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Patent

GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS
Related Applications
This application is a divisional of co-pending
U.S. Patent Application Serial No. 10/070,178, filed July
5 19, 2002, which claims the benefit of PCT/US00/24515
filed September 1, 2000, which claims the benefit of
provisional U.S. Patent Application Serial No. 60/152,249
filed September 3, 1999.
Field of the Invention
10 The present invention relates generally to
blood pumps and, more particularly, to an improved intra-
vascular blood pump having a guide mechanism which
provides the ability to selectively guide the
intravascular pump to a desired ~location within a
15 patient’s circulatory system.
Description of Related Art
Over the years, various types of blood pumps
have been developed for the purpose of augmenting or
replacing the blood pumping‘action of damaged or diseased
20 hearts. Blood pumps are commonly used in three
situations: (1) for acute support during cardio-pulmonary
operations; (2) for short-term support while awaiting
recovery of the heart from surgery; or (3) as a bridge to
keep a patient alive while awaiting heart

25 transplantation. The pumps may be designed to provide
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right and/or left wventricular assist, although left
ventricle assist is the most common application in that

it is far more common for the left ventricle to become

diseased or damaged than it is for the right ventricle.

5 Blood pumps must provide leak-free operation
and must avoid contamination of the fluid by the pump
components and the external environment. Such pumps must
also pump the fluid at a suitable rate without applying
excessive Reynolds shear stress to the fluid. It is well

10 known to those skilled in the art that lysis or cell
destruction may result from application of shear stress

to cell membranes. Red blood cells are particularly
susceptible to shear stress damage as their cell
membranes do not include a reinforcing cytoskeleton to

15 maintain cell shape. Lysis of white blood cells and
platelets also occurs upon application of high shear
stress. Lysis of red blood cells can result in release of

cell contents which trigger subsequent platelet
aggregation. Sublytic shear stress leads to cellular

20 alterations and direct activation and aggregation of

platelets and white blood cells.

Intravascular blood pumps comprise

miniaturized blood pumps capable of being percutaneously

or surgically introduced into the vascular system of a

25 patient, typically to provide left and/or right heart
support. One type of intravascular pump is an axial flow
blood pump comprising a cable-mounted rotor surrounded by
a protective shroud. The pump, along with the rotor and-
shroud, are mounted at the end of an elongated flexiblé

30 catheter. The catheter is inserted into the aorta from a
remote entry point, such as an incisicn below the groin

that provides access into a femoral artery. The catheter
then passes ﬁhrough the descending aorta until it reaches

the ascending aorta, near the heart. The catheter device

35 encloses a rotating drive cable which is coupled to the
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impeller blade at one-end, and which emerges from the
exposed end of the catheter, near the patient’s groin, at
the other end. When the exposed end of the drive cable is
mechanically rotated, using a device located outside the-
5 patient’s body, it conveys the rotational force through
the length of the catheter, causing the impeller to spin
at high speed near the heart. This type of blood pump
finds particular application in providing ventricular
assist during surgery or providing temporary bridging
10 support to help a patient survive a crisis.

While generally effective in providing
ventricular assisting functions, prior art intravascular
blood pumps nonethelesg suffer various drawbacks. A
significant drawback is that prior art intravascular

15 blood pumps are difficﬁlt to guide into the appropriate
position within the circulatory system of a patient. This
is due largely to the fact that the elongated catheter is
incapable of providing the degree of control necessary to
easily negotiate the pump through the tortuous pathways

20 leading up to and into the heart. When attempting to
place the blood pump in a trans-valvular configuration
{(with the inlet in the left ventricle and the pump outlet
in the ascending aorta), the natural tendency of the
catheter to stay straight may cause the pump to be

25 inadvertently placed in the carotid ostia, which can be
dangerous i1f the pump is operated to withdraw blood from
the brain. ]

To overcome these difficulties, certain guide
mechanisms may be employed to assist the physician

30 placing the pump in the appropriate position within the
circulatory system. One type of supplemental guide
mechanism is a guide catheter. Guide catheters are
designed with certain guidability characteristics such
that physicians can selectively position tHem within the

35 vasculature or heart with relative ease. A central lumen
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is provided within the guide catheter such that the
intravascular pump may be introduced therein and guided
while it is advanced towards the predetermined’
circulatory site. While generally effective at providihg
5 -a guiding feature for such intravascular blood pumps,
employing such supplemental guide mechanisms is
nonetheless disadvantageous in that they consume valuable
space within the vessels. A gﬁide catheter, for example,
would necessarily be larger in diameter than the diameter

10 of the pump and '‘protective shroud in order to provide
adequate passage of those components. As will be
appreciated, this restricts the amount of space available
for blood to flow within the particular vessel, and
increases the size of the required puncture wound for

15 accessing the vessel.

‘ The present invention is directed at
eliminating and/or reducing the effects of the foregoing
drawbacks of prior art intravascular blood pumps.
Summary of the Invention

20 : The present invention overcomes the drawbacks
of the prior art by providing an improved intravascular
blood pump equipped with integrated features for
selectively guiding the intravascular blocod pump to a
predetermined location in the patient’s c¢irculatory

25 system, i.e. heart and/or vasculature. In so doing, the
intravascular blood pump of the present invention
eliminates the need for supplemental guiding mechanisms,
such as a separate, large diameter guide catheter as used
in the prior art.

30 In a first broad aspect of the present
invention, an intravascular blood pump system is provided
comprising an intravascular blood pump having a cannula
courled thereto and an ‘“over-the-wire” type guide
mechanism for selectively positioning the intravascular

35 blood pump and cannula at a predetermined location within
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the circulatory system of a patient. To accomplish this,
a central lumen is formed through at least a portion of
the intravascular blood pump system such that a gu?de
element, such as a guide wire, may be progressed
5 therethrough and advanced to the predetermined location
in the circulatory system of the patient. After the guide
element is advanced to this desired location, the
intravascular blood pump and cannula may thereafter be
advanced along the guide element to the desired location.

10 In a second broad aspect of the present
invention, an intravascular blood pump system is provided
comprising an intravascular blood pump having a cannula
coupled thereto and a “side-rigger” or “rapid exchange”
type guide méchanism for gelectively positioning the

15 intravascular blood pump and cannula at a predetermined
location within the circulatory system of a patient. To
.accomplish this, a side lumen is formed along a length of
at least one of the intravascular blood pump and the
cannula. A guide element, such as a guide wire, may be

20 advanced to the predetermined location in the circulatory
system of the patient. After the guide element is
advanced: to this desired 1location, the intravascular
blood pump and cannula may thereafter be advanced along
the guide element to the desired location.

25 In a third broad aspect of the present
invention, an intravascular blood pump system is provided
comprising an intravascular blood pump having a cannula
coupled thereto and a ‘“guide c¢atheter” type guide
mechanism for selectively positioning the intravascular

30 blood pump and cannula at a predetermined location within
the circulatory system of a patient. The pump system of
this broad aspect includes a conduit assembly and a
separate pump assembly. The conduit assembly includes a
guide catheter, a rotor shroud, and a cannula, with the

35 cannula and guide catheter disposed on either side of the
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rotor shroud. The pump assembly includes a rotor, a drive
member coupled to the rotor, and a pump disposed between
the rotor and the drive member. The guide catheter is
dimensioned to receive and guide the pump assembly to the
S point where the rotor docks within the rotor shroud so as
V to form an operational blood pump. This configuration
allows the conduit assembly to be precisely and
efficiently guided into a desired position within the
body through the use of conventional guiding techniques
10 well known in interventional cardiology. The pump
assembly may thereafter be introduced into and guided
within the conduit until the pump assembly is docked
within the rotor shroud. This dual construction
arrangement provides improved placement of the pump

15 assembly by using the conduit as a guiding mechanism.

The foregoing broad aspects of the present
invention may be manifested according to the following
recitations:

According to a first broad recitation of the

20 present invention, an -intravascular blood pump system is
provided comprising an intravascular blood pump having a
cannula coupled thereto, and a guide mechanism adapted to
guide the intravascular blood pump and cannula to a
predetermined location within the circulatory system of a

25 patient.:

In a further embodiment, the intravascular
blood pump includes a rotor, a shroud for receiving the
rotor, and a drive cable coupled to the rotor for driving
the rotor within the shroud.

30 - In a further embodiment, the cannula is
coupled to the shroud of the intravascular blood pump.

In a further embodiment, the guide mechanism
comprises a guide catheter coupled to the shroud.

In a further embodiment, the guide catheter

35 may be used to guide the shroud and cannula to the
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predetermined location within the circulatory system of
the patient, after which point the rotor and drive cable
of the intravascular blood pump may be docked.within the
shroud for pump operation.

5 In a further embodiment, the drive cable
sheath is provided having a central lumen for receiving
the drive cable, and wherein a purge fluid delivery
system is coupled to the drive cable sheath to deliver
purge fluid to the rotor.

10 In a further embodiment, the drive cable
sheath includes. at least one side lumen for delivering
the purge fluid towards the rotor.

In a further embodimént, a portion of the
purge fluid is delivered through the at least one side

15 lumen and past the rotor, and a portion of purge £luid is
rerouted back from the rotor through the central lumen of
the drive cable.

In a further embodiment, a perfusion assembly
is provided communicatively coupled to the guide catheter

20 for selectively rerouting blood from within the guide
catheter to a point downstream from the introduction site
of the guide catheter into the vasculature of the

. patient.
In a further embodiment, the perfusion

25 assembly includes a first conduit communicatively coupled
to the guide catheter, a second conduit dimensioned to be
introduced into the vasculature of the patient, and a
selectively operable valve disposed in between the first
conduit and the second conduit.

30 In a further embodiment, a blood pressure
detection mechanism is provided to detect the pressure of
the blood proximate at least one of the intravascular
blood pump and cannula.

In a further embodiment, the blood pressure

35 detection mechanism comprises at least one of fiuid
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filled column disposed within at least a portion of the

cannula, a piezoelectric element coupled to at least one

of the intravascular blood pump and cannula, and a strain

gauge coupled to at least one of the intravascular blood
5 pump and cannula.

In a further embodiment, the blood pressure
detection mechanism involves calculating blood pressure
based on the relationship between the torgue and motor
current of a motor used to drive the rotor.

10 In a further embodiment, the guide mechanism
comprises a guide element disposed at least partially
within the cannula.

In a further embodiment, the guide element
comprises a guide wire for passage through a side lumen

15 formed in the cannula.

In a further embodiment, the guide element
comprises a selectively deformable element disposed at
least partially within the cannula.

In a further embodiment, the intravascular

20 blood pump and cannula may be selectively advanced to the
predetermined location within the wvasculature of the
patient by first passing the guide wire to the
predetermined location and thereafter sliding the
intravascular bloodﬂpump and cannula along the guide wire

25 to the predetermined location.

In a further embodiment, the guide element
comprises a guide wire for passage through a lumen
extending through the drive cable and rotor.

In a further embodiment, the intravascular

30 blood -pump and cannula may be selectively advanced to
the predetermined location within the vasculature of the
patient by £first passing the guide wire to the
predetermined 1location and thereafter sliding the
intravascular blood pump and cannula along the guide wire

35 to the predetermine location.
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In a further embodiment, the guide mechanism
further includes guide element for passage through the
guide caﬁheter,to facilitate placement of the shroud and
the cannula at the predetermined location within the

5 vasculature of the patient. '

In a further embodiment, the guide mechanism
further includes a guide element for passage through a
side’lumen formed along at least a portion of the guide
catheter.

10 In a further embodiment, the guide element
comprises at least one of a guide wire and a balloon
catheter.

‘Brief Description of the Drawings

Many advantages of the present invention will

15 be apparent to those skilled in the art with a reading of
this specification in conjunction with the attached
dréwings, wherein like reference numerals are applied to
like elements and wherein:

FIG. 1 is a partial sectional view of a human

20 heart illustrating an intravascular blood pump system
having an “ovér-the—wire” type guide mechanism according’
to a first broad aspect of the present invention
positioned, by way of example, in a trans-valvular
configuration to provide left-heart assist;

25 FIG. 2 1is sgide wview of the guidable
intravascular blood pump system of the type shown in FIG.
1 including a motor coupler and purge fluid delivery
system according to an exemplary embodiment of the
present invention; )

30 FIG. 3 is a cross-sectional view illustrating
an exemplafy construction of the blood pump, drive cable
assembly, and cannula of the intravascular blood pump
system according to the first broad aspect of the present

.invention;

35 FIG. 4 is a cross-sectional view taken along
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lines 4-4 of FIG. 3 illustrating an exemplary

construction of the drive cable assembly and guide
. mechanism according to the first broad aspect of the
present invention;

5 FIG. 5 is a cross-sectional view illustrating
an exemplary construction of the motor coupler and purge
fluid delivery system according to the first broad aspect
of the present invention;

FIG. 6 is a partial sectional view of a human

10 hearﬁ illustrating an intravascular blood pump éystem
having a “rapid exchange” or “side-rigger” type guide
mechanism according to a second broad aspect of the
present invention positioned, by way of example, in a
trans-valvular configuration to provide left-heart

15 assist;

FIG. 7 1is side view of the guidable
intravascular blood pump system of the type shown in FIG.
6 including a motor coupler and purge fluid delivery
system according to an exemplary embodiment of the

20 present invention;

" FIG. 8 is a cross-sectional view taken along
lines 8-8 of FIG. 7 illustrating the “side-rigger” or
“rapid exchange” type guide mechanism according to the
second broad aspect of the present invention;

25 FIG. 9 is a cross-sectional view of the type
shown in PIG. 8 illustrating an alternate configuration
of the guide mechanism according to the second broad
aspect of the present invention;

FIG. 10 is a partial sectional view of a human

30 heart illustrating an intravascular blood pump system
having a “guide catheter” type guide mechanism according
to a third broad aspect of the present invention
positioned, by way of example, in a trans-valvular
configuration to provide left-heart assist;

35 FIG. 11 is a schematic view of a human being
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illustrating the intravascular blood pump system of the
type shown in FIG. 10 inserted through the femoral artery
and including an optional perfusion assembly for
perfusing the vasculature downstream from the incision
site where guide catheter enters the femoral artery;

FIG. 12 is a side view of the intravascular
blood pump system shown in FIGS. 10-1i illustrating the
separable nature of a pump assembly and a conduit
assembly which collectively form the intravascular blood
pump systeh according to the third broad aspect of the
present invention; )

FIG. 13 is a side view illustrating the
intravascular blood pump system shown in FIG. 12 with the
pump assembly docked into the conduit assembly according
to the third broad aspect of the present invention;

FIG. 14 is a cross-sectional view illustratiﬁg
an exemplary construction of the blood pump, drive cable
assembly, cannula, and guide catheter of the
intravascular blood pump system shown in FIG. 13;

FIG. 15 is a cross-sectional view taken along
lines 15-15 of FIG. 14 illustrating an exemplary
construction of the drive cable assembly and guide

catheter according to the third broad aspect of the

present invention;

FIG. 16 is a cross-sectional view illustrating
an exemplary construction of the motor coupler, purge
fluid delivefy system, and a proximal portion of the
guide catheter biasing assembly according to the third
broad aspect of the present invention; '

FIG. 17 is a cross-sectional view illustrating
an éxemplary construction of the perfusion assembly and a
distal portion of the guide catheter biasing assembly
according to the third broad aspect of the present
invention;

FIG. 18 1is a cross-sectional view of an
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intravascular blood pump system of the type shown in
FIGS. 12-13 having an alternate configuration for docking
the rotor within the shroud according to the principlgs
of the present invention; and

5 FIG. 19 is a partial sectional view of a human
heart illustrating an alternate intravascular blood pump
system having an “over-the-wire” type guide mechanism
according to the first broad aspect of the present
invention positioned, by way of example, in a trans-

10  valwvular configuration to provide right-heart assist. '
Detailed Description of the Invention

Illustrative embodiments of the invention are
described below. In the interest of clarity, not all
features of an actual implementation may be described in

15 this specification. It will of course be appreciated that
in the development of any such actual embodiment,
numercus implementation-specific decisions must be made
to achieve the developers’ specific goals, such as
compliance with system-related and- business-related

20 constraints, which will vary from one implementation to
another. Moreover, it will be appreciated that such a
development effort night be complex and time-consuming,
but would nevertheless beva routine undertaking for those
of ordinary skill in the art having the benefit of this

25 disclosure. '

The present invention involves an
intravascular pump system for use in a number of broad
ranging applications involving the augmentation of blood
flow within the circulatory system of a patient. As will

30 be described below, the intravascular blood pump system
of the present invention overcomes the drawbacks of the
prior art by providing a guide mechanism as part of the
intravascular blood pump. This advantageously allows the
intravascular blood pump tc be selectively guided to a

35 predetermined location within the circulatory system of a
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patient without the need for bulky supplemental guide
mechanisms, such as a separate guide catheter.

The intravascular‘pump assembly of the present
invention is particularly suited for trans-valvular use,
suci as for 1left and/or right ventricular assist
procedures. By way of example only, such ventricular
assist procedures may be employed in cardiac operations
including, but not 1limited to, coronary bypass graft
(CABG), cardio-pulmonary bypass (CPB), open chest and
closed chest (minimally invasive) surgery, bridge-to-
transplant and/or failure-to-wean-from-bypass situations.
It is to be readily understood, however, that the
intravascular blood pump assembly and methods of the
present invention are not to be 1limited to such
applications. Moreover, while illustrated and described
largely with reference to left-heart assist applications,
it is to be readily understood that the principles of the
present invention apply equally with regard to right-
heart assist application, which are contemplated as
within the scope of the present invention. These and
other variations and additional features will be
described throughout.

Referring to FIG. 1, shown is a guidable
intra-vascular blood pump system 10 according to a first
broad aspect of the present invention shown, by way of
example only, in a left-heart assist configuration within
a human heart. The system 10 includes an intravascular
blood pump 12, a cannula 14, and an “over-the-wire” type
guide mechanism 16. A drive cable assembly 18 and a motor
assembly 20 are provided to drive the intravascular blood
pump 12. The “over-the-wire” guide mechanism 16 comprises
a suitable guide element dimensioned to pass slideably
through a central lumen extending through the drive cable
18, Dblood pump 12, and cannula - 14. Suitable guide

elements may include any number of conventional guiding
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devices, including but 1limited to those employed in
cardiology. By way of example only, the guide element is
shown as a guide wire 22. According to the present
invention, the ‘“over-the-wire” guide mechanism 16
provides the ability to selectively guide the blood pump
12 and cannula 14 to a predetermined position in the
circulatory system of a patient, such as the trans-
valvular position shown.

To accomplish this, the guide wire 22 is first
introduced into the vascular system of a patient through
any suitable access point, such as through the use of the
well known Seldinger technique. The guide wire 22 can
then be advanced within the patient to a desired location
within the circulatory system of the patient. This may be
done using the control features of the guide wire 22
itself, or may be facilitated through the use of any
number of supplemental guidance mechanisms or techniques
to ensure the proper and efficienﬁ placement of the guide
wire 22. Such supplemental guidance techniques may
include, but are not necessarily limited to, guide
catheters and/or techniques involving ultra-sound or
flouroscopy. Once the guide wire 22 is positioned at the
desired location (such as in left ventricle as shown),
the blood pump 12 and cannula 14 may thereafter be
advanced along the guide wire 22 and positioned in the
trans-valvular configuration shown. Under the operation
of the motor assembly 20, the blood pump 12 may be used
for left-heart assist by selectively withdrawing blood
from the left ventricle (through the interior of the
cannula 14) for delivery outward through outflow
apertures formed in the blood pump 12. This outflow from
the blood pump 12 flows along the exterior of the drive
cable assembly 18 in a substantially axial fashion for
arterial coupler 24 and, as will be described in greater

detail below, a purge fluid distribution throughout the
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body. _

Referring to FIGS. 2-5, an exemplary
embodim?nt of the intravascular blood pump system 10 of
FIG. 1 will now be described. As shown in FIG. 2, the
intravascular blood pump system 10 includes a motor
delivery system 26 for providing a two-way fluid flow
within the drive cable assembly 18 during pump operation.
The purge fluid delivery system 26 includes a fluid inlet
conduit 28 for introducing pressurized purge fluid from a
fluid source (not shown) for delivery intc the blood pump
12, and a fluid outlet conduit 30 to withdraw a return
flow of purge fluid from the blood pump 12. The motor
coupler 24 establishes a mechanical connection between a
motor (not shown) and a drive cable (not shown) for
providing motive force to the blood pump 12 for pump
operation. The drive cable assembly 18 includes a drive
cable sheath 32 which, in addition to serving a purge
fluid delivery function, also serves as a protective
housing for the drive cable (not shown). Although shown
in broken form for clarity, it will be appreciated that
the drive cable assembly 18 (and all components thereof)
may be provided in any suitable length sufficient for
intravascular applications. That is to say, the length of
the drive cable assembly 18 must be enough to reach
between the motor coupler 24 and purge f;uid delivery
system 26, located outside the patient, and the desired
location within the patient’s circulatory system where
the blood pump 12 is to be positioned.

The intravascular blood pump 12 is shown (by
way of example only). as an axial flow intravascular blood
pump. The blood pump 12 includes pump body 34, a rotor
shroud 36 having flow ports 38, and an internally
disposed rotor (not shown) having a shaft rotatably
disposed within the pump body 34 and an impeller

rotatably disposed within the rotor shroud 36. The
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cannula 14 is fixedly attached to the rotor shroud 36 and
nay extend any suitable length therefrom depending upon
the particular intravascular application. The cannula 14
preferably includes a pluxality of ports or fenestrations
40 about its distal region, as well as an end port 42,
which allow for the ingress or egress of blood into or
from the cannula 14 depending upon the operation of the
lblodd pump 12. That 1is to say, 1if the pump 12 is
configured for left-heart assist as shown in FIG. 1, then
the ports 40, 42 will allow the ingress of blood into the
cannula 14 from the left wventricle. If, on the other
hand, the blood pump 12 is configured for right-heart
assist (i.e. with the pump 12 in the right atrium and the
distal end of the cannula 14 located within the pulmonary
artery), then the ports 40, 42 will allow the egress of
blood from the cannula 14 into the pulmonary artery.
(Details on right-heart assist applications will be
discussed in greater detail below.) The pump‘ 12 and
cannula 14 may be dimensioned to any suitable diameter
for intravascular applications. For example, the range of
sizes may include, but is not necessarily limited to, 9
French to 30 French, although the range is wore
preferably from 14 French to 24 French, and most
preferably from 18 French to 20 French.

The “over-the-wire” type guide mechanism 16
includes the guide wire 22 and, as will be explained in
greater detail below, a central lumen extending through
the cannula 14, blood pump 12, drive cable assembly 18,
purge fluid delivery system 26, and motor coupler 24. As
noted above, the «central 1lumen is dimensioned to
slideably receive the guide wire 22 such that the blood
pump 12 and cannula 14 may be slideably advanced along
the guide wire 22 to a desired location within the
éirculacory system of a patient after the guide wire 22

has been so positiocned using conventional guidance
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techniques. It is to be readily understood that, while

shown as a conventional guide wire 22, the guide element

_férming part of the guide mechanism 16 of the present

invention nay include any number of well known guidance

5 mechanisms depending upon the application, including but

not limited to balloon catheters, imaging wires, and

guide catheters dimensioned to be slideably received

through the central 1lumen. For example, although not

appropriate for retrograde progression (such as the left-

10 heart application shown in FIG. 1), a balloon catheter

may be a suitable guidance mechanism for a right-heart

assist application. In such a case, the balloon may be

inflated and used as a “sail” to direct the catheter to a

desired location (such as the pulmonary artery), after

15 which point the blood pump 12 and cannula 14 can be

advanced over the catheter to a trans-valvular

configuration with the blood pump 12 in the right atrium

and the ports 38, 40 of the cannula 14 in the pulmonary
arcery. _

20 FIGS. 3 and 4 further detail the construction

of the blood pump 12, cannula 14, drive cable assembly

18, and “over-the-wire” guide mechanism 16. The blood

pump 12 includes a rotor 44 having a shaft 46 and an

impeller 48. The shaft 46 is rotatably disposed within

25 the pump body 34 via a bearing pack comprising, by way of

example, ball bearing assemblies 50, 52 and spring S4.

Ball bearings assemblies 50, 52 are well known in the

art, each comprising an inner race which rotates along

with the rotor shaft 46, an outer race which remains in a

30 static and fixed position against the inner surface of

the pump body 34, and a plurality of ball bearings

disposed between the inner and outer races. The spring 54

biases each bearing assembly 50, 52 axially away from one

another to reduce axial play during pump operation. The

35 shaft 46 is generally hollow and dimensioned to receive a
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cable adapter 60 therein for the purpose of coupling the
rotor 44 to a drive cable 62 forming part of the drive
cable assembly 18. The drive cable .62 may be secured to
the cable adapter 60 in any number of suitable fashions,
including but not 1limited to the use of adhesives,
crimping, and laser welding. These same technigues may be
used to secure the cable adapter 60 within the shaft 46
of the rotor 44. A radial seal 64 is provided in between
the wall of the pump body 34 and a distal stepped region
66 on the rotor shaft 46, the function of which will be
described below. ’

The impeller 48 includes a hub 56 and a
plurality of blades 58 extending therefrom. The hub 56 is
generally conical and, according to the first broad
aspect of the present invention, is hollow throughout to
form part of the central lumen of the guide mechanism 16.
In this regard, the hub 56 is preferably provided with a
gasket or seal member 68 at its distal tip. The seal
member 68 may be made of any suitable sealing material
(including but not limited to silicone) such that the
pump 12 and cannula 14 may be easily progressed along the
guide wire 22 for delivery to a desired circulatory site.
The seal member éa should also be robust enough to
prevent the ingress of blood into the interior of the
rotor hub 56 during pump operaticn, whether the guide
wire 22 remains in place or is fully withdrawn. The
blades 58 are dimensioned to reside in close tolerance
with the interior surface of the shroud 36. In operation,
the blades 58 impart both an axial and radial vector on
the blood which causes it to flow outward through the
flow ports 38 formed in the shroud 36. As used herein,
the term “axial flow” is deemed to include flow
characteristics like that shown in FIG. 3, which include
both an axial and slight radial component. It is to be

readily appreciated that, although shown as an axial flow
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type, blood pump 12 may comprise any number of suitable
types of intravascular blood pumps, including but not
limited to so-called “mixed flow” intravascular blood
pumps without departing from the scope of the present
invention. ) '

The cannula 14 is coupled at its proximal end
to the rotor shroud 36. This may be accomplished in any
number of fashions, including but not limited to the use
of adhesives. This may also be facilitated by
dimensioning the shroud 36 to include a narrow inlet
region 70 capable of being received flushly within the
proximal end of the cannula 14. The inlet region 70 of
the shroud 36 should preferably have a tapered interior
surface for establishing a smooth flow transition between
the cannula 14 and the region containing the impeller
blades 58. Although shown as a single integral element,
it is to be understood that the pump body 34 and shroud
36 may comprise two separate (and sometimes separable)
components, the significance of which will become
apparent below. The pump body 34 and shroud 36 may be
constructed from any number of suitable materials,

including but not limited to stainless steel or other

medical grade cohpositions or alloys. The cannula 14 may'

also be constructed from any number of suitable

_materials, including but not limited to medical grade

plastics. As shown, the cannula 14 may also be fortified
with spiral-wound reinforcement wire 72 within the walls
of the cannula 14.

The drive cable assembly 18 includes the drive
cable 62 and the drive cable sheath 32. The drive cable
62 1is coupled to the rotor 44 via the cable adapter 60.
The drive cable sheath 32 includes a central lumen 74 and
a plurality of side lumens 76. The central lumen 74
serves as a protective covering for the drive cable 62.

The central lumen 74, along with the side lumens 76, also
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forms part of the purge fluid delivery system 26 shown
above in FIG. 2, which will be described in greater
detail below. The side lumens 76 are provided in fluid
communication with the fluid inlet conduit 28, while the
central lumen 74 is provided in fluid communication with

the fluid outlet conduit 30. The side lumens 76 are thus

.configured to deliver purge, fluid intc the pump 12,

while the central lumen 74 is configured to transport
purge fluid away from the pump 12 along the length of the
drive cable 62.

The pressurized purge fluid within the side
lumens 76 may take one of two flow paths upon entry into
the pump 12. One flow path passes through the interior of
the pump 12 and onward past the radial seal 64 to prevent
the ingress of blood into the pump body 34 during pump
operation. More specifically, the purge fluid flows
distally around the cable adapter 60, through the ball
bearing assemblies 50, 52, and onward past the radial
seal 64. This egress of purge fluid past the radial seal
64 can be controlled to effectively thwart the ingress of
blood past the radial seal 64, which might otherwise
cause clotting and/or pump damage. The other flow path is
directed back out the central lumen 74 for delivery to
the fluid outlet conduit 30. In so doing, this flow path
bathes the components of the pump 12 and/or drive cable
62 and thereby reduces frictional heating within the pump
12 and/or the central lumen 74 of the sheath 32 during
pump operation.

The “over-the-wire” guide mechanism 16
includes a central lumen through which the guide wire 22
may extend for the purpose of slideably advancing the
blood pump 12 and cannula 14 into a desired position
within the circulatory system of a patient. In the
embodiment shown, this central lumen is establiished by

forming and co-aligning the individual central lumens
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within each of the drive cable 62, the cable adapter 60,

the shaft 46 and hub 56 of the rotor 44, and the cannula

14. In this regard, the drive cable 62 is preferably of

wound-wire construction having a central lumen formed

5 therein. The central lumens within the cable adapter 60,

rotor 44, and gasket 68 may be formed via machining or

molding processes. These central lumens should preferably

be sized such that they permit the slideable passage of

the pump 12 and cannula 14 therealong, but do not

10 interfere with or constrain the guide wire 22 to cause

inadvertent rotation of the guide wire 22 during pump

operation. As noted above, it is also contemplated to

remove the guide wire 22 after the pump 12 and cannula 14

are properly positioned in the patient. In this case, the

15 gasket or seal 68 on the hub 56 should be robust enough

to reseal after the guide wire 22 is withdrawn and

prevent the ingress of blood into the interior of the
rotor 44.

Referring to FIG. 5, the motor coupler 24

20 includes a housing 78, a drive shaft adapter 80, and a

bearing assembly 82. The drive shaft adapter 80 includes

a drive shaft coupler 84 dimensioned to receive a drive

shaft of a motor (not shown), and a drive cable coupler

86 dimensioned to receive the drive cable 62. Any of a

25 variety of attachment techniques may be employed to

securely fasten the drive cable 62 to the drive cable

coupler 86, including but not limited to adhesives,

crimping, and laser welding. The drive shaft adapter 80

is rotatably disposed within the housing 78 by the

30 bearing assembly 82. The bearing assembly 82 includes a

sleeve 88 (which may alternatively be formed as an

integral part of the housing 78) for retaining a pair of

ball bearing assemblies 90, 92 and a spring 94 of the

type described above. That is, each bearing assembly 90,

35 92 generally comprises an inner race which rotates along
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with the drive shaft adapter 80, an outer race which
remains in a static and fixed position against the inner
surface of the retaining sleeve 88, and a plurality of
ball bearings disposed between the inner and outer races.
The spring 94 is provided to bias each bearing assembly
90, 92 axially away from one another to reduce axial play
during operation.

The purge fluid delivery system 26 includes a
housing 96 having a central lumen 98, an inflow port 100,
and an outflow port 102. The housing 96 is also
dimensioned to matingly receive a portion of the motor
coupler 24. 'In this regard, a seal element 104 is
provided sandwiched in between the housing 96 and housing
78 and including an aperture which éxtends about the
drive shaft adapter 80 as it exits the housing 78 to
prevent the ingress of purge fluid into the motor coupler
24. A fluid guide structure 106 is also provided within
the central lumen 98 for the purpose of separating the
inflow and outflow ports 100, 102. The fluid guide

structure 106 includes a central lumen 108 through which

the drive cable 62 extends, and an elevated portion 110

that retains an O-ring 112 against the inner surface of
the central lumen 98 of the housing 96. The drive cable
sheath 32 is secured to the housing 96 such that the
inflow port 100 is communicatively coupled to the side
lumens 76, and the outflow port 102 is communicatively
coupled to the central 1lumen 74. In this fashion,
pressurized purge fluid may be introduced through the
inflow port 100 via inflow conduit 28, and removed
through the outflow port 102 via outflow conduit 30. By
way of example, the inflow conduit 28 and outflow conduit
30 may be coupled to their respective ports 100, 102 via
barbed connectors 114. Similarly, the inflow and outflow
conduits 28, 30 may be equipped with any number of

suitable connectors (such as those illustrated by way of
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example in FIG. 2) for establishing . fluid communication
with a source of pressurized fluid (not shown)l The
pressurizéd fluid source (not shown) may include, but is
not necessarily limited to, the use of a syringe, an
indeflator, a fluid delivery pump, or an accumulator
arrangement to provide the requisite delivery of
pressurized fluid. The purge fluid delivery system 26
thus provides a two-way transmission of purge fluid
within the drive cable sheath 32 for the purposes of
cooling the blood pump 12 and preventing the ingress of
blood past the radial seal 64 and into blood pump 12.

