 mm . In some 
embodiments , the tube bore is at least about 50 mm long . In 
some embodiments , the tube bore is at least about 100 mm 
long . In some embodiments , the tube bore is at least about 
170 mm long . In some embodiments , the tube bore is at least 
about 300 mm long . 
[ 0134 ] Optionally , an inside wall of the tube that defines 
the tapered tube bore extends at an angle , relative to a 
longitudinal axis of the tube , of less than about 2º . Option 
ally , a taper ratio of the tapered tube bore , calculated as a 
ratio of ( a ) a change in inside diameter of the tube bore to 
( b ) length of the taper along a longitudinal axis of the tube 
is no greater than about 1:14 . 
[ 0135 ] Optionally , at 3206 , a tubular sheath is disposed 
substantially coaxially with the proximal end of the tube 
bore . Optionally , at 3208 , the crimped blood pump is trans 
lated from the proximal end of the tube bore to the tubular 
sheath , without substantially altering an outside dimension 
of the crimped blood pump . 
[ 0136 ] Translating 3208 the crimped blood pump from the 
proximal end of the tube bore to the tubular sheath may 
include : ( a ) releasably restraining 3210 a distal end portion 
of the tubular sheath in a hub . The hub is attached to the 
proximal end of the tube . The hub defines a hub bore 
therethrough coaxial with the tube bore . One end of the hub 
bore is coupled to the proximal end of the tube bore . The 
other end of the hub bore is configured to receive the distal 
end portion of the tubular sheath substantially coaxially with 
the tube bore . Translating 3208 the crimped blood pump 
from the proximal end of the tube bore to the tubular sheath 
may also include : ( b ) translating 3212 the crimped blood 
pump through the hub bore . Optionally , the method further 
includes releasing 3214 the distal end portion of the tubular 
sheath from the hub . 
[ 0137 ] Optionally , the method includes translating 3216 
the crimped blood pump out of the tubular sheath and into 
a vasculature of a patient and allowing 3218 the crimped 
blood pump to resiliently expand within the vasculature . 
[ 0138 ] FIG . 33 is a flowchart that schematically illustrates 
another method 3300 for crimping a blood pump . The 
method 3300 may , for example , be practiced using the crimp 
tool 2802 described herein with respect to FIG . 28. The 
method 3300 includes disposing 3302 the blood pump inside 
a distal end of a tapered longitudinal tube bore . The tube 
bore is defined by an elongated tube . A proximal end of the 
tube is coaxially and frangibly attached to a distal end of a 
tubular sheath . The tubular sheath has an inside dimension . 
The tube bore is at least about 30 mm long . The tube bore 

