wo 2014/164136 A1 |[IN I N0F 00O O O Y O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

9 October 2014 (09.10.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/164136 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:
A6IM 1/10(2006.01) A6IM 31/00 (2006.01)
A6IM 25/01 (2006.01)

International Application Number:
PCT/US2014/020790

International Filing Date:
5 March 2014 (05.03.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/780,656 13 March 2013 (13.03.2013) US
Applicant: THORATEC CORPORATION [US/US];

6101 Stoneridge Drive, Pleasanton, CA 94588 (US).

Inventors: SCHENCK, Alan; C/o Thoratec Corporation,
6101 Stoneridge Drive, Pleasanton, CA 94588 (US).
GREEN, Michael, L.; C/o Thoratec Corporation, 6101
Stoneridge Drive, Pleasanton, CA 94588 (US). FITZGER-
ALD, Keif, M.; C/o Thoratec Corporation, 6101 Stone-
ridge Drive, Pleasanton, CA 94588 (US). MULLER, Paul,
F.; C/o Thoratec Corporation, 6101 Stoneridge Drive,
Pleasanton, CA 94588 (US). SULLIVAN, Joseph, P.; C/o
Thoratec Corporation, 6101 Stoneridge Drive, Pleasanton,
CA 94588 (US). SCHUBERT, Keith; C/o Thoratec Cor-
poration, 6101 Stoneridge Drive, Pleasanton, CA 94588
(US). BRISTOL, Peter, W.; C/o Thoratec Corporation,

(74

(8D

(84)

6101 Stoneridge Drive, Pleasanton, CA 94588 (US).
MILLS, Jeffrey, Paul; C/o Thoratec Corporation, 6101
Stoneridge Drive, Pleasanton, CA 94588 (US). LE-
ONARD, Paul, C.; C/o Thoratec Corporation, 6101 Stone-
ridge Drive, Pleasanton, CA 94588 (US). KEENAN,
Richard, L.; C/o Thoratec Corporation, 6101 Stoneridge
Drive, Pleasanton, CA 94588 (US).

Agent: ALTMAN, Daniel, E.; Knobbe Martens Olson &
Bear, LLP, 2040 Main Street, 14th Floor, Irvine, CA
92614 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

[Continued on next page]

(54) Title: FLUID HANDLING SYSTEM

(57) Abstract: Various embodiments of a fluid handling system are disclosed herein. For example, the fluid handling system can in-
clude a catheter assembly and a console configured to control the operation of the catheter assembly. A removable interface member
can be configured to provide fluid and electrical communication between the catheter assembly and the console.



WO 2014/164136 A1 |IIWAT 00N A0 0 AR

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, S, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2014/164136 PCT/US2014/020790

FLUID HANDLING SYSTEM

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS
0001 Any and all applications for which a {oreign or domestic priority claim
1s identified, including US Application Ne. 61/780,656, filed March 13, 2013, entitled
Fluid Hondiing Svstem, (hereinafter “the ‘656 priority application”) are hercby
mncorporated by reference.
BACKGROUND OF THE INVENTION

Field of the Invention

{a62] This application is directed to puraps for mechamcal circulatory
support of a heart. In particular, this application is divected to a console and controller for
a catheter purop and a fluid handling system configured to convey and remove fluids to
and from the catheter pump.

Description of the Related Art

{0063] Heart disease is a major health problem that has high mortality rate.
Physicians increasingly use mechanical circulatory support systems for treating heart
failare. The treatment of acute heart failure requires a device that can provide support to
the patient quickly. Physicians desirve treatment options that can be deployed quickly and
mintmally-invasively,

100064} Intra-aortic balloon pumps (JABP) arc currently the most conumon type
of circulatory support devices for treating acute heart failure. LABPs are commonly used
to treat heart failure, such as to stabilize a patient after cardiogenic shock, during
treatmoent of acute myocardial mfarction (M1) or decompensated heart failure, or to
support a patient during high risk percutancous coronary intervention (PCL). Circulatory
support systeras may be used alone or with pharmacological treatment,

{6065] In a conventional approach, an [ABP is positioned in the aorta and
actuated in a counterpulsation fashion to provide partial support to the circulatory system.
More recently, minimally-invasive rotary blood pumps have been developed n an
atiernpt to increase the level of potential support (i.e., higher flow). A rotary blood purop
is typically inseried inte the body and connected to the cardiovascular system, for
exammple, 1o the left ventricle and the ascending acrta to assist the pumping function of the

heart.  Other known applications pumping venous blood from the right ventricle to the
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pulmonary artery for support of the right side of the beart. An aim of acuie circulatory
support devices is to reduce the load on the heart rouscle for a period of time, to stabilize
the patient prior to heart transplant or for contmuing support.

HEHH There 1s a need for tmproved mechanical circulatory support devices
for treating acute heart fatlure. Fixed cross-section vendricular assist devices desigoed to
provide near full heart flow rate are cither too large to be advanced percutancously {e.g.,
through the fernoral artery without a cutdown) or provide insufficient flow.

100671 There 15 a need for a pump with improved performance and clinical
outcomes. There is a need for a pump that can provide elevated flow rates with reduced
risk of hemolysis and thrombosis. There is a need for a pump that can be inserted
minimally-invasively and provide sufficient flow rates for various indications while
reducing the risk of major adverse events. o one aspect, there s a need for a heart purop
that can be placed minimally-invasively, for example, through a 15FR or 1ZFR incision.
In one aspect, there is a need for a heart purnp that can provide an average flow rate of 4
Lpm or more during operation, for example, at 62 mmHg of head pressure. While the
flow rate of a rotary purmap can be increased by rotating the mmpeller faster, higher
rotational speeds are known to increase the risk of hemolysis, which can iead to adverse
outcomes and in some cases death. Accordingly, in one aspect, there is a need for a purop
that can provide sufficient flow at sigmificantly reduced rotational speeds. These and
other problems are overcome by the inventions described hercin.

{B068] Furthermore, in varions catheter pump systems, it can be important to
provide fluids to an operative device of a catheter assembly (e.g., for lobrication of
moving parts and/or treatment fhuids to be delivered to the patient), and to remove waste
fhads from the patient’s body. A controlier may be provided to control the flow inio and
out of the catheter assembly. It can be advantageous to provide improved mechanisms
for engaging the catheter assembly with the controller, which may be housed in a console,

{6639] Additionally, there is a need to reduce the time to implantation and
ireatment.  In the case of therapy for acute heart failure i particular, the time 1t takes to
start therapy can be critical to survival and good outcomes. For example, a difference of
several minutes can be the difference between recovery and permanent brain damage for
patients suffering myocardial infarction or cardiogenic shock. Accordingly, a continuing
need exists to provide pump systems that can be set up, primed, and inserted faster,

easier, and more effectively.
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{00101 These and other problems are overcome by the inventions described
herem.
SUMMARY
6013 There is an urgent need for a pumping device that can be inserted

ercutancously and also provide full cardiac rate flows of the left, right, or both the left
and right sides of the heart when called for.

10012] In one embodiment, a fluid handling system is disclosed. The system
can include a housing. The housing can include ong or more pumps, and a controller
configured to operate the pump(s). The sysiem can further include a catheter assembly.
The catheter assernbly may include a catheter body having a proximal portion and an
operative device at a distal portion. An infusion system can be in fluid communication
with the proximal portion of the catheter body. The infusion system can include a closure
member configured 1o be separate from the housing in a {irst state and to at least partially
secure the infusion system to the housing in a second state. Upon engagement of the
closure member with the housing in the second state, the infusion system may be
operably engaged with the pump(s).

10813] In another embodiment, a removable interface member for a fluid
handling system is disclosed. The interface member can inchude an interface body sized
and shaped to be nserted mto an interface aperture of a console housing. An electrical
component can be disposed on the nterface body. Furthermore, an ocelusion bed can be
disposed on the interface body. A tube segment can be disposed on the interface body
near the occlusion bed. The interface body can be dimensioned such that when the
interface body is inserted into the interface aperture of the console housing, a pomp in the
console housing is operably engaged with the tobe segment and the occlusion bed, and an
electrical interconnect in the console housing is electrically coupled with the electrical
component on the interface body.

{00141 In yet snother embodiment, a method for operably coupling an
infusion system to a console housing 1s disclosed. The method can comprise positioning
an interface body of the mfusion system n an interface aperture of the console housing.
The interface body can comprise an occlusion bed, a tube scgment mounted on the
mterface body near the occlusion bed, and an electrical component.  The method can
further comprise inserting the interface body through the miterface aperture until a punp

roller of the console housing compresses the tube segment against the occlusion bed and
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until an electrical interconnect of the console housing 1s electrically coupled to the
electrical component of the mterface body.