Referring to PFIG. 6, shown 1is a guidable
intra-vascular blood pump system 120 according to a
second broad aspect of the present invention. As will be
described hereinafter, the intravascular blocod pump
system. 120 differs from the intravascular blood pump
system 10 described above only as to the type of guide
mechanism employed. In the interest of clarity and
consistency, then, like reference numerals will be used
to denote like elements and distinctions pointed out
where necessary. Moreover, due to the commmonality of
principles employed in both intravascular blood pump
systems 10, 120, a discussion to the level of detail set
forth above is not deemed necessary with regard to the
intravascular blood pump system 120. Instead, those
aspects in common with the intravascular blood pump 10
are hereby incorporated into the discussion of the
intravascular blood pump system 120.

In its most general form, the intravascular

blood pump system 120 of this second broad aspect of the -

present invention comprises the blood pump 12 and cannula
14 arrangement, wherein the cannula 14 is equipped with a
“side-rigger” or “rapid exchange” guide mechanism 122. In
an important aspect of the present invention, the “rapid

exchange” or “side-rigger” guide mechanism 122 includes a
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guide carriage 124 formed along at least a portion of the
cannula 14, and a suitable guide element (such as guide
wire 22) dimedsioned-to pass slidably through a lumen
(not shown) extending through the guide carriage 124. The
“rapid exchange” guide meéhanism 122 thereby provides the
ability to selectively guide the bloed pump 12 and
cannula 14 to a predetermined position in the circulatory
system of a patient in the manner described above.
Namely, the guide wire 22 may be first introduced into
the vascular system of a patient through any suitable
access point and guided to a desired location within the
circulatory system of the patient, i.e. the left
ventricle as shown. The blood pump 12 and cannula 14 may
thereafter be advanced along the guide wire 22 and
positioned in the trans-valvular configuration shown for
providing left-heart assist.

FIGS. 7-9 further illustrate the “side-rigger”
or “rapid-exchange” guide mechanism 122 of this second
broad aspect of the present invention. In a preferred
embodiment, the “side-rigger” guide mechanism 122
includes a lumen 126 formed within the guide carriage
124. The guide carriage 124 is preferably formed as an

integral extension of the wall of the cannula 14. FIGS. 7

and 8 comport with the embodiment shown in FIG. 6, namely -

iliustrating the guide carriage 124 formed along the

"exterior surface of the cannula 14. FIG. 9 illustrates an

alternate embodiment wherein the guide carriage 124 may
be formed along the interior surface of the cannula 14.
In either case, the guide wire 22 is advanced to a
desired leccation in the vasculature of the patient, after
which point the blood pump 12 and cannula 14 can be
slidably advanced therealong for delivery to the desired
location accordiﬁg to the present invention. The guide
wire 22 may thereafter be withdrawn from the patient. If

the guide carriage 124 is formed along the exterior
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surface of the cannula 14 (as shown in FIGS. 7-8), then
the cannula 14 should preferably be positicned so that
the guide carriage 124 does not extend in a trans-
valvular fashion. For example, with reference to FIG. 6,
the guide carriage 124 should be positioned wholly within
the left ventricle such that the pulsatile blood flow

during beating heart procedures will not inadvertently

pass through the side lumen 126 and pass through the

aortic valve.

The intravascular blood pump system 120 is
constructed in virtuwally the same manner as the
intravascular blood pump system 10 shown and described
above, with the exception of the location of the
respective guide mechanisms 16, 122. More specifically,
because the guide mechanism 122 is disposed along the
side of the cannula 14, there is no need to form a
central lumen extending through the blood pump 12, drive
cable assembly 18, purge fluid delivery system 26, and
motor coupler 24 as detailed above with regard to the
intravascular blood pump system 10. As such, these
components need not be specially. machined or molded to
include such central lumens as was required with the
intravascular blood pump system 10 set forth above.

Referring to FIG. 10, shown 1is a guidable

intravascular blood pump system 130 according to a third

broad aspect of the present invention. Again, due to the
commonality between many of the same components and
features of the intravascular blood pump systems
described above and the intravascular blood pump system
130, like reference numerals will be used to denote like
elements and distinctions pointed out where necessary. As
will be explained in greater detail below, the
intravascular blood pump system 130 employs yet another
unique and useful guide mechanism according to the

present invention. However, because many of the same
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components are employed, a discussion to the level of
detail sgset forth above is not deemed necessary with
regard to the intravascular blood pump system 130.
Instead, those aspects in common with the intravascular
blood pumps described above are hereby incorporated into
the discussion of the intravascular blood pump system
130.

In its most general form, the intravascular
blood pump system 130 of this third broad aspect of the

present invention comprises the blood pump 12 and cannula

" 14 ‘arrangement, wherein a ‘“guide & catheter” 132 is

provided as the guide mechanism for positioning the pump

15

20

25

30

35

12 and cannula 14 at a desired location within the

circulatory system of the patient. More specifically,

~with brief reference to FIG. 12, the intravascular bloocd

pump system 130 is formed in two separate assemblies
according to the present invention: a conduit assembly
134 and pump assembly 136. In its most basic form, the
conduit assembly 134 comprises the guide catheter 132 and
cannula 14 coupled to the. Rotor shroud 35. The pump
assembly 136 @s constructed such that the pump body 34
and rotor 44 can be disengaged from the rotor shroud 36
and removed entirely from the conduit assembly 134.
Referring again to FIG. 10, this dual construction forms
a significant feature of the present invention because it
provides the ability to form the blood pump 12 at a
desired location in a patient using two separate and
distinct steps. The first step involves positioning the
conduit assembly 134 (with the pump assembly 136 removed)
within a patient such that the shroud 36 and cannula 14
are each disposed in a desired location, such as a trans-
valvular configuration for cardiac assist procedures. In
an important aspect, the task of positioning the conduit
assembly 134 within the patient may be advantageously

facilitated through the use of any number of well known
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guidance mechanisms, including but not limited to guide
wires, balloon catheters, imaging wires, guide catheters,
and/or technigues involving ultra-sound or flouroscopy.
The second step in providing the intravascular blood pump
system 130 of the present invention involves advancing
the pump assembly 136 through the conduit assembly 134
such that the rotor 44 docks within the shroud 36 to form
the pump 12 at the desired location.

By way of clarification, the term “cannula” is
used to denote cannula 14 because it serves a primary
purpose of transporting fluid into the blood pump 12,
whereas the term “catheter” is used to denote the
catheter 132 because it serxrves a primary purpose of

guiding or directing devices or components (i.e. the pump

- assembly 136) to a desired location within the body. It

is to be readily understood, however, that these terms
are only used for convenience and in a general fashion
such that the cannula 14 may serve certain guiding
functions and the catheter 132 may serve certain fluid
transportation functions without departing from the scope
of the present invention. For example, the cannula 14 may
be eguipped with dedicated lumens to receive various
guide mechanisms (such as guide wires, balloon catheters,
selectively deformable elements such as Nitonol, etc). In
similar fashion, the guide catheter 132 may be used to
transport fluid to aﬁd/or from the patient, such as by
providing apertures 138 along predetermined regions of
the catheter 132.

FIG. 11 demonstrates a significant feature of
the present invention involving the use of the guide
catheter 132 to transport fluid to and/or £from the
patient. An optional perfusion assembly 140 is provided
as part of the intravascular blood pump system 130 of the

present invention. The perfusion assembly 140 includes a

. conduit 142 in fluid communication with the apertures
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138, which in this case are formed near the distal region
of the guide catheter 132 a short distance downstream
from the blood pump 12. In use, blood will pass along the
exterior of the guide catheter 132 for distribution
throughout the body, as well as within the interior of
the guide catheter 132 after passing into the apertures
138. The perfusion assembly 140 may then be employed to
selectively reroute blood from within the guide catheter
132 to a point within the patient’s vasculature
downstream from the point where the guide catheter 132
enters the body. A hemostasis valve assembly 146 of the
perfusion assembly 140 permits the drive cable assembly
18 to pass through to the purge fluid delivery system 26

while preventing blood flow other than into the perfusion

assembly 140. A seal assembly 150 of the purge fluid-

delivery system 26 permits the drive cable 62 to pass
through to the motor 20 while preventing the flow of
purge fluid other than into and from the purge fluid
delivery system 26.4The perfusion assembly 140 includes a
control mechanism 148 for selectively controlling the
distribution of perfusion blood flow from the perfusion
assembly 140 into the patient. This control mechanism 148
may be automatic based on certain feedback criteria or
manually operated.

FIGS. 12-17 illustrate an exemplary
construction of the intravascular blood pump system 130
according to the third broad aspect of the present
invention. As shown in FIG. 12, the conduit assembly 134
may be selectively disengaged so as to remove the pump
assembly 136 therefrom. According to the present
invention, the conduit assembly 134 may be introduced
(without the pump assembly 136) into the circulatory
system of a patient and selectively guided such that the
rotor shroud 36 and cannula 14 are positioned at a

desired location. The pump assembly 136 can thereafter be
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selectively introduced into the conduit assembly 134. A

challenge in such a “back-loading” arrangement is

ensuring that the pump assembly 136 docks appropriately

within the rotor shroud 36 and is maintained in proper

5 engagement during operation of the resulting pump 12.

An exemplary docking arrangement will now be

described with reference to FIG. 14. In a preferred

embodiment, the rotor 44 may be properly and accurately

docked within the shroud 36 by forming angled mating

10 surfaces on corresponding portions of the shroud 36 and

pump body 34. More specifically, an angled mating surface

may be formed oh the interior surface of the rotor shroud

36 along that portion extending proximally from the flow

aperture 38. A corresponding angled mating surface may be

15 provided along the exterior surface of the pump body 34

along a distal portion thereof. The mating surfaces shown

in FIG. 14 may preferably be formed in the range from

about 2 degrees to 10 degrees, and more preferably formed

in the range from about 3 degrees to 6 degrees. Mating

20 angles within these ranges are adequate to guide the

distal end of the pump body 34 to a point generally fluéh

with the proximal edge of the flow aperture 38 as shown

in FIG. 14. In this fashion, the pump assembly 136 and

the rotor shroud 36 combine to form the blcod pump 12.

25 More importantly, this docking is carried out such that

the rotor 44 and rotor blades 58 are maintained in proper
bosition for efficient and safe pump operation.

An exemplary biasing scheme for maintaining

_the pump assembly 136 in this docked relationship will

30 now be described with reference to FIGS. 12-13 and 16-17.

The conduit assembly 134 is'ﬁreferably equipped with a

male quick-connect coupling 152 capable of engaging with

a female quick-connect coupling 154 forming part of the

perfusion assembly 140 of the present invention. A bias

35 spring 156 is provided in between the perfusion assembly
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140 and the housing 96 of the purge fluid delivery system
26. The bias spring 156 is preferably dimensioned so as
to be in tension when the male quick-connect 152 is
engaged within the female quick-connect 154 as part of
the docking process of the present invention. As such,
the bias spring 156 serves to maintain the pump assembly
136 in the docked position within the rotor shroud 36.
The bias spring 156 may be coupled to the housing 96 of
the purge fluid delivery system 26 in any number. of
suitable fashions. One such coupling érréngement may
comprise a female quick-connect coupling 158 attached to
the housing 96 and a male quick-connect coupling 160
attached to the bias spring 156.

An exemplary embodiment of the perfusion
assembly 140 is shown with reference to FIGS. 12-13 and
17. The perfusion assembly 140 shown includes the
hemostasis valve 146 coupled to the female quick-connect
coupling 154. A 1ength'of tubing 162 extends between the
opposing barb connectors of the hemostasis valve 146 and
the female quick-connect coupling 154. A continuous lumen
is formed extending through the interior of the male
quick-connect coupling 152, the female-quick-connect
coupling 154, the tubing 162, and the hemostasis valve
146. The drive cable assembly 18 extends through this
continuous lumen and exits through a Touehy-Borst
hemostasis seal 164 which prevents the migration of blood
out of the proximal end of the perfusion assembly 140. A
side-port 166 is disposed in fluid communication with the
central lumen of the perfusion assembly 140. In one
embodiment, this side-port 166 may be equipped with a
conduit 168 having a stop-cock 170 to selectively control
the distribution of blood through a perfusion conduit
(i.e. conduit 142 of FIG. 11) coupled to the stop-cock
170. It will be appreciated that this type of manual
control system for selectively perfusing the patient may
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be replaced with control circuitry for automatically
controlling the rate of perfusion. Such automatic
perfusion may be based on control algorithms based on
contemporaneous feedback or pre-programmed thresholds.
5 The foregoing discussion details a host of
~inventive aspects forming part of the present invention.
It will be appreciated by those skilled in the art that
changes coula be made to the embodiments described above
without departing from the broad inventive concepts
10 thereof. The following evidences, by way of example only,
various additional aspects forming part of the present
invention.

FIG. 18 illustrates an alternate configuration
of the intravascular blood pump system 130 of the third

15 Dbroad aspect of the present invention having an alternate
bearing assembly, purge £fluid delivery, and docking
scheme. The bearing assembly includes a seal spring 182
and a bearing assembly 180. The bearing assembly 180
includes an inner race 184, an outer race 186, and a

20 plurality of balls 188 which enable the inner race 184 to
rotate along with the rotor shaft 46 while the outer race
186 remains in a static and fixed position relative to an
inner surface of the pump body 34. An O-ring 190 is
disposed within a groove formed in the rotor shaft 46 so

25 as to maintain the bearing assembly 180 against the seal
spring 182. The 0-ring 190 is further secured within the
groove in the rotor shaft 46 via a contoured lip portion
extending from the distal end of the cable adapter 60.
The proximal end of the cable adapter 60 flushly engages

30 the drive cable 62.

The purge fluid delivery system of the
embodiment shown in FIG. 18 provides for a one way
delivery of purge £fluid to the blood pump 12. That is,
pressurized fluid (namely, £luid pressurized to some

35 level elevated above the Dblood pressure in the
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surrounding vessel) is injected in between the drive
cable- 62 and the interior of the protective sheath 32
during operation. This serves to reduce any frictional
heating that exists between the drive cable 62 and sheath
32. The pressurized fluid also flows through the interior
of the pump 12 such that, if the seal at 192 is broken,
the pressurized fluid will flow past the open seal 192
and onward through the blood flow ports 38 formed in the
shroud 36. This sefves to keep blood from entering the
pump 12 in an effort to avoid clotting and/or damaging
the pump 12. .

The pump assembly 136 may be docked within the
conduit assembly 134 in any'number of different £fashions
without departing from the scope of the present

invention. That is to say, the docking scheme shown in

'FIG. 18 is set forth by way of example only and is not to

be deemed limiting or restrictive as to numerous ways to
temporarily engage or “dock” the pump assembly 136 within
the conduit assembly 134. The only requirement is that
the pump assembly 136 and conduit assembly 134 dock such

that the rotor 44 is disposed within the shroud 36 to

provide the desired axial flow through the cannula 14 and
out the shroud 36. The exemplary docking scheme involves
forming an annular engagement groove 194 along the
interior of the shroud 36, and forming a complementary
annular ridge 196 along the exterior surface of the .pump
body 34. During insertion, the pump assembly 136 will be
advanced into the conduit assembly 134 until the annular
ridge 196 on the pump body 34 engages within the groove
194 formed in the shroud 36. This docking scheme is
generally advantageous in that the engagement action
between the annular ridge 196 and groove 194 will provide
ﬁactile féedback to the physician during the process of
inserting the pump assembly 136 into the conduit assembly
134 such that the physician will be able to determine
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when the docking has been completed.

As will be appreciated by those skilled in the
art, the location of the annular ridge 196 and engagement
groove 194 may be varied such that they are disposed
closer or farther away from the flow apertures 38. It may
be advantageous to form these docking structures close to
the flow apertures 38 in an effort to thwart the ingress
of blood into the junction extending between the interior
of the shroud 36 and the exterior surface of the pump
body 34. It is also contemplated to employ selectively
inflatable structures, such as balloons, in an effort to
temporarily engage or dock the pump assembly 136 within
the conduit assembly 134. In this regard, -one or more
lumens may be formed within the pump body 34 extending
from the interior of the pump body 34 in fluid
communication with a balloon disposed along the exterior
surface of the pump body 34. The pressurized fluid
flowing within the interior of the pump body 34 may then

be used to inflate the balloon, which will then engage .

within an annular groove in the shroud 36, such as at
194. Of course, the engagement structures may also be
reversed without departing from the scope of the present
invention. For example, the shroud 36 may be equipped
with a fluid delivery lumen therein for inflating a
balloon disposed on the interior surface of the shroud
36, which may in turn be disposed within an annular
engagement groove formed along the exterior surface of
the pump body 34.

While this invention has béen shown in use
largely in during left-heart applications it is to be
readily appreciated that this does not 1limit the
applications of this invention for use in left heart
support only. Rather, the guidable intravascular blood
pump of the present invention can be utilized in right-

heart support applications and a wide variety of other
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applications apparent to those skilled in the art. For
example, with reference to FIG. 19, shown 1is an
intravascular blood pump 200 (of the type shown and
described above with reference to FIGS. 2-5) configured
for use in a right-heart support application. In this
embodiment, the intravascular blood pump system 200 is
equipped, by way of example, with an “over-the-wire”
guide mechanism 16 comprising a balloon catheter 202. It
is to be readily appreciated that, although shown and
described below in terms of an embodiment of the type
shown in FIGS. 2-5, the intravascular blood pump systems
120, 130 disclosed herein may also be configured for use
in right-heart applications. Such right-heart
configurations, and others apparent to those skilled in
the art based on the broad principles enumerated in this
application, are contemplated as being within the scope
of the present invention.

The intravascular blood pump system 200 is
shown positioned within the heart, such as may be
advantageous to provide right heart support during
beating heart surgery. To ©position the guidable
intravascular blood pump system 200 in the right heart
accordiﬁg to the present invention, a suitable guide
element (such as balloon catheter 202) is first advanced
to a desired location within the heart via the “sail”
action of an inflated balloon. After the balloon catheter
202 is located in the desired position {(such as in the
pulmonary artery as shown), the intravascular blood pump
system 200 according to the present invention may be
advanced over the balloon catheter 202 and guided into a
desired arrangement. For right heart support, this would
involve advanced into the pump 12 and cannula 14 overt
the balloon catheter 202 until the fluid inlet 204 is
disposed within the vena cava (or right atrium) and the

fluid outlet 206 is positioned within the pulmonary
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artery. The pump 12 may then be selectively ({i.e.
automatically or on-demand) controlled to transport blood
from the vena cava (or right atrium) in a trans-valvular
fashion through the tricuspid valve, the right ventricle,
and the pulmonary valve for deposit within the pulmonary
artery. Providing right-heart support during beating
heart surgery advantageously overcomes conditions where
cardiac output may become compromised during beating
heart surgery, such as when the heart is lifted to gain
access to posterior vessels, thereby avoiding the need
for cardiopulmeonary bypass.

It is also contemplated as part of the present
invention that the guidable intravascular blood pump
systems can be introduced into the patient’s vasculature
to achieve the intravascular access into the right or
left heart through any number of access points, including
but not limited to the internal _jugular ‘vein, the
brachiocephalic vein, carotid artery, axillary artery,
femoral vein, femoral artery, and subclavian artery. The
intravascular blood pump systems of the present invention
may also be introduced via direct introduction, such as
into the aorta, the atria, and the ventricles. As is well
known in the art, such intravascular access may be
achieved percutaneously through the use of the Seldinger
technique. or directly through the use of minimally
invasive access techniques.

Those skilled in the art will also appreciate
that, although shown and described above in terms of
“axial flow,” the present invention is not limited to the
axial flow type intravascular blood pumps. Rather, the
intravascular blood pumps 12 may comprise any number of
suitable types of intravascular blood pumps, including
but not limited to so-called “mixed flow” intravascular
blood pumps, without departing from the scope of the

present invention.
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With regard to the embodiments shown in FIGS.
10-17, it 1is furthermore contemplated that the guide
catheter 132 may be separable from the conduit assembly
134 after the pump assembly 136 is docked within the
shroud 36 to form the pump 12 at the desired location
within the circulatory system of the patient. This may be
accomplished by providing the guide catheter 132 in a
detachable fashion via any ' number of suitable
arrangements. By femoving the guide catheter 132 after
the pump 12 assembled, wound management of the access
point into the patient’s vasculature may be improved.
This is due, in part, to the substantial reduction in
size of the device extending into the patient (i.e. the
drive cable assembly 18 as opposed to the larger diameter
guide catheter 132).

It is also contemplated to incorporate various
pressure sensing and/or guidability features into at
least one of the cannula, 14 and pump 12. Such features
may include, but are not necessarily limited to, those
shown and described in commonly-owned and co-pending U.S.
Patent Application No. 09/280,988 (filed March 30, 1999)
entitled “Steerable Cannula,” and U.S. Patent Application
No. 05/280,970 (filed March 30, 1999) entitled “Pressure
Sensing Cannula,” the disclesures of which are hereby
expressly incorporated by reference as if set forth
herein in their entirety. These pressure sensing features
may include, but are not necessarily limited to, the use
of fluid-filled lumens, piezo-electric pressure sensing
elements, strain gauges, and analysis of the
torgque/current relationship (based on the dynamic
pressure differential between the inlet and outlet of the
pump) . The guidability features may include, but are not
necessarily limited to, the use of side 1lumens and
deformable materials (i.e. Nitonol).

Various pump and cannula arrangements have
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been described and shown above for providing right and/or
left heart support wherein blood is deliberately re-
routed through and past the right and/or left ventricle
in an effort to reduce the volume of blood to be pumped
5 by the particular ventricle. While ™“unloading” the
ventricles in this fashion is preferred in certain
instanées, it is to be readily understood that the pump
and cannula arrangements described herein may also be
employed to ‘“preload” the ventricles. Ventricular
10 préloading may be accomplished by positioning the outflow
cannula from the pump into a given ventricle such that
the pump may be employed to fill or preload the ventricle
with blood. This may be particularly useful with the
right ventricle. On occasion, the right ventricle is not
15 supplied with sufficient levels of blood from the right-
atrium such that, upon contraction, the right ventricle
delivefs an insufficient quantity ocf blood to the
pulmenary artery. This may result when. the right
ventricle and/or right atrium are in a stressed or
20 distorted condition during surgery. Preloading overcomes
this problem by actively supplying blood into the right
ventricle, thereby facilitating the delivery of blood
into the pulmonary artery. The same technique can be used
to prelocad the left ventricle and thus facilitate the

25 delivery of blood from the left ventricle into the aorta.
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What is claimed is:
. 1. An improved intravascular blood pump
system, comprising:
. an intravascular blood pump having a cannula
5 coupled thereto; and )
a guide mechanism adapted to guide said
intravascular blood pump and cannula to a predetermined

location within the circulatory system of a patient.
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Abstract
An improved intravascular blood pump and
related methods involving the broad inventive concept of
equipping the intravascular blood pump with guiding
5 features such that the intravascular blood pump can be
selectively positioned at a predetermined location within

the circulatory system of a patient.
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1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {(assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

(&) Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the autherity to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here.

Organization Name | \AQUET Cardiovascular LLC

Mailing Address Information:

Address 1 1300 MacArthur Boulevard

Address 2

City Mahwah State/Province NJ

Country i| Us Postal Code 07430
Phone Number 201-995-8700 Fax Number 201-995-8310

EFS Web 2.2.11
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PTO/AIA14 (12-13)

Approved for use threugh 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COCMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of informatien unless it contains a valid OMB control number.

Attorney Docket Number | 06-01506US05

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | GUIDABLE INTRAVASCULAR BLOCD PUMP AND RELATED METHODS

Email Address legal@magquet.com

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Cffice.

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Information” section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here.
Organization Name | \1\qUET Cardiovascular LLC
Mailing Address Information For Assignee including Non-Applicant Assignee:
Address 1 1300 MacArthur Boulevard
Address 2
City Mahwah State/Province NJ
Country i us Postal Code 07430
Phone Number 201-995-8700 Fax Number 201-995-8910
Email Address legal@maquet.com
Additional Assignee or Non-Applicant Assighee Data may be generated within this form by
selecting the Add button. Add

Signature:

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications

Signature |/Kirk D. Swenson/ Date (YYYY-MM-DD)| 2014-11-17
First Name | Kirk Last Name | Swenson Registration Number | 52265
Additional Signature may be generated within this form by selecting the Add button. Add

EFS Web 2.2.11
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PTO/AIA14 (12-13)

Approved for use threugh 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COCMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of informatien unless it contains a valid OMB control number.

L Attorney Docket Number | 06-01506US05
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | GUIDABLE INTRAVASCULAR BLOCD PUMP AND RELATED METHODS

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S5.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTC. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFS Web 2.2.11
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Cffice may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.8.C. 552)
and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence tc a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.8.G. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, tc another federal agency for purposes of National Security
review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the
G8A regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall hot be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the applicatich pursuant|
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, tc the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.2.11

Page 67 of 724 ABIOMED Ex. 1003



Page 68 of 724

PTOMAIED (07+12)

Approved for use through 11/30/20 74, OMB (851-0035

1.8, Patent 3nd Trademark Office; U.S DEPARTMENT OF COMMERCE

Under the Paperwork Raedimction Act of 1885, no persons are reguinsd to respond fo a exdlection of iformation unless i disgdays a vafid OMB control aumber,

~ POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

[ hereby revoke all pravious powers of attorney given in the application identified in the attached statement
under 37 CFR 3.73{c).
| hereby appaint:

Practiiorers associated with Custemer Number: 991 8 5
OR

D Practiioner(s) named below (if more than ten patent practitioners are to be named, then g oustomer number must be ysed):

Name Registration Name Registration
Nurber Nuraber

As attomeyds) or agent{s) io represent the undersigned before the Uniled Slates Patent and Trademark Office {USPTQ) in connection with
arny and aif patent applications assigned only to the undersigned according to the UBPTO assignment records or assignments documents
attached 1o this form in accordance with 37 CFR 3,73(c).

Please change the comespondence address for the application identified irs the attached stalement under 37 CFR 3.73{s) to:

OR

Firmoor
individual Name

Address

@ The pddress associated with Customer Number: 991 85

City %State Zip

Counley

Telephone Email

Assignze Name and Address: Maquet Cardiovascular LEC
1300 MacArthur Boulevard
Mahwah, NJ 07430

B copy of this form, together with a statement under 37 CFR 3.73{c} {Form PTOAIASSE or equivalent) is required to be
Filed in each application in which this foma is used. The statement under 37 CFR 3,73(c) may be completed by one of
The practitioners appelnted in this form, and must identify the application in which this Powsr of Attorney 15 to be filed.

SIGNATURE of Assignee of Record

e

. e /"i’ o S 3\ -’:."" - . - 5 fog )
Signature e e ,‘.w-’*j.:/{’”-"‘{{if/@?@n(f% e Page \Sx:\v &S D "5;"'/
Name Kirk D. Swenson Telephone 201-995-8816

Titte Authorized Officer & Senior Patent Agent

RS
This eollection of infarmation is reguired by 37 CFR 1,31, 1.32 and 1.33. The infarmation is required tooblai or relain a benefit by the public which is fo file {and
by the LISPTO 5 process) an application, Confidentiality Is governad by 38 11.8.C. 122 and 37 CFR 111 and .14, This colfaction e sstimaied to take 3 rinules
o romplete, including gathering, prepadag, and submitling the complefed-application furm o the USPTR, Thne will vary deperding upon the individus! case. Any
comments on the amount of fime you reguirg o compiete tis form andfor suggestions for reducing this busdes, should be sent o the Chief infurmation ORicer,
.5, Patent and Trademark Office, U.R. Department of Commerce, P.0. Box 1480, Alaxandiia, VA 223131450, DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS, SEND TO: Commisgioner for Patents, £.Q. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTC-818% and salact option 2.
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Privacy Act Statement

The Privacy Act of 1874 {P.L. 83-878) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant io the
requirsments of the Acl, please be advised that: {1) the general authority for the collection of this information is 35
LLS.C. 2(b)(2): {2} furmishing of the information solicited is voluntary; and (3) the principat purpose for which the
information is used by the 1.8, Patent and Trademark Office is io process andfor examine your subriission
refated to a patent application or patent. #f you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your subntission, which may result in termination of
proceedings or abandonmant of the application or expiration of the patent,

The information pravided by you in this form will be subject to the following routine uses:

1. The information on this form wilt be treated confidentially fo the extent allowed under the Freedom of
information Act {5 U.8.C. 552} and the Privacy Act (5 U.8.C 552a). Records from this system of records
may be disclosed o the Department of Justice to determine whather disclosure of these records is
required by the Freedom of Information Act,

2. Avrecord from this system of records may be disclosed, as a routine use, in the course of prasenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in
the course of setllament negotiations.

3. Arecord in this systern of records may be disclosed, as & routine use, 10 & Member of Congress
submilting a request involving an individual, to whom the record pertains, when the individual has
reguasted assistance from the Member with respect to the subject matter of the record.

4. Arecord In this system of records may be disclosed, as & routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirernents of the Privacy Actof 1974, as amended, pursuant to 5 U.8.C, 552a(m}.

5. Arecord related to an International Application filed under the Patent Cooperation Trealy in this system of
records may be disclosed, as a routine use, to tha International Burealw of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty,

6. A record in this systery of records may be disclosed, as a rouline use, to another federal agency for
purposes of National Security review (35 U.5.C. 181) and for review pursuant to the Alomic Enargy Act
{42 U.S.C. 218B{x)).

7. A rscord from this system of racords may be disclosed, as a routine use, to the Administrator, General
Services, or hisfher desighee, during an inspeciion of recerds conducied by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.5.C. 2804 and 2806. Such disclosure shalf be made in accordance with the GSA
regulations governing inspection of records: for this purpose, and any other ralevant {ie., GSA or
Commerce) directive. Such disclosure shall not be used o make determinations about individuals.

8. A record from this system of records may be disclosed, as a routing use, to the public after either
publication of the application pursuant fo 35 U.8.C. 122({b) or issuance of a patent pursuant to 35 US.C,
151. Further, a record may be disclosed, stbject to the limitations of 37 CFR 1.14, as s routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings ware
terminated and which application is referenced by either a published application, an application open o
public inspection or an issuesd patent.

9. Arecord from this system of records may be disclosed, as a routine use, 1o a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or polential violation of law er
regulfation.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office;U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act 0f1995, no persons arerequired to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
MAQUET Gardiovascular LLC

Application No./Patent No.: Continuation of 12/772,810 Filed/Issue Date: Concurrently herewith
Titled: GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS
MAQUET Cardiovascular LLC . a limited liability company

Applicant/Patent Owner:

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

L] The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

l:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: inventors To: A-Med Systems, Inc.
The document was recorded in the United States Patent and Trademark Office at
Reel 013243 , Frame 0387 , or for which a copy thereof is attached.
5 From: A-Med Systems, Inc. To: Guidant Corporation

The document was recorded in the United States Patent and Trademark Office at

Reel 016274 , Frame 0961 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by37 CFR3.73(b). The information is required toobtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentialityis governed by35 U.S.C. 122and 37 CFR1.11 and1.14. Thiscollection is estimated to take 12 minutes to complete, including
gathering, preparing, and submittingthe completed application form to the USPTO.Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent tothe Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: Guidant Corporation To: MAQUET Cardiovascular LLG
The document was recorded in the United States Patent and Trademark Office at
Reel 020986 , Frame 0839 , or for which a copy thereof is attached.
4. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
5. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:] Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assighee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assighment
Division in accordance with 37 CFR Part 3, to record the assighment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Kirk D. Swenson/ November 17,2014
Signhature Date

Kirk D. Swenson Patent Agent, Reg. No. 52,265
Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that yoube given certain informationin connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, pleasebe advised that: (1) the general authority forthe collection of thisinformation is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and(3) the principal purpose forwhich the
information isused by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent applicationor patent. If you do not furnish the requested information,the U.S. Patent and Trademark
Office may not be able to process and/or examineyour submission,which may result in termination of proceedings
or abandonment of the applicationor expiration of the patent.