a 

[ 0140 ] In some embodiments , one or more indicia may be 
provided on the catheter to assist with various aspects of 
crimping , inserting , positioning , and / or using a compressible 
and expandable blood pump system . FIG . 34 depicts an 
embodiment of a blood pump 100 that includes a retraction 
indicia 112 on the catheter 110 that may aid during crimping 
of the blood pump via the crimp tool 400 and retraction of 
the crimped blood pump into the transfer sheath 401 , as 
described herein . 
[ 0141 ] For example , in some implementations , it may be 
difficult to determine whether the blood pump has been fully 
withdrawn into the transfer sheath ( e.g. , if the crimp tool 400 
and / or transfer sheath 401 are opaque ) . In such an example , 
if the blood pump 100 is not retracted far enough , portions 
of the blood pump 100 , such as the pigtail 106 , may extend 
out of the transfer sheath 401 when it is disengaged from the 
crimp tool 400 , which may interfere with the ability of the 
blood pump 100 to be inserted into an introducer , and / or 
may result in damage to the blood pump 100. Moreover , in 
some instances , the transfer sheath 401 may include one or 
more interior features that may damage the blood pump 100 
if the blood pump 100 is withdrawn too far into the transfer 
sheath . Accordingly , the retraction indicia 112 may be 
positioned on the catheter 110 such that when the crimped 
blood pump is drawn into the transfer sheath 401 to the 
correct or desired position , the retraction indicia becomes 
exposed proximally of the proximal end 422 of the transfer 
sheath 401. As shown in FIG . 34 , the retraction indicia 112 
may include a band ( e.g. , a colored band extending around 
a circumference of the catheter ) . As will be appreciated , the 
indicia may include other suitable visual cues to the user to 
stop retracting the blood pump into the crimp tool and the 
transfer sheath . For example , the retraction indicia may 
include a picture or icon ( e.g. , a stop sign ) , or text ( e.g. , 
“ STOP ) . 
[ 0142 ] As described herein , a user may pull the blood 
pump 100 through the crimp tool 400 and transfer sheath 
401 coupled to the crimp tool 400 to crimp the blood pump 
100 and prepare the pump for insertion into a patient . During 
this process , seeing the retraction indicia 112 emerge from 
the proximal end 422 of the transfer sheath may provide a 
visual indication that the user should stop pulling and that 
the pump is properly received within the transfer sheath 401 . 
Subsequently , the user may disengage the transfer sheath 
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a 401 from the crimp tool 400 and proceed with insertion of 
the crimped blood pump 100 into a patient via an introducer , 
as described above . 
[ 0143 ] In view of the foregoing , the position of the retrac 
tion indicia 112 on the catheter 110 may be selected based 
on the dimensions of the blood pump 100 and transfer sheath 
401. For example , the first indicia 112 may be located on the 
catheter 110 at a position corresponding to the length of the 
transfer sheath 401 such that when the blood pump is 
retracted into the transfer sheath , a distal end of the pigtail , 
which may be uncurled within the transfer sheath , is within 
the transfer sheath 401 and adjacent a distal end 450 of the 
transfer sheath . In some instances , the position of the 
retraction indicia 112 may be selected such that the distal 
end of the pigtail is spaced a predetermined distance ( e.g. , 
about 0.1 to about 5 cm ) from the distal end 450 of the 
transfer sheath 401 when the retraction indicia is just visible 
outside of the proximal end 422 of the transfer sheath 401 . 
However , it should be appreciated that the current disclosure 
is not limited to any particular spacing between the end of 
the pigtail 106 and the distal end 450 of the transfer sheath 
401 , and that the retraction indicia 112 may be positioned at 
any suitable location corresponding to a proper position of 
the crimped blood pump 100 within the transfer sheath 401 . 
[ 0144 ] Although the retraction indicia is described above 
as indicating a point when a user should stop retracting the 
blood pump 100 into the transfer sheath 401 , other 
approaches may be suitable . For example , in some embodi 
ments , the retraction indicia 112 may be arranged to indicate 
“ safe zone ” where the crimped blood pump 100 may be 
acceptably positioned within the transfer sheath 401 , and a 
user may stop retracting the blood pump while any portion 
of the “ safe zone ” is visible outside of the proximal end 422 
of the transfer sheath 401. In such an embodiment , the 
entirety of the “ safe zone ” becoming visible outside of the 
transfer sheath may indicate that the blood pump had been 
retracted too far . 
[ 0145 ] In some embodiments , the “ safe zone ” may be 
formed as an elongated band on the catheter 110. The “ safe 
zone ” also may be formed via multiple bands extending 
along the catheter . In such embodiments , the elongate band 
or multiple bands may be the same color , or may have 
different colors . For example , in an illustrative embodiment , 
the elongate band may have red , yellow , and green colors 
( e.g. , extending along a length of the safe zone and along a 
length of the catheter ) to indicate to a user that they are 
approaching the end of the “ safe zone ” and that the user 
needs to stop pulling the catheter into the transfer sheath . 
[ 0146 ] Referring again to FIG . 34 , in some embodiments , 
the blood pump 100 may include an advancement indicia 
114 that may aid during insertion of the crimped blood pump 
100 through an introducer ( not depicted ) that is received in 
a patient's vasculature , as described above . For example , 
while the crimped blood pump 100 is advanced through an 
introducer , the crimped blood pump 100 may form a fluid 
tight seal within a lumen of the introducer . However , when 
the crimped blood pump 100 emerges from a distal end of 
the introducer and expands ( which may be referred to as 
“ hatching ” of the pump housing including tubular mesh 
structure 102 ) , the lumen of the introducer is no longer 
obstructed and blood may be able to flow back through the 
introducer , the transfer sheath 401 , and out of the patient , 
thus leading to undesirable bleeding . Accordingly , the 
advancement indicia 114 may be provided on the catheter 