[B615] In another embodiment, a method for priming a catheter assembly s
disclosed. The catheter asscrobly can inchude an clongate body and an operative device.
The method can comprise mserting the operative device of the catheter assernbly into a
priming vessel. The method can further comprise securing a proxinoal portion of the
priming vessel to a distal portion of the elongate body, such that the clongate body 1s in
fluid communication with the priming vessel.  Fluid can be delivered through the
clongate body and the priming vessel to expel air within the catheter assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

10016} A more complete appreciation of the subject roatter of this application
and the various advantages thereof can be realized by reference to the following detailed
description, in which reference is made to the accompanying drawings in which:

{60171 Figure 1 is a schomatic view of an operative device of a catheter
assembly in position within the anatomy for assisting the left ventricle,

{0018] Figire 2 is a threc-dimensional perspective view of a catheter
assembly, according to some embodiments.

{00194 Figure 3A is a three-dimensional perspective view of a fluid handling
system that includes a console and catheter assembly.

{06204 Figure 3B is a threc-dimensional perspective view of an imerface
region of the console shown in Figure 3A.

(821 Figure 4 is a threc-dimensional perspective view of an imterface

member, according o cne ernbodiment.

6822} Figure SA is a three-dimensional perspective view of a cap.
{0623] Figure 5B is a three-dimensional perspective view of an interface

memnber in an unlocked configuration.

{0024] Figure 5C is a three-dimensional perspective view of an interface
member in a locked configuration.

{0025] Figure 6A is a three-dimensional perspective view of a first side of an
electrical component, accordmg to one embodiment.

{3626] Figure 68 is a three-dimensional perspective view of a second,

opposite side of the electrical component of Figure 6A.
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108271 Figure 7 is a schematic diagram of an jnfusate system, according to

one ernbodiment.

10281 Figure % is an enlarged view of a prindng apparatus shown in Figure 2.
{0629] More detailed descriptions of various embodiments of componentis for

heart pumps useiul fo treat patienis experiencing cardiac stress, including acute heart
failure, are set forth below.
BETAILED DESCRIPTION
{00301 This application is directed io {luid handhing systems that are
configured to control and/or manage fluid and electrical pathways in a catheter assembly,

such as a catheter assembly of a percutancous heart pump system.  In particular, the

T

wart pump systems may mclude a catheter assembly and a

disclosed percutaneous !
console that inchudes a controller configured to control the fluid and electrical pathways
that pass through the catheter assembly. Some of the disclosed embodiments generally
relate to various configurations for coupling and engaging the catheter assembly with the
console. For example, the console may be configured to control the flow rate of the
pump and to monitor various physiological parameters and pump performance through
the various clectrical and fhuid pathways of the catheter assembly. In some arrangements,
the catheter assembly may be disposable, such that the catheter assembly can be
discarded after use, while the conscle and conivoller are reusable. In embodiments with a
reusable console and a disposable catheter assembly (or, indeed, in any cmbodiments
where consoles and catheter assemblies may be coupled), it can be desirable o provide an
effective interface between the catheter assembly and the console that completes the
various fluid and electrical connections between the catheter assembly and the console.
{00311 In particular, it can be advantageous to provide an interface member at
a proximal portion of the catheter assembly that is removably engageable with the
console.  Furthermore, to enhance usability and to mininize mistakes in making the
connections, 1t can be important to make the interface easy 1o use so that users can easily
connect the catheter assembly to the console before use and casily remove the catheter
assernbly from the console after use. Moreover, 1t can be important that the miterface
provides a secure conneclion between the interface member of the catheter assembly and
an interface region of the console to ensure that the catheter assembly remains connected

1o the console uninterrupted during treatment.
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1060321 As explained herein, one example of & catheter assembly is used i a
percutanecus heart pump system having an operative device {e.g., an impeller assembly)
that 1s configured to assist the patient’s heart m pumping blood. The heart pump system
may be configured to at least temporarily support the workload of the left veniricle n
some cmbodiments. The exemplary heart pump can be designed for percutancous eniry
through the femoral artery to a patient’s heart.  In particular, the exemplary impeler
assemibly can include a collapsible impeller and canmula, which can be inserted into the
patient’s vasculature at a catheter size of less than 13 FR, for example, about 12.5 FR in
somae arrangements. During insertion through the patient’s vascular system to the heart, a
sheath roay maintain the impeller and cannula assembly io a stored configuration. When
the rapetier assembly is positioned m the left ventricle {or another chamber of a paticot’s
heart}, the iropeller and camnula can expand to a larger diameter, for exanple to a catheter
size of about 24 FR when the sheath is removed from the iropeller assembly. The
expanded diameter of the impeller and canvula may allow for the gencration of higher
flow rates, according to some embodiments.

16033 For example, Figure 1 illustrates one use of the disclosed catheter
pump system. A distal portion of the pump, which can include an impeller assenbly
116A, is placed in the left ventricle (LV) of the heart to pump blood from the LY into the
aorta. The pump can be used in this way to treat patients with a wide range of conditions,
imchuding cardiogenic shock, myocardial infarction, and other cardiac conditions, and also
to support a patient during a procedure such as percutaneous coronary intervention. One
convenicnt manner of placement of the distal portion of the pumap in the heart is by
percutancous access and delivery using the Seldinger technique, or other methods
familiar to cardiofogists. These approaches cnable the pump to be used in emergency
medicing, a catheler lab and in other non-surgical settings. Modifications can also enable
the pump 10 fo support the right side of the heart. Example medifications that could be
used for right side support include providing delivery features and/or shaping a distal
portion that is to be placed through at least one heart valve from the venous side, such as
is discussed in US 6,544,216, US 7,07(,555; and US 2012-0203056A1, all of which are
hereby incorporated by reference herein in their entirety for all purposes.

{00341 Turning to Figure 2, a three-dimensional perspective view of a catheter
assembly 100A is disclosed. The catheter assembly 100A may correspond to the

disposable portion of the heart pump systerns described herein. For example, the catheter
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assembly 100A may include the jmpeller assembly 116A vear a distal porticn of the
catheter assembly 100A, an elongate body 174A extending proximally from the impeller
assembly 116A, an mmfusion systemn 195 configured to supply infusate to the catheter
assembly 100A, a motor assembly comprising a driven assembly 101 and a drive
assembly 103, one or more conduits 302 {e.g., elecirical and/or fluid conduits) extending
proximally from the motor assembly, and an interface member 300 coupled at a proximal
portion of the conduits 302.

10035] Moving from the distal end of the catheter assembly 100A of Figure 2
to the proximal end, the impelicr assembly 116A may be disposed at & distal portion of
the catheter assembly 100A.  As explained above, the mmpeller assembly 116A can
include an expandable camoula or housing and an impelier with one or more blades. As
the itmpeller rotates, blood can be pumped proximally (or distally o some
implementations) to function as a cardiac assist device. A priming apparatus 1400 can be
disposed over the rapeller assembly 116A. As explained herein with reference to Figures
7-8, the priming apparatus 1400 can be configured to expedite a process of expelling air
from the catheter assernbly 100A before msertion of the operative device of the catheter
assembly into the patient.

0836] With continued reference to Figure 2, the elongate body 174A extends
proximally from the impeller assembly 116A to an infusion systern 195 configured to
allow infusate to enter the catheter assembly 100A and waste fTuid to leave the catheter
assembly 100A. A catheter body 120A (which afso passes through the elongaie body
174A} can extend proximally and couple to the driven assembly i1 of the motor
assembly. The catheter body 120A can pass within the clongate body 174 A, such that the
clongate body 174A can axially translate relative to the catheter body 120A.  Axial
transiation of the clongate body 174A relative to the catheter body 120A can enable the
expansion and coliapse of the impeller assembly 116A. For example, the impelier
assembly 116A, coupled to a distal portion of the catheter body 120A, may expand into
an cxpanded state by moving the elongate body 174A proximally relative to the impelier
assembly 116A. The imapelicr assembly 116A may self-expand into the expanded state in
some cmbodiments. In the expanded state, the iropeller assembly 116A is able to purop
blond at high flow rates. After the treatment procedure, the impeller asserably 116A may

be compressed into a collapsed state by advancing a distal portion 170A of the clongate
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body 174A distally over the impeller assernbly 116A to cause the impeller assembly
116A to collapse.