The informationprovided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

3. Avrecord in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the informationin order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an InternationalApplication filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, arecord may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

9. A record from thissystem of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Customer No.: 99185 Docket No.: 06-01506US05

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Walid N. ABOUL-HOSN et al.

Serial No.: Not Yet Assigned Confirmation No.: TBD
(continuation of 12/772,810)

Filed: Concurrently herewith Group Art Unit: TBD

For: GUIDABLE INTRAVASCULAR BLOOD Examiner: TBD

PUMPAND RELATED METHODS

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Madam:

This Information Disclosure Statement is submitted in accordance with 37 C.F.R.
1.97, 1.98, and it is requested that the information set forth in this statement and in the listed
documents be considered during the pendency of the above-identified application, and any other
application relying on the filing date of the above-identified application or cross-referencing it as

a related application.

This IDS should be considered, in accordance with 37 C.F.R. 1.97, as it is filed
within three months of the filing date of the above-identified national application or within three
months of the entry into the national stage of the above-identified international application.

In accordance with 37 C.F.R. 1.98, this IDS includes a list (e.g., form PTO/SB/08)

of all patents, publications, or other information submitted for consideration by the office, either

incorporated into this IDS or as an attachment hereto. All listed documents were previously cited

Docket No. 06-01506US05
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by or submitted to the Office in the following prior parent applications, which are relied upon

under 35 U.S.C. 120:

12/772,810, filed May 3, 2010
11/375,926, filed March 15, 2006
10/070,178, filed July 19, 2002

Applicant identifies these documents by attaching hereto a fresh PTO/SB/08 listing these
documents, and request that they be considered and made of record in accordance with 1.98(d).

Per 37 CFR 1.98(d), copies of these documents need not be filed in this application.

In accordance with 37 C.F.R. 1.97(g) and (h), the filing of this IDS should not be
construed as a representation that a search has been made or that information cited is, or is
considered to be, material to patentability as defined in §1.56 (b), or that any cited document
listed or attached is (or constitutes) prior art. Unless other-wise indicated, the date of publication
indicated for an item is taken from the face of' the item and Applicant reserves the right to prove

that the date of publication is in fact different.

Early and favorable consideration is earnestly solicited.

Respectfully submitted,

DATE: November 17, 2014 /Kirk D. Swenson/

Kirk D. Swenson
Registration No. 52,265
Agent for Applicant(s)
MAQUET Cardiovascular LLC
1300 MacArthur Boulevard
Mahwah, NJ 07430

Tel: (201) 995-8816

Fax: (866) 936-0615

Docket No. 06-01506US05
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Doc code: IDS

Doc description: Information Disclosure Statement (IDS) Filed

PTO/SB/08a (01-10)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF CCMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respend to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

Filing Date 2014-11-17
First Named Inventor | Walid N. ABOUL-HOSN
Art Unit | TBD

Examiner Name | TBD

Attorney Docket Number | 06-01506US05

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
- Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code? of cited Document )
Figures Appear
1 5336184 A 1994-08-09 Teirstein
2 5211546 A 1993-05-18 Isaacson et al.
3 6245007 B1 2001-06-12 Bedingham et al.
4 5234407 A 1993-08-10 Teirstein et al.
5 3995617 A 1976-12-07 Watkins et al.
6 5221256 A 1993-06-22 Mahurkar
7 5476450 A 1995-12-19 Ruggio
8 5827229 A 1998-10-27 Auth et al.

EFS Web 2.1.17
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

Filing Date 2014-11-17
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PO Box 1450
Alexandria, VA 22313-1450

Attorney Docket

06-01506US05

Confirmation No.

Not yet assigned

First Named Inventor

Walid N. ABOUL-HOSN

Application Number Not yet assigned

Filing Date November 17, 2014

Group Art Unit Not yet assigned

Examiner Name Not yet assigned

Title Guidable Intravascular Blood Pump
and Related Methods

PRELIMINARY AMENDMENT

Madam:

This is a preliminary amendment in the above captioned application. Applicant requests

entry of the amendment prior to any examination on the merits. No fees are believed to be due in

association with this filing. If, however, any additional fees are required, the Commissioner is

hereby authorized to charge any underpayment of fees associated with this communication,

including any necessary fees for extensions of time, or credit any overpayment to Deposit

Account No. 04-0170, order number 06-01506US0S5.

Amendments to the Specification begin on page 2.

Amendments to the Claims begin on page 3.

Remarks/Arguments begin on page 6.
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AMENDMENTS TO THE SPECIFICATION:

Please amend the paragraph beginning on page 1, line 3 of the specification as follows:

This application is a continuation of co-pending U.S. Patent Application Serial No.

12/772.810, filed May 3. 2010, which is a continuation of U.S. Patent Application Serial No.

11/375.926, filed March 15, 2006 (now U.S. Patent No. 7,731,675, issued June 8, 2010), which
is a divisional of ee—pending U.S. Patent Application Serial No. 10/070,178, filed July 19, 2002,
(now U.S. Patent No. 7,022,100, issued April 4, 2006) which elaimsthebenefitof isa U.S.

National Stage Entry of International Patent Application No. PCT/US00/24515 filed September

1, 2000, which claims the benefit of provisional U.S. Patent Application Serial No. 60/152,249

filed September 3, 1999, all of which are hereby incorporated by reference in their entireties.
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AMENDMENTS TO THE CLAIMS:

This listing of claims will replace all prior versions and listings of claims in the
application:

1 —23. (Cancelled)

24. (New) A method for perfusing a patient with an intravascular blood pump
system, the intravascular blood pump system comprising (i) an intravascular blood pump
comprising a rotor having a rotor hub tapering in the distal direction, at least one blade extending
radially outward from the rotor hub, the hub having a distal end extending distally beyond the
most distal portion of the blade and a shroud within which the rotor is rotatably disposed; (ii) a
cannula extending from the shroud and comprising an outer cannula surface, the outer cannula
surface having a substantially circular cross-section along a portion of its length; (iii) a first
lumen in fluid communication with the intravascular blood pump and operatively arranged to
deliver purge fluid to the intravascular blood pump; and (iv) a guide mechanism configured as a
second lumen having a proximal end and a distal end, the guide mechanism adapted to guide a
distal portion of said intravascular blood pump system to a predetermined location within the
circulatory system of a patient, wherein an axis coaxial with and extending through a portion of
said guide mechanism extends through a region delimited by the outer cannula surface, and
wherein the guide mechanism is configured to allow for a guide wire to slideably advance
therealong, the method comprising the steps of:

progressing a guide wire to a predetermined location in the circulatory system of the
patient; and

advancing the blood pump system along the guide wire to the predetermined location.
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25. (New) A method for perfusion a patent with an intravascular blood pump system,
the intravascular blood pump system comprising (i) an intravascular blood pump comprising a
rotor having a rotor hub tapering in the distal direction and at least one blade extending radially
outward from the rotor hub, the intravascular blood pump coupled to a catheter on a proximal
end and a cannula on a distal end; (ii) a first set and a second set of apertures establishing fluid
communication between an interior of the cannula and an exterior region of the cannula, wherein
the first set of apertures is located in proximity to the rotor and the second set of apertures is
spaced apart from and located distal to the first set of apertures towards a distal region of the
cannula; (iii) a guide mechanism configured as an elongate lumen and adapted to guide said
intravascular blood pump, cannula, and catheter to a predetermined location within the
circulatory system of a patient; and (iv) a blood pressure detection mechanism comprising a fluid
column configured to detect the pressure of the blood proximate the intravascular blood pump;
wherein the elongate lumen (a) is sized substantially smaller than an inner diameter of the
cannula and intravascular blood pump; (b) is arranged coaxially with at least one of a distal end
or a proximal end of the cannula, and (c) is arranged in series longitudinally with the cannula: the
method comprising:

advancing a guide wire to a predetermined location in the circulatory system of the
patient; and

advancing the blood pump system along the guide wire to the predetermined location.

26. (New) A method for perfusion a patent with an intravascular blood pump system,
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the intravascular blood pump system is configured to be advanced to a predetermined location in
a patient’s circulatory system and comprises (i) an intravascular blood pump, the intravascular
blood pump comprising a rotor having a generally conical rotor hub tapering in the distal
direction, at least two blades extending radially from the rotor hub, the generally conical rotor
hub having a distal tip extending distally beyond the blades; (ii) a cannula extending distally
from the intravascular blood pump; (iii) a plurality of ingress ports located towards the proximal
region of the cannula and a plurality of egress ports located in proximity to the blood pump such
that movement of fluid proximally through an interior region of the cannula is steered towards
the egress ports; (iv) a guide wire having a cross-section substantially smaller than the cannula;
and (v) an elongate lumen, the elongate lumen (a) having a luminal interior sized smaller than an
inside diameter of the cannula and sufficiently large enough to accommodate the guide wire
when the guide wire is advanced therealong, (b) arranged coaxially with respect to at least one of
a distal end or a proximal end of the cannula, and (c) arranged in series longitudinally with the
cannula, the method comprising:

advancing the guide wire to a predetermined location in the circulatory system of the
patient; and

advancing the blood pump along the guide wire to the predetermined location.
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REMARKS

Amendments to the specification are to correct related application data. No new matter
has been added.

Please enter the above claim amendments prior to any examination on the merits.
Claims 1 — 23 have been canceled without prejudice to reconsideration and resubmission. Upon
entry of this amendment, claims 24 - 26 will remain pending in the application. No new matter
has been added.

Applicant intends to file a supplemental preliminary amendment with addition claims
and/or amendments prior to examination. Accordingly, Applicant respectfully requests that the
Examiner contact Applicant’s representative at the number given below if the Examiner intends
to act on this application in the event the supplemental preliminary amendment with the revised
set of claims has not been filed.

To the extent that any arguments and disclaimers were presented to distinguish prior art,
or for other reasons substantially related to patentability, during the prosecution of any and all
parent and related application(s)/patent(s), Applicant(s) hereby explicitly retracts and rescinds
any and all such arguments and disclaimers in this application to recapture any disclaimed scope,
and respectfully requests that the Examiner re-visit the prior art that such arguments and
disclaimers were made to avoid.

If the Examiner finds that a telephone conference would expedite the prosecution of this

application, please telephone the undersigned at the number provided.

Respectfully submitted,

Date: November 17, 2014 By: __ /Kirk D. Swenson /
Kirk D. Swenson
Registration No. 52,265

Getinge US Legal Shared Services
1300 MacArthur Blvd.

Mahwah, NJ 07430

Telephone: 1-201-995-8816
Facsimile: 1-866-936-0615
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1746495
Drawings-only black and white line DRAWINGS-for-new-con_from-
3 R no 18
drawings parent-12772810.pdf
87f8c90002794fb1da1701102ec02291e75
3dbc
Warnings:
Information:
Applicati Data_Sheet 1962060
N pplication_Data_Sheet-
4 Application Data Sheet 212001 4.pdf no 8
2dd338392a98ef065f091355e4db6beb981
142a
Warnings:
Information:
1087349
5 Power of Attorne EXECUTED_General_POA_Maq no 5
y uet_Cardiovascular_LLC.pdf
15f89e1463effd2af6d4a475c9cd1¢15873¢2]
1e9
Warnings:
Information:
) ) ) 135914
6 Assignee showing of ownership per 37 | EXECUTED_Statement_under_ o 3
CFR3.73. 373¢-aia0096.pdf
Sbbedeele8c6038abadf537bd5a6d51071
b92d65

Warnings:
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Information:

22903
7 Transmittal Letter IDS_TRANSMITTAL_LETTER.pdf no 2
f7bb378d23d6c16e5¢5a159a4b536600ch0)
5f0ab
Warnings:
Information:
Inf tion Discl Stat t (IDS) 614506
nformation Disclosure Statemen
8 Form (5B08) IDS_PTOSB08.pdf no 12
b5db915465698e4c51336d 1b3a70e72c9h)
Warnings:
Information:
38390
9 Preliminary_Amendment.pdf yes 6
baef2b8667ef05b4c4d08c9afh91b50980a
Multipart Description/PDF files in .zip description
Document Description Start End
Preliminary Amendment 1 1
Specification 2 2
Claims 3 5
Abstract 6 6
Warnings:
Information:
33332
10 Fee Worksheet (SB06) fee-info.pdf no 2
Tel4abf69b1af6748623b488b7f9b5d91a3
Warnings:
Information:
Total Files Size (in bytes):i 7133564
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Document code: WFEE

United States Patent and Trademark Office
Sales Receipt for Accounting Date: 12/02/2014

CCETIN SALE #00000013  Mailroom Dt: 11/17/2014 040170 14543815
01 FC : 1051 140.00 DA
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number Filing Date
Substitute for Form PTO-875 14/543,81 5 11/17/2014 I:l To be Mailed
eNTITY: [X] LARGE [] smALL []MICRO

APPLICATION AS FILED — PART |

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L1 asic Fee N/A N/A N/A
(37 CFR 1.16(a), (b), o (c))
|:] SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
|
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (q)) N/A N/A A
TOTAL CLAIMS . N
(37 CFR 1.16(i)) minus 20 = X $ =
INDEPENDENT CLAIMS : N
(37 CFR 1.16(h)) minus 3 = X $ =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
A;%,_lgﬁﬂ'?';‘ SIZE FEE for small entity) for each additional 50 sheets or
( 18(5)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16())
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
= 11/17/2014 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
S ;I'?g(%\) (87 CFR *3 Minus | = 20 =0 x $80 = 0
5 5
z Independent = 3 Minus | =3 -0 x $420 = 0
<§( l:l Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
— AMENDMENT PAID FOR
Z | Total (37 cFR . *x
& me(\))( Minus - X $ =
Independent " : xx
% $37C€R1.16@ Minus = X' $ =
Z D Apolicati .
] pplication Size Fee (37 CFR 1.16(s))
=
<C D FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j))

* |f the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

TOTAL ADD’L FEE
LIE

/ANNETTE COWAN/

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.

Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
14/543,815 11/17/2014 3766 1740 06-01506US05 3 3
CONFIRMATION NO. 9742
99185 FILING RECEIPT

Getinge US Legal Shared Services

$300 vaohrins Bouivard g

Mahwah, NJ 07430 0000000721446

WL

5

Date Mailed: 12/04/2014

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Walid N. ABOUL-HOSN, Fair Oaks, CA;

William R. KANZ, Sacramento, CA;

Bruce A. BAKER, Placerville, CA;
Applicant(s)

MAQUET Cardiovascular LLC, Mahwah, NJ
Assignment For Published Patent Application

MAQUET CARDIOVASCULAR LLC, Mahwah, NJ

Power of Attorney: The patent practitioners associated with Customer Number 99185

Domestic Priority data as claimed by applicant
This application is a CON of 12/772,810 05/03/2010 PAT 8888728
which is a CON of 11/375,926 03/15/2006 PAT 7731675
which is a DIV of 10/070,178 07/19/2002 PAT 7022100
which is a 371 of PCT/US00/24515 09/01/2000
which claims benefit of 60/152,249 09/03/1999

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

If Required, Foreign Filing License Granted: 12/02/2014
The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/543,815
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Projected Publication Date: 03/12/2015
Non-Publication Request: No

Early Publication Request: No
Title

GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS
Preliminary Class
600
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" {Total or Independent) is the highest found in the appropriate box in column 1.

Substitute for Form PTO-875 14/543,815
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR1.16(a), (b}, or (0)) N/A N/A N/A N/A 280
SEARCH FEE
(37 GFR 1.16(K), ), or () N/A N/A N/A N/A 600
EXAMINATION FEE
(37 GFR 1.16(0), (8), or (a) N/A N/A N/A N/A 720
L?l?&ﬁé@;m 3 minus 20= OR [x 80 - 0.00
B IR | I
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
| Total g i w -
=S (37 CF(:H 16(7)) Minus x = OR [x =
) Independent * Minus | *** =
5 (37 CFR 1.16(h)) X = OR |x -
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
LU Total * Minus | ** = =
= (37 CF?H.IB(H) X OR |«x -
% Independent * Minus | *** = X = OR |x =
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |

14/543,815 11/17/2014 Walid N. ABOUL-HOSN 06-01506US05
CONFIRMATION NO. 9742

99185 NOTICE
Getinge US Legal Shared Services

$300 vaohrs Bouivard A

Mahwah, NJ 07430 000000072
Date Mailed: 12/04/2014

INFORMATIONAL NOTICE TO APPLICANT

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f).

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

« A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Walid N. ABOUL-HOSN
William R. KANZ
Bruce A. BAKER
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/543,815 11/17/2014 Walid N. ABOUL-HOSN 06-01506US05
CONFIRMATION NO. 9742
99185 PUBLICATION NOTICE

Getinge US Legal Shared Services

1300 MacArthur Boulevard IR AT AT RR R

Mahwah, NJ 07430 0000073922585

Title:GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS

Publication No.US-2015-0073202-A1
Publication Date:03/12/2015

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to

publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
14/543,815 11/17/2014 Walid N. ABOUL-HOSN 06-01506US05 9742
99185 7590 08/17/2015
> ! EXAMINER
Getinge US Legal Shared Services | |
1300 MacArthur Boulevard MARCETICH, ADAMM
Mahwah, NJ 07430
| ART UNIT | PAPER NUMBER |
3761
| NOTIFICATION DATE | DELIVERY MODE |
08/17/2015 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

legal @maquet.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
14/543,815 ABOUL-HOSN ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
Adam Marcetich 3761 Sthtus

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- |f NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1)IXI Responsive to communication(s) filed on 17 November 2014.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[] This action is FINAL. 2b)[X] This action is non-final.

3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*

5)X Claim(s) 24-26 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6)[] Claim(s) ___is/are allowed.

7)X Claim(s) 24-26 is/are rejected.

8)[1 Claim(s) _____is/are objected to.

9 Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitn /raww.usplo.gov/patenis/init_events/pphv/indax.jsp or send an inquiry to PPHfeedback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 17 November 2014 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)[J Al b)[J Some** ¢)[] None of the:
1.0 Certified copies of the priority documents have been received.
2. Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) IZ Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) Iz Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) D Other:
Paper No(s)/Mail Date 1 (one). ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20150810
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DETAILED ACTION
Notice of Pre-AlA or AIA Status
The present application is being examined under the pre-AlA first to invent
provisions.
Double Patenting

The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory
obviousness-type double patenting rejection is appropriate where the conflicting claims
are not identical, but at least one examined application claim is not patentably distinct
from the reference claim(s) because the examined application claim is either anticipated
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ
644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the conflicting application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).

Claims 24-26 rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 1, 5, 10, 12 and 22 of Aboul-
Hosn; Walid N. et al. (US 8888728). Although the conflicting claims are not identical,

they are not patentably distinct from each other.
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Regarding instant claim 24, Aboul-Hosn claims an intravascular blood pump

system for perfusing a patient (claims 1, 10, 22, intravascular blood pump system), the
intravascular blood pump system comprising:

(i) an intravascular blood pump comprising a rotor having a rotor hub tapering in
the distal direction, at least one blade extending radially outward from the rotor hub, the
hub having a distal end extending distally beyond the most distal portion of the blade
(claim 1, a rotor having a rotor hub ... extending distally beyond the most distal portion
of the blade); and

a shroud within which the rotor is rotatably disposed (claim 1, shroud);

(i) a cannula extending from the shroud and comprising an outer cannula
surface, the outer cannula surface having a substantially circular cross-section along a
portion of its length (claim 1, cannula ... circular cross-section along a portion of its
length);

(iii) a first lumen in fluid communication with the intravascular blood pump and
operatively arranged to deliver purge fluid to the intravascular blood pump (claim 1, first
lumen ... purge fluid to the intravascular blood pump); and

(iv) a guide mechanism configured as a second lumen having a proximal end and
a distal end, the guide mechanism adapted to guide a distal portion of said intravascular
blood pump system to a predetermined location within the circulatory system of a
patient (claim 1, guide mechanism ... within the circulatory system of a patient);

wherein an axis coaxial with and extending through a portion of said guide

mechanism extends through a region delimited by the outer cannula surface, and
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wherein the guide mechanism is configured to allow for a guide wire to slideably
advance therealong (claim 1, wherein an axis coaxial ... to slideably advance
therealong);

the blood pump capable of performing steps of:

progressing a guide wire to a predetermined location in the circulatory system of
the patient (claims 5, 12, guide catheter is configured facilitate the placement of the
guide wire through the vasculature into the heart); and

advancing the blood pump system along the guide wire to the predetermined
location (claim 22, intravascular blood pump system configured to be advanced to a
predetermined location in a patient's circulatory system).

Aboul-Hosn does not explicitly claim a method for perfusing a patient. However,
the blood pump system claimed by Aboul-Hosn will perform these steps when used as
intended. Therefore, it would have been obvious to advance the pump system towards

a predetermined location, in order to assist the heart by pumping blood.

Regarding instant claim 25, Aboul-Hosn claims an intravascular blood pump

system for perfusing a patent (claims 1, 10, 22, intravascular blood pump system), the
intravascular blood pump system comprising:

(i) an intravascular blood pump comprising a rotor having a rotor hub tapering in
the distal direction and at least one blade extending radially outward from the rotor hub
(claim 1, a rotor having a rotor hub ... extending distally beyond the most distal portion

of the blade);
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the intravascular blood pump coupled to a catheter on a proximal end and a
cannula on a distal (claim 10, catheter on a proximal end and a cannula on a distal
end); end

(ii) a first set and a second set of apertures establishing fluid communication
between an interior of the cannula and an exterior region of the cannula, wherein the
first set of apertures is located in proximity to the rotor and the second set of apertures
is spaced apart from and located distal to the first set of apertures towards a distal
region of the cannula (claim 10, a first set and a second set of apertures ... towards a
distal region of the cannula);

(ii) a guide mechanism configured as an elongate lumen and adapted to guide
said intravascular blood pump, cannula, and catheter to a predetermined location within
the circulatory system of a patient (claim 10, guide mechanism); and

(iv) a blood pressure detection mechanism comprising a fluid column configured
to detect the pressure of the blood proximate the intravascular blood pump (claim 10,
blood pressure detection mechanism comprising a fluid column);

wherein the elongate lumen (a) is sized substantially smaller than an inner
diameter of the cannula and intravascular blood pump (claim 10, elongate lumen is
sized substantially smaller);

(b) is arranged coaxially with at least one of a distal end or a proximal end of the
cannula (claim 10, lumen is arranged coaxially ... cannula); and

(c) is arranged in series longitudinally with the cannula (claim 10, cannula and

the lumen are arranged in series longitudinally);
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the blood pump capable of performing steps of:

advancing a guide wire to a predetermined location in the circulatory system of
the patient (claims 5, 12, guide catheter is configured facilitate the placement of the
guide wire through the vasculature into the heart); and

advancing the blood pump system along the guide wire to the predetermined
location (claim 22, intravascular blood pump system configured to be advanced to a
predetermined location in a patient's circulatory system).

Aboul-Hosn does not explicitly claim a method for perfusing a patient. However,

these steps would have been obvious to assist the heart by pumping blood as intended.

Regarding instant claim 26, Aboul-Hosn claims an intravascular blood pump

system for perfusing a patent, the intravascular blood pump system is configured to be
advanced to a predetermined location in a patient's circulatory system (claims 1, 10, 22,
intravascular blood pump system configured to be advanced to a predetermined
location in a patient's circulatory system); and

comprises:

(i) an intravascular blood pump (claim 22, intravascular blood pump);

the intravascular blood pump comprising a rotor having a generally conical rotor
hub tapering in the distal direction, at least two blades extending radially from the rotor
hub, the generally conical rotor hub having a distal tip extending distally beyond the
blades (claim 22, intravascular blood pump comprising ... distal tip extending distally

beyond the blades);
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(i) a cannula extending distally from the intravascular blood pump (claim 22,
cannula extending distally);

(iii) a plurality of ingress ports located towards the proximal region of the cannula
and a plurality of egress ports located in proximity to the blood pump such that
movement of fluid proximally through an interior region of the cannula is steered
towards the egress ports (claim 22, a plurality of ingress ports ... steered towards the
egress ports);

(iv) a guide wire having a cross-section substantially smaller than the cannula
(claim 22, guide wire ... smaller than the cannula); and

(v) an elongate lumen, the elongate lumen (a) having a luminal interior sized
smaller than an inside diameter of the cannula and sufficiently large enough to
accommodate the guide wire when the guide wire is advanced therealong (claim 22,
elongate lumen ... the guide wire is advanced therealong);

(b) arranged coaxially with respect to at least one of a distal end or a proximal
end of the cannula (claim 22, lumen is arranged coaxially with respect to ... the
cannula); and

(c) arranged in series longitudinally with the cannula (claim 22, lumen and the
cannula are arranged in series longitudinally);

the blood pump capable of performing steps of:

advancing the guide wire to a predetermined location in the circulatory system of
the patient (claims 5, 12, guide catheter is configured facilitate the placement of the

guide wire through the vasculature into the heart); and
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advancing the blood pump along the guide wire to the predetermined location
(claim 22, intravascular blood pump system configured to be advanced to a
predetermined location in a patient's circulatory system).

Aboul-Hosn does not explicitly claim a method for perfusing a patient. However,

these steps would have been obvious to assist the heart by pumping blood as intended.

Conclusion
The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.

Sammler; Rolf et al. US 6544216

Hwang; Ned H. C.etal. US 5112292
Siess; Thorsten et al. CA 2361972 A1
Siess; T. US 6139487

Nix; C etal. US 5964694

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to:
Tel 571-272-2590

Fax 571-273-2590
Email Adam.Marcetich@uspto.gov

The Examiner can be reached 8:00am to 4:00pm Monday through Friday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Tatyana Zalukaeva can be reached on 571-272-1115. The fax phone
number for the organization where this application or proceeding is assigned is 571-

273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Adam Marcetich/
Primary Examiner, Art Unit 3761
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The invention relates to a device for the treatment of cardiac valve insufficiency or cardiac valve stenosis, which consists of a
microaxial pump (40). The pump part (14) of said microaxial pump comprises a dilatation device (18) which can be used to push
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(57) Abrégé(suite)/Abstract(continued):

open a stenosed valve. The dilatation device is configured as a high-pressure balloon. During dilatation the microaxial pump
(40) functions in such a way that it relieves the cardiac valve. In case of cardiac valve insufficiency a stent (21) which encloses a
flexible cardiac valve prosthesis (20) is fixed to the dilatation device (17).The stent (21) is pressed against the insufficient cardiac
valve by dilatation so that the cardiac valve ceases to function and the cardiac valve of the cardiac valve prosthesis is unfolded
and takes over the function of the natural cardiac valve.
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Abstract

A device for intravascular cardiac valve surgery

For the treatment of an insufficient cardiac valve or a cardiac valve with a
stenosis, a device is provided that comprises a micro axial pump (40). The
pump portion (14) of the micro axial pump carries a dilating device (18) suitable
for pushing open a stenosis in a valve. The dilating device is designed as a
high-pressure balloon. During dilation, the micro axial pump (40) operates
so that the heart is relieved. With insufficient cardiac valves, a stent (21) is
fastened to the dilating device (17), the stent surrounding a flexible cardiac
valve prosthesis (20). By dilation, the stent (21) is pressed against the
insufficient cardiac valve and the same is passivated. The cardiac valve of
the cardiac valve prosthesis is unfolded to assume the function of the natural

cardiac valve.

(Fig. 6)
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A device for intravascular cardiac vaive surgery

The invention refers to a device for intravascular cardiac surgery comprising
a micro axial pump fastened to a catheter.

In WO 98/43688, an intra-cardiac blocod pump is described that has a motor
portion and a pump portion and can be introduced into the heart through
the vascular system. Such a blood pump can be positioned in the aortal valve
through the aorta, for example, to pump blood from the left ventricle into

10 the aorta. Such blood pumps are adapted to support or replace the pumping
effect of the heart. They can be positioned in the heart without requiring the
heart to be opened.

From WO 97/37697, an intravascular blood pump is known that also has a
15 motor portion and a pump portion, which are connected to a catheter. The
blood pump can be pushed through the vascular system of the patient. It
is a micro axial pump with a diameter of about 7 mm at most. The pump portion
is surrounded by an expandable blocking device blocking the flow path outside
the pump housing. Thereby, it is made sure that all blood drawn in is conveyed
20 past the motor portion in the flow direction and short circuits caused by the
flow around the pump portion are avoided. The blocking device may be an
annular balloon affixed to the pump housing or an intake hose connected to
the pump housing. This blood pump is intended for use in blood vessels, the
blocking device only serving the purpose of blocking the vessel lumen around
25 the pump portion, but not of deforming the vessel wall. Therefore, the balloon
of the blocking device is a low pressure balloon inflated with low pressure

so as to seal against the vessel wall in an non-traumatic manner.

Also known are dilating catheters having a balloon with which a vascular stenosis
30 can be removed by pushing it open. Such dilating catheters can also be used
to insert an annular stent consisting of an expandable metal structure and
forming a supporting device, so as to form a permanent widening support

for the stenosis. Such a dilating catheter is designed as a perfusion catheter
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with a pump portion for conveying blood thrbugh the inflated balloon. For
cardiac valve surgery, this dilating catheter is not suitable if only for its small

diameter of 2 mm at most.

5 The most frequent defects of cardiac valves are valvular incompetence and
valves with stenoses. In case of incompetence, the valve is unable to close
fully. This causes a return flow. In general, such valves have to be replaced
with artificial valves. Valves with stenoses have valve leaflets grown together
at the edges, whereby the valve will not open completely and does not allow

10 the full blood flow to pass therethrough.

There are two forms of surgery on the cardiac valves: In cardiac valve
replacement, the natural cardiac valve is removed and surgically replaced
with a bio-prosthesis or a mechanical cardiac valve. For this type of surgery,

15 it is necessary to keep the operating area free from blood, i.e. to divert the
natural biood flow. In case of a repair of the natural cardiac valve, a minimally
invasive intervention can be performed using a balloon introduced into the
valve. Such operations, e.g., at the aortal valve, the cardiac surgeon or the
cardiologist needs great skill. Among others, the reason for this is that the

20 blood flow through the aorta has to be blocked during the breaking process
so that the operation has to be made in very short time for the supply to the
vessel system to be restored. Further, the pressure inside the heart rises
extremely when blocking the aortal flow while its blood supply via the coronal
vessels is halted.

25
It is the object of the present invention to provide a device for intravascular
cardiac valve surgery with which minimally invasive valve operations can be
done relatively simple and without being pressed for time.

30 The object is solved, according to the invention, with the features of claim

1.
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In the present device, an intravascular micro axial pump is provided, i.e.,

a pump that can be pushed through the vascular system of a patient and

has an correspondingly small outer diameter that does not exceed 8 mm.

The pump portion of the micro axial pump bears a dilating device which is

5 adapted to break up a stenosis in a cardiac valve if placed in the cardiac valve.
This dilating device preferably comprises a high-pressure balloon whose
expanded diameter is at least 15 mm and which is inflatable with at least 1.0

bar. The high-pressure balloon is positioned in the cardiac valve and expanded

using a liquid so that it breaks or blows open a stenosis in the cardiac valve.

10 The dilating device thus forms an active element for breaking up a stenosis

in a cardiac valve, in particular a stenosis in an aortal valve or a bicuspid valve.

The lumen of the pump portion or of the cannula adjoining the pump portion
is at least 8 mm so as to avoid a too strong local blood flow with large
15 physiological volume flows of up to 7 I/min. Further, the carrier of the dilating
device should have an outer diameter of at least 8 mm so that a sufficiently
large support for the dilating device is formed and the extent of the diameter

increase does not become excessive.