110 at a location that indicates that the blood pump is about 
to emerge or has just emerged from the introducer ( i.e. , that 
the compressed blood pump is about to “ hatch ” or has just 
“ hatched ” ) . For example , the advancement indicia 114 may 
positioned on the catheter 110 such that when the advance 
ment indicia 114 is adjacent the proximal end 422 of the 
transfer sheath 401 , the compressed portion of the blood 
pump 100 that provides the sealing engagement with the 
interior of the introducer is about to emerge , or has just 
emerged , from the distal end of the introducer . This provides 
a visual indication that the user should disengage the transfer 
sheath 401 from the introducer such that one or more valves 
within a hub of the introducer sheath may seal onto the 
catheter 110 and provide hemostasis , thus avoiding bleeding . 
As described above , in some embodiments , the transfer 
sheath 401 may include features to allow it to be peeled 
away and removed from the catheter 110. In such embodi 
ments , when a user sees that the advancement indicia 114 is 
about to be advanced into the proximal end 422 of the 
transfer sheath 410 , the user may stop advancing the blood 
pump , disengage the transfer sheath 401 from the introducer , 
peel away the transfer sheath , and subsequently continue 
advancing the blood pump through the introducer . 
[ 0147 ] In view of the foregoing , the position of the 
advancement indicia 112 on the catheter 110 may be selected 
based on the dimensions of the blood pump 100 , transfer 
sheath 401 , and introducer . For example , the advancement 
indicia 112 may be spaced proximally from tubular mesh 
102 a distance along the catheter 110 corresponding to the 
combined length of the introducer and transfer sheath 401 
when the transfer sheath is engaged with the introducer . 
[ 0148 ] Similar to retraction indicia , the advancement indi 
cia 112 may include a single band , an elongate band , 
multiple bands , or other suitable indicia to indicate when the 
user should disengage the transfer sheath from the intro 
ducer such that one or more valves within the hub of the 
introducer sheath may seal onto the catheter . 
[ 0149 ] In some embodiments , a plurality of position indi 
cia 116 also may be provided on the catheter 110 , and may 
aid in assessing a on of the blood pump 100 when it is 
received in a patient . For example , the position indicia 116 
may include a plurality of lines at predetermined intervals 
( e.g. , 1 cm spacing , 2 cm spacing , or any other suitable 
spacing ) , and thus a user may be able to advance or retract 
the blood pump by a desired distance within the patient's 
vasculature by observing the position indicia 116 while 
advancing or retracting the blood pump . Moreover , in some 
instances , position indicia 116 may indicate an advantageous 
step distance that the catheter should be advanced when 
inserting the catheter through the transfer sheath and / or 
introducer . Such an advantageous step distance ( e.g. , about 
2 cm ) may be selected to avoid bending , buckling , kinking , 
or any other type of undesirable catheter deformation during 
advancement of the catheter . 
[ 0150 ] It should be appreciated that the current disclosure 
is not necessarily limited to blood pumps that include indicia 
formed on the catheter 110 , and that a blood pump may 
include any suitable combination of retraction indicia 112 , 
advancement indicia 114 , and / or placement indicia 116 . 
Moreover , it should be understood that the various indicia 
may be formed on the catheter in any suitable manner , such 
as via pad printing with one or more colors that contrasts a 
color of the catheter 110 , or etching ( e.g. , laser etching ) to 
form a contrasting color and / or texture on the catheter 110 . 
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In some instances , the catheter may be formed from a 
different material and / or different colored material at the 
locations corresponding to the various indicia . 
[ 0151 ] While the application describes exemplary 
embodiments , modifications to , and variations of , the illus 
trated embodiments may be made without departing from 
the inventive concepts disclosed herein . For example , 
although specific parameter values , such as numbers and 
shapes of pillars 1200 and 1202 , lengths of tubes 404 , inside 
and outside diameters , taper ratios and taper angles , may be 
recited in relation to disclosed embodiments , within the 
scope of the present disclosure , the values of all parameters 
may vary over wide ranges to suit different applications . 
Unless otherwise indicated in context , or would be under 
stood by one of ordinary skill in the art , terms such as 
" about ” mean within + 20 % . 
[ 0152 ] In most embodiments , including in the claims , the 
heart pump 100 and the tubular sheath , such as the tubular 
transfer sheath 401 , are workpieces , relative to the crimp 
tool 400 , and not elements of the crimp tool 400 . 
[ 0153 ] As used herein , including in the claims , the term 
“ and / or , ” used in connection with a list of items , means one 
or more of the items in the list , i.e. , at least one of the items 
in the list , but not necessarily all the items in the list . As used 
herein , including in the claims , the term " or , ” used in 
connection with a list of items , means one or more of the 
items in the list , i.e. , at least one of the items in the list , but 
not necess essarily all the items in the list . “ Or ” does not mean 
" exclusive or . ” 
[ 0154 ] As used herein , including in the claims , an element 
described as being configured to perform an operation “ or ” 
another operation is met by an element that is configured to 
perform only one of the two operations . That is , the element 
need not be configured to operate in one mode in which the 
element performs one of the operations , and in another mode 
in which the element performs the other operation . The 
element may , however , but need not be configured to 
perform more than one of the operations . 
[ 0155 ] Although aspects of embodiments may be 
described with reference to flowcharts and / or block dia 
grams , functions , operations , decisions , etc. of all or a 
portion of each block , or a combination of blocks , may be 
combined , separated into separate operations or performed 
in other orders . References to a “ module , ” “ operation , ” 
“ step ” and similar terms are for convenience and not 
intended to limit their implementation . 
[ 0156 ] Disclosed aspects , or portions thereof , may be 
combined in ways not listed herein and / or not explicitly 
claimed . In addition , embodiments disclosed herein may be 
suitably practiced , absent any element that is not specifically 
disclosed herein . Accordingly , the invention should not be 
viewed as being limited to the disclosed embodiments . 
[ 0157 ] As used herein , numerical terms , such as “ first , " 
“ second ” and “ third , ” are used to distinguish respective 
pillars from one another and are not intended to indicate any 
particular order or total number of pillars in any particular 
embodiment . Thus , for example , a given embodiment may 
include only a second pillar and a third pillar . 