[B637] As explained above, the catheter body 120A can couple to the driven
assermbly 101 of the motor assembly. The driven assembly 101 can be configured to
eceive torque apphicd by the drive assembly 103, which is shown as being decoupled
from the driven assembly 101 and the catheter assembly 100A 1o Figure 2. The drive
assembly 103 can be coupled 1o the driven assembly 101 by engaging a proximal portion
of the driven assernbly 101 with the drive assembly, e.g., by inserting the proximal
portion of the driven asserably 101 into an aperture 1035 of the drive assembly 103,

{0038] Although not shown in Figure 2, a drive shaft can extend from the
driven assembly 101 through the catheter body 120A to couple to an impeller shaft at or
proximal to the impeller assembly 116A. The drive assembly 103 can clectrically
communicate with a controller in a console (see, e.g., Figures 3A-3B), which can be
configured to control the operation of the motor assembly and the mfusion system 195
that supplics a flow of infusate in the catheter assembly 100A. The impeler of the
impeller assembly 116A may thus be rotated remotely by the motor asscmbly during
operation of the catheter pump in various cmbodiments. For example, the motor
assembly can be disposed outside the patient. In some erbodiments, the motor assembly
is separate from the controller or console, ¢.g., to be placed closer o the patient. In other
embodiments, the motor assembly is part of the controller. In still other embediments,
the motor assembly is miniaturized {o be insertable into the paticnt. Such embodiments
allow the drive shaft to be much shorter, e.g., shorier than the distance from the aortic
vafve to the aortic arch (about 5 cm or less). Some examples of miniaturized motors
catheter pumps and related components and mcthods are discussed i US5,964,694;
US6,007.478; US6,178,922; and US 6,176,848, all of which are herchy incorporated by
reference herein in their entirety for alf purposes,

{039 As shown in Figure 2, the motor assembly {e.g., the drive assembly
103 and the driven assembly 101} is in electrical communication with the controlier and
console by way of the conduits 302, which may include clectrical wires. In particular, as
shown in Figure 2, the electrical wires may extend from the motor assembly proximally
to the interface member 300, To cenable the controller in the consele to electrically
communicate with the motor assembly and/or other sensors in the catheter assembly

100A (such as pressure sensors, flow sensors, temperature sensors, bubble detectors,
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etc.), it can be advantageous to provide a rehable electrical conmection between the
mterface member 300 and the console.  In various embodiments disclosed herein,
therefore, the removable mterface member 300 may include elecirical components
configured to couple to one or more clectrical contacts (sometimes referred to herein as
mierconnections) in the console. The elecirical conmections may be achieved in a sinple,
user-friendly manver,  In various embodiments disclosed herein, for example, the
electrical conmections may be made substantially at the same time, eg., substantially
simultaneously, as {luid connections are made between the interface member 300 and
console. These and other structures incorporated to reduce the complexity of operating
the pump system are provided to reduce the chance of errors in set-up and delays, which
for the emergency conditions in which the pump may be implemented could be hife-
threatening.

00401 The mechanical compounenis rotatably supporting the topeller within
the impelier assembly 116A permit high rotational speeds while controlling heat and
particle gencration that can come with high speeds. The infusion system 195 may deliver
a cooling and Jubricating schution to the distal portion of the catheter assembly 100A for
these purposes. As shown in Figure 2, the infusion systern 195 may be in thud
communication with the interface member 300 by way of the conduits 3062, which may
also inclode fluid conduits or tubes.  Because the catheter assembly 100A may be
disposable and/or removable from a console, it can be important to securely couple
interface merober 300 to the console. Furthermore, it can be imporiant to provide an
casy-to-use interface such that users can easily complete fluid connections that remain
secure during a treatroent procedure. Maintaining security of the connection s important

ecause the fluids and signals carried by the conduits 302 cnable the tmapelier to operate
in a continuous manner. Stoppage of the pump system may require the catheter assembly
100A to be removed from the patient and replaced in certain circumstances, which may
be life-threatening or extreroely inconvenient at a minirur.

{0041] When activated, the catheter pump system can cifectively increase the
flow of blood out of the heart and through the patient’s vascular system.  In various
embodiments disclosed herein, the pump can be configured to produce a maximum fow
rate {e.g. low mun Hg) of greater than 4 Lpm, greater than 4.5 Lpm, greater than 5 Lpm,
greater than 5.5 Lpro, greater than 6 Lpm, greater than 6.5 Lpm, greater than 7 Lpm,

greater than 7.5 Lpm, greater than 8 Lpm, greater than 9 Lpm, or greater than 10 Lpm. In

-9
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various embodiments, the pump can be configured to produce an average flow rate at 62
mmHg pressure head of greater than 2 Lpm, greater than 2.5 Lpm, greater than 3 Lpm,
greater than 3.5 Lpm, greater than 4 Lpm, greater than 4.25 Lpm, greater than 4.5 Lpm,
greater than 3 Lpro, greater than 5.5 Lpm, or greater than 6 Lpm.

10842] Various aspects of the pump and associated components are strailar to
those disclosed in U.S. Patent Nos. 7,393,181, R8,376,707; 7,841,976, 7,022,100; and
7,998,054, and in U.S. Pub. Nos. 2011/0004046; 2012/0178986; 2012/0172655;
2012/0178985; and 2012/0004495, the entire contents of each of which are incorporated
herein for all purposes by reference. o addition, this application ifncorporates by
reference in #is entirety and for all purposes the subject matter disclosed in cach of the
following concurrently filed applications: Application No. 13/802,556,  which
corresponds  to  atiorney docket no. THOR.072A, entitled “DISTAL BEARING
SUPPORT,” filed on March 13, 2013; Application No. 13/801,833, which corresponds to
attorney docket no. THOR.O89A, entitled “SHEATH SYSTEM FOR CATHETER
PUMP,” filed on March 13, 2013; Application No. 13/802,570, which corresponds to
attorney docket no. THOR.090A, cotitled “IMPELLER FOR CATHETER PUMP,” filed
on March 13, 2013; Apphication No. 13/801,528, which corresponds to attorney docket
no, THOR.092A, cntitled “CATHETER PUMP)” filed on March 13, 2013; and
Application No. 13/802468, which comresponds to attorney docket no. THOR.0934,
entitled “MOTOR ASSEMBLY FOR CATHETER PUMP,” filed on March 13, 2013,

Fluid Handiing System
{0843] Figure 3A is a three-dimensional perspective view of a fluid handling

system 350 that mclades a conscle 301 and the catheter assembly 100A of Figure 2. The
console 301 can provide electrical power, control signals, medical {luids (e.g., saline} for
infusion, and [hond waste extraction to the catheter assembly 100A by way of its interface
with the interface member 300.  In this manner, a plurality of floid connections can
advantagecusly be made with a single interface. As illustrated in Figure 2, for example,
the removable interface member 300 may be disposed at a proximal portion of the
catheter assembly 100A and may be configured to couple to the console 301 at an
mierface region 303,

[3644] In some embodiments, the fluid handling systern 350 can be
configured to debiver thauids to and/or remove fluids from the catheter assembly 100A. As

discussed above and in the mcorporated paient references, saline and/or other medical
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solutions can lhubricate and/or cool component between the motor assembly and the
operative device. I desired, waste {luids can be removed from the catheter assembly
100A using the fluid handling systern 350, In some embodiments, the fluid handiing
system 350 can mclude s multilomen catheter body having a proximal end and a distal
end. The catheter body can include one or more lumens through which medical solutions
(e.g., saline}, waste fluids, and/or blood can flow. To drive fluid through the catheter
assembly 100A {(e.g., into and/or out of the catheter assembly 100A), the console 301
may inchide one or more pump(s) configured to apply positive or negative pressure to the
catheter assembly 100A when the catheter assembly 100A is coupled 1o the console 301
and engages the pump(s).

H0845] o addition, the fluid bandling systern 350 may also be configured to
provide clecirical coramunication between the conscle 301 and the catheter asscobly
100A. For example, the console can mclude a controller {e.g., a processor) that i3
programued to condrol and/or manage the operation of the rootor assembly. The conscle
301 may also include elecirical interfaces configured to supply power to the motor
assembly and/or other compoenents that are driven by clectrical power when the interface
member 300 18 coupled to the cousole 301, Moreover, one or more electrical or
clectronic sensors may he provided in the catheter assembly 100A and may clectrically
couple to the console 301 by way of the fluid bandling systern 350, The embodiments
disclosed herein may thereby provide fluid and electrical connections between the
catheter assemably 100A and the console 301.

{0046] As cxplained above, the fluid handling system 350 may provide a
removable interface between the catheter assernbly 100A and the consele 361, which may
inchude various components, including, eg., one or more pump(s), processors {e.g., the
controller), electrical interconnections, etc. For example, to activate one of more pumps
in the console 301 and/or to engage one or more clectrical connections between the
console 301 and the interface member 300, a user may simply insert a distal portion of the
imterface member 300 {e.g., including a closure member) along the ithustrated Z-direction
into an aperture 304 of the interface region 303 until the pump(s) are engaged and the
clectrical connection{s) are formed. In some aspecis, the insertion of the nterface
member along the Z-direction may engage the pump(s) and complete the electrical

conncction{s) substantially simultancously.