20 Further, the invention refers to a device for intravascularly placing a cardiac
valve prosthesis according to the features of claim 5. This device is also provided
with a micro axial pump bearing a dilating device. Moreover, a stent is provided
carrying a flexible cardiac valve prosthesis on its inner side. The stent containing
the cardiac valve prosthesis can be introduced into the pathogenic cardiac

25 valve and can be expanded by the dilating device so that it presses the valve
leaflets of the natural cardiac valve apart. This cardiac valve prosthesis includes
a single- or multi-wing cardiac valve that automatically becomes functional

and replaces the natural cardiac valve.

30 As the cardiac valve prosthesis, a jugular valve taken from calves or cows

can be used. This would be a bio-prosthesis of natural tissue.
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The following is a detailed description of embodiments of the invention with

reference to the drawing.

In the figures:

5
Fig. 1 illustrates a device for removing a stenosis in a cardiac valve,
introduced into the aortal valve,
Fig. 2 shows the device of Fig. 1 with the dilating device expanded,
10
Fig. 3 is a longitudinal section of a flexible cardiac valve prosthesis,
Fig. 4 illustrates the cardiac valve prosthesis of Fig. 3 in combination with
an expanded stent,
15
Fig. 5 is a cross-sectional view of the pump portion with a surrounding
balloon as well as a stent with a cardiac valve prosthesis contained
therein that is also folded,
20 Fig. 6 is a view of the device for implanting the flexible cardiac valve
prosthesis, and
Fig. 7 shows the region of the heart with the implanted cardiac valve
prosthesis in an aortal position.
25
Figure 1 illustrates a part of the heart, namely the left ventricle LV, from which
blood flows through the aortal valve into the aorta AO. The aortal vaive has
three valve leaflets projecting into the aorta AO and forming a check valve
in a fluidic sense that allows passage only into the aorta.
30
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To push open an aortal valve AK with a stenosis, the device illustrated in Fig.

1 is introduced into the heart through the aorta. This device comprises a
catheter 10 connected with a micro axial pump 40. The pump comprises a

drive portion 11 including an electric motor and driving a shaft 12 protruding

5 from the distal end of the cylindrical drive portion 11. A holding web 13 extends
axially from the drive portion 11 to the tubular pump portion 14. The pump
portion 14 comprises a pump ring 15 including an impeller wheel driven by

the drive shaft 12, and a cannula 16 axially continuing the pump ring 15. The
entire pump device, namely the drive portion 11 and the pump portion 14,

10 has a maximum diameter of 8 mm. The catheter 10 comprises the electric
wires for the supply and the control of the micro axial pump 40 and a pressure

lumen through which pressure liquid can be supplied.

An annular balloon 17 is provided on the pump portion 14 and is illustrated
15 in Fig. 1 in a folded state. Through the pressure lumen of the catheter 10,
the balloon 17 may be inflated with liquid. The balloon is a high-pressure balloon
with an inflated diameter of at least 15 mm, preferably between 15 and 40
mm, and resistant to pressures up to 8 bar. The balloon 17 extends over a
pat of the length of the cannula 16. Its entire length may be supported by

20 a rigid ring that prevents a compression of the cannula 16.

The pump device is introduced into the aorta by first placing a guiding wire
{notillustrated) in the aorta and the left ventricle. Then the device is advanced
along the guiding wire and positioned in the aortal valve AK such that the
25 intake portion 16a is within the left ventricle LV, whereas the outlet portion
19 is within the aorta. The pump portion 15 is thus enclosed by the aortal
valve AK. The pump device conveys backward, i.e., it draws axially and ejects

laterally in the outlet portion 19.

30 After the pump device has been positioned in the way illustrated in Fig. 1,
the drive portion 11 is activated so that the pump conveys blood from the
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left ventricle LV into the aorta AO. Thereby, the heart is relieved in terms

of volume and pressure and is calmed down. Then, the balloon 17 forming

the dilating device 18 is inflated and expanded in the middle of the aortal

valve AK. By the high-pressure inflated balloon 17, the valve leaflets of the

5 aortal valve AK are pushed open and possible adhesions to the commissures
are broken. In this manner a valve with a stenosis is pushed open far enough

to reassume a completely open state. With the pump device, this form of

valve operation can be performed in a calmed environment and without haste

since, for the duration of the surgery, the cardiac output (I/min) is conveyed

10 by the pump device through the dilating device. In a similar manner, the above
described dilating device can be used to break open a natural bicuspid valve

with a stenosis.

Figures 3 to 7 refer to a device with which an insufficient valve is replaced
15 with a valve prosthesis. To this end, generally the same device as described
with reference to Figures 1 and 2 is used. This device is illustrated in Figure
6. Situated on the deflated and folded dilating device 18 is a flexible cardiac

valve prosthesis 20 above which a compressed spiral-shaped stent 21 is located.

20 Figure 6 further illustrates the guiding wire 22 that serves to advance the
device with the catheter 10 and to placeitin the correct position. The guiding
wire 22 projects from the distal end of the cannula 16. It passes through a
lateral hole 23 in the cannula and extends outside the pump portion 14 and

the drive portion 11 along the catheter 10.

25
The flexible cardiac valve prosthesis 20 is illustrated in Figure 3. It is a bio-
prosthesis that has been taken from a cow or a calf. For this purpose, a section
24 of a blood vessel including a vascular valve 25 was removed. This valve
24 may be a single-wing or a three-wing valve. According to Figure 4, this
30 valve prosthesis 20 is placed within a stent 21. The stent 21 is a tubular element

of metal rods which, in the present example, are bent meander-like and allow
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for an axial compression or radial expansion. Other stent structures could
also be used, such as, for example, a cell structure of stretch material. It is
essential that the stent can reliably assume a compressed tubular shape and
a n expanded tubular shape. The hose-shaped wali 24 of the vascular prosthesis
5 20 is sewed to the rods of the stent 21. Thus, the vascular prosthesis 20 is

fastened to the inner side of the stent 21 so that after implantation of the
vascular prosthesis, the stent rests between the natural cardiac valve and
the bio-prosthesis and has no contact with the blood. Thus, the stent does
not require the application of anti-coagulants against thrombosis.

10
Figure 5 illustrates the pump portion 14 with the pump ring 15. The balloon
of the dilating device 18 and the valve prosthesis 20 are folded in a plurality
of loops around the pump ring 15, the valve prosthesis being affixed to the
rods of the stent 21. Int this state, the balloon, the valve prosthesis 20 and

15 the stent 21 form a flat package surrounding the pump portion 14. This package
is positioned in the natural cardiac valve AK. Thereafter, the pump is activated
and the dilating device 17 is inflated with the pump operating. The stent 21
is dilated, widening the cardiac valve prosthesis 24 and pressing the leaflets
of the natural aortal valve AK outward into the open position (systolic valve

20 position, as illustrated in Figure 7. Thereby, the aortal valve AK is passivated.
The stent 21 remains in the cardiac valve opening. In the stent, there is the
cardiac valve prosthesis 24 enlarged to its original state and including the
valve leaflets 25. This cardiac valve now assumes the function of the natural
aortal valve AK.

25
To avoid displacement of the cardiac valve prosthesis, the stent 21 or the
cardiac valve prosthesis 20 can be fixed in the annulus 26 surrounding the
natural cardiac valve. This is a strong ring of cartilage suitable for use as a
holder of a cardiac valve prosthesis.
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Claims

1. Adevice forintravascular cardiac vaive surgery comprising a micro axial
pump (40) fastened to a catheter (10) and having a tubular pump portion
(14), and a dilating device (18) surrounding the pump portion (14) which
dilating device is suitable for breaking a stenosis of a cardiac valve when

positioned in said cardiac valve (AK).

2. Thedevice of claim 1, characterized in that the dilating device (18) consists

of an annular high-pressure balloon inflatable with at least 1.0 bar.

3. The device of claim 1 or 2, characterized in that the pump portion (14)
comprises a pump ring (15) and a tubular cannula (16) connected
therewith.

4. The device of one of claims 1-3, wherein the high-pressure balloon sits
on a rigid annular support.

5. Adevice forintravascular cardiac valve surgery comprising a micro axial
pump (40) fastened to a catheter (10) and having a tubular pump portion
(14), a dilating device (18) for expanding a stent (21), and a stent (21)
carrying a folded flexible cardiac valve prosthesis (20) and being adapted
to be expanded by the dilating device (17).

6. Thedevice ofclaim 5, wherein the cardiac valve prosthesis (20) is sewn
to the stent (21).

7. The device of claim 5 or 6, wherein the cardiac valve prosthesis (20)
has a hose-shaped wall (24) that is folded together with a balloon wall
of the dilating device (17).

Page 128 of 724 ABIOMED Ex. 1003



CA 02361972 2001-08-01

-1/5-

3V
"

<

5
o

)
YN

A

Page 129 of 724

ABIOMED Ex. 1003



CA 02361972 2001-08-01

-2/5-

™~

T

o

<3S

ABIOMED Ex. 1003

Page 130 of 724



CA 02361972 2001-08-01

-3/5-

24 20
25 | /

LATITEY = PR AR AR

FIG.3

4

21

20

FIG.4

17
20

14
» 21

FIG.S

Page 131 of 724 ABIOMED Ex. 1003



CA 02361972 2001-08-01

- 4/5-

FIG.6

ABIOMED Ex. 1003

Page 132 of 724



Page 133 of 724

CA 02361972 2001-08-01

-5/5-

FIG.7

/!

T

A - ‘:c.:"‘,'

R

ABIOMED Ex

. 1003



e

23

Page 134 of 724

20
37

11
£.0
/13
[ L
— —
t__ i3 Lics
21

TRIFEFETF AR EErs (g s 5rrs

ABIOMED Ex. 1003



Search Notes

Application/Control No.

Applicant(s)/Patent Under
Reexamination

14543815 ABOUL-HOSN ET AL.
ILANTARIREN0D |
ADAM MARCETICH 3761
CPC- SEARCHED
Symbol Date Examiner
A61M1/101; A61M1/102; A61M1/1034; A61M1/125; A61M1/1029; 08/10/2015 AMM
A61M1/1086; A61M25/09; Y10S415/90
CPC COMBINATION SETS - SEARCHED
Symbol Date Examiner
US CLASSIFICATION SEARCHED
Class Subclass Date Examiner
SEARCH NOTES
Search Notes Date Examiner

Inventor search: PALM and EAST (US-PGPUB, USPAT, USOCR) 08/10/2015 AMM

08/10/2015 AMM

Review cited art for parent cases 10/070,178; 11/375,926; 12/772,810

INTERFERENCE SEARCH

US Class/
CPC Symbol

US Subclass / CPC Group Date Examiner

/ADAM MARCETICH/
Primary Examiner.Art Unit 3761

U.S. Patent and Trademark Office Part of Paper No. : 20150810

Page 135 of 724 ABIOMED Ex. 1003



UNITED STATES PATENT AND TRADEMARK OFFICE

Page 1 of 1

P.0. Box 1450

WWW.uspto.gov

BIB DATA SHEET

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

Alexandria, Virginia 22313-1450

CONFIRMATION NO. 9742

Walid N. ABOUL-HOSN, Fair Oaks, CA;
William R. KANZ, Sacramento, CA;
Bruce A. BAKER, Placerville, CA;

*k CONTINUING DATA dedkdekdokdkhdkkdkkdhkkhkkhkhhhhkhhkdk
This application is a CON of 12/772,810 05/03/2010 PAT 8888728
which is a CON of 11/375,926 03/15/2006 PAT 7731675
which is a DIV of 10/070,178 07/19/2002 PAT 7022100
which is a 371 of PCT/US00/24515 09/01/2000
which claims benefit of 60/152,249 09/03/1999

*k FOREIGN APPLICATIONS kkkkkkkkhkkhhkkkkkhkkhkkhkkkk
** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **

SERIAL NUMBER FILINSAQFE 371(c) CLASS GROUP ART UNIT ATTORNE(Y).DOCKET
14/543,815 11/17/2014 604 3761 06-01506US05
RULE
APPLICANTS
MAQUET Cardiovascular LLC, Mahwah, NJ;
INVENTORS

12/02/2014
Foreign Pricrity claimed U ves MNo STATEOR | SHEETS TOTAL |INDEPENDENT
35 USC 119(a-d) conditions met D Yes aNo D m%ﬁgﬁée COUNTRY DRAWINGS CLAIMS CLAIMS
Verified and /Adam Marcetich/
Acknowledged Examiner's Signature Tnitials CA 18 3 3
ADDRESS
Getinge US Legal Shared Services
1300 MacArthur Boulevard
Mahwah, NJ 07430
UNITED STATES
TITLE
GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS
|0 All Fees |
EeS. Autorit has been aiven i1 P |0 1.16 Fees (Filing) |
FILING FEE : Authority has been given in Paper - -
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT |l 117 Fees (Processing Ext. of time)
1740 No. for following: U 1.18 Fees (Issue)
U Other
U Credit

BIB (Rev. 05/07).

Page 136 of 724 ABIOMED Ex. 1003




Doc code: IDS

Doc description: Information Disclosure Statement (IDS) Filed

PTO/SB/08a (01-10)
Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid CMB control number.

Raceipt date:

11/17/2014

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 14543815 - GAU: 3761
Filing Date 2014-11-17

First Named Inventor ‘ Walid N. ABOUL-HOSN

Art Unit | TBD

Examiner Name ‘ TBD

Attorney Docket Number ‘ 06-01506US05

U.S.PATENTS Remove

Pages,Columns,Lines where

E)_cgm*lner Cite Patent Number Kind Issue Date Na“.“e of Patentee or Applicant Relevant Passages or Relevant
Initial No Code! of cited Document .
Figures Appear

1 5336184 A 1994-08-09 Teirstein

2 5211546 A 1993-05-18 Isaacson et al.

3 6245007 B1 2001-06-12 Bedingham et al.

4 5234407 A 1993-08-10 Teirstein et al.

5 3995617 A 1976-12-07 Watkins et al.

6 5221256 A 1993-06-22 Mahurkar

7 5476450 A 1995-12-19 Ruggio

8 5827229 A 1998-10-27 Auth et al.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /AM/

EFS Web 2.1.17

Page 137 of 724

ABIOMED Ex. 1003



Receipt—date /17 — HEA3RTS—GAG—376%
Application Number
Filing Date 2014-11-17
INFORMATION DISCLOSURE First Named Inventor ‘Walid N. ABOUL-HOSN
STATEMENT BY APPLICANT &
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ TBD
Attorney Docket Number ‘ 06-01506US05
9 5938645 A 1999-08-17 Gordon
10 5965089 A 1998-10-12 Jarvik et al.
1" 6007478 A 1999-12-28 Siess et al.
12 6066100 A 2000-05-23 Willard et al.
13 5827267 A 1998-10-27 Savage et al.
14 6440158 B1 2002-08-27 Saab
15 6849068 B1 2005-02-01 Bagaoisan et al.
16 7731675 B2 2010-06-08 Aboul-Hosn et al.
17 3585983 A 1971-06-22 Kantrowitz et al.
18 3602009 A 1971-08-31 Powell
19 3904901 A 1975-09-09 Renard et al.

EFS Web 2.1.17

Page 138 of 724

ALL REFERENCES CONSIDERED EJXCEPT WHERE LINED THROUGH.

/BM/

ABIOMED Ex. 1003




. R a pa vy j
Recedpt—date—31/17/

~ne 8
AR

S0 ATy
BIHOOLT

~(1
Gy
iy

=G

@8

Application Number
Filing Date 2014-11-17
INFORMATION DISCLOSURE First Named Inventor ‘Walid N. ABOUL-HOSN
STATEMENT BY APPLICANT &
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ TBD
Attorney Docket Number ‘ 06-01506US05
20 4391547 A 1983-07-05 Jackson et al.
21 4392836 A 1983-07-12 Sugawara
22 4413989 A 1983-11-08 Schjeidahl et al.
23 4591355 A 1986-05-27 Hilse
24 4625712 A 1986-12-02 Wampler
25 4696667 A 1987-09-29 Masch
26 4704121 A 1987-11-03 Moise
27 4728319 A 1988-03-01 Masch
28 4817586 A 1986-04-04 Wampler
29 4895557 A 1990-01-23 Moise et al.
30 4908012 A 1990-03-13 Moise et al.

EFS Web 2.1.17

Page 139 of 724

ALL REFERENCES CONSIDERED EJXCEPT WHERE LINED THROUGH.

/BM/

ABIOMED Ex. 1003




Recedpt—date$3/17/2014 — HEA3RIS —6AU—376%
Application Number
Filing Date 2014-11-17
INFORMATION DISCLOSURE First Named Inventor ‘Walid N. ABOUL-HOSN
STATEMENT BY APPLICANT | &
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ TBD
Attorney Docket Number ‘ 06-01506US05
31 4909781 A 1990-03-20 Husted
32 4917102 A 1990-04-17 Miller et al.
33 4919647 A 1990-04-24 Nash
34 4955856 A 1990-09-11 Phillips
35 4964839 A 1990-10-23 Gloor
36 5041131 A 1991-08-20 Nagase
37 5112349 A 1992-05-12 Summers et al.
38 5163910 A 1992-11-17 Schwartz et al.
39 5300112 A 1994-04-05 Barr
40 5678306 A 1997-10-21 Bozeman et al.
41 5692882 A 1997-12-02 Bozeman, Jr. et al.

EFS Web 2.1.17

Page 140 of 724

ALL REFERENCES CONSIDERED EJXCEPT WHERE LINED THROUGH.

/BM/

ABIOMED Ex. 1003




. R a pa vy j
Recedpt—date—31/17/

~ne 8
AR

S0 ATy
BIHOOLT

~(1
Gy
iy

=G

@8

Application Number
Filing Date 2014-11-17
INFORMATION DISCLOSURE First Named Inventor ‘Walid N. ABOUL-HOSN
STATEMENT BY APPLICANT &
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ TBD
Attorney Docket Number ‘ 06-01506US05
42 5741234 A 1998-04-21 Aboul-Hosn
43 5746709 A 1998-05-05 Rom et al.
44 5746758 A 1998-05-05 Nordgren et al.
45 5776190 A 1998-07-07 Jarvik
486 5810088 A 1996-09-22 Lamirand et al.
a7 5851174 A 1998-12-22 Jarvik et al.
48 5888241 A 1996-03-30 Jarvik
49 5911685 A 1999-06-15 Siess et al.
50 5947892 A 1996-09-07 Benkowski et al.
51 5957672 A 1999-09-26 Aber
52 6083260 A 2000-07-04 Aboul-Hosn

EFS Web 2.1.17

Page 141 of 724

ALL REFERENCES CONSIDERED EJXCEPT WHERE LINED THROUGH.

/BM/

ABIOMED Ex. 1003




. R a pa vy j
Recedpt—date—31/17/

~ne 8
AR

S0 ATy
BIHOOLT

~(1
Gy
iy

=G

@8

Application Number
Filing Date 2014-11-17
INFORMATION DISCLOSURE First Named Inventor ‘Walid N. ABOUL-HOSN
STATEMENT BY APPLICANT | &
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ TBD
Attorney Docket Number ‘ 06-01506US05
53 6088570 A 2000-07-11 Aboul-Hosn
54 6093001 A 2000-07-25 Burgreen et al.
55 6113536 A 2000-09-05 Aboul-Hosn
56 6123725 A 2000-09-26 Aboul-Hosn
57 6123659 A 2000-09-26 Le Blanc et al.
58 6152704 A 2000-11-28 Aboul-Hosn et al.
59 6176822 B1 2001-01-23 Nix et al.
60 6176848 B1 2001-01-23 Rau et al.
61 6210133 B1 2001-04-03 Aboul-Hosn et al.
62 6210397 B1 2001-04-03 Aboul-Hosn et al.
63 6217541 B1 2001-04-17 Yu

EFS Web 2.1.17

Page 142 of 724

ALL REFERENCES CONSIDERED EJXCEPT WHERE LINED THROUGH.

/BM/

ABIOMED Ex. 1003




Recedpt—date$3/17/2014 — HEA3RIS —6AU—376%
Application Number
Filing Date 2014-11-17
INFORMATION DISCLOSURE First Named Inventor ‘Walid N. ABOUL-HOSN
STATEMENT BY APPLICANT | &
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ TBD
Attorney Docket Number ‘ 06-01506US05
64 6228063 B1 2001-05-05 Aboul-Hosn
65 6234960 B1 2001-05-22 Aboul-Hosn et al.
66 6245007 B1 2001-06-12 Bedingham et al.
67 6287319 B1 2001-09-11 Aboul-Hosn et al.
68 6295877 B1 2001-10-02 Aboul-Hosn et al.
69 6336939 B1 2002-01-08 Yamazaki et al.
70 6346120 B1 2002-02-12 Yamazaki et al.
71 6395026 B1 2002-05-28 Aboul-Hosn et al.
72 6532964 B1 2003-03-18 Aboul-Hosn et al.
73 6613008 B1 2003-09-02 Aboul-Hosn et al.
74 6709418 B1 2004-03-23 Aboul-Hosn et al.

EFS Web 2.1.17 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /aM/

Page 143 of 724

ABIOMED Ex. 1003




Rercedpt—dater—$1/17/2014 — 38 —GAL 376X
Application Number
Filing Date 2014-11-17
INFORMATION DISCLOSURE First Named Inventor ‘Walid N. ABOUL-HOSN
STATEMENT BY APPLICANT ——— ‘TBD
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ TBD
Attorney Docket Number ‘ 06-01506US05
75 7022100 B1 2006-04-04 Aboul-Hosn et al.
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publicaticn Kind | Publication Name of Patentee or Applicant Pages Columns, Lines where
- Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document )
Figures Appear
1 20030023201 A1 2003-01-30 Aboul-Hosn et al.
2 20030205233 A1 2003-11-06 Aboul-Hosn et al.
If you wish to add additional U.S. Published Application citation information please click the Add button. Add
FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or Pages,Columns Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No [Number2 Code? j Code4| Date PP Passages or Relevant
Document .
Figures Appear
1 2002-514472 JP A 2002-05-21 Impella Cardiotechnik AG ]
2 97/46270 WO A1 1997-12-11 | VOELKER, Wolfram ]
3 19821307 DE C1 1999-10-21 Impella Cardiotechnik AG ]
4 1999/058170 WO A1 1999-11-18 | Impella Cardiotechnik AG ]

ALL REPERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /aM/

EFS Web 2.1.17

Page 144 of 724

ABIOMED Ex. 1003




s na JAavy jyenag 8
Recedpt—dater /1772034

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

LN, Y T
LI OO0

Application Number

~(1
Gy
iy

- AT

@8

Filing Date 2014-11-17

First Named Inventor ‘Walid N. ABOUL-HOSN

Art Unit ‘ TBD

Examiner Name ‘ TBD

Attorney Docket Number ‘06-01506USO5

5 19622335 DE A1 1997-12-11 | VOELKER, Wolfram

6 H-0999092 JP A 1997-04-15 Target Therapeutics Inc.
7 0916359 EP B1 1999-05-19 | Impella Cardiotech AG
8 2256427 CA A 1998-10-08 | Impella Cardiotech AG
9 89/05164 WO A1l 1989-05-15 Nimbus Medical, Inc.

10 | 99/02204 WO Al 1999-01-21 | A-Med Systems, Inc.
1" 00/12148 WO A1l 2000-03-09 | A-Med Systems, Inc.
12 | 00/18448 WO Al 2000-04-06 | A-Med Systems, Inc.
13 | 00/19097 WO A1l 2000-04-06 | A-Med Systems, Inc.
14 | 00/37139 WO A1l 2000-06-26 | A-Med Systems, Inc.
15 | 00/69489 WO A1l 2000-11-23 | A-Med Systems, Inc.

EFSWeb2.1.17 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /aM/

Page 145 of 724

ABIOMED Ex. 1003




Receipt—date—HH/T7/201H4 — S4BT =GR 376

Application Number
Filing Date 2014-11-17

INFORMATION DISCLOSURE First Named Inventor ‘Walid N. ABOUL-HOSN

STATEMENT BY APPLICANT &

( Not for submission under 37 CFR 1.99)
Examiner Name ‘ TBD
Attorney Docket Number ‘06—01506USO5

16 01/78807 WO A1l 2001-10-25 | A-Med Systems, Inc. ]

If you wish to add additional Foreign Patent Decument citation information please click the Add button ~ Add

NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

1 Online encyclopedia article "Pyrolytic Carbon" accessed February 19, 2009, http://en wikipedia_org/wiki/Pyrolytic/ |:|
carbon, 1 page.

2 Online encyclopedia article "Ventricular assist device, List of implantable VAD devices" accessed January 12, 2010, I:l
http://en.wikipedia.org/wiki/Ventricular_assist_device, 11 pages.

If you wish to add additional non-patent literature document citation information please click the Add button ~ Add
EXAMINER SIGNATURE
Examiner Signature | /anaM MARCETICH/ Date Considered 08/10/2015

*EXAMINER: Initial if reference considered, whether or not citation is in confermance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTQ.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. * Applicant is to place a check mark here if
English language translation is attached.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /AM/

EFS Web 2.1.17

Page 146 of 724 ABIOMED Ex. 1003



4
~(1
Gy
iy

> na JAa vy jyna 8 o S A Cuis E vy
Recedpt—dater /1772034 . 3BT —G&:
Application Number

Filing Date 2014-11-17
INFORMATION DISCLOSURE First Named Inventor ‘Walid N. ABOUL-HOSN
STATEMENT BY APPLICANT At Uni
- nit ‘ TBD
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ TBD

Attorney Docket Number ‘ 06-01506US05

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e}2).

See attached certification statement.
[] The fee setforth in 37 CFR 1.17 (p) has been submitted herewith.

[]1 A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d} for the
form of the signature.

Signature /Kirk D. Swenson/ Date (YYYY-MM-DD) 2014-11-17

Name/Print Kirk D. Swenson Registration Number 52265

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an applicaticn. Cenfidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.17

Page 147 of 724 ABIOMED Ex. 1003



Receipt date: 11/17/2014 14543815 ~ GAU: 3761

Privacy Act Statement

1.

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/cr examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice te determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
hegotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in crder to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.5.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinaticns about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.1.17

Page 148 of 724 ABIOMED Ex. 1003




EAST Search History

EAST Search History
EAST Search History (Prior Art)

Ref ;iHits {{Search Query DBs Default {Plurals {iTime
# Operator Stamp
L17 {63 [16 and (pump$3 rotor$1 blade$1 foil$1 US-PGPUB; {{OR OFF 2015/08/10
propeller$1).cim. USPAT; 16:43
USOCR;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
L16 §475 {ABOUL-HOSN-WALID$.in. KANZ- US-PGPUB; §CR ON 2015/08/10
WILLIAMS$.in. BAKER-BRUCES.in. USPAT; 16:43
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
L15 §77 13 and (pump$3 rotor$1 blade$1 foil$1 US-PGPUB; ;iOR OFF 2015/08/10
propeller$1) USPAT; 16:40
USOCR;
FPRS;
EPO; JPO;
DERWENT
IBV_TDB
L14 40 113 and (pump$3 rotor$1) US-PGPUB; §OR OFF 2015/08/10
USPAT; 16:40
USOCR;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
L13 531 {14 and (wire guidewire) near5 (carriage US-PGPUB; #OR OFF 2015/08/10
lumen path passage passageway hole USPAT; 16:36
aperture ) not (15161819 110) USOCR;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
L11 §42 (1819 110) and (wire guidewire) US-PGPUB; iiOR OFF 2015/08/10
USPAT; 16:26
USOCR
L10 76 ( "3585983" "3602009" "3904901" US-PGPUB; ;iOR OFF 2015/08/10
"3995617" "4391547" "4392836" USPAT; 16:25
"4413989" "4591355" "4625712" USOCR
"4696667" "4704121" "4728319"
"4817586" "4895557" "4908012"
"4909781" "4917102" "4919647"
"4955856" "4964839" "5041131"
"5112349" "5163910" "5211546"
"5221256" "5234407" "5300112"
"5336184" "5476450" "5678306"
"5692882" "5741234" "5746709"
"5746758" "5776190" "5810088"
"5827229" "5827267" "5851174"
"5888241" "5911685" "5938645"

EASTSearchHistory.14543815_AccessibleVersion.htm[8/10/2015 4:44:32 PM]
Page 149 of 724 ABIOMED Ex. 1003



EAST Search History

EASTSearchHistory.14543815_AccessibleVersion.htm[8/10/2015 4:44:32 PM]

Page 150 of 724

"5947892" "5957672" "5965089"
"6007478" "6066100" "6083260"
"6086570" "6093001" "6113536"
"6123659" "6123725" "6152704"
"6176822" "6176848" "6210133"
"6210397" "6217541" "6228063"
"6234960" "6245007" "6287319"
"6295877" "6336939" "6346120"
"6395026" "6440158" "6532964"
"6613008" "6709418" "6849068"
"7022100" "7731675" "20030023201"
"20030205233" ).pn.
L9 #61 ("3585983" "3602009" "3904901" US-PGPUB; iOR OFF 2015/08/10
"4391547" "4392836" "4413989" USPAT; 16:25
"4591355" "4625712" "4696667" USOCR
"4704121" "4728319" "4817586"
"4895557" "4908012" "4909781"
"4917102" "4919647" "4955856"
"4964839" "5041131" "5112349"
"5163910" "5300112" "5678306"
"5692882" "5741234" "5746709"
"5746758" "5776190" "5810088"
"5851174" "5888241" "5911685"
"5947892" "5957672" "6083260"
"6086570" "6093001" "6113536"
"6123659" "6123725" "6152704"
"6176822" "6176848" "6210133"
"6210397" "6217541" "6228063"
"6234960" "6245007" "6287319"
"6295877" "6336939" "6346120"
"6395026" "6532964" "6613008"
"6709418" "7022100" "20030023201"
"20030205233" ).pn.
L8 26 ("3904901" "4625712" "4704121" US-PGPUB; #OR OFF 2015/08/10
"4817586" "4895557" "4955856" USPAT; 16:25
"5692882" "5741234" "5746709" USOCR
"6083260" "6086570" "6113536"
"6123725" "6152704" "6210133"
"6210397" "6228063" "6234960"
"6287319" "6295877" "6395026"
"6532964" "6613008" "6709418"
i 1"20030023201" "20030205233" ).pn.
L7 #§2 ("6176822" "6139487" ).pn. US-PGPUB; #OR OFF 2015/08/10
USPAT; 16:22
USOCR
L6 24 14 and ((intra inter) adj cardiac intracardiac §US-PGPUB;{OR ON 2015/08/10
intercardiac )and pump$3 not 15 USPAT; 16:20
FPRS;
EPO; JPO;
DERWENT
IBM_TDB
L5 {246 {jl4 and (IVD VAD intravascular (intra inter) §US-PGPUB;iOR ON 2015/08/10
adj (vascular venous arterial atrial USPAT; 16:15
ventricular) ) and pump$3 FPRS;
EPO; JPO;
DERWENT
IBM_TDB
L4 4989 #(A61M1/101 A61M1/102 A61M1/1034 US-PGPUB; #OR ON 2015/08/10
AB1M1/125 A61M1/1029 A61M1/1086 USPAT; 16:14
A61M25/09 Y10S415/90 ).cpc. and FPRS;
@ad< "20000901" EPO; JPO;
DERWENT

ABIOMED Ex. 1003



EAST Search History

IBM_TDB

(3 45 |[(10/070,178 11/375,926 12/772,810).app.

US-PGPUB;
USPAT;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB

OR

ON

2015/08/10
14:14

2 2 12/772,810.app.

US-PGPUB;
USPAT;
FPRS;
EPO; JPO;
DERWENT
|IBM_TDB

OR

ON

2015/08/10
13:46

L1 1 14/543815.app.

US-PGPUB;
USPAT;
FPRS;
EPO; JPO;
DERWENT
IBM_TDB

OR

ON

2015/08/10
13:45

EAST Search History (I nterference)
< This search history is empty>

8/10/2015 4:44:16 PM

H:\ EAST searches\ workspaces\ 14543815 CON.wsp

EASTSearchHistory.14543815_AccessibleVersion.htm[8/10/2015 4:44:32 PM]
Page 151 of 724

ABIOMED Ex. 1003



Application/Control No. Applicant(s)/Patent Under
Reexamination

Index of Claims 14543815 ABOUL-HOSN ET AL.