1. A crimp tool for crimping a blood pump for transfer into 
a tubular sheath , the crimp tool comprising : 

an elongated tube that defines a tapered longitudinal bore , 
the bore being at least about 30 mm long and having an 
inside dimension that tapers along the length of the 
bore from ( a ) at least about a maximum outside dimen 

sion of the pump at a distal end of the bore to ( b ) about 
an inside dimension of the tubular sheath at a proximal 
end of the bore ; and 

a hub attached to the proximal end of the tube , the hub 
defining a bore therethrough that is coaxial with the 
tube bore , one end of the hub bore being coupled to the 
proximal end of the tube bore , the other end of the hub 
bore being configured to receive a distal end portion of 
the tubular sheath substantially coaxially with the tube 
bore . 

2. A crimp tool according to claim 1 , wherein the inside 
dimension of the distal end of the tube bore is at least about 
7 mm . 

3. A crimp tool according to claim 1 , wherein the inside 
dimension of the proximal end of the tube bore is at most 
about 4 mm . 

4. ( canceled ) 
5. A crimp tool according to claim 1 , wherein the tube 

bore is at least about 50 mm long . 
6. ( canceled ) 
7. ( canceled ) 
8. ( canceled ) 
9. A crimp tool according to claim 1 , wherein an inside 

wall of the tube that defines the tapered tube bore extends at 
an angle , relative to a longitudinal axis of the tube , of less 
than about 2º . 

10. A crimp tool according to claim 1 , wherein a taper 
ratio of the tapered tube bore , calculated as a ratio of ( a ) a 
change in inside diameter of the tube bore to ( b ) length of the 
taper along a longitudinal axis of the tube is no greater than 
about 1:14 . 

11. A crimp tool according to claim 1 , further comprising 
a latch configured to releasably restrain the distal end 
portion of the tubular sheath within the other end of the hub 
bore . 

12. A crimp tool according to claim 11 , wherein the latch 
is disposed within the hub , the latch comprising : 

a first pillar , a second pillar and an actuator , the actuator 
being configured for activation by a human , the actua 
tor having an inactivated mode and an activated mode ; 
wherein : 

the first pillar has an inactivated mode and an activated 
mode ; 

the first pillar is mechanically coupled to the actuator and 
configured to resiliently transition from the inactivated 
mode to the activated mode in response to activation of 
the actuator ; 

the first and second pillars collectively define an opening 
therebetween , the hub bore extending through the 
opening substantially coaxially with the tube bore ; 

in the inactivated mode of the first pillar , a smallest 
dimension of the opening , as viewed along a longitu 
dinal axis of the tube , is smaller than in the activated 
mode of the first pillar ; and 

the first pillar is configured to resiliently displace away 
from the second pillar , independently of activation of 
the actuator . 

13. A crimp tool according to claim 12 , wherein in the 
inactivated mode of the first pillar , the smallest dimension of 
the opening , as viewed along a longitudinal axis of the tube , 
is smaller than an outside dimension of a feature of the distal 
end portion of the tubular sheath , and in the activated mode 
of the first pillar , the smallest dimension of the opening is at 
least as large as the outside dimension of the feature . a 
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14. A crimp tool according to claim 12 , wherein : 
the second pillar has an inactivated mode and an activated 
mode ; 

the second pillar is mechanically coupled to the actuator 
and configured to resiliently transition from the inac 
tivated mode to the activated mode in response to 
activation of the actuator ; 

the first and second pillars are symmetric ; 
each of the first and second pillars has a first arcuate 

shape ; 
respective concave sides of the first arcuate shapes coun 

terface each other , and 
each of the first and second pillars is configured to 

resiliently transition from its first arcuate shape to a 
second arcuate shape having a smaller radius in 
response to activation of the actuator , such that in the 
inactivated mode of the first and second pillars , the 
opening is more eccentric , as viewed along a longitu 
dinal axis of the tube , than in the activated mode of the 
first and second pillar . 