'
—
—

5



WO 2014/164136 PCT/US2014/020790

{00471 In some embodiments, the interface member 300 may be secured to the
console 301 by engaging a locking device between the interface rvegion 303 and the
mierface member 300. One convenient way to engage a locking device 1s by rotating a
portion of the interface member 300 relative to another portion of the futerface member or
relative 1o the console 301, as explained herein. For example, rotation of an outermost
structure {opposite the direction Z), sometimes referred to herein as a “cap” relative to the
console may engage a locking mechanism configured to mechanicaily sccure the interface
member 300 to the console 301 fo prevemt the interface member 300 from being
accidentally disengaged during a treatment procedure.

{0048] The console 301 may also include a user interface 312, which may
comprise a display device and/or a fouch-screcn display. The user may operate the
percutaneous beart pump sysiem by interacting with the user interface 312 to select, e.g.,
desired flow rates and other treatment parameters. The user may also monitor properties
of the procedure on the user interface 312,

{0049] Figure 3B is a three-dimensional perspective view of the interface

2 2
2 2

egion 303 of the console 301 shown in Figure 3A. The interface region 303 can include
the aperture 304 configured fo receive the distal portion of the interface member 303,
The aperture 304 may include a generally circular cavity shaped and sized to receive a
portion of the interface member 300. A bubble detector 308 (e.g., an optical sensor in
some embodiments) can be positioned at a back wall of the aperture 304, The bubble
detector 308 may include a recess portion defined by two walls sized and shaped to
receive a segment of tubing. When fhud flows through the tubing (see, e.g., bubble
detector tube segment 326 in Figure 4), the babble detector 308 may monitor the floid to
determine whether or not the (luid includes unwanted matter, e.g., bubbles of air or other
gas. In some embodiments, the bubble detector 308 may measure the amount {mmmber or
volume) of bubbles in the fluid passing though the tube segment. It should be appreciated
that it can be important to detect bubbles i the treatment fluid to aveid inducing
embolisms in the patient. The bubble detector 308 may clectrically commumicate with
the contrelier in the console 301 and can indicate the amount of bubbles i the treatment
fhud. The console 381, in turn, can alert the user if there are bubbles m the treatment
fhad.

Ut The mterface region 303 can also include one or more pumps, 2.2,

peristaltic pumps in some embodiments. The pernistaltic pumps can be used to purop flaid

-2
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mito or out of the catheter assembly 100A to deliver medical {luids and to remove waste
fluids, respectively. Such pumps may employ one or more roliers 306 to conirol delivery
of'a fluid within a respective tube {see, e.g., pump tube segments 324a, 324b of Figure 4).
For example, the one or more pump rollers 306 can be housed withm the console 301, As
shown, two pump rollers 306 are mounted about their rotational axes {e.g, the Y-
direction llustrated in Figure 38) at the back wall of the aperture 304, The pump rollers

386 can be rotated by a peristaltic pump motor within the console (not shown in Figures
o r

2

3A-3B). As explained i more detail hevetn with respect to Figure 4 below, the rollers
306 can engage pumip tube segments 3244, 324b to pump fluid into or out of the catheter
assembly 100A.  The pump rollers 306 may be configured to be received within
occlusion bed regions of the mterface member 300 {see, e.g., occlusion beds 322a and
322b of Figure 4} to purop fluid through the catheter assembly 100A.

{60511 An electrical interconnect 307 can also be provided in the back wall of
the aperture 304, The electrical interconnect 307 can be configured to provide power to
the motor assembly and/or electrical signals or mnstructions to control the operation of the

-
7
I

mofor asserably.  The electrical mterconnect 307 can also be configured to receive
clectrical signals jndicative of sensor readings for monitoring pressure, flow rates, and/or
temperature of one or more components in the catheter assembly 100A. A recessed
chanoel 309 can extend from the bottom of the aperture 304 along the side fo the lower
edge of the console 301, The recessed channel 309 can be shaped and sized 1o receive
one or mwore of the conduits 302 {e.g., clecirical and/or fluid conduits) extending between
the interface member 300 and the motor assembly. In one embodiment, all of the
conduits 302 can be received within the channel 309 providing a flush side surface when
the interface member 300 is disposed in the interface aperture 304,

{0852] In addition, it can be important to ensure that the interface member 300
is controllably secured within the console 301 such that it is engaged and disengaged only
when the user desires to engage or disengage the mnterface member 300 from the console
301, For example, as explained in more detail herein relative to Figures 5A-5C, the
imterface region 303 can include a groove 313 sized and shaped to receive a locking
mechanism {e.g., a tab or flange projecting in the X direction) on the interface member
300. In one embodiment, a disengaging member 305 includes a spring-loaded reicase
mechantsm 310 provided above the aperture 304 and a pin 311 that can be inserted into a

hole in the interface member 300 (see, eg., Figures 5A-5C and the accompanying

'
—
.
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disclosure below). As explained below with respect to Figures SA-5C, the pin 311 can
assist i releasing the interface member 300 relative to the consele 301, The spring-
loaded release mechanism 310 can be pressed to release the pin 311 and unlock the
mterface member 300 from the console 301, As explained herein, the spring-loaded
elease mechanismo 310 can therefore act as a further safety mechanism 1o ensure that the

cassette is not accidentally disengaged by the user.

Removable Interface Member

10853] Figwre 4 is a three-dimensional perspective view of the interface
member 300, according to one embodiment. The interface member 300 can comprise a
body that is shaped and sized to fit into the juterface region 303 of the console 301, As
shown in Figure 4, the nterface member 300 can have a substantially circular profile, and
is sometimes referred fo as a puck. ¥o some embodiments, the interface member 300 can
mclude an outer body 333 operably coupled to a manual interface 320, sometimoes
referred to as a cap. The ranual interface 320 is generally palio-sized so that a user can
receive 1t in their hand and operate it comfortably, ¢.g., with finger pressure on the outer
rim of the cap. Oune or more occlusion beds can be formed or provided at the interface
between the interface member 300 and the console 301, eg, in or on the interface
member 300, For exarople, first and second occlusion beds 322a and 322b may be
formed in the interface member 300, As shown in Figure 4, for example, the ccchusion
beds 322a, 322b, can include arcuate recessed regions formed in the interface member
300.

106054] The interface member 300 can further inchude first and second pump
ube segmenis 324a, 324b positioned along the occlusion beds 322a, 322 formed in the
interface member 3006, When the interface member 300 is inseried into the console 301,
the pump rollers 306 can engage with the interface member 300 and compress the tube
segment{s) 324a, 324b against the occlusion bed(s) 322a, 322b, respectively.  As the
pump motor{s} in the console 301 rotate the rollers 306, fluid flows into uncompressed
portions of the tube segment(s} 324a, 324b and continues flowing throughout the catheter

assembly 100A. For example, by compressing the tube segments 324a, 324b, the fluid
may be pumped into or out of the catheter assembly 100A by way of the conduits 302
extending from the interface member 300 to the motor assembly and distally bevond the

motor assembly.
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10055] Because the tolerances for the peristaltic pumyp can be rather tight, the
body of the mterface member 300 (e.g., the outer body 333 and/or an inner body, such as
mmer body 339 illustrated i Figures 5B-5C) can be formed with precise tolerances {e.g.,
molded from a unitary structure in some mplementations) such that when the interface
member 300 18 inserted into the counsole 301, the purop rollers 306 precisely and
automatically engage with the tube segoents 3242, 324b and occhusion beds 322a, 322b
to relably occlude the tube segments 324a, 324b and pump fluids through the catheter
assembly 100A. Thus, when the interface merober 300 is mserted sufficiently far into the
mnterface region 303, the purop in the console 301 can automatically engage the interface
member 300

{00561 For example, the gap between the rollers 306 and the occlusion beds
322a, 322b can be less than about two wall thicknesses of the tube scgmenis 324a, 324b
in some arrangements, such that the tubes 324a, 324b can be effectively occluded. Duc to
the precise tolerances of the interface member 300, the purp can be engaged by simply
imserting the interface member 300 into the console 331, There is no need to separately
activate the pump in some embodiments. The dimensions of the interface member 300
may be sclected such that the occlusion bed(s) 322a, 322b automatically engages the
respective pump rollers 306 upon insertion of the mnterface member 300 into the console
301.