ADAM MARCETICH 3761

““ Examiner Art Unit

v Rejected

- Cancelled N | Non-Elected

A Appeal

= Allowed

= Restricted | Interference

0] Objected

[J Claims renumbered in the same order as presented by applicant O cpa

O

T.D. O R.1.47

CLAIM

DATE

Final Criginal

08/10/2015

1

Q| |N|[O|O||W|N

-
o

-
-

-
)V}

-
w

-
»

-
(8]

-
o)}

-
~

e
o

-
©0

N
o

N
e

N
N

N
w

N
~

N
(&}

<«

N
[}

U.S. Patent and Trademark Office

Page 152 of 724

Part of Paper No. : 20150810

ABIOMED Ex. 1003



PTO/AIA/26 (04-14)

Approved for use through 07/31/2016. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 06-01506US05

In re Application of: Walid N. ABOUL-HOSN, et al.
Application No.: 14/543,815

Filed: November 17, 2014
For: GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS

The applicant, MAQUET Cardiovascular LLC , owner of 100 percent interest in the instant application hereby
disclaims, except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend|
beyond the expiration date of the full statutory term of prior patent No. 8,888,728 as the term of said prior patent is presently
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable
only for and during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant
application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer,” in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. |:| The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of hot more
than five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No._ 47,395

/Wesley Scott Ashton/ 9/10/15
Signature Date

Wesley Scott Ashton
Typed or printed nhame

Patent Attorney (201) 378-8419
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PTO-2038.

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to c omplete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

3. Arecord in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

9. A-record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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AMENDMENT AND Attorney Docket 06-01506US05
RESPONSE Confirmation No. 9742
First Named Inventor | Walid N. ABOUL-HOSN
. . Application Number 14/543,815
Address to: Filing Date November 17, 2014
. Group Art Unit 3761
Mail Stop: Amendment Examiner Name MARCETICH, ADAM M
Commissioner for Patents Title Guidable Intravascular Blood Pump
PO Box 1450 and Related Methods
Alexandria, VA 22313-1450

AMENDMENT IN RESPONSE TO THE OFFICE ACTION OF AUGUST 17, 2015

Sir:

In response to the non-final Office Action mailed from the U.S. Patent and Trademark
Office on August 17, 2015 with respect to the above-captioned application, please amend the
application identified above as follows.

Other than the excess claim fees provided herewidth and any fees associated with the
terminal disclaimer, no additional fees are believed to be due in association with this filing. If,
however, any additional fees are required, the Commissioner is hereby authorized to charge any
underpayment of fees associated with this communication, including any necessary fees for
extensions of time, or credit any overpayment to Deposit Account No. 04-0170, order number

06-01506US05.

Amendments to the Specification begin on page 2.
Amendments to the Claims begin on page 3.

Remarks/Arguments begin on page 9.
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Amendment and Response to the Office Action of August 17, 2015 Atty Dkt. No.: 06-01506US05

AMENDMENTS TO THE SPECIFICATION:

Please amend the paragraph beginning on page 1, line 3 of the specification as follows:

This application is a continuation of co-pending U.S. Patent Application Serial No.
12/772,810, filed May 3, 2010_(now U.S. Patent No. 8,888,728), which is a continuation of U.S.
Patent Application Serial No. 11/375,926, filed March 15, 2006 (now U.S. Patent No. 7,731,675,

issued June 8, 2010), which is a divisional of U.S. Patent Application Serial No. 10/070,178,
filed July 19, 2002, (now U.S. Patent No. 7,022,100, issued April 4, 2006) which is a U.S.
National Stage Entry of International Patent Application No. PCT/US00/24515 filed September
1, 2000, which claims the benefit of provisional U.S. Patent Application Serial No. 60/152,249

filed September 3, 1999, all of which are hereby incorporated by reference in their entireties.
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Amendment and Response to the Office Action of August 17, 2015 Atty Dkt. No.: 06-01506US05

AMENDMENTS TO THE CLAIMS:

This listing of claims will replace all prior versions and listings of claims in the

application:

1 —23. (Cancelled)

24, (Previously Presented) A method for perfusing a patient with an intravascular
blood pump system, the intravascular blood pump system comprising (i) an intravascular blood
pump comprising a rotor having a rotor hub tapering in the distal direction, at least one blade
extending radially outward from the rotor hub, the hub having a distal end extending distally
beyond the most distal portion of the blade and a shroud within which the rotor is rotatably
disposed; (ii) a cannula extending from the shroud and comprising an outer cannula surface, the
outer cannula surface having a substantially circular cross-section along a portion of its length;
(iii) a first lumen in fluid communication with the intravascular blood pump and operatively
arranged to deliver purge fluid to the intravascular blood pump; and (iv) a guide mechanism
configured as a second lumen having a proximal end and a distal end, the guide mechanism
adapted to guide a distal portion of said intravascular blood pump system to a predetermined
location within the circulatory system of a patient, wherein an axis coaxial with and extending
through a portion of said guide mechanism extends through a region delimited by the outer
cannula surface, and wherein the guide mechanism is configured to allow for a guide wire to
slideably advance therealong, the method comprising the steps of:

progressing a guide wire to a predetermined location in the circulatory system of the
patient; and

advancing the blood pump system along the guide wire to the predetermined location.
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Amendment and Response to the Office Action of August 17, 2015 Atty Dkt. No.: 06-01506US05

25. (Previously Presented) A method for perfusion a patent with an intravascular
blood pump system, the intravascular blood pump system comprising (i) an intravascular blood
pump comprising a rotor having a rotor hub tapering in the distal direction and at least one blade
extending radially outward from the rotor hub, the intravascular blood pump coupled to a
catheter on a proximal end and a cannula on a distal end; (ii) a first set and a second set of
apertures establishing fluid communication between an interior of the cannula and an exterior
region of the cannula, wherein the first set of apertures is located in proximity to the rotor and
the second set of apertures is spaced apart from and located distal to the first set of apertures
towards a distal region of the cannula; (iii) a guide mechanism configured as an elongate lumen
and adapted to guide said intravascular blood pump, cannula, and catheter to a predetermined
location within the circulatory system of a patient; and (iv) a blood pressure detection
mechanism comprising a fluid column configured to detect the pressure of the blood proximate
the intravascular blood pump; wherein the elongate lumen (a) is sized substantially smaller than
an inner diameter of the cannula and intravascular blood pump; (b) is arranged coaxially with at
least one of a distal end or a proximal end of the cannula, and (c) is arranged in series
longitudinally with the cannula: the method comprising:

advancing a guide wire to a predetermined location in the circulatory system of the
patient; and

advancing the blood pump system along the guide wire to the predetermined location.

26. (Currently Amended) A method for perfusion a patent with an intravascular
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Amendment and Response to the Office Action of August 17, 2015 Atty Dkt. No.: 06-01506US05

blood pump system, the intravascular blood pump system is configured to be advanced to a
predetermined location in a patient’s circulatory system and comprises (i) an intravascular blood
pump, the intravascular blood pump comprising a rotor having a generally conical rotor hub
tapering in the distal direction, at least two blades extending radially from the rotor hub, the
generally conical rotor hub having a distal tip extending distally beyond the blades; (ii) a cannula
extending distally from the intravascular blood pump; (iii) a plurality of ingress ports located
towards the preximal-distal region of the cannula and a plurality of egress ports located in
proximity to the blood pump such that movement of fluid proximally through an interior region
of the cannula is steered towards the egress ports; (iv) a guide wire having a cross-section
substantially smaller than the cannula; and (v) an elongate lumen, the elongate lumen (a) having
a luminal interior sized smaller than an inside diameter of the cannula and sufficiently large
enough to accommodate the guide wire when the guide wire is advanced therealong, (b) arranged
coaxially with respect to at least one of a distal end or a proximal end of the cannula, and (c)
arranged in series longitudinally with the cannula, the method comprising:

advancing the guide wire to a predetermined location in the circulatory system of the
patient; and

advancing the blood pump along the guide wire to the predetermined location.

27. (New) The method of claim 24, wherein the rotor comprises a second blade

extending radially from the rotor hub and the rotar hub is generally conical.

28. (New) The method of claim 24, wherein a distal end of the cannula is open in

order to enable the guide wire to pass axially through the distal end of the cannula.
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29. (New) The method of claim 24, wherein the guide mechanism is configured such
that the guide wire passes through the region delimited by the outer cannula surface at a location

proximal to where the guide wire establishes slidable contact with the guide mechanism.

30. (New) The method of claim 24, wherein the second lumen has an inner diameter
along a portion of its length that is substantially smaller than an outer diameter of the outer
cannula surface, and the lengh of the second lumen is substantially longer than the inner diameter

of the second lumen.

31. (New) The method of claim 24, further comprising a guide catheter, wherein the

guide catheter is configured to facilitate the placement of the guide wire into the heart.

32. (New) The method of claim 24, further comprising:
an elongate catheter extending proximally with respect to the intravascular blood pump;
and a blood pressure detection mechanism comprising a fluid column disposed within the

catheter and configured to detect the pressure of the blood proximate the intravascular blood

pump.

33. (New) The method of claim 24, wherein the cannula is operatively arranged to

bend at a location between distal and proximal ends thereof.

34. (New) The method of claim 24, further comprising a first conduit and a second
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conduit, at least one of the first conduit or the second conduit terminating in a fitting that is
configured to be located outside a patient when the intravascular blood pump and cannula are
located inside the patient, at least one of the first conduit and second conduit in fluid

communication with the first lumen.

35. (New) The method of claim 25, further comprising a guide wire and a guide
catheter, wherein the guide catheter is configured to facilitate the placement of the guide wire

through the vasculature into the heart.

36. (New) The method of claim 25, wherein the cannula comprises an outer cannula
surface having a substantially circular cross-section along a portion of its length, and the cannula

is reinforced with a spiral wire.

37. (New) The method of claim 25, further comprising a plurality of egress flow
ports disposed in a shroud of the intravascular blood pump, and a plurality of ingress flow ports

disposed at a location spaced apart from and distal to the egress flow ports.

38. (New) The method of claim 37, wherein the ingress flow ports comprise an end

port located at the cannula distal end and a plurality of ports located about the cannula and

proximal to the end port.

39. (New) The method of claim 25, wherein the first set of apertures are egress ports

and the second set of apertures are ingress ports, and wherein the egress ports are configured to
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direct blood passing through the interior of the cannula and towards the rotor in a direction that is

both proximal and radially outward with respect to the rotor hub.

40. (New) The method of claim 25, wherein the central lumen extends through the

cannula and blood pump.

41. (New) The method of claim 25, wherein the lumen of the central [umen is

proximal to the cannula.

42. (New) The method of claim 25, wherein the cannula is operatively arranged to

bend at a location between distal and proximal ends thereof.

43, (New) The method of claim 25, wherein the distal end of the cannula is open to

enable the guide wire to pass axially through the distal end of the cannula.

44. (New) The method of claim 26, wherein the lumen is proximal with respect to the
cannula.
45. (New) The method of claim 26, wherein the distal end of the cannula is open to

enable the guide wire to pass axially through the distal end of the cannula.
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REMARKS

Amendments to the specification are to update the related application data. No new
matter has been added.

Please enter the above claim amendments and new claims.

Claims 1 — 23 have been previously canceled without prejudice to reconsideration and
resubmission. Claim 26 has been amended. Claims 27 through 45 are new.

Support for new claims 27 through 45 and the amendment to claim 26 can be found
throughout the specification and drawings as originally filed. Upon entry of this amendment,
claims 24 - 45 will remain pending in the application.

No new matter has been added.

A. The Rejections

Claims 24-26 stand allegedly rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 1, 5, 10, 12 and 22 of Aboul-Hosn; Walid N.
etal. (US 8,888,728).

B. Applicants’ Arguments

Applciants traverse the Examiner’s rationale for the nonstatuatory obviouslness-type
double patenting rejection, however, purely in the interest of expediting prosecution, Applicants
file herewith a terminal disclaimer in compliance with 37 C.F.R. § 1.321 (c) with respect to U.S.
Patent 8,888,728. Therefore, the Examiner’s obviousness-type double patenting rejection has

been overcome and should be withdrawn.

CONCLUSION

In light of the terminal disclaimer filed herewith, Claims 24 — 45 are in condition for
allowance, and a prompt notice of allowance is earnestly solicited.
Applicants believe that no additional fee is due for the response other than the fee for two

additional dependent claims and any fees associated with the terminal disclaimer. However, if
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an additional fee is due, or if any extensions of time are required to maintain the application, then

please charge the required fees to Deposit Account No. 04-0170, order number 06-01506US05.

If the Examiner finds that a telephone conference would expedite the prosecution of this

application, please telephone the undersigned at the number provided.

Respectfully submitted,

Date: September 10, 2015 By: /Kirk D. Swenson /
Kirk D. Swenson
Registration No. 52,265

Getinge US Legal Shared Services
1300 MacArthur Blvd.

Mahwah, NJ 07430

Telephone:  1-201-995-8816
Facsimile: 1-866-936-0615

10
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Electronic Patent Application Fee Transmittal

Application Number: 14543815

Filing Date: 17-Nov-2014

Title of Invention: GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS
First Named Inventor/Applicant Name: Walid N. ABOUL-HOSN

Filer: Kirk D. Swenson/Kathleen Andree

Attorney Docket Number: 06-01506US05

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sut—;g(tsa)l in
Basic Filing:
Pages:
Claims:
Claims in Excess of 20 1202 2 80 160

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Page 165 of 724 ABIOMED Ex. 1003




Sub-Total in

Description FeeCode | Quantity|  Amount usD($)
Extension-of-Time:
Miscellaneous:
Statutory or Terminal Disclaimer 1814 1 160 160
Total in USD ($) 320
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Electronic Acknowledgement Receipt

EFS ID: 23457264
Application Number: 14543815
International Application Number:
Confirmation Number: 9742

Title of Invention:

GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS

First Named Inventor/Applicant Name:

Walid N. ABOUL-HOSN

Customer Number:

99185

Filer:

Kirk D. Swenson/Kathleen Andree

Filer Authorized By:

Kirk D. Swenson

Attorney Docket Number: 06-01506US05
Receipt Date: 10-SEP-2015
Filing Date: 17-NOV-2014
Time Stamp: 16:22:31

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $320

RAM confirmation Number 3351

Deposit Account 040170

Authorized User

SWENSON, KIRK

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:
o .. . File Si Iti
Document Document Description File Name es ze(By'tes)/ Mu tl. .Pages
Number Message Digest | Part/.zip| (if appl.)
2015-09-10_PTO_AIA_26_T 160511
1 Terminal Disclaimer Filed . o T erm no 2
inal_Disclaimer.pdf
57606adb8bd 1017cd24c5b346489477773
dee26
Warnings:
Information:
2015-09-10_RESPONSE_TO_NO 56222
2 N- es 10
FINAL_OFFICE_ACTION_AS_FIL y
ED pdf af419b05e2a00e9910952¢7387362adf90f5|
Multipart Description/PDF files in .zip description
Document Description Start End
Applicant Arguments/Remarks Made in an Amendment 1 1
Specification 2 2
Claims 3 8
Applicant Arguments/Remarks Made in an Amendment 9 10
Warnings:
Information:
32461
3 Fee Worksheet (SB06) fee-info.pdf no 2
13aea893f0706fde075127e74435014457h)
6cd3
Warnings:
Information:
Total Files Size (in bytes){ 249194
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Application Number

“’

Application/Control No.

Applicant(s)/Patent under
Reexamination

[T T ———r
Document Code - DISQ Internal Document —- DO NOT MAIL
TERMINAL
DISCLAIMER X APPROVED [] DISAPPROVED

Date Filed : 9/10/15

This patent is subject
to a Terminal
Disclaimer

Approved/Disapproved by:

Lawana Hixon

U.S. Patent and Trademark Office

Page 170 of 724

ABIOMED Ex. 1003




UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

I EXAMINER |
99185 7590 10/05/2015
Getinge US Legal Shared Services MARCETICH, ADAM M
1300 MacArthur Boulevard
Mahwah, NJ 07430 I ART UNIT PAPERNUMBER |
3761
DATE MAILED: 10/05/2015
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. |  CONFIRMATION NO.
14/543,815 11/17/2014 Walid N. ABOUL-HOSN 06-01506US05 9742

TITLE OF INVENTION: GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $960 $0 $0 $960 01/05/2016

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (f required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unlef:ss corrfected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

9,9185 7590 10/_05/ 2015 I hereby certify that this Fee(s) Transmittal is being deposited with the United
Getlnge UusS Legal Shared Services S(tiates P%Slal Stﬁrvice vlvith sufficient postage g((i)r first lglass mailbin an ?nvelopie
N addressed to the Mail Stop ISSUE FEE address above, or being facsimile

1300 MacArthur Boulevard transmitted to the USPTO (571) 273-2885. on the date indicated below.

Mahwah, NJ 07430

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/543,815 11/17/2014 Walid N. ABOUL-HOSN 06-01506US05 9742
TITLE OF INVENTION: GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 01/05/2016

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
MARCETICH, ADAM M 3761 600-016000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). : 1
(1) The names of up to 3 registered patent attorneys
a Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . . . 2
(2) The name of a single firm (having as a member a
(] "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

| Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CEFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
14/543 815 11/17/2014 Walid N. ABOUL-HOSN 06-01506US05 9742
I EXAMINER |
99185 7590 10/05/2015
Getinge US Legal Shared Services MARCETICH, ADAM M
1300 MacArthur Boulevard
Mahwah, NJ 07430 I ART UNIT PAPERNUMBER |

3761

DATE MAILED: 10/05/2015

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3of 3
PTOL-85 (Rev. 02/11)
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IApplication No. JApplicant(s)

14/543,815 [Walid N. ABOUL-HOSN
Notice Requiring Inventor’s Oath or
Declaration Fxaminer [Art Unit
IMARCETICH, ADAM M 3761

This notice is an attachment to the Notice of Allowability (PTOL-37), or the Notice of Allowability For A Design
Application (PTOL-37D).

An inventor’s oath or declaration in compliance with 37 CFR 1.63 or 1.64 executed by or with respect to each
inventor has not yet been submitted.

An oath or declaration in compliance with 37 CFR 1.63, or a substitute statement in compliance with 37 CFR
1.64, executed by or with respect to each inventor (for any inventor for which a compliant oath, declaration, or
substitute statement has not yet been submitted) MUST be filed no later than the date on which the issue fee is
paid. See 35 U.S.C. 115(%). Failure to timely comply will result in ABANDONMENT of this application.

A properly executed inventor’s oath to declaration has not been received for the following inventor(s):

If applicant previously filed one or more oaths, declarations, or substitute statements, applicant may have received
an informational notice regarding deficiencies therein.

The following deficiencies are noted:

INFORMAL ACTION PROBLEMS
* A properly executed inventor's oath or declaration has not been received for the following inventor(s): Walid
N. ABOUL-HOSN, William R. KANZ, and Bruce A. BAKER.
Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and
Fee(s) Due, PTOL-85, is mailed.

Questions relating to this Notice should be directed to the Application Assistance Unit at 571-272-4200.

U.S. Patent and Trademark Office

PTO-2306 (01-13) Notice Requiring Inventor’s Oath or Declaration
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
14/543,815 ABOUL-HOSN ET AL.
. s i i AlA (First Inventor to
Notice of Allowability igzm'&‘:rceﬂch 2%1”"“ File) Statis
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to 10 September 2015.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. [X] The allowed claim(s) is/are 24-45. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
hltp:fwww usplo.gov/patenis/int_events/gph/indax.jsp or send an inquiry to PPHieedback@usplo.qov .

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[J Al b)[dSome *c) [] None of the:
1. [] Certified copies of the priority documents have been received.
2. [] Certified copies of the priority documents have been received in Application No.
3. [[] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[0 including changes required by the attached Examiners Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [J Notice of References Cited (PTO-892) 5. IX] Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/Adam Marcetich/
Primary Examiner, Art Unit 3761

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20150921
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Application/Control Number: 14/543,815 Page 2
Art Unit: 3761

EXAMINER’S COMMENT / AMENDMENT / REASONS FOR ALLOWANCE
Notice of Pre-AlA or AIA Status
The present application is being examined under the pre-AlA first to invent
provisions.
Examiner’s Comment
The amended paragraph filed 10 September 2015 is acceptable and has been

entered.

Terminal Disclaimer
The terminal disclaimer filed on 10 September 2015 disclaiming the terminal
portion of any patent granted on this application which would extend beyond the
expiration date of Aboul-Hosn; Walid N. et al. (US 8888728) has been reviewed and is

accepted. The terminal disclaimer has been recorded.

Examiner’s Amendment
An examiner’s amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.
Authorization for this examiner’'s amendment was given in a telephone interview

with Kirk D. Swenson on Tuesday, 22 September 2015.
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Application/Control Number: 14/543,815 Page 3
Art Unit: 3761

Claims 27, 40 and 41 are amended as follows. [[Deletions are in double

brackets]] and additions are underlined. Ellipsis ... designates unchanged portions of

claims which have been omitted for brevity.

27. (Currently Amended) The method of claim 24, wherein the rotor comprises a
second blade extending radially from the rotor hub and the [[rotar]] rotor hub is
generally conical.

40. (New) The method of claim 25, wherein the [[central]] elongate lumen
extends centrally through the cannula and blood pump.

41. (New) The method of claim 25, wherein the elongate lumen [[of the central

lumen]] is proximal to the cannula.

Allowable Claims
Claims 24-45 are allowed.
Reasons for Allowance
Applicant’s arguments filed 10 September 2015 regarding Aboul-Hosn have been

considered and are persuasive. Examiner advances additional reasons for allowance.

Sammler; Rolf et al. (US 6544216), the closest art of record, discloses an

intracardiac blood pump and method of using (col. 1, lines 3-7; col. 3, lines 16-22, blood

pump 10), comprising:
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Application/Control Number: 14/543,815 Page 4
Art Unit: 3761

(i) an intravascular blood pump comprising a rotor, tapered rotor hub, blade and
shroud (col. 3, lines 20-24, drive section 11 and a pump section 12 as described in
Siess; Thorsten et al. (WO 9737696 A1));

(i) a cannula extending from the shroud and comprising an outer cannula surface
(col. 3, lines 36-44, Figs. 1, 2, pump hose 14).

However, Sammler lacks several critical feature of the invention. Sammler lacks
both a first lumen arranged to deliver purge fluid, and a guide mechanism configured as
an elongate lumen. Significantly, Sammler relies on the motor-driven pump of Siess to
move blood through vessels (Siess, Figs. 2, 3). Since the motor of Siess occupies the
entire cross-section of the lumen, no space remains for a lumen to pass a guide wire or

purge fluid.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to:
Tel 571-272-2590

Fax 571-273-2590
Email Adam.Marcetich@uspto.gov

The Examiner can be reached 8:00am to 4:00pm Monday through Friday.
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Application/Control Number: 14/543,815 Page 5
Art Unit: 3761

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Tatyana Zalukaeva can be reached on 571-272-1115. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Adam Marcetich/
Primary Examiner, Art Unit 3761
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

14543815 ABOUL-HOSN ET AL.
ADAM MARCETICH 3761
CPC
Symbol Type Version
A61M 1 125 F 2014-02-04
A61M 2025 0183 A 2013-01-01
A61M 2025 0177 A 2013-01-01
A61M 1 101 | 2013-01-01
Y10S 415 90 A 2013-01-01
A61M 1 102 | 2014-02-04
A61M 1 1034 | 2014-02-04
A61M 1 1029 | 2014-02-04
A61M 1 1086 | 2013-01-01
A61M 25 09 | 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE
Total Claims Allowed:
22
(Assistant Examiner) (Date)
/ADAM MARCETICH/
Primary Examiner.Art Unit 3761 09/22/2015 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1

U.S. Patent and Trademark Office

Part of Paper No. 20150921
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

14543815 ABOUL-HOSN ET AL.
ADAM MARCETICH 3761
US ORIGINAL CLASSIFICATION INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
600 16 Ale 1/10 (2006.01.01)
Ale 25/09 (2006.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
604 8 164.13
623 3.15 3.1
NONE
Total Claims Allowed:
22
(Assistant Examiner) (Date)
/ADAM MARCETICH/
Primary Examiner.Art Unit 3761 09/22/2015 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1

U.S. Patent and Trademark Office

Part of Paper No. 20150921
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

14543815 ABOUL-HOSN ET AL.
ADAM MARCETICH 3761
O Claims renumbered in the same order as presented by applicant O CPA X T.D. O R147
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 17 8 33
2 18 9 34
3 19 1 35
4 20 12 36
5 21 13 37
6 22 14 38
7 23 15 39
8 1 24 16 40
9 10 25 17 41
10 20 26 18 42
1 2 27 19 43
12 3 28 21 44
13 4 29 22 45
14 5 30
15 6 31
16 7 32
NONE
Total Claims Allowed:
22
(Assistant Examiner) (Date)
/ADAM MARCETICH/
Primary Examiner.Art Unit 3761 09/22/2015 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1

U.S. Patent and Trademark Office

Part of Paper No. 20150921
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Page 1 of 1

UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

BIB DATA SHEET
CONFIRMATION NO. 9742

SERIAL NUMBER FILINSAQFE 371(c) CLASS GROUP ART UNIT ATTORNE(Y).DOCKET
14/543,815 11/17/2014 604 3761 06-01506US05
RULE
APPLICANTS
MAQUET Cardiovascular LLC, Mahwah, NJ;
INVENTORS

Walid N. ABOUL-HOSN, Fair Oaks, CA;
William R. KANZ, Sacramento, CA;
Bruce A. BAKER, Placerville, CA;

*k CONTINUING DATA dedkdekdokdkhdkkdkkdhkkhkkhkhhhhkhhkdk
This application is a CON of 12/772,810 05/03/2010 PAT 8888728
which is a CON of 11/375,926 03/15/2006 PAT 7731675
which is a DIV of 10/070,178 07/19/2002 PAT 7022100
which is a 371 of PCT/US00/24515 09/01/2000
which claims benefit of 60/152,249 09/03/1999

*k FOREIGN APPLICATIONS kkkkkkkkhkkhhkkkkkhkkhkkhkkkk
** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **

12/02/2014
Foreign Pricrity claimed U ves MNo STATEOR | SHEETS TOTAL |INDEPENDENT
35 USC 119(a-d) conditions met D Yes aNo D m%ﬁgﬁée COUNTRY DRAWINGS CLAIMS CLAIMS
Verified and /Adam Marcetich/
Acknowledged Examiner's Signature Tnitials CA 18 22 3
ADDRESS total claims: 22
Getinge US Legal Shared Services independent: 3
1300 MacArthur Boulevard
Mahwah. NJ 07430 updated Tue 22 Sep 2015
UNITED STATES /AMM/
TITLE

GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS

|0 All Fees |
|0 1.16 Fees (Filing) |

FILING FEE FEES: Authority has been given in Paper

RECEIVED |No. to charge/credit DEPOSIT ACCOUNT |l 117 Fees (Processing Ext. of time)
1900 No. for following: U 1.18 Fees (Issue)
U Other
U Credit

BIB (Rev. 05/07).
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EAST Search History

EAST Search History
EAST Search History (Prior Art)

Ref iiHits :{Search Query DBs Default {Plurals {iTime
# Operator Stamp

L15 11 WO adj "9737696" US-PGPUB; iOR ON 2015/09/22
USPAT; 08:20
FPRS;
EPO; JPO;
DERWENT
IBM_TDB

L10 {248 19 and (wire guidewire) US-PGPUB; {OR ON 2015/09/22
USPAT; 07:18
FPRS;
EPO; JPO;
DERWENT
IBM_TDB

L9 807 I8 and (rotor rotar rotat$3 spin$1 spinn$3 {US-PGPUB;{OR ON 2015/09/22
turn$3 motor) USPAT; 07:17
FPRS;
EPO; JPO;
DERWENT
IBM_TDB

L8 {1150 {7 and pump$3 with (cardiac intracardiac {§US-PGPUB;{OR ON 2015/09/22
heart intravascular vascular vasculature USPAT; 07:17
vessel$1 vein$1 arter$3 venous veinous) i FPRS;
EPO; JPO;
DERWENT
IBM_TDB

L7 #10115 §(A61M1/101 A61M1/102 AB1M1/1034 US-PGPUB; §CR ON 2015/09/22
A61M1/125 A61M1/1029 A61M1/1086 USPAT; 07:16
AB1M25/09 A61M25/09041 FPRS;
AB1M2025/0183 A61M2025/0177 EPC; JPO;
AB1B5/021 AB1B5/0215 Y10415/90 DERWENT
).cpc. and @ad< "20000901" IBM_TDB

L6 249 (A61M2025/0177 ).cpc. and US-PGPUB; §OR ON 2015/09/22
@ad< "20000901" USPAT; 07:08
FPRS;
EPO; JPO;
DERWENT
IBM_TDB

L5 {875 14 and (wire guidewire) US-PGPUB; {OR ON 2015/09/22
USPAT; 07:04
FPRS;
EPO; JPO;
DERWENT
IBM_TDB

L4 {1631 {(A61M2025/0183 ).cpc. and US-PGPUB;{OR ON 2015/09/22
@ad< "20000901" USPAT; 07:04
FPRS;
EPO; JPO;
DERWENT
IBM_TDB

L3 {79 (US-20060161095-$ or US-20060155158-$iUS-PGPUB; ;{OR OFF 2015/09/22
or US-20050165269-$ or US- USPAT; 06:58

EASTSearchHistory.14543815_Accessible Version.htm[9/22/2015 8:32:00 AM]
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20030023201-$ or US-20150073202-$ or i FPRS;
US-20100210895-$).did. or (US-7731675-§ DERWENT
$ or US-7022100-$ or US-6976996-% or
US-6210133-$ or US-6083260-$ or US-
6287319-$ or US-4909781-$ or US-
6245007-$ or US-4728319-$ or US-
4591355-$ or US-4895557-$ or US-
4817586-$ or US-4979936-$ or US-
5112349-$ or US-6849068-$ or US-
6248091-$ or US-5888241-$ or US-
6217541-$ or US-6228063-$ or US-
6547779-$ or US-6454997-$ or US-
6440158-$ or US-6181971-$ or US-
7130700-$ or US-6036654-$ or US-
5827267-%).did. or (US-5713860-$ or US-
7892270-$ or US-6231595-$ or US-
6235048-$ or US-6238428-$ or US-
6251130-$ or US-6159195-$ or US-
5921971-$ or US-5833644-$ or US-
5827229-$ or US-5569215-$ or US-
5476450-$ or US-5221256-$ or US-
6066100-$ or US-5938645-$ or US-
6007478-$ or US-6176822-$ or US-
3995617-$ or US-5965089-$ or US-
5921913-$ or US-5964694-$ or US-
6139487-$ or US-6058593-$% or US-
4964864-$ or US-7066924-$ or US-
6066122-$ or US-5234407-$).did. or (US-
6295877-$ or US-6387125-$ or US
6716189-$ or US-6346120-$ or US-
6176848-$ or US-6135729-$ or US-
5851174-$ or US-4969865-$ or US-
4846152-$ or US-5211546-$ or US-
5336184-$ or US-5527159-$ or US-
8888728-$ or US-6544216-$ or US-
5112292-9).did. or (CA-2361972-$).did. or
(WO-8905668-$ or US-5741234-$ or WO-
9843689-$ or WO-9843688-9) .did.