15. A crimp tool according to claim 14 , wherein : 
each of the first and second pillars has a front surface and 

a back surface ; 
the opening extends from the front surfaces to the back 

surfaces to define a passage ; and 
the passage is tapered to be narrower at the back surfaces 

than at the front surfaces . 
16. A crimp tool according to claim 1 , wherein the latch 

is disposed within the hub , the latch comprising : 
an actuator configured for activation by a human , the 

actuator having an inactivated mode and an activated 
mode ; and 

a radial spring mechanically coupled to the actuator and 
configured to resiliently increase an inside dimension in 
response to activation of the actuator . 

17. A crimp tool according to claim 11 , wherein the latch 
is disposed within the hub , the latch comprising a threaded 
compression fitting . 

18. A method for crimping a blood pump , the method 
comprising : 

disposing the blood pump inside a distal end of a tapered 
longitudinal tube bore defined by an elongated tube , the 
tube bore being at least about 30 mm long and having 
an inside dimension that tapers along the length of the 
tube bore from ( a ) at least about a maximum outside 
dimension of the pump at the distal end of the tube bore 
to ( b ) at most about 4 mm in diameter at a proximal end 
of the tube bore ; and 

translating the blood pump through the tube bore in a 
direction toward the proximal end of the tube bore , 
including contacting an outside surface of the blood 
pump with an inside surface of the elongated tube as the 
blood pump translates through the tube bore , thereby 
crimping the blood pump to produce a crimped blood 
pump . 

19. A method according to claim 18 , wherein translating 
the blood pump comprises pulling the blood pump through 
the tube bore . 

20. A method according to claim 18 , wherein the inside 
dimension of the distal end of the tube bore is at least about 
7 mm . 

21. A method according to claim 18 , wherein the inside 
dimension of the proximal end of the tube bore is at most 
about 4 mm . 

22. ( canceled ) 
23. Amethod according to claim 18 , wherein the tube bore 

is at least about 50 mm long . 
24. ( canceled ) 
25. ( canceled ) 
26. ( canceled ) 
27. A method according to claim 18 , wherein an inside 

wall of the tube that defines the tapered tube bore extends at 
an angle , relative to a longitudinal axis of the tube , of less 
than about 20 . 

28. A method according to claim 18 , wherein a taper ratio 
of the tapered tube bore , calculated as a ratio of ( a ) a change 
in inside diameter of the tube bore to ( b ) length of the taper 
along a longitudinal axis of the tube is no greater than about 
1:14 . 

29. A method according to claim 18 , further comprising : 
disposing a tubular sheath substantially coaxially with the 

proximal end of the tube bore ; and 
translating the crimped blood pump from the proximal 

end of the tube bore to the tubular sheath , without 
substantially altering an outside dimension of the 
crimped blood pump . 

30. A method according to claim 29 , wherein : 
translating the crimped blood pump from the proximal 

end of the tube bore to the tubular sheath comprises : ( a ) 
releasably restraining a distal end portion of the tubular 
sheath in a hub , the hub being attached to the proximal 
end of the tube , the hub defining a hub bore there 
through coaxial with the tube bore , one end of the hub 
bore being coupled to the proximal end of the tube 
bore , the other end of the hub bore being configured to 
receive the distal end portion of the tubular sheath 
substantially coaxially with the tube bore and ( b ) 
translating the crimped blood pump through the hub 
bore ; the method further comprising : 

releasing the distal end portion of the tubular sheath from 
the hub . 

31. A method according to claim 29 , further comprising : 
translating the crimped blood pump out of the tubular 

sheath and into a vasculature of a patient ; and 
allowing the crimped blood pump to resiliently expand 

within the vasculature . 
32. ( canceled ) 
33. ( canceled ) 
34. A system comprising : 
a transfer sheath having a proximal end ; 
a blood pump having a catheter with a retraction indicia 

arranged to aid during crimping of the blood pump and 
retraction of the blood pump into the transfer sheath ; 
and 

a crimp tool arranged to crimp the blood pump ; and 
wherein , when the crimped blood pump is seated in a 

desired position of the transfer sheath , the retraction 
indicia is visible proximally of the proximal end of the 
transfer sheath . 

35. The system of claim 34 , wherein the retraction indicia 
includes one or more bands extending around a circumfer 
ence of a portion of the catheter , optionally wherein the 
retraction indicia includes an elongate band . 

36. ( canceled ) 
37. ( canceled ) 
38. ( canceled ) 
39. ( canceled ) 
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