HUEIRYS The above configuration provides several advantages. As one of skill
in the art will appreciate from the description herein, the terface member 300 and
iterface region 303 provide an casy-to-use, quick connection of the tubing segments to
one or more respective rollers 306, Moreover, the components can be manufactured
casily and cost-effectively because only certain components require tight tolerances and
the interface of merber 300 to region 303 is essentially self-aligning. The interface also
climinates any need to engage the pump through a second mechanism or operator step,
streamtlining operation of the heart pump and simplifying the engagement of the catheter
assembly 100A to the console 301, Also, in implementations where the console 301 is
mounted on an IV pole with rollers, or another type of lightweight cart, for example, the
stmplified engagement mechanisms disclosed herein can be advantageous because there
is only a minimal apphied force against the pole, which prevents the pole from rolling or

tpping when the pump is engaged.



WO 2014/164136 PCT/US2014/020790

{6038] The pump wbe segments 324a, 324b can be mounted on the mterface
body 300 near or in the respective occlusion beds 322a, 322b. As illustrated, the first and
sccond purmmp tube segroents 324a, 324b can be configured to engage with the purop
rollers 306 in the console 301, as explained above. The {irst and second pump tube
segments 324a, 324b can have an arcuate shape (which may be pre-formed i various
arrangernents) that generally conforms fo the curved shape of each respective ecclusion
bed 322a, 322b. The pump rollers 306 within the console 301 can thereby be positioned
within the occlusion beds 32%a, 322b to compress the tube segments 324a, 324b against
the wall of the occlusion beds 322a, 322b. In addition, a bubble detector tube segment
326 can also be mounted in or on the interface member 300 and can be configured to
engage with or be positioned adjacent to the bubble detector 308 iHustrated in Figure 38.

The bubble detector tube segrent 326 can be any suitable shape.  As tlhustrated, the
bubbie detector tube segment can be substantially straight and can be sized and shaped to
be received by the bubble detector 308 within the console 301, As explained above with

espect to Figures 3A-38, the bubble detector 308 {(which may be an optical sensor) can
be used to detect air bubbles in the treatment or lubricating fluid being supplicd to the
patient.

{0659] The tube segments can be {luidly connected to the remainder of the
catheter asserably 1004, including, e.g., one or more lumens of the catheter body, by way
of the conduits 302. In operation, therefore, the removable interface member 300 may
allow fluid to be pumped into and out of the patient within a controlied system, e.g., such
that the fluids within the catheter assembly 100A can be pumped while maintainiog a

sterile environment for the fluids. Depending on the implementation, the volume of
medical solution into the catheter body can be equal fo, or can exceed by 8 minimum
amount, the volume of medical solution out of the catheter body to assure that blood dogs
not enfer a bicod-free portion of the heart purap.

10860] In addition, one or more electrical contacts 328 can be provided in the
interface member 300. The electrical contacts 328 can be any suitable electrical interface
configured to transmit electrical signals between the console 301 and the catheter
assembly 100A (e g., the motor assembly and/or any suitable sensors). For example, the
clectrical contacts 328 can be configured to elecirically couple to the electrical
interconnect 307 disposed in the console 301, Electrical contrel signals and/or power

may be transmitted between the console 301 and the catheter assembly [00A by way of

)
[
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the eclectrical conmection between the electrical contacts 328 and the electyical
mierconnect 307, Advantageously, the clectrical connection between the electrical
contacts 328 and the electrical interconnect 307 may be formed or completed when the
miterface member 300 18 mserted nto the interface region 303 of the console 301, For
example, in some embodiments, the electrical connection between the electrical contacts
328 and the electrical mterconnect 307 may be formed substantially simultaneously with
the fhud comnection {e.g., the engagement of the purop) when the interface member 3060 is
mserted into the interface region 303, In some aspects, for example, the electrical
connection can be formed by inserting electrical pins from the electrical contacts 328 into
corresponding holes of the clectrical intercommect 307 of the console 3061, or vice versa.

{0861 Further, as shown in Figure 4, the manual interface 320 can be
mechanically coupled to a proximal portion of the outer body 333 and may be configured
to rotate relative to the outer body 333 in a coustrained mamner, as explained below
clative to Figures SA-5C. For example, the outer body 333 can include one or more
locking apertures 331 configured to receive locking tabs 332 that are configured fo lock
the manual interface 320 relative to the console 301, Moreover, as explained below
relative to Figures 5A-5C, the outer body 333 may inchide a pin hole 321 sized and
shaped to receive the pin 311 llustrated in Figure 3B to releasably couple the removable
interface member 300 relative to the console 301,

10062] One will appreciate from the description herein that the configuration
of the pump rollers, occlusion bed, and tubing can be modified depending on the
application in accordance with the present inventions. For example, the configuration
may be modified to provide easicr access for service and repair. In various embodiments,
the pump rollers may be disposed external to the conscle. In various embodiments, the
pump rollers and occlusion bed may be both disposed within the cassette.  In varicus
embodiments, the console includes a mechanism to actuate the pump roflers in the
casseite, In various embodiments, the rollers may be fixed. In various embodiments, the
rollers may be configured to rotate, transiate, or both. The roliers and/or the scclusion
bed may be positioned on a base that is configured 1o move. In some embodiments, the
console-cassetie interface can include a positive pressure interface to pump fluid {e.g.,
saline) into the patient’s vasculature and a negative pressure interface to pomyp fhuid {e.g.,

waste fluid) out of the patient’s vasculature.
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Locking Mechamism

{30631 As discussed above, the mierface member 300 advantageously can be
fully engaged with the console 301 by simply inserting it into a correspondingly shaped
aperture 304 in the housing of the console 301, When interface member 300 is brought
into adjacency with a back wall of the interface region 303 of the cousole, e.g., when the
interface member 300 s inserted into the aperture 304, the fluid handling and electrical
connections are made, and the system 350 is operational, A locking mechanism m the
interface member 300 can be provided for additicnal security, which can be particularly
usefud for patient transport and other more dynamic settings. For example, it 1s desirable
to ensure that the catheter assembly 100A is secured to the console 301 during the entire
procedure to cosure that the procedure is not disrupted due to accidental disengagement
of the interface member 300 from the console 301,

{0064 In one embodiment, the locking mechanism can be disposed between
the console 301 and the imterface member 300 and can be configured to be engaged by a
minimal movement of an actuator. For example, the manual interface 320 can be
provided to cause engagement of a locking device by a small rotational turn of the manusl
imterface 320 relative to the console 301.

{06065] Figure 5A is a three-dimensional perspective view of the mamual
imterface 320. As shown in Figure SA, the manual interface 320 can include or be
coupled with an internal cam 335, The cam 335 can include one or more protruding
Iobes, such as lobes 336a and 336b. Further, the cam 335 can include a recessed region
337 recessed inwardly relative to the lobes 336a, 336b. The cam 335 can also include a
stepped region 338 which can enable the interface member 300 to be locked and unlocked
relative to the console 301, as explained herein.

HEHSY Figure 5B 1s a threc-dimensional perspective view of an interface
member 300A in an unlocked configuration, and Figwre 5C is a three-dimensional
perspective view of an interface member 3008 in a locked configuration. It should be
appreciated that the interface members 3004, 3008 of Figures 5B and 5C are illustrated
without the outer body 333, which has been hidden in Figures 3B and 5C for purposes of
ilhustration. Unless otherwise noted, the components of Figures 5B and 5C are the same
as or similar to the components Hlustrated with respect to Figure 4. As shown in Figures
58 and 5C, the miterface members 3004, 3008 can include an inver body 338 that can be

~y e

disposed within the outer body 333 shown m Figure 4. The occlusion beds 322a, 3276
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can be formed n the mner body 339 of the interface member 300A, 3008, as shown m
Figures 5B-5C; however, in other arrangements, the occlusion beds 322a, 322b may be
formed in the outer body 333 or other portions of the interface member 3004, 300B. In
addition, as shown in Figures 5A and 5B, an clectrical component 340 can be disposed m
a recess or other portion of the mner body 339, Additional details regarding the electrical
component 340 are explained below with respect to Figures 6A-6B.

{0067] The inner body 339 of the interface member 300A, 3008 can further
melude a protrusion 330 that inchudes the tab 332 at a distal portion of the protrusion 330,
When the interface momber 300A 19 in the unlocked configuration, the protrusion 330 can
be disposed in or near the recess 337 of the cam 335 in the manuval inferface 320. The
cam 333 may thercfore not contact or apply a force against the protrasion 330 when the
interface member 300A is in the unlocked configuration, as shown mn Figure 58.