2 i1 14/543,815.app. US-PGPUB; #OR ON 2015/09/22
USPAT; 06:14
FPRS;
EPO; JPO;
DERWENT
IBM_TDB

EAST Search History (I nterference)

Ref i{Hits {iSearch Query DBs Default Plurals {Time
# Operator Stamp
L14 {115 {{l13 and (wire guidewire).cim. us OR ON 2015/09/22
PGPUB; 07:22
USPAT;
UPAD
L13 #4052 {ipump$3 same (cardiac intracardiac heart us OR ON 2015/09/22
intravascular vascular vasculature vessel$1 {iPGPUB; 07:22
vein$1 arter$3 venous veinous).cim. and USPAT;
@ad< "20000901" UPAD
L12 §109 #111 and (wire guidewire).cim. Us- OR ON 2015/09/22
PGPUB; 07:22
USPAT;
UPAD
FL11 §§3925 %[pump$3 with (cardiac intracardiac heart EUS— }OR ION §g2015/09/22§
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| intravascular vascular vasculature vessel$1 {PGPUB; | 07:21
Il vein$1 arter$3 venous veinous).cim. and  §j USPAT; |
{| @ad<"20000901" §UPAD i
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Receipt date: 09/10/2015 14543815 - GAU: 3761

Amendment and Response to the Office Action of August 17, 2015 Atty Dkt. No.: 06-01506US05

AMENDMENTS TO THE SPECIFICATION:

Please amend the paragraph beginning on page 1, line 3 of the specification as follows:

OK TO ENTER: /AMM/
/ByM/ {09/30/2015)

This application is a continuation of co-pending U.S. Patent Application Serial No.
12/772,810, filed May 3, 2010_(now U.S. Patent No. 8,888,728), which is a continuation of U.S.
Patent Application Serial No. 11/375,926, filed March 15, 2006 (now U.S. Patent No. 7,731,675,
issued June 8, 2010), which is a divisional of U.S. Patent Application Serial No. 10/070,178,
filed July 19, 2002, (now U.S. Patent No. 7,022,100, issued April 4, 2006) which is a U.S.
National Stage Entry of International Patent Application No. PCT/US00/24515 filed September

1, 2000, which claims the benefit of provisional U.S. Patent Application Serial No. 60/152,249

filed September 3, 1999, all of which are hereby incorporated by reference in their entireties.
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 14543815 ABOUL-HOSN ET AL.
H“NN“ ‘ ‘ ““ ““ | “H“H o o
ADAM MARCETICH 3761
CPC- SEARCHED
Symbol Date Examiner
A61M1/101; A61M1/102; A61M1/1034; A61M1/125; A61M1/1029; 08/10/2015 AMM
A61M1/1086; A61M25/09; Y10S415/90
A61M1/101; A61M1/102; A61M1/1034; A61M1/125; A61M1/1029; 09/22/2015 AMM
A61M1/1086; A61M25/09; A61M25/09041; A61M2025/0183 ;
A61M2025/0177
A61B5/021; A61B5/0215; Y105415/90 09/22/2015 AMM
CPC COMBINATION SETS - SEARCHED
Symbol Date Examiner
US CLASSIFICATION SEARCHED
Class Subclass Date Examiner
SEARCH NOTES
Search Notes Date Examiner
Inventor search: PALM and EAST (US-PGPUB, USPAT, USOCR) 08/10/2015 AMM
Review cited art for parent cases 10/070,178; 11/375,926; 12/772,810 08/10/2015 AMM
search update 09/22/2015 AMM
INTERFERENCE SEARCH
US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol
claim keyword search 09/22/2015 AMM

/ADAM MARCETICH/
Primary Examiner.Art Unit 3761

U.S. Patent and Trademark Office Part of Paper No. : 20150921
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Doc code: RCEX PTO/SBI30EFS (07-14)

Doc description: Request for Continued Examination (RCE} Approved for use through 07/31/2016. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF GOMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required fo respond {o a collection of information uniess it contains a valid OMB control number.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
{Submitted Only via EFS-Web)

Application | b 43 815 Filing | bo14.1117 Docket Number | o 41506us05 At 1 b6
Number Date (if applicable) Unit

First Named| 4 N_ ABOUL-HOSN Examiner MARCETICH, Adam M.

Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.

Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or piant application filed prior to June 8,
1995, to any infemational application that does not comply with the requirements of 35 U.S.C. 371, or to any design application. The
Instruction Sheet for this form is located at WWW . USPTO.GOV.

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s}
entered, applicant must request non-entry of such amendment{s).

D Previously submiited. If a final Office action is outsianding, any amendments filed after the final Office action may be considered as a
submission even if this box is not checked.

}:| Consider the arguments in the Appeal Brief or Reply Brief previously filed on

X Other Submitted after Notice of Allowance issued (October 5, 2015)

Enclosed

{] Amendment/Reply
information Disciosure Statement (IDS)

]:| Affidavit{s)/ Declaration{s)

[ ] Other

MISCELLANEOUS

El Suspension of action on the above-identified application is requested under 37 CFR 1.103{c) for a penod of months
{Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

[] Other

FEES

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No P4(}1 70

SIGNATURE OF APPLICANT, ATTCRNEY, OR AGENT REQUIRED

> Patent Practitioner Signature

Applicant Signature

EFS - Web2.1.15
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Doc code: RCEX

PTO/SB/30EFS (07-14)

Doc description: Request for Continued Examination (RCE} Approved for use through 07/31/2016. OMB 0651-0031

U.S. Patent and Trademark Office; U.S5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required fo respond {o a collection of information uniess it contains a valid OMB control number.

Signature of Registered U.S. Patent Practitioner

Signature | JKirk D. Swenson/

Date (YYYY-MM-DD) EO1 6-01-05 I

Name Kirkk D. Swenson

Registration Number | p2265

This colliection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public which is to
file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is
estimated to take 12 minutes to complete, including gathenng, preparing, and submitting the completed application form fo the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you reguire to complete this form andfor suggestions for
reducing this burden, should be sent to the Chief information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce,
P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in compieting the form, cafl 1-800-PT0O-9199 and select option 2.

EFS - Web2.1.15
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 83-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be
advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2{b)}(2}; (2) furnishing of the information
solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office
is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U_S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information

Act {5 U.S.C. 5352} and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of information Act requires disclosure of these records.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a

request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a{m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this sysiem of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization,
pursuant to the Patent Cooperation Treaty.

8. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c}).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2908. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant {i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a recerd may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, fo the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

8. A record from this system of records may be disclosed, as a routine use, o a Federal, State, or local law
enfarcement agency, if the USPTO becomes aware of a viclation or potential violation of law or regulation.

EFS - Web 2.1.15
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Doc code: IDS

Doc description: Information Disclosure Statement (IDS) Form Used In Lieu of PTO/SB/08a/b (01-10 version)

Complete If Known
Attorney Docket 06-01506US05
INFORMATION DISCLOSURE g ot e 1
STATEMENT BY APPLICANT First Named Inventor Walid N. ABOUL-HOSN
Application Number 14/543,815
Substitute for Form PTO-1449 Filing Date November 17, 2014
( Not for submission under 37 CFR 1.99) | Group Art Unit 3761
Examiner Name MARCETICH, ADAM M
Title Guidable Intravascular Blood Pump
and Related Methods
Sheet 1 of 5
U.S. PATENTS
Cite Pages, Columns,
Examiner | No. Patent Kind Issue Date Name of Patentee or Lines where Relevant
Initial* (A1, A2, | Number 1 Applicant Passages or Relevant
...An) Code YYYY-MM-DD | ¢ Gited Document Figures Appear
Al 4769005 A 1988-09-06 Ginsburg et al.
A2 4846152 A 1989-07-11 Nimbus Medical Inc.
A3 4944722 A 1990-07-31 Nimbus Medical Inc.
A4 5092879 A 1992-03-03 Jarvik, Robert K.
Terumo Kabushiki
A5 5106363 A 1992-04-21
Kaisha
Cardiovascular
A6 5108411 A 1992-04-28
Imaging Systems Inc.
Advanced
Cardiovoascular
A7 5137513 A 1992-08-11
Systems Inc.
New York University
A8 5334142 A 1994-08-02
Examiner Signature Date Considered

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw
line through citation if not in conformance and not considered. Include copy of this form with next
communication to applicant.

T See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. * Enter office that issued the
document, by the two-letter code (WIPO Standard ST.3). % For Japanese patent documents, the indication of the year of the
reign of the Emperor must precede the serial number of the patent document. * Kind of document by the appropriate symbols
as indicated on the document under WIPO Standard ST.16 if possible. * Applicant is to place a check mark here if English
language translation is attached.
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Doc code: IDS

Doc description: Information Disclosure Statement (IDS)

Form Used In Lieu of PTO/SB/08a/b (01-10 version)

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Substitute for Form PTO-1449
( Not for submission under 37 CFR 1.99)

Complete If Known
Attorney Docket 06-01506US05
Confirmation No. 9742
First Named Inventor Walid N. ABOUL-HOSN
Application Number 14/543,815
Filing Date November 17, 2014
Group Art Unit 3761

Examiner Name

MARCETICH, ADAM M

Title Guidable Intravascular Blood Pump
and Related Methods
Sheet 2 of 5
Advanced
A9 5516336 A 1996-05-14 Cardiovascular
Systems Inc.

Endovascular Systems

Al10 5697948 A 1997-12-16
Inc.
Baxter International
All 5746575 A 1998-05-05
Inc.

Al2 5824070 A 1998-10-20 Jarvik, Robert
Al13 5851174 A 1998-12-22 Jarvik Robert
Al4 5911702 A 1999-06-15 Heartport Inc.

Impella Cardiotechnik
Al5 6007478 A 1999-12-28

Aktiengesellschaft
Al6 6071093 A 2000-06-06 Abiomed Inc.
MEDOS

Al7 6116862 A 2000-09-12

Medizintechnik GmbH
Al18 6136025 A 2000-10-24 Barbut et al.

Horizon Medical
Al19 6146354 A 2000-11-14
Products

Impella Cardiotechnik

A20 6176848 Bl 2001-01-23
GmbH

Examiner Signature

Date Considered

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw
line through citation if not in conformance and not considered.
communication to applicant.

Include copy of this form with next

T See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. * Enter office that issued the
document, by the two-letter code (WIPO Standard ST.3). % For Japanese patent documents, the indication of the year of the
reign of the Emperor must precede the serial number of the patent document. * Kind of document by the appropriate symbols
as indicated on the document under WIPO Standard ST.16 if possible. * Applicant is to place a check mark here if English
language translation is attached.
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Doc code: IDS

Doc description: Information Disclosure Statement (IDS)

Form Used In Lieu of PTO/SB/08a/b (01-10 version)

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Substitute for Form PT0O-1449
( Not for submission under 37 CFR 1.99)

Complete If Known
Attorney Docket 06-01506US05
Confirmation No. 9742
First Named Inventor Walid N. ABOUL-HOSN
Application Number 14/543,815
Filing Date November 17, 2014
Group Art Unit 3761

Examiner Name

MARCETICH, ADAM M

Title Guidable Intravascular Blood Pump
and Related Methods
Sheet 3 of 5

Becton Dickinson and

A21 6197001 B1 2001-03-06
Company

A22 6248091 B1 2001-06-19 Voelker, Wolfram

Corazdén Technologies
A23 6290689 B1 2001-09-18

Inc.

A24 6354814 B1 2002-03-12 Kaufmann et al.

Impella Cardiotechnik
A25 6544216 B1 2003-04-08

Aktiengesellschaft

A26 6572530 B1 2003-06-03 JMS Co. Ltd.
A27 6592567 B1 2003-07-15 CHF Solutions Inc.
A28 6673040 Bl 2004-01-06 Cardeon Corporation

Aisin Seiki Kabushiki
A29 6733459 B1 2004-05-11

Kaisha

A30 7517352 B2 2009-04-14 Bacchus Vascular Inc.
A31 7998054 B2 2011-08-16 Thoratec Corporation
A32 8545447 B2 2013-10-01 Demarais et al.

Examiner Signature

Date Considered

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw
line through citation if not in conformance and not considered.
communication to applicant.

Include copy of this form with next

T See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. * Enter office that issued the
document, by the two-letter code (WIPO Standard ST.3). % For Japanese patent documents, the indication of the year of the
reign of the Emperor must precede the serial number of the patent document. “ Kind of document by the appropriate symbols
as indicated on the document under WIPO Standard ST.16 if possible. * Applicant is to place a check mark here if English
language translation is attached.
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Doc code: IDS

Doc description: Information Disclosure Statement (IDS)

Form Used In Lieu of PTO/SB/08a/b (01-10 version)

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Substitute for Form PT0O-1449
( Not for submission under 37 CFR 1.99)

Complete If Known

Attorney Docket

06-01506US05

Confirmation No.

9742

First Named Inventor

Walid N. ABOUL-HOSN

Application Number 14/543,815
Filing Date November 17, 2014
Group Art Unit 3761

Examiner Name

MARCETICH, ADAM M

Title Guidable Intravascular Blood Pump
and Related Methods
Sheet 4 of 5
U.S. PATENT APPLICATION PUBLICATIONS
Cite ' Publication Pages, Columns,
Examiner No. Publication Kind | pate Name of Patentee or Lines where
Initial* B1, Number Code Applicant of cited Relevant Passages
B2, ! YYYY-MM- | Document or Relevant
...Bn) DD Figures Appear
B1 20010027287 Al 2001-10-04 Trans Vascular Inc.
B2 20030088151 Al 2003-05-08 Kung et al.
B3 20030100816 Al 2003-05-29 Siess, Thorsten
B4 20030187322 Al 2003-10-02 Siess, Thorsten
B5 20040097995 Al 2004-05-20 Nash et al.
B6 20050049696 Al 2005-03-03 Siess et al.
B7 20090024212 Al 2009-01-22 Siess et al.
B8 20130304158 Al 2013-11-14 Zarinetchi et al.

Examiner Signature

Date Considered

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw
line through citation if not in conformance and not considered.
communication to applicant.

Include copy of this form with next

T See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. * Enter office that issued the
document, by the two-letter code (WIPO Standard ST.3). % For Japanese patent documents, the indication of the year of the
reign of the Emperor must precede the serial number of the patent document. “ Kind of document by the appropriate symbols
as indicated on the document under WIPO Standard ST.16 if possible. * Applicant is to place a check mark here if English
language translation is attached.
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Doc code: IDS

Doc description: Information Disclosure Statement (IDS)

Form Used In Lieu of PTO/SB/08a/b (01-10 version)

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Substitute for Form PTO-1449
( Not for submission under 37 CFR 1.99)

Complete If Known

Attorney Docket

06-01506US05

Confirmation No.

9742

First Named Inventor

Walid N. ABOUL-HOSN

Application Number 14/543,815

Filing Date November 17, 2014
Group Art Unit 3761

Examiner Name MARCETICH, ADAM M

Title Guidable Intravascular Blood Pump
and Related Methods
Sheet 5 of 5
FOREIGN PATENT DOCUMENTS
L Pages,
g:i)élcatlon Columns,
Cite Lines
No. Foreian Name of where
Examiner | (C1, 9 Country | Kind Patentee or Relevant 5
e e Document 2 4 . T
Initial C2, Number® Code Code YYYY-MM- Applicant of Passages
...Cn) DD cited Document | or
Relevant
Figures
Appear
NON PATENT LITERATURE DOCUMENTS
cl\:l'ée Include name of the author (in CAPITAL LETTERS), title of the article (when
Examiner D1- appropriate), title of the item (book, magazine, journal, serial, symposium, catalog, T
Initial* o1, etc), date, pages(s), volume-issue number(s), publisher, city and/or country where
D2 ) H H ’ ) y ry
D’ published.
...Dn)
D1

Examiner Signature

Date Considered

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw

line through citation if not in conformance and not considered.

communication to applicant.

Include copy of this form with next

T See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04.  Enter office that issued the

document, by the two-letter code (WIPO Standard ST.3). % For Japanese patent documents, the indication of the year of the
reign of the Emperor must precede the serial number of the patent document. * Kind of document by the appropriate symbols
as indicated on the document under WIPO Standard ST.16 if possible. * Applicant is to place a check mark here if English
language translation is attached.
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Customer No.: 99185 Docket No.: 06-01506US05

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re

application of: Walid N. ABOUL-HOSN et al.

Serial No.: 14/543,815 Confirmation No.: 9742

Filed: November 17, 2014 Group Art Unit: 3761

For: GUIDABLE INTRAVASCULAR Examiner: MARCETICH, Adam
BLOOD PUMPAND
RELATED METHODS

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir/Madam:

Pursuant to 37 CFR § 1.56, the attention of the Patent and Trademark Office is
hereby directed to the reference(s) listed on the attached Supplemental Information
Disclosure Statement (SIDS) form (i.e., form PTO-1449, form PTO/SB/08, or modified
variations thereof). Unless otherwise indicated herein, one copy of each reference is
attached. 1t is respectfully requested that the information be expressly considered during
the prosecution of this application, and that the reference(s) be made of record therein

and appear among the “References Cited’ on any patent to issue therefrom.

Docket No. 06-01506US05
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The filing of this Supplemental Information Disclosure Statement and the
enclosed SDS form(s), shall not be construed as an admission that the information cited is
prior art, or is considered to be material to patentability as defined in 37 C.F.R. § 1.56(b).

Applicants have listed the publication date on the attached IDS form(s) based on
information presently available to the undersigned. However, the listed publication date
should not be construed as an admission that the information was actually published on
the date indicated. =~ Applicants reserve the right to establish the patentability of the
claimed invention over any of the information provided herewith, and/or to prove that
this information may not be prior art, and/or to prove that this information may not be
enabling for the teachings purportedly offered.

This submission is not a representation that a search has been made. The
paragraphs marked below are applicable. It is believed that no fees other than those
indicated below are due, but authorization is hereby given to charge any additional fees

due, or to credit any overpayment, to deposit account 04-0170.

1. = This Information Disclosure Statement is being filed before the mailing of

a first office action after filing of a request for continued examination.

2. = Since this application was filed after June 30, 2003, in accordance with 37
CFR § 1.98(a)(2)(ii), Applicant has not submitted copies of copies of U.S. patent and

patent application references.

Docket No. 06-01506US05
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It is respectfully requested that the Examiner indicate consideration of the cited
references by returning a copy of the attached IDS form (i.e., PTO/SB/08, PTO-1449 or
equivalents thereof) with initials or other appropriate marks. In the unlikely event that
the transmittal letter is separated from this document and the U.S. Patent Office
determines that an extension and/or other relief is required, Applicant(s) petitions for any
required relief including extensions of time and authorizes the Commissioner to charge
the cost of such petitions and/or other fees due in connection with the filing of this
document to Deposit Account No. 04-0170, reference number 06-01506US05. However,
the Commissioner is not authorized to charge the cost of the issue fee to the Deposit

Account 04-0170.

Respectfully submitted,

DATE: January 5, 2016 /Kirk D. Swenson/

Kirk D. Swenson

Registration No. 52,265

Agent for Applicant(s)
MAQUET Cardiovascular LLC
1300 MacArthur Boulevard
Mahwah, NJ 07430

Tel: (201) 995-8816

Fax: (866) 936-0615

Docket No. 06-01506US05
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Electronic Patent Application Fee Transmittal

Application Number:

14543815

Filing Date:

17-Nov-2014

Title of Invention:

GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS

First Named Inventor/Applicant Name:

Walid N. ABOUL-HOSN

Filer:

Kirk D. Swenson

Attorney Docket Number:

06-01506US05

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SUB—JS:;)I in
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount SuB—;’g(t:)l in
Miscellaneous:
Request for Continued Examination 1801 1 1200 1200
Total in USD ($) 1200
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Electronic Acknowledgement Receipt

EFS ID: 24535565
Application Number: 14543815
International Application Number:
Confirmation Number: 9742

Title of Invention:

GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS

First Named Inventor/Applicant Name:

Walid N. ABOUL-HOSN

Customer Number:

99185

Filer:

Kirk D. Swenson

Filer Authorized By:

Attorney Docket Number:

06-01506US05

Receipt Date: 05-JAN-2016
Filing Date: 17-NOV-2014
Time Stamp: 20:20:15

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $1200

RAM confirmation Number 5663

Deposit Account 040170

Authorized User

SWENSON, KIRK

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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Charge any Additional Fees required under 37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:
. . File Si Iti
Document Document Description File Name es ze(B){tes)l Mu tl. _Pages
Number Message Digest | Part/.zip| (if appl.)
R t for Continued Examinati 1363858
1 equestior O'zR'gg)e xamination 1 5416-01-05_RCE_sb0030efs.pdf no 3
44cdf7685790acf8b4d06fab19030e953a21)
f8ea
Warnings:
Information:
Information Disclosure Statement (IDS) 167097
n I 1 u n
2 Form (SB08) 06-01506US05_1.pdf no 5
b2469e185040692976ebf15f7093f11d73ct
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
2016_01_05_TRANSMITTAL_LE 74194
3 Transmittal Letter . _'[TER_Lpdf - no 3
6¢17515bb7a299e344c620d378958895251
91c20
Warnings:
Information:
30786
4 Fee Worksheet (SB06) fee-info.pdf no 2
f168ce8512a47dc34b0554c2f041dfd7608¢}
Warnings:
Information:
Total Files Size (in bytes){ 1635935
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIA/15 (03-13)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number
UTILITY Attorney Docket No. 06-01506US0O5 ‘

PATENT APPLICATION First Named Inventor Wa||d N ABOU L-HOSN
TRA NS M ITTAL Tlt/E GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS

\ (Only for new nonprovisional applications under 37 CFR 1.53(b}) Express Mail Label No. | FILED ELECTRONICALLY via EFS W@
APPLICATION ELEMENTS Commissioner for Patents
See MPEP chapter 600 concerning utility patent application contents. ADDRESS TO: P.O. Box 1450
Alexandria, VA 22313-1450
1.[] Fee Transmittal Form ACCOMPANYING APPLICATION PAPERS

(PTO/SB/17 or equivalent)

2. D Applicant asserts small entity status. 10. I:l Assignment Papers
See 37 CFR 1.27 (cover sheet & document(s))

Name of Assignee

3. D Applicant certifies micro entity status. See 37 CFR 1.29.
Applicant must attach form PTO/SB/15A or B or equivalent.

4. D Specification [Total Pages ] 11. |:| 37 CFR 3.73(c) Statement |:| Power of Attorney
Both the claims and abstract must start on a new page. (when there is an assignee)
(See MPEP § 608.01(a/ for information on the preferred arrangement) 12. I:l English Translation Document
5. D Drawing(s) (35 U.S.C. 113) [Total Sheets (if applicable)
6. Inventor’s Oath or Declaration [Total Pages 3 ] 13. |:| Information Disclosure Statement
(including substitute statements under 37 CFR 1.64 and assignments (PTO/SB/08 or PTO-1449)
serving as an oath or declaration under 37 CFR 1.63(e}} I:l Copies of citations attached
a. Newly executed (original or copy) 1. I:l Preliminary Amendment
b. D A copy from a prior application (37 CFR 1.63(d)) 15, I:l Return Receipt Postcard
7. l:] Application Data Sheet  * See note below. (MPEP § 503) (Should be specifically itemized)
See 37 CFR 1.76 (FTO/AIA/14 or equivalent) 16. |:| Certified Copy of Priority Document(s)
8. CD-ROM or CD-R (if foreign priority is claimed)
in duplicate, large table, or Computer Program (Appendix) 17. I:‘ Nonpublication Request

l:' Landscape Table on CD Under 35 U.S.C. 122(b)(2)(B)(i). Applicant must attach form PTO/SB/35
or equivalent.

9. Nucleotide and/or Amino Acid Sequence Submission
(if applicable, items a. — c. are required) 18. I:l Other:
a. I:I Computer Readable Form (CRF)
b. D Specification Sequence Listing on:
i D CD-ROM or CD-R (2 copies); or

ii.I:l Paper

c. D Statements verifying identity of above copies

*Note: (1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS).
(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an
assignee, person to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary
interest in the matter. See 37 CFR 1.46(b).

19. CORRESPONDENCE ADDRESS

The address associated with Customer Number; 99185 OR I:' Correspondence address below
Name
Address
City State Zip Code
Country Telephone Email
( K 3
signature | /Kirk D. Swenson/ Date January 5, 2016
Name . Registration No.
\_(Print/Type) Kirk D. SWGnSOﬂ (Attorney/Agent) 525265 Y

This collection of information is required by 37 CFR 1.53(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination
of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (56 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in
the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. Arrecord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that
agency’s responsibility to recommend improvements in records management practices and programs,
under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine
use, to the public if the record was filed in an application which became abandoned or in which the
proceedings were terminated and which application is referenced by either a published application, an
application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Electronic Acknowledgement Receipt

EFS ID: 24525881
Application Number: 14543815
International Application Number:
Confirmation Number: 9742

Title of Invention:

GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS

First Named Inventor/Applicant Name:

Walid N. ABOUL-HOSN

Customer Number:

99185

Filer:

Kirk D. Swenson/Kathleen Andree

Filer Authorized By:

Kirk D. Swenson

Attorney Docket Number:

06-01506US05

Receipt Date: 05-JAN-2016
Filing Date: 17-NOV-2014
Time Stamp: 11:53:49

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:

Document . . File Size(Bytes Multi Pages
u Document Description File Name ile Size( y M " I. . 9
Number Message Digest | Part/.zip| (if appl.)

FULLY_EXECUTED_DEC_aia000 1049756
1 Oath or Declaration filed - 10df —ala no 3
p 160e1d98e62b4fe9caf4c034f3552eb45001
Warnings:

Information:
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. 275263
2016-01-05_Transmittal_of_Oa

2 Transmittal Letter ths_aia0015.pdf

no 2

626b2970a06bc72c1781cb1a611522deddS)

Warnings:

Information:

Total Files Size (in bytes){ 1325019

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTHAIADT (6812}

Approved for dse through $I212014, OB 084510032

.5, Patent ang Trademark Office; .8, DESARTRIENT OF COMMERSE

Undsr the Papensork Reguctinn Act of 1888, no persons are reguinsd to respond 1o 2 oolisction of information urdess # dispiays 8 valid OB contral number.

DECLARATION {37 CFR 1L.83} FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR .78}

e of | GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS

invention

Ag the below named inventor, | hereby dedlars thatt

Thiz dedlaration D

; icat
is dirented io- The sttached application, or

T 14/543,818

g Unitad States apelication or POT Mernational application numbsr

o November 17, 2014

filad on

The above-identified application was made or authorized o be made by ma.

i beliove that | am ths original invenior or an original ioint inventor of s claimed invention in the application.

§ hereby acknowiedgs that any willful fzlse statement made in this declarstion s punishable under 18 UL.8.C. 1001
by fine or imprigonmeant of not more than five {8 vears, or both,

WARNING:

Petitionsrfapplicant fs cautionsd to avold submiting personal information in dosuments fled in @ patent application that may
contribuls to identity thefl. Personai information such a5 soclal security numbers, bank acoound numbsers, or credit card numbsrs
{uther than a cheok of credit card suthordzation form PTO-2038 submitied for payment purposes) is never required by the USPTO
10 support a petifion or an application. i this type of personal information is included in documeants submitled to the USPTE,
peifionersfapplicanis should conaider redacting such personal information from the decuments befors submilting them {o the
LSPTO. Feliioneriapplicant is advised that the record of 2 padent application s availsbie o the public alter publication of the
application (undess a non-publication request in compliances with 37 CFR 1.213(z) is made in the application; orissuance of a
patent. Furthermors, the record from an abandonad application may alss be avaiisble to the public i the application is
referencad in & publishad spplication or an asusd patent {sse 37 OFR 1.14). Checks and oredit card authorization forms
PYO-2038 submilied for payment purpoesas are not retained in the application fils and therefors aes not  publicly svallable.

LEGAL NAME OF INVENTOR

venton Walid N ABOUL-HOSN e Date {Optionad) ¢ &§ﬁ§_§§\ ‘:‘:\3 eﬁv@ﬁté‘:‘
Signature: T o

Nuta: An application data sheet (PTO/SEM K or aquivalent), noluding naming the ontire Inveniive entity, must sccompany this form or must have
been pravicusly fied. Use an gdditional PTO/ARIAMNT form for earh additional inventor.

This cadiection of infarmagon i3 reguired by 38 US.C. 115 and 37 CFR 1.83. The infermation s reguired fo obbain o rolain 8 banefil by the public which s to fils {and
hy the USPTE o process) an application. Confidentisiity Is governad Ry 35 US.C 122 and 37 OFR 1,11 and 1,14, This colleclion iz sstimaied (o ieke I minde o
compiete, incluting gatharing, preparing, and submitiing the completed applicstion form o the USPTQ. Time will vary depending upen the individuai cass. Any
2omenenis on e amount of Bms you eguire 1 compizte this form andior suggestons for reducing this burdan, shouald be sent 1o the Chief infonmation Gificsr, U8,
Paent and Trademark Office. U8, Depariment of Commerce, PO, Box 1450, Alexandria, VA 223313-1480, DO NOT SEND FEES OR COMPLETED FORMSE TO
THIS ADDRESS. SENG TO: Commissionar for Patents, PO, Box 1488, Alexandrie, VA 233131488,

i you nvad a3sistaNces i COmHeling e forrm, caf -800-FTO-9188 and select option
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FTORIAR (16-12)
Agpoivig for wise through PU3 A0S, OME 08510082
ek Office; .5 DEPARTMENT QOF QOMMERTE
nformation uniess 3§ displays B vatid QS;-r‘ e aumber.

18 Patent and
Ve the Fap&mo\ E’ﬁm" ian Aci of 3RB! 5 £17 PErSCNS [ *@q@-mﬁ i aespond for exfectinto

DECLARATION (37 CFR ‘§ 83} FOR UTIITY OR DESIGN APPLICATION USING AN )
APPLICATION DATA SHEET {3? CFR 1.78}

Titke of @Lﬁi}f‘\&.g N?R&VASCULAQ SLQG“ PLUN P AND RELAT%:D ME?HOBS

frwvention

An the helow named invenids  herehy deaiare thet

This declaration J
is divepted to -

wor THEA3. 815

[@] United States applinatian of POT internations! applicatinn surmber
Sed o NOVEMber 17, 2014

The altached application, or

The abovs-identified application was raads of atthorized o be mads by me.

{ beliove that | am the origingl invenior or an ariginal joint irventor of a claimed inverdion in the applization.

 hereby acknovdedge that any willhl faise statament made in this declaration is punishable under 18 U.S.C 1601
by fing or imprisonment of not more than five {5} yeara, or both

WARNING:

rf‘espgziif: Wit s cautionad to avaid submitting pensonal information in documants filed ins pateryt application that may
 contribute o ider ty thefe Peraonst informalion sudh as social ssourily numbers, bank account numbers, of creciif card numbsrs
 {ather than s check ororedit sard sugthor a1 forrn BTO-2038 submitted forpayment purgnses) v naver required by the USPTO
o support g peliticn or an application. ¥ thisdype of personal information B insiuded 1 dosuments sehmilted o the USPETD,
patitionars/applicants should consider redacting such personal information fom the dosuments hefore submitling them o the
U“@“f{} Petitioneriappicant s advisnd that the record of & patent application is available o the public after pub:m i of the
application {uniess a noncpublication request in complianne with 37 OFR 1.21 %f_a) ia made in the application) or isaugnoaof 8
vatent Furtheérmore, the record from ah shandoned spplication may also be gvaliabia o the pubiic fihe applicationis
rederansed i published application o anissued palent {ses 37 OFR 114). O ‘\&:‘% and cradi card authorization forms
PTO-038 submitted for paymant purposes am not ialained in the appéz&atmn fila angd meremm are not publicly availabie.

LEGAL NAME OF INVENTOR

iventr Willam ROKANZ Date (Optionah ___} 2o 11 { R wgar
Jigrature: -

Mote: An spplication data sheel (PTO/SRTE of aquivaient), Bisiuding naming the enfive nventive ety must sccompany thig form or must have
Baan praviousty fled, Use an acaitional PYORIAT form for egeh agditional lnvenios.

Thiz aoftgrtion of inforrastion s reguinsd by 28 US.O $45 a0 37 CUFB 143, The infonmation s seauinad o obtain of rataint & benehit by the publicwnniy st (ane
by the U o prossess oy applivetion. Confidentizity iy gavernved by 335 U.S 0. 122 end ¥ OFR 11 and .14, This oofiedtion is esfimated 2 ivke  mnuta o
sompleis, including gathering, prepanng, ang sul ovnitting e com iteted appiivalion furm by UBPTQL Tiwme will viry tepending uint the individual cave Ay
Tom 15 Sy e Amsuns of Hne you reguine 1o coniplets i ERE L sunnestions for mducing tis hunden, shouid be tfa'“n Ghied “forwwh n Officer, 1.5,
Pateat and Trademark Office, U5, Tiepriiment of Commerce, ¥ 0. Hax 1458, Qexandnir, V4 223151450, DONOT N SR TOMPLETED WRTO
HIS ADDRESS. SEND TQ: Commissioner for Pateras, B.O. Box 1450, Alokandria, Y& 283131450,

i you neegd assistanos fn complating the foes, osll Y80 TO-S78R and sefect option 2.
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PTOMBIANDT (06-12)

Approved foruse through 01731/2014. -OKMB 0651-0032

S Patant and Trademark Office; U8, DEPARTMENT OF COMMERCE

Under ine Papaiwork Reduction Act'ef 1995, no parsens ara required (0 respond to o collection of information unigss. U displays & valid: OMB contro! fumber.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Titleof | GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS

fnvention

As the betow named inventar, | hemby declare that:

This declaration’ e - v
is directed fo: D The attached application, or

United States application or PCT international application number 14/ 543,815

November 17, 2014

filed on

Tha above-identified application was made or guthorized to be made by me:

| belisve thatd am the original inverdor or an original joint inventor of 8 ¢laimed invention in the application.