[0668] However, once the interface member 300 is inserted into the console
301, the interface member 300 can be focked into place by rotating the manual interface
328 relative to the inner body 339 and the consoie 301, e.g., rotated in the A-direction
itfustrated in Figure 5B. When the manual interiace 3
is also rotated within the interface member 300A, 3008, Once the cam is rotated, the
Iobes 336a, 336b of the cam 335 can engage with the one or more protrusions 330 of the
imner body 339 and can push the protrusions 330 outwardly relative to the inner body
339, In one cmbodiment, the tabs 332 may exiend outwardly through the locking
apertures 331 formed on the ouler body 333. When the tab(s) 332 are pushed through the
locking aperture{s) 331, the tabs 332 project laterally outward from the ouler bedy 333.
In this position, in some embodiments, each of the tabs 332 can lock into the groove(s)
313 in the conscle 301 {see Figure 3B) to secure the inierface member 3008 to the
console 301, Thus, in the unlocked position, the tab 332 can be substantially flush with
the outer surface of the interface member 3004, and in the locked position, the tab 332
can extend through the locking aperture 331 and lock tnto the grooves 313 in the conscle
301.

10869] In some embodiments, the protrusion 330 can be 2 cantilevered
protrusion from the inmer body 339, As mentioned above, it can be important to maintain
tight tolerances between the occlusion beds 32Za, 322b, which is also formed in the
interface member, and the pump rollers 306 when the interface member 300 engages with

the console 301, Because the oeclasion beds 322a, 322b may be formed in the same body
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as the canttlevered protrusions 330, conventional manufacturing processes, such as
molding processes, can be used to manufacture the jnterface member 300 {e.g., the outer
body 333 and/or the inner body 339) according to precise dimensions.  Thus, the
protrusion(s) 330, tab{s) 332 and the occlusion bed(s) 322a, 322b can be made within
tight dimensional tolerances, and the tab{s) 332 and/or protrusion{s) 330 can be
positioned relative {o the occlusion bed(s) 322a, 322b with very high precision such that
when the interface member 300 i3 engaged with the console 301, the tube segments 3244,
324b are optimally occluded. Moreover, because the interface member 300 can be locked

o

by rotating the manual interface 320 on the interface member 300, only minimal forces
are applied to the console 301, This enhances the advantages of oimimizing disruption of
a mobile cart or IV pole to which the system may be coupled.

Dhgengacerment Mechanism

{6870 It can alsc be woportant fo provide a disengagement mechanism
configured to decoupie the interface member 300 from the console 301, With reference
to Figures 3B, 4, 5B, and 5C, the disengaging member 305 of the console 301 can be
configured to disengage and unlock the interface member 300 from the console 301, For
example, the pin 311 may be spring-loaded such that when the interface mernber 300A s
in the unlocked configuration, the pin 311 extends through the pin hole 321 of the owter
body 333 but only contacts a side surface of one of the lobes 336b of the cam 335, Thus,
in the unlocked configuration of the interface member 3004, the pin 311 may simply
shde along the cam surface, permitting rotation of the manual interface 320 relative to the
pin 311 and the console 301,

{06711 Asg shown in Figures 38 and 5C, however, when the interface member
3008 is rotated into a locked configuration, the pin 311 can engage with the stepped

~ oy
>

region 338 of the internal cam 335, e.g., the spring-biased pin 311 can extend into the
stepped region 338 or shoulder of the cam 335. By engaging the stepped region 338, the
pin 311 prevents the cam 3335 from rotating from the locked configuration to the uniocked
configuration. A user can disengage the cassetic by pressing the spring-loaded relcase
mechanism 310 to release the spring and remove the pin 311 from the stepped region 338,
The pin 311 can thereby be disengaged from the stepped region 338, and the internal cam
335 can rotate back into the unlocked position. When the cam 335 is moved back into the
unlocked position, the tab 332 can be withdrawn from the groove 313 in the console 301

to unlock the interface member 300.
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Electrical Interconnections, Components. and Cables

{0072] Figure 6A is a three-dimensional perspective view of 4 first side of the
electrical component 340 illustrated m Figure 4. Figure 6B is a three-dimensional
perspective view of a second, opposite side of the electrical component 340 of Figure 6A.
As shown in Figures 5B-5C, the clectrical component 340 may be disposed in a recess of
the interface member 300, The electrical component 340 can be any suitable electrical or
clectronic component, including, e.g., a printed circuit board (PCBH) configured to provide
an electrical interface between various cormponents in the catheter assernbly 100A and the
console 301, As explained herein, the electrical component 340 can form an electrical
mierface between the interface member 300 and the console 301 to provide electrical
communication between the console 301 and the catheter assembly 100A (such as the
mofor assembly and/or various sensors),

{0875 For example, the electrical component 340 of the interface member
300 can include the one or more elecirical contacts 328 configured to mate with the
corresponding electrical interconnect 307 in the console 301, The elecirical contacts 328
and/or the eclectrical inmtercomnect 307 can be, for example, nine-pin electrical
interconnects, aithough any suitable interconnect can be used. The motor assembly that
drives the operative device {e.g., impeller) of the catheter pump can be clectrically
connccted to the interface member 300 by way of one or more elecirical cabies, e.g., the
conduits 302. In turn, the console 301 can be coupled o a power source, which can drive
the catheter pump motor assembly by way of the interface member’s contacts 328 and the
clectrical conduits 302 connecting the interface member 300 to the motor assembly. The
clectrical component 340 can also include comymunications intercomnects configured to
relay clectrical signals between the console 301 and the catheter pump motor assembly or
other portions of the catheter assembly 1080A. For example, a controller within the
console 301 (or interface member) can send instructions to the catheter pump molor

assembly via the electrical component 340 beitween the console 301 and the interface

l¢)

member 300, In some cmbodiments, the electrical component 340 can include
interconnects for sensors {such as pressure or femperature sensors) within the catheter

assembly 1004, including sensors at the operative device. The sensors may be used to
measure a characteristic of the fluid in one or more of the tubes {e.g., saline pressure).

The sensors may be used io measurc an operational parameter of the system {e.g.,
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ventricular or aortic pressure). The sensors may be provided as part of an adjunctive
therapy.

{8874] The electrical component 340 withan the nterface member 300 can be
used to clectrically couple the cable (and the motor assembly, sensors, cte.) with the
corresponding inferconnects 307 in the console 301, For example, one or more internal
connectors 346 and 348 on the second side of the electrical component 340 may provide
clectrical communication between the contacts 328 (configured to couple to the
mterconmects 307 of the console 301) and the cathefer assembly 100, For example,
clectrical cables (e.g., the conduits 302} can couple to a first infternal connector 346 and a
sccond foternal connector 348.  The internal connectors 346, 348 may clectrically
comomunicate with the contacts 328 on the first side of the clecirical component 340,
which in furn commuunicate with the interconnects 307 of the console 301,

10675] In various embodiments, the electrical component 340 is fluidly sealed
to prevent the internal electronics from gelting wet. This may be advaniageous in wet
and/or sterile environments. This may also advantageously protect the clectronics in the
event one of the fluid tubes leaks or bursts, which is a potential risk in high pressure
applications,

10076} In addition, the electrical component 340 (eg, PUB} can include
various electrical or electronic components mounted thereon. As shown in Figure 6B, for
example, two pressure sensors 344a, 344b can be mounted on the electrical component
340 to detect the pressure in the pump tube segments 324a, 324b. The pressure sensors
3442, 344b may be used to monitor the fow of fhads in the tobe segments 324a, 324b to
confirm proper operation of the heart pump, for example, confirming a proper balance of
medical solution into the catheter body and waste out of the catheter body. Various other
components, such as a processor, memory, or an Application-Specific Integrated Circuit
{ASIC}, can be provided on the circnit board. For example, respective pressure sensor
ASICs 345a, 345b can be coupled to the pressure sensors 344a, 344b to process the
signals detected by the pressure sensors 344a, 344b.  The processed signals may be
transmitted from the ASICs 3452, 3451 to the console 301 by way of internal traces (not
shown} in the PCB and the contacts 328.

Priming and Infusate System and Apparatus
{06771 One embodiment of an infusate system 1300 is illustrated in Figure 7.

Various components described herein can be understood in more detail by reforencing the

27
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patent apphications incorporated by reference herein. The infusate system 1300 can be
configured o supply treatment and/or lubricating fluids to the operative device of the
catheter assembly (2.g., an impeller assembly 116}, and to remove waste thad fom the
assembly.  Furthermore, as explained herem, an clongate body 174 can be slidably
disposed over a catheter body 120, such that there may be gaps or channels between the
outer surface of the catheter body 120 and the inner surface of the elongate body 174
Such gaps or channels can contain air pockets harmful to the patient during a medical
procedure. In addition, the fumen or lumens extending within the catheter body 120 also
can contain air pockets harm{ul to the patient. Thus, it 18 desirable to expel air from both
the lumens within catheter body 120 and the gaps or channels disposed between the
elongate body 174 and the catheter body 120 before conducting a treatment procedure.
H0678] The system 1300 of Figure 7 moay be configured to supply fluid to the
catheter assembly during treatment, to remove waste fluid during treatment, and/or to
expel air from the elongate body 174, e.g., between the inner surface of the elongate body
174 and the outer surface of the catheter body 120 before treatroent.  In this embodiment,
an interface member 1313 (similar to or the same as the interface member 300 described
herein, in some aspects) may be provided to connect various componenis of the catheter
assembly, as discussed herein.  An outer sheath tubing 1303a can extend from a fhud
eservoir 1305 to a huer 102 configured to be coupled to an infusate device. As shown in
Figure 7, the outer sheath tubing 1303a can be configured to deliver fluid to the outer
sheath, e.g., the space between the elongate body 174 and the catheter body 120. The
fluid reservoir 1305 may optionally include a pressure cuff to urge fluid through the outer
sheath tubing 1303a.  Pressure cuffs may be particularly useful in flmd delivery
embodiments using gravity-induced fluid flow. The luer 102 can be configured to deliver
infusate or other priming fluid to the elongate body 174 10 expel air from the clongate
body 174 as described herein in order to “prime” the system 1300, iIn addition, a pressure
sensor 1309a, which may be disposed on a motor housing 1314, can be coupled to the
outer sheath tubing 1303a to measure the pressure of the mfusaie or priming fiuid flowing
through the outer sheath tubing 1303a and into the huer 102, The motor housing 1314
illustrated in Figure 7 may be the same as or similar o the motor assembly described
above with reference to Figure 2, for exampie, when the drive assembly 103 is coupled to

the driven assembly 101,
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{6679] Asg illustrated in the embodiment of Figure 7, inner catheter tubing
1303b can extend between the motor housing 1314 and the fluid reservoir 1305, by way
of & T-junction 1320, The inver catheter tubing 1303b can be configured to deliver fluid
to the lumen or lumens within catheter body 120 durtng treatment and/or to expel air from
the catheter 120 and prime the system 1300, A pumping mechanism 13064, such as a
rolier pump for example, can be provided along inner catheter tubing 1303b to assist in
punying the infusate or priming fluid through the systera 1300, As cxplained herein, the
rolier pump can be a peristaltic pump in some arrangeroents. In addition, an air detector
1308 can be coupled to the inner catheter tubing 1303b and can be configured 1o detect
any air or bubbles introduced into the system 1300, In some embodiments, a pressure
sensor 1309 can couple to inner catheter tubing 1303b to detect the pressure of the fhuid
within the tubing. Additionally, a filter 1311 can be employed to remove debris and other
undesirable particles from the infusate or priming fhuid hefore the catheter body 120 i3
infused or primed with hguid. In some embodiments, the air detector 1308, the pressure
sensor 1309b, and the pumping mechanism 1306a can be coupled to the interface momber
1313 described above {such as the interface member 360}, One or more clectrical lines
1315 can connect the motor housing 1314 with the cassette 1313, The electrical lines
1315 can provide clectrical signals for energizing a rootor or for powering the sensor
130%9a or for other components. To expel air from the catheter body 120, infusate or
priming fluid can be introduced at the proximal end of the catheter asserobly. The fluid
can he driven distally to drive afr out of the catheter body 120 to prime the system.

{0680] In some aspects, a waste fluid Hne 1304 can fluidly connect the
catheter body 120 with a waste reservoir 1310, A pressure sensor 1309¢, which may be
disposed on or coupled to the interface member 1313, can measure the pressure of the
fhuid within the waste fluid line 1304, A pumping mechanism 1306b, such as a roller
pump, for cxample, can be coupled to the interface member 1313 and can purop the waste
fhuid through the waste fluid line 1304 to the waste reserveir 1310

IR Figure 8 is an enlarged view of the priming apparatus 1400 shown in
Figure 2. As explained above, the priming apparatus 1400 may be disposed over the
impeller assembly 116A near the distal end 170A of the clongate body 174A. The
priming apparatus 1400 can be used m connection with a procedure to expel air from the
impeller assembly [16A, e.g., any air that is trapped within the houosing or that remains

within the clongaic body 174A near the distal end 170A. For example, the priming

24
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procedure may be performed before the pump s inserted into the patient’s vascular
system, so that air bubbles are not allowed to enter and/or injure the patient. The priming
apparatus 1400 can include a primer housing 1401 configured to be disposed around both
the elongate body 174A and the impeller assembly 116A. A sealing cap 1406 can be
apphied to the proximal end 1402 of the primer housing 1401 to substantially seal the
priming apparatus 1400 for priming, ie., so that air does not proximally enter the
elongate body 174A and also so that priming flaid does not flow out of the proximal end
of the housing 1401, The sealing cap 1406 can couple to the primer housing 1401 in any
way known to a skilled artisan. However, in some embodiments, the sealmg cap 1406 is
threaded onto the privoer housing by way of a threaded commector 1405 located at the
proximal end 1402 of the primer housing 1401, The sealing cap 1406 can include a
scahing recess disposed at the distal end of the scaling cap 1406. The sealing recess can
be configured to allow the elongate body 174A to pass through the sealing cap 1406.

1060821 The priming operation can proceed by infroducing fluid into the sealed
priming apparatus 1400 to expel air {rom the tmpeller assembly 116A and the clongate
body 174A. Fluid can be mntroduced into the priming apparatus 1400 in a variety of
ways. For example, fluid can be miroduced distally through the clongate body 174 A mitoe
the prindng apparatus 1400, {n other embodiments, an inlet, such as a luer, can optionally
be formed on a side of the primer housing 1401 to allow for introduction of fluid mto the
priming apparatus 1400,

16083 A gas permeable membrane can be disposed on a distal end 1404 of
the primer housing 1401, The gas permeable membrane can permit air to escape from the
primer housing 1401 during priming.

{3084 The priming apparatus 1400 also can advantageously be configured to
collapse an expandable portion of the catheter assembly 100A. The primer housing 1401
can include a fummel 1415 where the inner diameter of the housing decreases from distal
to proximal. The fimnel may be gently curved such that relative proximal movement of
the impelier housing causes the tmpeller housing to be collapsed by the funnel 1415,
During or afler the impeller housing has been {ully collapsed, the distal end 170A of the
clongate body 174A can be moved distally relative to the collapsed housing. After the
impeller housing is fully collapsed and retracted inic the clongaie body 174A of the
sheath assembly, the catheter assembly 100A can be removed from the priming housing

1400 before a percutanecus heart procedure is performed, eg., before the pump is
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activated to pump blood. The embodiments disclosed herein may be implemented such
that the total time for infusing the system is mintmized or reduced. For example, in some
mmplementations, the time to fully infuse the system can be about six minutes or less. In
other implementations, the infusate time can be less than 5 minutes, less than 4 minutes,

ot less than 3 munutes. In yet other implementations, the total time to mfuse the system

o

1

can be about 45 seconds or less. It should be appreciated that lower infusate times can be
advantageous for use with cardiovascular patienis.

Preparing a Percutanecus Heart Pump for Insertion into the Vasculature

HH885] As discussed herein and in the incorporaied patent applications, in
various embodimenis the heart pump is mserted 1o a less mvasive manner, .¢., using
techniques that can be employed o a catheter lab.

{6086] Prior to insertion of the catheter assembly 100A of the heart pump,
various techiigues can be used to prepare the system for insertion. For example, as
discussed in connection with Figure 8, the catheter assembly 100A can be primed to
remove gas that could be contained therein prior to any method being performed on the
patient. This priming technigue can be performed by placing a distal portion of the
catheter assenbly 100A in a priming vessel, such as the apparatus 1400. Thereafler, a
media is delivered imto the catheter assembly 100A under pressure to displace any
potentially harmful matter, e.g., air or other gas, out of the catheter assembly 100A. In
one technique, the apparatus 1400 is filled with a bioccompatible liguid such as saline.

£

Thereafter, a biocompatible liguid such as saline is caused to flow distally through the

o

atheter assemibly 1006 to displace air in any of the cavities formed therein, as discussed

above,

P,

A pressure or flow rate for priming can be provided that is suitable for priming,
.g., a pressure or flow rate that is Jower than the operational pressure or flow rate.

{BORT] In one techmique, the biocompatible Hquid is pushed under positive
pressure from the proximal end through the catheter assembly 100A until all gas is
removed from voids therein. One technique for confirming that all gas has been removed
is to gbserve the back-pressure or the current draw of the pump. As discussed above, the
priming apparatus 1400 can be configured to permit gas o escape while preventing saline
or other bivcompatible liguid from escaping. As such, the back-pressure or current draw
o maintain a pre-selected flow will change dramatically once all gas has been evacuated.