[ hereby acknowisdge that any willful falss statement made in this-declaration is punishable under 18 U.5.C. 1001
by fing orimprisonment of not more than five (B) years, of both.

WARNING:

Petitioner/applicant is cautioned to aveid submitting personal information in decuments filed in-a patent application that may
coniribute to identity theft. Personal information such as social security numbers, bank account numbers; or credit card numbers
{other than a check of credit card authorization forrn PTO-2038 subritted for payment purposes) is never reguired by the USPYO
to support a petition or an applications. if this type of personal information is included in documents submitted {o the USPTO,
petitionersfappiicants should consider redacting such personal information from the documeénts before submitting them tothe
LISPTO. Petitionarfapplicant is advised that the record of a patent application is available to the public after publication of the
application {uniess & noh-publication reguest in compliance with 37 CFR 1.213(a) is miade in the application) or issuanceof a
patent. Furthermore, the record fom an ebandoned application may alse be available tothe public if the application s
referencad i 2 published application of an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTU-2038 submitted for payment purposes are not retainad in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

tventor: Bruce A BAKE E :?y o Date (Optionaly:_ 22 Fogw 2005
o > , mv-\'ff = ¥
Signature: el ﬁ*‘M & 7 A o o——————
cl Pt

Nate: An application data sheet (PTO/SB/ 14 or equivalent), including naming the entire inventive énfity, must accompany this form or must have
been previousiy filed. Use anadditional PTOAAGT form for each additionai inventor.

This collection of infarmation is reqiired By 38 U.8.C. 115 aad 37 CFR LAY Theinformation is reguirsd 16 obiain orratain & bensfit by the public which isto fits and
by thie USPTO to process) an spplication. Confidentiality is governed by 38 U.8.C, 122 and 37 CFR: 1,11 ann .14, This collzction i3 estimated {o take 1 minuta o
complete. including gatharing, pregaring, and submitling the completed apphication form o the USPTO. Time wilf vary depending upor the individual case, Any
comments.on ihe amount of time you require o corplete this form andior suggestions for reducing this burden, should be sent i the Chief Information Officer, U8,
Patent and Trademark Office, 4 S, Department of Commerce, P.O. Box 1450, Alexandnia, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS . SEND TO! Gonunissioner-for Patents, P.Q. Box 1450, Alexandria, VA 22313-1450.

If youneed assistance in compleling the form, call 1:883-PT0-9199 and salsct option 2.
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Doc code: IDS

Doc description: Information Disclosure Statement (IDS) Form Used In Lieu of PTO/SB/08a/b (01-10 version)

Complete If Known
Attorney Docket 06-01506US05
INFORMATION DISCLOSURE g ot e 5
STATEMENT BY APPLICANT First Named Inventor Walid N. ABOUL-HOSN
Application Number 14/543,815
Substitute for Form PTO-1449 Filing Date November 17, 2014
( Not for submission under 37 CFR 1.99) | Group Art Unit 3761
Examiner Name MARCETICH, ADAM M
Title Guidable Intravascular Blood Pump
and Related Methods
Sheet 1 of 5
U.S. PATENTS
Cite Pages, Columns,
Examiner | No. Patent Kind Issue Date Name of Patentee or Lines where Relevant
Initial* (A1, A2, | Number 1 Applicant Passages or Relevant
...An) Code YYYY-MM-DD | ¢ Gited Document Figures Appear
Medac Gesellschaft
Al 3966358 A 1976-06-29 fur Klinische
Spezialpraparate mbH
U.S. PATENT APPLICATION PUBLICATIONS
Cite Publication Pages, Columns,
Examiner No. Publication Kind | pate Name of Patentee or Lines where
Initial* (B1, Number Code Applicant of cited Relevant Passages
B2, ! YYYY-MM- | Document or Relevant
...Bn) DD Figures Appear

Examiner Signature

Date Considered

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw

line through citation if not in conformance and not considered.

communication to applicant.

Include copy of this form with next

T See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. * Enter office that issued the
document, by the two-letter code (WIPO Standard ST.3). % For Japanese patent documents, the indication of the year of the
reign of the Emperor must precede the serial number of the patent document. * Kind of document by the appropriate symbols
as indicated on the document under WIPO Standard ST.16 if possible. * Applicant is to place a check mark here if English
language translation is attached.
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Doc code: IDS

Doc description: Information Disclosure Statement (IDS) Form Used In Lieu of PTO/SB/08a/b (01-10 version)
Complete If Known
Attorney Docket 06-01506US05
INFORMATION DISCLOSURE  |ooiriclneckel 3
STATEMENT BY APPLICANT First Named Inventor Walid N. ABOUL-HOSN
Application Number 14/543,815
Substitute for Form PTO-1449 Filing Date November 17, 2014
( Not for submission under 37 CFR 1.99) | Group Art Unit 3761
Examiner Name MARCETICH, ADAM M
Title Guidable Intravascular Blood Pump
and Related Methods

Sheet 2 of 5

FOREIGN PATENT DOCUMENTS

Publication gﬁ?ue;h .
Cite Date Lines
No. Foreian Name of where
Examiner | (C1, Docu?nent Country | Kind Patentee or Relevant T
Initial* c2, Number® Code® | Code* VYYY-MM. | Applicant of Passages
...Cn) DD cited Document | or
Relevant
Figures
Appear
United States
C1 764448 EP A2 1997-03-26 Surgical
Corporation
IMPELLA
c2 1222862 CN A 1999-07-14 | CARDIOTECHNIK N
GMBH
IMPELLA
CARDIOTECHNIK
c3 2349483 CA Al | 2000-06-08 | AKTIENGESELLSCHART
IMPELLA
c4 2352234 CA Al 2000-06-08 | CARDIOTECHNIK
AG
Examiner Signature Date Considered

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw
line through citation if not in conformance and not considered. Include copy of this form with next
communication to applicant.

T See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. * Enter office that issued the
document, by the two-letter code (WIPO Standard ST.3). % For Japanese patent documents, the indication of the year of the
reign of the Emperor must precede the serial number of the patent document. “ Kind of document by the appropriate symbols
as indicated on the document under WIPO Standard ST.16 if possible. * Applicant is to place a check mark here if English
language translation is attached.
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Doc code: IDS

Doc description: Information Disclosure Statement (IDS) Form Used In Lieu of PTO/SB/08a/b (01-10 version)
Complete If Known
Attorney Docket 06-01506US05
INFORMATION DISCLOSURE  |aomicy Bocket o
STATEMENT BY APPLICANT First Named Inventor Walid N. ABOUL-HOSN
Application Number 14/543,815
Substitute for Form PTO-1449 Filing Date November 17, 2014
( Not for submission under 37 CFR 1.99) | Group Art Unit 3761
Examiner Name MARCETICH, ADAM M
Title Guidable Intravascular Blood Pump
and Related Methods
Sheet 3 of 5

c5 2355966 DE Al 1975-05-22 | Heimes et al. N
c6 4016013 DE Al 1991-11-21 | Knierbein et al. N,
c7 4105278 DE Al 1992-08-27 Rau et al. N
Voelker
c8 10017147 DE Al 2001-10-18 N
Wolfram
Impella
co 10018424 DE Al 2001-10-25 | Cardiotechnik N
AG
c10 19626224 DE Al 1998-01-02 Rau et al. N
Hutzenlaub et
C11 29604787 DE ul 1996-10-02 I N
al.
SAMMLER ET
Cc12 200000007 cz A3 2000-05-17 N
AL.
CORVASCULAR
c13 2000029056 WO A3 2001-01-04
INC.
CORVASCULAR
C14 2000029056 WO A2 2000-05-25
INC.
IMPELLA
c15 2000033047 wo Al 2000-06-08 | CARDIOTECHNIK N
AG
Examiner Signature Date Considered

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw
line through citation if not in conformance and not considered. Include copy of this form with next
communication to applicant.

T See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. * Enter office that issued the
document, by the two-letter code (WIPO Standard ST.3). % For Japanese patent documents, the indication of the year of the
reign of the Emperor must precede the serial number of the patent document. “ Kind of document by the appropriate symbols
as indicated on the document under WIPO Standard ST.16 if possible. * Applicant is to place a check mark here if English
language translation is attached.
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Doc code: IDS

Doc description: Information Disclosure Statement (IDS)

Form Used In Lieu of PTO/SB/08a/b (01-10 version)

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Substitute for Form PTO-1449

( Not for submission under 37 CFR 1.99)

Complete If Known

Attorney Docket

06-01506US05

Confirmation No.

9742

First Named Inventor

Walid N. ABOUL-HOSN

Application Number 14/543,815
Filing Date November 17, 2014
Group Art Unit 3761

Examiner Name

MARCETICH, ADAM M

Title Guidable Intravascular Blood Pump
and Related Methods
Sheet 4 of 5
A-MED
c16 2000037139 wo Al 2000-06-29
SYSTEMS INC.
C17 2000053240 WO Al 2000-09-14 | ABIOMED INC.
GOLDOWSKY
c18 2000074748 wo Al 2000-12-14
Michael P.
IMPELLA
c19 2001039817 wo A3 2002-1-10 | CARDIOTECHNIK N
AG
IMPELLA
Cc20 2001039817 WO A2 2001-06-07 | CARDIOTECHNIK N
AG
Forschungsges
c21 2042827 CA A1 | 1991-11-1g | _Sl-schaft fur
Biomedizinisch
e technik e.V.
NON PATENT LITERATURE DOCUMENTS
ij'ée Include name of the author (in CAPITAL LETTERS), title of the article (when
Examiner (D1. appropriate), title of the item (book, magazine, journal, serial, symposium, catalog, T
Initial* D27 etc), date, pages(s), volume-issue number(s), publisher, city and/or country where
’ published.
...Dn)
T. Siess et al., “Concept, Realization, and First In Vitro Testing of an Intraarterial
D1 Microaxial Blood Pump”, Artificial Organs, Volume 19, Issue 7, pages 644—-652, July
1995.

Examiner Signature

Date Considered

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw
line through citation if not in conformance and not considered.

communication to applicant.

Include copy of this form with next

T See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. * Enter office that issued the
document, by the two-letter code (WIPO Standard ST.3). % For Japanese patent documents, the indication of the year of the
reign of the Emperor must precede the serial number of the patent document. “ Kind of document by the appropriate symbols
as indicated on the document under WIPO Standard ST.16 if possible. * Applicant is to place a check mark here if English

language translation is attached.
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( Not for submission under 37 CFR 1.99) | Group Art Unit 3761
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K.C. Butler et al., “The Hemopump - a New Cardiac Prosthesis Device”, IEEE Trans
Biomed Eng. 1990;37:193-196.

T. Siess, “System Analysis and Development of Intravascular Rotary Pumps to

D3 Support the Heart” (original title in German Systemanalyse und Entwicklung v
intravasaler Rotationspumpen zur Herzunterstiitzung), Shaker, 189 pages, 1999.

D2

Kirsten-Treptow, P., & Siel3, T. (2000). The intracardiac pump system — High-tech
product and Technology Platform (original title in German “Das intrakardiale N
Pumpsystem - Hightech-Produkt und Technologie-Plattform”). Kardiotechnik, 9(3),
pp. 77 - 80.

H. Reul et al., “Artificial Heart and Assist Device: New Developments at the

D5 Helmholtz Institute”, Chapter from Heart Replacement, publ. Springer (Japan), pages
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B. Meyns et al., “Coronary Artery Bypass Graft with Biventricular Microaxial Pumps”,
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Customer No.: 99185 Docket No.: 06-01506US05

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re

application of: Walid N. ABOUL-HOSN et al.

Serial No.: 14/543,815 Confirmation No.: 9742

Filed: November 17, 2014 Group Art Unit: 3761

For: GUIDABLE INTRAVASCULAR Examiner: MARCETICH, Adam
BLOOD PUMPAND
RELATED METHODS

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir/Madam:

Pursuant to 37 CFR § 1.56, the attention of the Patent and Trademark Office is
hereby directed to the reference(s) listed on the attached Supplemental Information
Disclosure Statement (SIDS) form (i.e., form PTO-1449, form PTO/SB/08, or modified
variations thereof). Unless otherwise indicated herein, one copy of each reference is
attached. 1t is respectfully requested that the information be expressly considered during
the prosecution of this application, and that the reference(s) be made of record therein

and appear among the “References Cited’ on any patent to issue therefrom.

Docket No. 06-01506US05
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The filing of this Supplemental Information Disclosure Statement and the
enclosed SDS form(s), shall not be construed as an admission that the information cited is
prior art, or is considered to be material to patentability as defined in 37 C.F.R. § 1.56(b).

Applicants have listed the publication date on the attached IDS form(s) based on
information presently available to the undersigned. However, the listed publication date
should not be construed as an admission that the information was actually published on
the date indicated. =~ Applicants reserve the right to establish the patentability of the
claimed invention over any of the information provided herewith, and/or to prove that
this information may not be prior art, and/or to prove that this information may not be
enabling for the teachings purportedly offered.

This submission is not a representation that a search has been made. The
paragraphs marked below are applicable. It is believed that no fees other than those
indicated below are due, but authorization is hereby given to charge any additional fees

due, or to credit any overpayment, to deposit account 04-0170.

1. = This Information Disclosure Statement is being filed before the mailing of
a first office action after filing of a request for continued examination.

No certification or fee is required.
2. X Documents Not in English.  Documents C1, C3, C4, C13, C14, C16,

C17, C18, and C20 are submitted in English.

a. X English-language Abstracts of the non-English language references

are attached hereto. See item(s) C6, C8, C9, C10, C12, C15, C19. A

Docket No. 06-01506US05
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DERWENT Abstract is included for reference C5. For those abstracts that
were translated via a machine, Applicant does not attest to the accuracy of
the machine translation.
b. = A machine translation of document(s) C5, C7, and C11 is included, as
translated by “Google Translate.” Applicant does not attest to the accuracy of the
machine translation.
c. X Other:
i. Document C21 is believed to be an English equivalent of reference
Ceo.
ii. Document C1 is believed to be an English equivalent of reference
CI1s.
iii. Document Al is believed to be an English equivalent of reference

Cs.

It is respectfully requested that the Examiner indicate consideration of the cited
references by returning a copy of the attached IDS form (i.e., PTO/SB/08, PTO-1449 or
equivalents thereof) with initials or other appropriate marks. In the unlikely event that
the transmittal letter is separated from this document and the U.S. Patent Office
determines that an extension and/or other relief is required, Applicant(s) petitions for any
required relief including extensions of time and authorizes the Commissioner to charge
the cost of such petitions and/or other fees due in connection with the filing of this

document to Deposit Account No. 04-0170, reference number 06-01506US05. However,
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the Commissioner is not authorized to charge the cost of the issue fee to the Deposit

Account 04-0170.

DATE: January 11. 2016

Page 221 of 724

Respectfully submitted,

/Kirk D. Swenson/

Kirk D. Swenson

Registration No. 52,265

Agent for Applicant(s)
MAQUET Cardiovascular LLC
1300 MacArthur Boulevard
Mahwah, NJ 07430

Tel: (201) 995-8816

Fax: (866) 936-0615
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Europdisches Patentamt

(19) o, European Patent Office

Office européen des brevets

(12)

(43) Date of publication:
26.03.1997 Bulletin 1997/13

(21) Application number: 96115148.7

(22) Date of filing: 20.09.1996

ANV MAREATU R

(11) EP 0 764 448 A2

EUROPEAN PATENT APPLICATION
(51) Int. C1.5: A61M 1/12

(84) Designated Contracting States:
DEESFRGBIT

(30) Priority: 22.09.1995 US 4184

(71) Applicants:
« United States Surgical Corporation
Norwalk, Connecticut 06856 (US)
« JARVIK, Robert K.
New York, NY 10023 (US)

(72) Inventors:

« Jarvik, Robert
New York, NY 10023 (US)
« Alesi, Daniel E.
Sherman, CT 06784 (US)

(74) Representative: Marsh, Roy David et al

Hoffmann Eitle & Partner
Patent- und Rechtsanwilte
Arabellastrasse 4

81925 Miinchen (DE)

(54)

(57)  An apparatus for pumping blood includes an
elongated housing dimensioned to be at least partially
positioned within the heart of a patient, a rotating mem-
ber supported for rotational movement within the elon-
gated housing and a drive mechanism for imparting
rotational movement to the rotating member. The elon-
gated housing includes an outer wall, a first inlet port for
permitting blood to enter the elongated housing through
a first end of the elongated housing and a second inlet
port defined in the outer wall of the elongated housing
for permitting blood to enter through the outer wall. The
rotating member is rotatable to impart pumping energy
to the blood entering through the first and second inlet
ports to direct the blood through an outlet opening of the

/1=

Cardiac support device

36 32

elongated housing. The rotating member preferably
includes first and second blood pumping blade arrange-
ments. The first blade arrangement is dimensioned to
impart pump energy to the blood entering the elongated
housing through the first inlet port. The second blade
arrangement is dimensioned to at least impart pump
energy to the blood entering the elongated housing
through the second inlet port. The electric motor stator
and rotor define a space therebetween through which
blood entering the first inlet passes. The motor is an
ironless core copper electromagnetic windings which
provides a sufficiently large air space for blood fiow.

40 72
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EP 0 764 448 A2

Printed by Rank Xerox {UK) Business Services
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1 EP 0 764 448 A2 2

Description
BACKGROUND
1. Field of the Disclosure
The present disclosure relates generally to cardiac
support devices, and, more particularly, to a cannula

pump which is implantable in the heart.

2. Description of the Relevant Art

Mechanical blood pumps are commonly utilized to
temporarily support or substitute the pumping function
of the heart during heart surgery or during periods of
heart failure. The most widely applied blood pumps
include roller pumps and centrifugal pumps. Typically,
these pumps are a component of a cardiopulmonary
bypass system (e.g., a heart-lung machine) which
includes an oxygenator, a heat exchanger, blood reser-
voirs and filters, and tubing which transports the blood
from the patient through the bypass system and back to
the patient. With these systems, blood is withdrawn
from the patient via an uptake cannula positioned within
the vena cavae and atria or ventricles of the heart,
transported through the bypass system located outside
the patient’s body, and pumped back into the pulmonary
artery and aorta via a return cannula.

Although these cardiopulmonary bypass systems
have been generally effective, they are subject to cer-
tain disadvantages. In particular, these bypass systems
are relatively complicated and expensive to manufac-
ture, expose the blood to a high surface area of foreign
materials which ultimately damages the blood, require
full anticoagulation, and require considerable set up
time and continual management by a skilled technician
(perfusionist), which alsc adds to the expense of the
procedure.

PCT WO 94/09835 to Robert Jarvik discloses a
cannula pump for temporary cardiac support. The Jar-
vik cannula pump includes an elongated cannula hous-
ing having a miniature rotary pump disposed therein
and an electric motor which drives the rotary pump via a
small shaft. The rotary pump is mounted for rotational
movement about blood-immersed mechanical bearings.
The cannula pump is inserted into one of the ventricles
of the heart through a small incision. In one embodi-
ment, the electric motor is miniaturized to be positioned
within the heart.

Although the Jarvik cannula pump has shown great
potential as a device to supplement or replace the total
pumping function of the heart during, e.g., bypass sur-
gery, the present disclosure is directed to further
improvements of the Jarvik cannula pump whereby the
pumping capacity is improved by, for example, the provi-
sion of two pumping sections and where concerns
regarding sealing between the stationary and moving
parts are essentially eliminated by directing the blood
flow through the sealed electric motor.
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SUMMARY

The present disclosure relates to an apparatus for
pumping blood comprising an elongated housing
dimensioned to be at least partially positioned within the
heart of a patient, a rotating member supported for rota-
tional movement within the elongated housing and a
drive mechanism for imparting rotational movement to
the rotating member. The elongated housing includes
an outer wall, at least a first inlet port for permitting
blood to enter the elongated housing through a first end
of the elongated housing and at least a second inlet port
defined in the outer wall of the elongated housing for
permitting blood to enter through the outer wall. The
rotating member is rotatable to impart pumping energy
to the blood entering through the first and second inlet
ports to direct the blood through an outlet opening of the
elongated housing.

The rotating member preferably includes first and
second blood pumping blade arrangements (although
one blade arrangement is also contemplated). The first
blade arrangement is dimensioned to impart pump
energy to the blood entering the elongated housing
through the first inlet port. The second blade arrange-
ment is dimensioned to impart pump energy to the
blood entering the elongated housing through the sec-
ond inlet port as well as the first inlet port.

The drive mechanism of the apparatus may be
enclosed within the elongated housing. The drive mech-
anism preferably includes an electric motor incorporat-
ing a magnetically actuated rotor and a motor stator
where the rotor is embedded within the rotatable mem-
ber. The motor stator and the rotatable member define
an annular space therebetween through which blood
entering the first inlet passes and is acted upon by the
first blade arrangement.

A method for supporting all or part of the pumping
function of a heart by endoscopically inserting the appa-
ratus is also disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodimenis of the disclosure are
described hereinbelow with reference to the drawings
wherein:

FIG. 1 is a perspective view of the cardiac support
device in accordance with the principles of the
present disclosure;

FIG. 2 is a cross-sectional view of the cardiac sup-
port device taken along lines 2-2 of FIG. 1;

FIG. 3 is a side plan view of the cardiac support
device in partial cross-section illustrating one
embodiment of the configuration of the impeller
blades of the rotating member (with the flexible can-
nula removed);
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FIG. 4 is a cross-sectional view of the cardiac sup-
port device taken along lines 4-4 of FIG. 2;

FIG. 5 is a cross-sectional view of the cardiac sup-
port device taken along lines 5-5 of FIG. 2;

FIG. 6 is a cross-sectional view of the cardiac sup-
port device taken along lines 6-6 of FIG. 2;

FIG. 7 is a perspective view of the impeller blade
structure of the cardiac support device of FIG. 2;

FIG. 8 is a perspective view of an alternate impeller
blade structure;

FIG. 9 is a perspective view of another alternate
impeller blade structure;

FIG. 10A is an axial cross-sectional view of the
motor unit of the cardiac support device with the
impeller blades removed to illustrate the cross-sec-
tional area of the motor air gap provided with a
motor unit having an iron core;

FIG. 10B is a view similar to the view of FIG. 10A
illustrating the relatively enlarged cross-sectional
area of the motor air gap as provided through the
incorporation of an ironless core motor unit;

FIG. 10C is a view similar to the view of FIG. 10B
illustrating an alternate embodiment of the ironless
core motor unit where the diameter of the rotor is
reduced to further increase the cross-sectional
area of the motor air gap;

FIG. 11 is a schematic drawing of the heart illustrat-
ing a first cardiac support device inserted through
the apex of the left ventricle with the out-flow across
the aortic valve into the aorta and a second cardiac
support device inserted across the apex of the right
ventricle with the outflow across the pulmonic valve
into the pulmonary artery;

FIG. 12 is a view illustrating an alternate method for
applying the cardiac support device where endo-
scopic techniques are incorporated, illustrating a
first endoscopic portal for delivering the device and
a second endoscopic portal for permitting the intro-
duction of an endoscopic viewing apparatus;

FIG. 13 is a view illustrating the cardiac support
device introduced through the endoscopic portal to
be positioned within the apex of the heart;

FIG. 14 illustrates an alternate method for applying
the cardiac support device utilizing endoscopic
techniques where the aorta is accessed and the
cardiac support device is inserted within the aorta
for positioning within the heart;
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FIG. 15 is a side plan view in partial cross-section
of an alternate embodiment of the cardiac support
device of FIG. 1; and

FIG. 16 is a cross-sectional view of the cardiac sup-
port device of FIG. 15 faken along lines 16-16.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

Referring now in detail to the drawings wherein like
reference numerals identify similar or like components
throughout the several views, FIGS. 1-2 illustrate a pre-
ferred embodiment of the cardiac support device or can-
nula heart pump in accordance with the principles of the
present disclosure. Support device 10 may be used to
supplement or totally replace the pumping function of
the heart during cardiac surgery, during temporary peri-
ods of heart failure and during medical emergencies
involving severe heart failure. Support device 10 is
advantageously dimensioned to be positioned within
either the left or right ventricle of a patient's heart and
preferably has a length ranging from about 2 to about 3
inches and a diameter ranging from about 9 to 12 mil-
limeters, and is more preferably 2 inches in length with
a diameter of 10 mm. Flexible cannula 11, only a portion
of which is illustrated in Fig. 1, is placed over support
device 10, and preferably has a length of 1-4 inches and
substantially the same diameter as the device 10.

Support device 10 includes generally cylindrically-
shaped cannula housing 12 having an elongated open-
ing or axial bore 13 and a rotating member 14 coaxially
mounted within the bore 13. Cannula housing 12 has
three component parts or sections integrally connected
to each other by conventional means to form a single
cannula unit. The sections include first or inlet section
16, second or intermediate section 18 and third or exit
section 20.

Inlet section 16 includes a central hub 22, and a
plurality of spokes 26 (e.g., four) extending contiguously
from the cylindrical portion 24 interconnecting central
hub 22 and cylindrical portion 24. Central hub 22
houses stationary bearing pin 28 which supports the
proximal end of rotating member 14. A plurality of axial
openings 30 (FIG. 1) defined between adjacent spokes
26 form blood inlet ports to permit the axial inflow of
blood into cannula housing 12 as will be discussed
below.

Referring now to FIGS. 2-3, in conjunction with the
axial cross-sectional view of FIG. 4, intermediate sec-
tion 18 of cannula housing 12 accommodates the drive
mechanism or electric motor unit of the device 10 and
includes an outer tube 32 and an inner tube 34 coaxially
mounted within the outer tube 32. Outer tube 32 and
inner tube 34 define a generally annular space therebe-
tween which accommodates and effectively seals the
electromagnetic wire windings 36 of the motor unit. Ina
preferred embodiment, electromagnetic wire windings
36 are fabricated from copper and the motor is an iron-
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less core design for reasons which will be discussed
below. Electromagnetic windings 36 are in electrical
contact with a plurality of electrical wires 38 which sup-
ply the electric current necessary to generate the elec-
tromagnetic fields required to rotate rotating member
14. Electrical wires 38 are embedded within spokes 26
of housing 12 and extend from the spokes 26 to an elec-
tric source located outside the body.

Referring now to FIGS. 1-3, in conjunction with the
axial cross-sectional view of FIG. 5, third section 20 of
cannula housing 14 defines the pump chamber or pump
housing of device 10 and has a plurality of elongated
axial slots 40 formed in its outer surface at a location
adjacent second section 18. Although four axial slots 40
are shown, a different number of slots as well as slots of
different configurations are also contemplated. Axial
slots 40 are preferably equidistantly spaced and serve
as side inlet ports to permit the entry of blood through
the side of cannula housing 12 and into exit section 20.
Exit section 20 also includes a pump stator housing 42
possessing central hub 44 and pump stator blades 46
integrally connected to the central hub 44 and the outer
wall of the exit section as shown in FIG. 6. Central hub
44 possesses stationary bearing pin 48 (FIG. 2) which
is fixedly secured to the central hub 44 and serves to
rotatably support the distal end of rotatable member 14.
Exit section 20 also defines an axial opening or outlet
port 50 to permit the pumped blood which entered
through side ports 40 as well through openings 30 to
exit cannula housing 12.

Flexible cannula 11 is preferably in the form of a
tube placed over device 10 at the distal end to carry the
pumped blood further in the artery. The cannula 11 pref-
erably has a soft tip to avoid damage to the valve during
insertion of the pump. The cannula optionally termi-
nates in a solid hub and a plurality of spaced apart
spokes similar to inlet section 16. It is preferably friction-
ally fit over device 10 although other modes of attach-
ment are also contemplated.

Referring now to FIGS. 2-3, the motor unit of can-
nula pump 10 will be described. Rotating member 14 is
supported for rotational movement within cannula hous-
ing 12 at one end by rotatable journal bearing 52 which
is mounted about stationary bearing pin 28 and at the
other end by rotatable journal bearing 54 which is
mounted about stationary bearing pin 48. Journal bear-
ings 52, 54 are fixedly secured within respective
recesses 56, 58 formed in rotating member 14 and,
thus, rotate with rotating member 14 about their respec-
tive stationary bearing pins 26, 48. Journal bearings 52,
54 are intended to absorb the thrust loads exerted by
the action of rotating member 14 against the blood and
are fabricated from a suitable material for this purpose
such as ceramic or pyrolitic carbon.

Rotating member 14 has two sections, namely,
rotor section 64 and impeller section 66. Rotor section
64 and impeller section 66 may be two separate compo-
nents bonded to each other along adjacent end sur-
faces, as shown in the FIGS,, or, in the alternative, may
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be a single component. Rotor section 64 has a built-in
high energy bar or motor magnet 68 which cooperates
with the magnetic fields produced by electromagnetic
windings 36 to effectuate rotational movement of rotat-
ing member 14. The preferred materials of fabrication
for rotor magnet 68 includes samarium-cobalt, neodym-
ium-iron-boron, or any other suitable magnetizable
material.

Referring still to FIGS. 2-3, rotating member 14 has
a first or proximal set of blades 70 on rotor section 64
and a second or distal set of blades 72 on impeller sec-
tion 66. In one embodiment shown in FIGS. 2, 3, and 7,
each set of blades 70, 72 includes two diametrically
opposed blades which provide for an axial flow type
pumping action on the blood. In FIG. 7, only the impelier
section 66 of rotating member 14 is shown since the
blades 70 on rotor section 64 are identical. The blades
70, 72 preferably wrap about the perimeter of rotating
member 14 for a distance between about 1/4-3/4 of the
circumference of rotating member 14. Other blade
arrangements are possible as well, particularly that of
only a single blade configuration placed either at the
rotor section 64 or impeller section 66. In particular,
depending on the pumping parameters desired, the
blade structure could be modified to provide a mixed
flow (i.e., a blood flow having both an axial component
and a centrifugal component). In addition, the number of
blades infirst and second sets of blades 70, 72 could be
increased to three, for example, as shown in FIG. 8 or
reduced to one single blade as shown in FIG. 9 to regu-
late the flow rate and back pressure of blood pumped by
the cardiac support device. The direction of rotation and
direction of blood flow is indicated by the arrows in
FIGS. 7-9. Although shown as identical, it is also con-
templated that the blade design for the rotor section 64
and the impeller section 66 could be different. The flow
rate, typically referenced in liters/minute, is measured
by the product of the velocity and cross-sectional area
divided by the time. The velocity is measured as:
meters/second.

In operation, the proximal set of blades 70 impart a
pumping action to the blood entering into cannula hous-
ing 12 through axial inlet ports 30 and passing through
the annular motor gap, referred to as the air gap,
defined between rotor section 64 and inner tube 34 of
cannula housing 12. The distal set of blades 72 impart
mechanical energy to the blood entering cannula hous-
ing 12 through side inlet ports 40 and blood exiting the
motor air gap and pumped by proximal blades 70. Thus,
blood entering cannula housing 14 through axial inlet
ports 30 initially passes over the proximal set of blades
70 within the motor chamber and then over the distal set
of blades 72 within the pump chamber. Blood entering
side inlet ports 42 passes over only the distal set of
blades 72.

In a preferred embodiment, the volume of blood
flow entering axial inlet ports 30 and passing through
the motor air gap constitutes approximately 1/4 - 1/3 of
the total volume pumped (e.g., approximately 1-2 lit-
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ers/min. out of total pump flow of 4-6 liters/min.) by
device 10. The remaining blood flow enters side inlet
ports 40 of cannula housing 12 to be directed over and
acted upon by blades 72. Clearly other volume ratios of
blood entry through the axial and side ports are contem-
plated.