{0088 In another technique, the priming apparatas 1400 can include a source

~

of vegative pressure for drawing a biocompatible haquid mto the proximal end of the
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catheter asserobly 100A. Applying a negative pressure to the priming apparatus 1400 can
have the advantage of permitting the catheter assernbly 100A to be primed separate from
the pumps that are used during operation of the heart purop. As a result, the priming can
be done in parallel with other medical procedures on the patient by an operator that is not
directly working on the patient.

108891 In another approach, a positive pressure pump separate from the purap
that operates the heart purop can be used to primee under positive pressure applied to the
proximal end. Various primoing methods may also be expedited by providing a separate
inlet for faster filling of the enclosed volume of the priming apparatus 1400,

Collapsing an Expandable Housing of a Fully Primed Catheter Assembly
{B450] A further aspect of certain methods of preparing the catheter assembly

LO0A for tnsertion into a patient can mvolve collapsing the impeller housing 116A. The
coliapsed state of the mmpeller housing 116A reduces the size, e.g, the crossing profile, of
the distal end of the system. This enables a patient to have right, left or right and left side
support through a small vessel that is close to the surface of the skin, e.g., using catheter
lab-type procedures. As discussed above, in one technigue the priming apparatus 1400
has a formel configuration that has a large diameter at a distal end and a smaller diameter
at a proximal end. The funnel gently transitions from the large to the simall diameter. The

1
i

small diameter is close to the collapsed size of the impeller housing 116A and the large
diameter is close to or larger than the expanded size of the impeller housing 116A. Inone
method, after the catheter assembly 100A has been primed, the impeller housing [16A
can be collapsed by providing relative movement between the priming apparatus 1400
and the impeller housing 116A. For example, the priming housing 1400 can be held in a
fixed position, e.g., by hand, and the catheter assembly [00A can be withdrawn until at
least a portion of the impeler assembly 116A 1s disposed in the small diameter segment
of the priming apparatus 1400. Thereafier, the clongate body 174A of the sheath
assembly can be advanced over the collapsed impeller assembly 116A.

{0091} In another technigue, the catheter assembly 100A is held still and the
priming apparatus 1400 1s shd distally over the fmpeller assembly 116A to cause the
mmpeller assemnbly 116A to collapse. Thereaticr, relative movement between the clongate
body 174A and the iropeller assembly 116A can position the distal end 170A of the
elongate body 174A over the impelier assembly 116A afler the catheter assernbly 100A

has been fully primed.

27



WO 2014/164136 PCT/US2014/020790

{00921 Although the inveniions herein have been described with reference to
particular embodiments, it 18 fo be understood that these embodiments are merely
lustrative of the principles and applications of the present inventions. 1t is therefore to
be undersioed that numerous modifications can be made to the illustrative crobodiments
and that other arrangements can be devised without departing from the spirit and scope of
the present inventions as defined by the appended claims. Thus, i is intended that the
present apphication cover the modifications and variations of these embodiments and their

equivalents,
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WHAT IS CLAIMED IS:
1. A fluid handhing system, the system comprising:
a housing comprising:
ONE OF IWOTe PUImps;
a controller configured to operate the pump(s); and
a catheter assembly comprising:
a catheter body having a proximal portion and an operative device
at a distal portion; and
an infusion sysitem in fluid conununication with the proximal
portion of the catheter body, the infusion system comprising a closure
member configured to be separate from the housing in a first state and to at
least partially secure the infusion system to the housing in & second state,
wherein apon engageroent of the closure member with the housing in the
second state, the infusion system is operably engaged with the pump(s).

2. The system of Claim 1, wherein the housing compriscs an aperture, and
wherein the closure member engages with the housing when a portion of the closure
member is inserted into the aperture,

3. The system of Claim 2, wherein the closure member is configured to
substantially secure the mfusion system to the housing in a third state.

4. The system of Claim 3, wherein the closure member is configured to

substantially secure the infusion system to the housing when the closure mermber 13
rotated relative to the housing.
5. The system of Claim 3, wherein the housing comprises a disengagement
member, the disengagerent member configured to move the closure mersber from the
third state to the second state such that the closure member partially secures the infusion
system to the housing.

6. The system of Claim 1, wherein upon engagement of the closure menber
with the housing in the second state, an clecirical connection is formed between the
housing and an elecirical component of the closure member.

7. The system of Claim 6, wherein the eclectrical connection is formed
substantially at the same fime that the infusion system becomes operably engaged with

the purap(s).

24,
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3. The system of Claim 6, wherein the catheter assembly further comprises a
motor assembly in elecirical communication with the electrical component of the closure
member.

. The system of Claim 6, wherein the catheter assembly further comprises
one or more sensors in elecirical communication with the clectrical component of the
closure member.

16. The system of Claim 1, wheretn the infusion system comprises:

a waste Hine in fluid communication with the catheter body and configured
to convey waste Juid out of the catheter assembly; and

a first infusate Hne m fluid commmunication with the catheter body and
configured to supply fluid into the catheter assembly.

1. The aystem of Claim 10, wherein the catheter assembly further comprises
an elongate body, the catheter body disposed within the elongate body, and wherein the
miusion system comprises a second nfusate line in fluid commuonication with the
glongate body,

12. The system of Claim 11, wherein the second mfusate line is configured to
supply fhuid between the elongate body and the catheter body.

13. A removable interface member {or a fluid handling system, the interface
member comprising:

an nterface body sized and shaped to be inserted mto an interlface aperture
of a console housing;

an clectrical component disposed on the mterface body;

an occlusion bed disposed on the interface body; and

a tube segroent disposed on the faterface body near the occlusion bed,

wherein the mterface body is dimensioned such that when the interface
body i3 fnserted into the interface aperture of the console housing, a purap o the
console housing is operably engaged with the tube segrment and the occlusion bed,
and an electrical inferconnect in the console housing 1s electrically coupled with
the electrical component on the interface body.

14, The removable interface of Claim 13, further comprising a locking
mechanism such that wheo a portion of the interface body is rotated relative to the

interface aperture, the interface body 1s securely coupled to the consele housing.
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15. The removable interface of Claim 14, wherein the foterface body further
comprises a rotatable cap, a protrusion, and a locking aperture sized and shaped to receive
at least a portion of the protrusion, the locking mechanism comprising an mternal cam
that rotates with the cap, wherein when the cap is rotated, the internal cam presses the
protrusion through the locking aperture and into a groove formed in the console housing.

16. The removable interface of Claim 13, wherein the purop is operably
engaged with the tube segment and the occlusion bed when one or move rollers of the
pump compresses the tube segment against the occlusion bed.

17. The removable interface of Claim 13, wherein the pump becomes operably
engaged with the tube segment and occlusion bed substantially simultaneously with the
electrical interconnect elecirically coupling with the electrical component.

18. The removable nterface of Claim 13, further coroprising one or more
sensors coupled to the electrical component.

19, A method for operably coupling an infusion system to a console housing,
the method comprising:

positioning an interface body of the infusion systern m an interface

aperture of the console housing, the mnterface body comprising an ocelusion bed, a

tube segment mounted on the interfuce body near the occlusion bed, and an

clectrical component; and

mserting the interface body through the interfuce aperture until a purop
roller of the console housing compresses the tube segment against the ccchision
bed and until an electrical interconnect of the consoiec housing is electrically
coupled to the electrical component of the interface body.

20, The method of Claim 19, further comprising rotating an endpiece of the
interface body relative to the mterface aperture to secure the interface body to the console
housing.,

21, The method of Claim 20, wherein rotating the endpiece comprises rofating
the endpicce about an axis substantially perpendicular to the mterface aperture,

22 The method of Claim 20, further comprising activating a disengagement
member to mechanically release the interface body from the console housing.

23, The method of Claim 19, whercin the purap roller compresses the tube
segment against the occlusion bed and the elecirical interconnect is electrically coupled to

the electrical component substantially simultancousty,
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24, A method for priming a catheter assembly, the catheter assembly
comprising an elongate body and an operative device, the method comprising:
mserting the operative device of the catheter assembly into a priming
vessel;
securing 4 proximal portion of the priming vessel to a distal portion of the
clongate body, such that the elongate body is in fluid communication with the
primmg vessel; and
delivering fluid through the elongate body and the priming vessel to expe
air within the catheter asserbly.
25. The method of Claim 24, further comprismg removing the priming vessel
from the catheter assembly.
26. The method of Claim 28, further comprising, afier removing the priming
vessel, inserting the operative device of the catheter assernbly into a vascular system of a
patient.
27, The method of Claim 24, further comprising providing relative movement
between the priming vessel and the operative device to collapse the operative device to a

stored configuration.
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