Although the volume of blood flowing through the
motor chamber in the preferred embodiment accounts
for only 1/4-1/3 of the total volume pumped by cardiac
support device 10, this is a relatively significant amount
of blood to pass through the motor air gap. The capabil-
ity to accommodate a relatively large volume of blood
through the motor air gap is attributed to the use of an
ironless core copper electromagnetic windings 36 as
opposed to employing copper windings supported by an
iron core. The motor is a brushless motor to avoid
mechanical failure of the brushes, e.g. arcing or wearing
out, and to enable performance feedback, for better
controlling the operation of the motor. Thus, the ironless
core copper electromagnetic windings 36 occupy a sig-
nificantly smaller cross-sectional area in the motor unit
then a conventional iron core electromagnet winding,
thereby increasing the total cross-sectional area of the
motor air gap, i.e., the area defined between rotor sec-
tion 64 and inner tube 34 of housing 12. As a result of
this enlarged area of the air gap as provided through the
incorporation of an ironless core copper electromag-
netic windings 36, the following benefits are realized: 1)
the motor unit can accommodate a greater volume of
blood flow; 2) damage to the blood flowing through the
motor is minimized since shearing of the blood with sur-
faces of the support device 10 is reduced; 3) a larger
diameter rotor or rotor section 64 can be utilized which
results in an increased cross-sectional area and an
increase in blood flow; 4) sealing concerns of the motor
and the moving components is essentially eliminated
due to the aforementioned increase in the rate of blood
flow through the device 10 and the motor air gap, which
prevents blood from clotting within the motor without the
need for dilution of the blood with saline or other fluids;
5) the blood constantly flows past the motor thereby
eliminating any stagnation points which could result in
blood clotting; and 6) the constant blood flow dissipates
heat generated by the motor which could otherwise
damage the blood.

FIG. 10A is an axial cross-sectional view of the
motor unit of the support device 10 with the first set of
blades 70 of the motor section removed for illustrative
purposes. In FIG. 10A, the motor unit is shown incorpo-
rating an iron core with conventional electromagnetic
windings 36. FIG. 10B is a view similar to the view of
FIG. 10A and illustrates the motor unit incorporating
ironless core copper electromagnetic windings 36 in
accordance with the preferred embodiment of the
present disclosure. In both FIGS. 10A and 10B, the
electromagnetic forces produced by the respective
windings are comparable and the distance between
rotor section 64 and inner tube 34, i.e., the distance "d"
of the motor air gap, is identical. However, as can be
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seen by comparing FIGS. 10A and 10B, the ironless
core copper windings 36 of the embodiment of FIG. 10B
occupy a significantly smaller cross-sectional area than
that occupied by the conventional windings of FIG. 10A.

Thus, as can be seen, the motor unit incorporating
ironless core copper windings defines a motor air gap
(space) with a greater total cross-sectional area to
thereby accommodate a greater volume of blood and
improve the pumping capabilities of the support device.
As also depicted in the drawings, since the ironless core
copper electromagnetic windings 36 (FIG. 10B) occupy
a smaller area, a larger diameter rotor section or rotor
64 can be employed while maintaining the same dis-
tance "d" of the motor air gap, thus, further increasing
the pumping capabilities of the device 10.

By way of example, a working embodiment of the
motor unit of FIG. 10A has a rotor section 64 with a
diameter of . 165 inches and a motor air gap distance "d"
of 0.025 inches. That is, the area A1 of the air gap in
Fig. 10A is defined by;

A1="r12-"r2% where r1 is the distance from
the center of the motor to the inner wall of the inner
tube 34; and r2 is the distance from the center of
the motor to the outer wall of the rotor magnet 68.

By way of example, in a working embodiment of the
motor unit of FIG. 10B incorporating copper windings
36, the diameter of rotor section 64 is .230 inches and
the distance "d" of the motor air gap is identical to that
of the motor unit of FIG. 10A, i.e., .025 inches.

The area A2 of the air gap in Fig. 10B is defined by;
A2 = "r32- 11’42, where r3 is the distance from
the center of the motor to the inner wall of the inner
tube 34; and r4 is the distance from the center of
the motor to the outer wall of the rotor magnet 68.

To show by way of example the increased cross-
sectional area of air gap Fig. 10B utilizing e.g. ironless
core copper windings compared to Fig. 10A utilizing
windings with an iron core; if r1 = .145 inches and 12 =
.115 inches, the air gap area A1 would be .030 inches
and the cross-sectional area of the air gap would be
0175in2. If, for comparative purposes, r3 = .108 inches,
and r4 = .078 inches, the air gap A2 would be .030
inches and the cross-sectional area would be .025 in?.
Thus by keeping the overall diameter of the motor unit
constant, e.g. at .402 inches, cross-sectional area of the
air gap is increased by approximately 40%.

FIG. 10C depicts an alternate configuration of the
motor unit of FIG. 10B. In this embodiment, the diame-
ter of rotor section 64 is reduced to even further
increase the cross-sectional area of the air gap between
the motor stator and rotor section 64. Although in this
embodiment the magnetic field as generated by ironless
core copper electromagnetic windings 36 is further from
rotor magnet 68 of rotor section 64, the magnetic flux
losses would be compensated by the longer moment
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arm as provided by the relatively long diameter of the
rotor section 64 as compared to the diameter of the
rotor for the stainless steel or iron core stator of FIG.
10A. Thus, the motor unit of FIG. 10C can accommo-
date an even larger volume of blood. By way of exam-
ple, a working embodiment of the motor unit of FIG. 10C
utilizes a rotor having a radius of .105 inches and pro-
vides a distance "d" of the motor air gap of .040 inches.
The total cross-sectional area of the motor air gap is
approximately .031 inches ('r52 - 'r62). This represents
an increase in cross-sectional area of approximately
80% over that of the iron core motor stator of FIG. 10A.

Referring now to FIG. 11, a generally schematic
view of the heart showing two devices 10 of the present
disclosure inserted for support of both the left heart
function and the right heart function is illustrated. It
should be understood that in the alternative, only one
support device can be used to support either the left or
the right heart function. In the illustrated embodiment,
the left ventricle, generally indicated at A, contains one
device 10 and the right ventricle, indicated at B, con-
tains another device 10. The outflow portions of the sup-
port devices 10 deliver blood respectively from the left
ventricle A into the aorta C, and from the right ventricle
B into the pulmonary artery D. As previously described,
the blood enters through axial ports 30 and side ports
40 as indicated by the directional arrows 25, 27 and is
emitted through the outflow opening 50 as shown. Thus,
the support devices 10 intake blood from both ventricles
A, B and pump the blood into the two main arteries C, D.
Since the entire volume of blood within the support
device 10 remains within the ventricles or arteries, it is
appropriate to consider that the priming blood volume of
this pump is essentially zero. That is, no biood need be
withdrawn from the cardiovascular system to fill the
pump and tubing circuit with this embodiment.

Each device 10 is respectively inserted through a
small incision in the apex of either ventricle and may be
held there by a purse-string suture {not shown). Since in
this embodiment the devices 10 are inserted when the
patient's open chest is open and the heart is exposed,
the surgeon can readily feel the heart and easily ascer-
tain that the tip of the flexible cannula 11 has passed
across the proper valve, i.e., the aortic valve or pulmo-
nary artery valve, and into the aorta or pulmonary artery
as desired, rather than across an inflow valve and into
the left atrium or right atrium, which would be improper.
The anatomy of the heart makes proper placement rel-
atively simple and direct path from the apex to the aorta
and to the pulmonary artery. With support devices 10
inserted in the fashion shown in Figure 11, the outflow
valve, that is the aortic valve or pulmonary valve, is able
to close around the outside of the flexible cannula 11
thereby permitting a sufficient seal to prevent major
leakage back from the artery into the respective ventri-
cle A,B. Thus, support devices 10 may be applied and
sealed by the aortic or pulmonary valves thereby leav-
ing the valves undamaged.

It is also to be appreciated that in the alternative,
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the entire support device 10 can be positioned within
the heart.

Referring now to FIGS. 12-13, there is illustrated an
alternate method for positioning support device 10
within the patient's heart. In accordance with this
method, support device 10 is inserted utilizing endo-
scopic (thoracocospic) surgical techniques. In endo-
scopic procedures, surgery is performed in the body
through narrow endoscopic tubes or portals inserted
through small entrance wounds in the skin. Endoscopic
procedures, by being less invasive, have the advantage
of reducing the patient's recovery time and thereby
reducing costs.

In accordance with the endoscopic method, an
endoscopic tube or portal 80 is positioned within the
patient's chest cavity to access the heart area as
shown. The endoscopic tube 80 may be positioned
proximal to the abdominal cavity and within adjacent
ribs to access the open area of the heart. In this appli-
cation, the endoscopic portal 80 would be in an offset
position as shown in FIG. 12 to avoid the sternum bone.
Typically, at least a second endoscopic portal 82 would
be positioned within the chest cavity to permit the inser-
tion of an endoscope to view the procedure being per-
formed. It is also envisioned that additional endoscopic
portals may be utilized to permit the introduction of
endoscopic surgical instrumentation into the chest cav-
ity to assist the surgeon in accessing the heart and posi-
tioning the support device 10 within the heart. Further,
another endoscopic tube 84 would be utilized if two sup-
port devices 10, one for each side of the heart, are to be
used. A cuff 86 may also be utilized to restrict blood flow
when the support device 10 is inserted. Cuff 86 has a
flexible tube portion 87 configured to receive the sup-
port device 10 and a flange 88 which is attached to the
apex by glue, staples or other fastening means. The
endoscopic portal 80 is inserted through cuff 86 to pro-
vide an access port for the support device 10. The sup-
port device 10 is inserted through the port 80 and cuff
86. A similar cuff can be utilized in conjunction with
endoscopic portal 84 if a second support device 10 is
utilized.

With the endoscopic portals and instrumentation
appropriately placed, the support device 10 is inserted
through endoscopic portal 80 to a position adjacent the
apex of the heart as shown in FIG. 13. The heart is
accessed by, e.g., making an incision in the heart wall
by an appropriate incising instrument inserted through
an endoscopic tube, and the support device 10 is
placed within the ventricle of the heart. The support
device 10 is preferably positioned within the heart as
illustrated in FIG. 11 whereby the outlet port 50 of the
support device 10 is adjacent the corresponding artery.
The support device 10 may be secured in place with the
use of purse string stitches or the like as mentioned
above. If two pumps are to be inserted, one in each ven-
tricle, an access port for each device 10 would be
required.

FIG. 14 illustrates another endoscopic method for
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applying the cardiac support device 10. In accordance
with this method, an endoscopic portal 80 is positioned
to access the aorta C. Preferably, the portal 80 is posi-
tioned under the clavicle between the first and second
ribs. Thereafter, the device 10 is inserted within the por-
tal 80 and advanced to the aorta C. A cuff such as that
described above could be utilized and attached to the
aorta to contain the blood. The support device 10 is
inserted within the aorta through, for example, an inci-
sion formed in the outer wall of the aorta by an incising
instrument inserted through an endoscopic port and
maneuvered down into the left ventricle through the
aorta C to any of the positions shown in FIG. 11. The
device 10 is oriented within portal 80 such that the rear
end of the device 10, i.e., the end having the motor unit,
exits the portal 80 first and is dropped down into the left
ventricle. In this manner, the outlet port 50 is adjacent
the aorta C as shown in FIG. 11. It could alternatively be
inserted into the left subclavian artery. It is also envi-
sioned that the pulmonary artery could be accessed
and the device 10 maneuvered into the right ventricle B
in a similar manner.

Referring now to FIG. 15, an alternate embodiment
of the cardiac support device of the present disclosure
is illustrated. Cardiac support device 100 includes can-
nula housing 102 having motor section 104 and pump
section 106. Motor section 104 defines a tapered por-
tion 108 of reduced cross-section at one end which is
connected to the impeller section 106 by support pins
110. Support pins 110 are preferably embedded within
each section 104, 106 to fixedly connect the two compo-
nents. A plurality of inlet ports 112 are defined about
tapered portion 108 of motor section 104 between adja-
cent support pins 110 to permit the direct entry of blood
within impeller section 106 of cannula housing 102. Inlet
ports 112 are generally axially disposed openings and,
thus, provide an axial path for blood to enter cannula
housing 102 at this intermediate location. Pump section
106 possesses pump stator housing 114 having central
hub 116 and pump stator blades 118.

Rotating member 120 of device 10 includes rotor
section 122 and impeller section 124 connected to the
rotor section 122 by rotating drive shaft 126. Drive shaft
126 is securely connected to each section 122, 124 thus
providing for corresponding rotational movement of the
two components. Rotor section 122 includes rotor mag-
net 128 (as shown in phantom) and rotor blade 130
(also shown in phantom). Impeller section 124 includes
impeller blade 132. Rotating member 120 is supported
for rotational movement in a manner similar to that
described in connection with the embodiment of FIG. 1.

An elongated cannula portion 134 is connected to
pump section 104 of device 100 and extends beyond
pump stator housing 114. Elongated cannula portion
134 is typically at least partially positioned within a
respective artery associated with either the left or right
ventricles to ensure the outlet opening of cannula hous-
ing 102 is disposed within the artery.

As previously described, rotor section 122 and
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impeller section 124 each includes only one blade
member, i.e., rotor blade 130 and impeller blade 132. As
best shown in the cross-sectional view of FIG. 16, rotor
blade 130 extends about rotating member 120 for a dis-
tance of about 1/3 or less of the circumference of the
rotating member 120. Impeller blade 132 extends about
rotating member 120 for a distance of about 2/3 or more
of the circumference of the rotating member 120. Rotor
blade 130 can possess this relatively small dimension
since the volume of blood pumped by this blade 130 is
small compared to the total volume pumped by device
10 (i.e., 1-2 liters/min. of 4-6 liters/min.). The two blades
130, 132 are preferably disposed substantially opposite
each other or diametrically opposed on their respective
sections 122, 124 of rotating member 114 so as to min-
imize the radial imbalance of the rotating member 114.
Other blade configuration are envisioned as well includ-
ing the blade configurations of FIGS. 7-9.

Blood entering cannula housing 102 through axial
inlet ports 30 defined between adjacent spokes 26 of
cannula housing 102 passes through the motor air gap
defined between inner tube 34 and rotor section 122 of
rotating member 114 where the blood is acted upon by
single rotor blade 130. The blood is then directed
through the interior of tapered portion 108 within an
annular space defined between rotating drive shaift 126
and the inner wall of the tapered portion 108 and
released through an exit opening of the tapered portion
into pump section 106 of cannula housing 102. Impeller
blade 126 imparts mechanical energy to the blood and
directs the blood over stator blades 126 through the lon-
gitudinal opening of cannula portion 134.

Blood entering directly through inlet ports 112 is
acted upon by impeller blade 132 of impeller section
124 and pumped through cannula portion 134. Since
inlet ports 112 are generally axial openings, the blood
entering the ports 112 takes a direct axial path into can-
nula housing 102 coincident with the path the blood
takes through pump section 106 across impeller blade
132, thus, enhancing the pumping capabilities of sup-
port device 100. This device 100 can be inserted into
the heart in similar ways as the device 10 discussed
above.

The support devices of FIGS. 1 and 15 can be fab-
ricated utilizing primarily injection-molded, polymeric
materials permitting low cost and disposability of the
cannula housings and pumps themselves. The electric
motors may be provided in a reusable configuration or
may be made very inexpensive to make it economically
feasible to dispose of the motors after use.

While the above description contains many specif-
ics, these specifics should not be construed as limita-
tions, on the scope, but merely as an exemplification of
a preferred embodiment thereof. For example, the blade
arrangement of the embodiment of FIG. 15 can be
incorporated in the embodiment of FIG. 1. Those skilled
in the art will envision other possible variations that are
within the scope and spirit of the claims appended
hereto.
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Claims

1.

An apparatus for pumping blood, which comprises:

a) an elongated housing dimensioned to be at
least partially positioned within the heart of a
patient, the elongated housing including an
outer wall, a first inlet port for permitting blood
to enter the elongated housing through a first
end of the elongated housing and a second
inlet port defined in the outer wall of the elon-
gated housing for permitting blood to enter
through the outer wall;

b) a rotating member supported for rotational
movement within the elongated housing and
rotatable to impart pumping energy to the blood
entering through the first and second inlet ports
to direct the blood through an outlet opening of
the elongated housing; and

¢) a drive mechanism for imparting rotational
movement to the rotating member.

The apparatus according to claim 1 wherein the first
end of the elongated housing is open and wherein
the first inlet port is the first end.

The apparatus according to any of the preceding
claims including a plurality of second inlet ports
defined in the outer wall of the cannula housing and
the first and second inlet ports are axially displaced
relative to each other.

The apparatus according to any of the preceding
claims wherein the rotating member includes first
and second blood pumping blade arrangements,
the first blade arrangement dimensioned to impart
pump energy to the blood entering the elongated
housing through the first inlet port, the second
blade arrangement dimensioned to at least impart
pump energy to the blood entering the elongated
housing through the second inlet port.

The apparatus according to any of the preceding
claims wherein the first and second blade arrange-
ments each include at least one blade mounted to
the rotatable member and wherein the first blade
arrangement includes a first blade which extends
about 1/3 the distance of the periphery of the rotat-
ing member and wherein the second blade
arrangement includes a second blade which
extends about 2/3 the distance of the periphery of
the rotating member, the positions of the first and
second blade being substantially opposite one
another so as to minimize radial imbalance of the
rotating member.

The apparatus according to any of the preceding
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claims wherein the drive mechanism is enclosed
within the cannula housing and wherein the drive
mechanism includes an electric motor, the electric
motor including a magnetically actuated rotor and a
motor stator.

7. The apparatus according to any of the preceding
claims wherein the rotor of the electric motor is
embedded within the rotatable member.

8. The apparatus according to any of the preceding
claims wherein the rotatable member and the motor
stator define an annular space therebetween
through which blood entering the first inlet passes.

9. The apparatus according to any of the preceding
claims wherein the motor stator includes ironiess
core copper electromagnetic windings.

10. An apparatus for pumping blood, which comprises:

a) an elongated housing defining a generally
longitudinal axis and having at least one open-
ing at a first location to permit blood to enter the
elongated housing at the first location and at
least one opening at a second location axially
displaced from the first location to permit blood
to enter the elongated housing at the second
location;

b) a rotating member supported for rotational
movement within the elongated housing, the
rotating member including first and second
blood pumping blade arrangements, the first
blade arrangement imparting pump energy to
the blood entering the elongated housing
through the at least one opening at the first
location and the second blade arrangement
imparting pump energy to at least the blood
entering the elongated housing through the
one at least opening at the second location;
and

¢) a drive mechanism disposed within the elon-
gated housing for imparting rotational move-
ment to the rotating member.

11. The apparatus according to claim 10 wherein the
one opening at the first axial location is an open end
of the elongated housing and the first and second
blade arrangements are substantially identical in
configuration.

12. An apparatus for pumping blood, which comprises:
an elongated housing member including a
motor chamber and a pump chamber, the

housing member having at ieast a first opening
to permit blood to enter the motor chamber and
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at least a second opening to permit blood to
enter the pump chamber, the housing member
further including an outflow opening to permit
blood to exit the housing member;

a rotatable member supported for rotational
movement within the housing to impart pump-
ing energy to blood entering the motor and
pump chambers through respective first and
second openings of the housing member;and 70

an electric motor disposed within the motor
chamber for imparting rotational movement to
the rotatable member, the electric motor includ-
ing a magnetically actuated rotor mounted to 715
the rotatable member and a motor stator, the
rotatable member and the motor stator defining
a space therebetween through which blood
entering the first opening passes through the
motor chamber. 20

13. The apparatus according to any of the preceding
claims wherein the rotatable member traverses at
least portions of the motor chamber and the pump
chamber. 25

14. The apparatus according to any of the preceding
claims wherein the motor unit includes an ironless
core motor with copper windings.

30

15. The apparatus according to any of the preceding
claims wherein the rotatable member includes a
first blade arrangement for imparting pump energy
to blood entering the first opening and passing
through the motor chamber within the space 35
defined between the rotor blade member and the
motor stator and a second blade arrangement for
imparting pump energy to blood both entering the
second opening and exiting the motor chamber.

40

16. The apparatus according to any of the preceding
claims wherein the cross-sectional area of the
space between the rotatable member and the
motor stator ranges from approximately .025 in? to
approximately .031 in?. 45

17. The apparatus according to any of the preceding
claims wherein the first and second openings in the
elongated housing member are generally axial
openings. 50

18. The apparatus according to any of the preceding
claims including a cannula portion connected to the
housing member adjacent the outflow opening, the
cannula portion dimensioned to be placed in an 55
artery associated with a patient's heart and defining
a longitudinal opening therethrough to permit blood
to pass.
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(57)  An apparatus for pumping blood includes an
elongated housing dimensioned to be at least partially
positioned within the heart of a patient, a rotating mem-
ber supported for rotational movement within the elon-
gated housing and a drive mechanism for imparting
rotational movement to the rotating member. The elon-
gated housing includes an outer wall, a first inlet port for
permitting blood to enter the elongated housing through
a first end of the elongated housing and a second inlet
port defined in the outer wall of the elongated housing
for permitting blood to enter through the outer wall. The
rotating member is rotatable to impart pumping energy
to the blood entering through the first and second inlet
ports to direct the blood through an outlet opening of the
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elongated housing. The rotating member preferably
includes first and second blood pumping blade arrange-
ments. The first blade arrangement is dimensioned to
impart pump energy to the blood entering the elongated
housing through the first inlet port. The second blade
arrangement is dimensioned to at least impart pump
energy to the blood entering the elongated housing
through the second inlet port. The electric motor stator
and rotor define a space therebetween through which
blood entering the first inlet passes. The motor is an
ironless core copper electromagnetic windings which
provides a sufficiently large air space for blood flow.
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The invention relates to a pump device comprising a first
pump (10a) and a second pump (10b). The suction end of
the first pump (10a) can be introduced into the left
ventricle (42) of the heart, whilst the delivery end is
positioned in the aorta (40), and the suction end of the
second pump (10Db) is arranged in the right atrium (43)
whilst the delivery end is positioned in the pulmonary
artery (47). Both pumps (10a, 10b) are driven
interdependently by a single control unit, the first pump
(10a) assumes a lead function while the second pump
(10b) only pumps around 90 % of the volume flow of said
first (10a) pump. Pressure sensors on the pumps serve to
detect the pressure difference between the suction end
and the delivery end of a pump and to determine the
volume flow. Both pumps are introduced into the heart
without the ventricle having to be opened.
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(21) 2349483 (51) Int. C.7: A61M 1/10, FO4D 29/24,

(22) 17.11.1999 F04D 29/44
(85) 03.05.2001
(86) PCT/EP99/08835

(87) WO00/322586
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(72)
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AKTIENGESELLSCHAFT, (74)
Pauwelsstrasse 19 GOWLING LAFLEUR HENDERSON LLP

D-52074, AACHEN, XX (DE).

54) POMPE A SANG SANS PALIER
54) BLOOD PUMP WITHOUT BEARING

(37)

Disclosed is a blood pump having a pump housing
{(10) in which an impeller (16} is arranged without
housing. An external magnetic drive device (33) turns
the impeller (16) via a magnetic coupling (32, 36).
The lower side (30) of the wings (19) of the impeller
is configured as a support surface (30) which slopes
at the following end. A hydrodynamic supporting effect
is thus obtained during rotation. Said effect raises
the impeller (17) from the bottom surface of the pump
housing (10). As the pump housing does not comprise
bearings and seals, the thrombosis risk and the danger
of penetration of foreign bodies into the blood by
attrition is reduced.
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Disclosed is a blood pump having a pump housing (10} in which an impeller (18) is arranged without housing. An external
magnetic drive device (33) turns the impeller (18) via a magnetic coupling (32, 36). The lower side (30) of the wings (19) of the
impeller is configured as a support surface {30) which slopes at the following end. A hydrodynamic supporting effect is thus
obtained during rotation. Said effect raises the impelier (17) from the bottom surface of the pump housing (10). As the pump
housing does not comprise bearings and seals, the thrombosis risk and the danger of penetration of foreign bodies into the
blocd by attrition is reduced.
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ABSTRACT

Bicod pump_without bearing

The blood pump comprises a pump casing (10) in which an impelier (16) is
installed without any bearing. Said impeller (16) is rotated via a magnetic
coupling {32,36) by an external magnetic driving means (33). The impeller is
radiaily centered via the magnetic coupling {32,36). The lower side (30) of the
blades (19) of the impeller is configured as supporting surface (30) sloping
towards the trailing end. In this way a hydrodynamical supporting effect is
attained during rotation such that the impeller (16) raises from the bottom
surface (12) of the pump casing (10). Since no bearings and sealings are pro-
vided on the pump casing the danger of thrombosis and the danger of pene-
tration of foreign bodies in the form of abrasive particles into the blood is re-
duced.

(Fig. 1)
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Blood pump without bearing

The invention relates to a blood pump without bearing, operating according to
the rotary pump principle, for temporary or long-term blood conveyance.

For temporary short-term blood conveyance extracorporeal blood pumps are
used which comprise a rotationally driven impeller. Said impeller is supported
on bearings in the pump casing. Examples of such blood pumps are described
in EP 0 451 376 Bl and DE 43 21 260 C1. The impeller is driven via @ mag-

10 netic coupling by a rotating rotor located outside the pump casing. The bear-
ings supporting the impeller pose a problem in connection with the blood
pump since thrombosis may occur at the bearings. Further, there is the dan-
ger of abrasive particles of the bearings contaminating the blood. Seals de-
signed to protect the bearings against penetration of blood have also turned

15 out to be unsuitable for the medium-term to long-term use (days to years).
Blood pumps with mechanical support of the impeller are not suited for the
long-term use for the aforementioned reasons. Pump systems having mag-
netic bearings (US S5 385 581 A, DE 196 13 388 Al) which contactlessly sup-
port the impeller in an electromagnetic bearing means require a considerable

20  controlling effort and a voluminous configuration because of the complex sup-
porting structure where additional energy must be supplied to a large extent
due to the active impeller centering.

It is an object of the invention to provide a biood pump having a rotor rotat-
25 ing in a pump casing where the danger of blood contamination and thrombo-

sis minimized.

This abject is solved according to the invention with the features stated in
claim 1.

30
The blood pump according to the invention is a blood pump without bearing
which is not provided with any mechanical bearings, The impelier is freely
movable within a limited clearance in the pump casing. The impeller is rotated
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by an external magnetic driving means thus being self-centering. At least a
front side of the blades comprises supporting surfaces which hydrodynami-
cally lift the impeller during rotation. The static force of attraction of the per-
manent magnets in the impeller and the driving means tends to press the im-

S peller against the pump casing wall facing the driving means. However, the
supporting surfaces in the impeiler cause the impeller to be lifted from the
bottom surface during rotation such that the impelier siides on a blood cush-

jon thus being kept at a distance from the wall. The impeller without bearing

is passively centered in the pump casing via permanent magnets in combina-

10 tion with hydrodynamically acting driving forces. The lateral centering of the
impeller is also effected by the magnets cooperating with the driving means.

In this way it is possible to create a blood pump without bearing and shaft
where the impelier is suspended in the pump casing. '

15 The blood pump without bearing according to the invention offers the advan-
tage that due to the fact that no bearings and sliding seals are provided the
risk of thrombosis of the blood and penetration of foreign bodies into the
blood is reduced. Thus the bicod pump according to the invention cannet only
be used as an extracorporeal blood pump for short-term application but also

20 as an implantable blood pump for long-term operation. The blood pump is
operable with high efficiency due to the low centering-induced losses wherein
the required capacity lies in the range of 6 W under physiologically relevant
operating conditions such that the pump has a long service life even when
configured as a battery-operated portabie device.

25
The impeller may comprise a straight continuous passage extending from the
inlet to a bottom wall of the pump casing. Thus the impeller is provided with
vanes on both sides.

30 Preferably, the impelier blades are arranged such that they protrude to oppo-
site sides from the circumferential wall of a disk-shaped or cone-shaped sup-
porting body. The impeller does not form a disk which would, together with
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the bottom wall of the pump casing, define a narrow gap. This also reduces
the risk of thrombosis. In all areas of the pump casing a blood flow is main-
tained without there being the danger of dead water areas.

5 As seen from the top the blades are of essentially triangular configuration and
comprise the blade-side magnets. The triangular form of the blades allows the
blade volume to increase with increasing radius such that the fluid passage
area available between the blades can be kept constant on all radii. Thus the
conicality of the pump casing, which would be required to ensure that on all

10 circumferential circles approximately the same volume is available, is reduced
or eliminated.

The blood pump according to the invention is a centrifugal pump where the
outlet is arranged essentially tangentiaily to the outer edge of the pump cas-

15 ing. Since the maximum pressure preveils in the outiet a radial force is pro-
duced which tends to press the impelier away from the outlet. To counteract
this decentering force a peripheral ring diffusor is provided on the pump cas-
ing according to a preferred aspect of the invention, the ring diffusor ending
in a tangential outlet. Said ring diffusor is a helical duct which causes the

20 pressure prevailing in the outlet to be distributed over the circumference of
the pump casing thus having a centering effect on the impelier,

Hereunder embodiments of the invention are explained in detail with refer-
ence to the drawings in which:

25
Fig. 1 shows a schematic langitudinal section across a first embodiment
of the blood pump,
Fig. 2 shows a3 perspective view of the pump casing of the blood pump
30 shown in Fig. 1,
Fig. 3 shows a view of the impaeller of the pump shown In Fig. 1,
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Fig. 4 shows another perspective view of the impeller of the pump
' shown in Fig. 1,
5 Fig.5 shows a second embodiment of the blood pump,
Fig. 6 shows a perspective view of the pump casing of the pump shown
in Fig. 5,
10 Fig. 7 shows a perspective view of the impeller of the pump shown in
Fig. 5,
Fig. 8 shows a third embodiment of the blood pump,
15 Fig.9 shows the pump casing of the bload pump shown in Fig. 8, and
Fig. 10 shows the impeller of the blood pump shown in Fig. 8.

The blood pump shown in Fig. 1 comprises a pump casing 10 having a trun-
20 cated circumferential wall 11, an essentially flat bottom wall 12 and a periph-
eral cylindrical wall 13 extending between said bottom wall 12 and said
circumferential wall 11. The blood is supplied via the axial inlet 14 to the
pump casing and leaves the latter via the tangential outlet 15 on the outer
casing circumference.
25
In the pump casing 10 an impeller 16 is rotatably arranged. Said impeller
comprises a truncated supporting body 17 whose slope is approximately half
as large as that of the circumferential wall 11. The supporting body 17 is
made of surface material of approximately identical thickness at all locations.
30 On the supporting body 17 blades 18,19 protruding to the top and to the bot-
tom are arranged wherein the upper biades 18 and the lower blades 19 are

congruent as seen from the top, i. €. they have the same projection surfaces.
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Said blades 18,19 are of triangular configuration as seen from the top and

comprise a convex circumferential surface 20 coinciding with the circumferen-

tial circie of the supporting body 17, a convex leading surface 21 leading in

the direction of rotation, and a concave inner surface 22. Said convex leading

5 surface 21 coincides with the concave inner surface 22 at the inner edge 23.

The circle on, which lie the inner edges 23 of the three blade pairs, form the

limit of a circular passage 24 arranged in axial extension of the inlet 14, This

means that the impeller 16 is open in its center such that a direct axial pas-

sage 24 extends down to the bottom wall 12 wherein a central raised portion

10 25 extending into said passage 24 is provided in the bottom wall 12. The
cross-section of the passage 24 is at least as large as that of the inlet 14,

When the impeller rotates, the respective inner edge 23 precedes the outery
edge 26 of the same leading surface 21. This means that the leading surface
15 21 presses the medium radiaily to the outside by setting said medium into a

swirling motion. The trailing edge 27 moves along the same path as the lead-
ing edge 26.

The upper side 28 of the upper blades 18 moves in a truncated plane having

20 the same cone angle as the circumferential surface 11 of the pump casing.
Between the upper sides 28 of the blades and the conical circumferential sur-
face 11 of the pump casing a gap is formed which provides the play required
for axial movement of the impeller.

25 The lower sides of the lower blades 19 form supporting surfaces 30 which lift
the impeller from the bottom wall 12 of the pump casing when the impeller
rotates in the direction indicated by arrow 31. Said supporting faces are
formed in that on the lower side of the blade the lower edge of the leding sur-
face 21 is positioned at a larger distance to the bottom wall 12 than at the

30 trailing end, namely at the edge 27. In this way a gap is formed between the
supporting surface 30 and the bottom walil 12, the gap decreasing towards the
trailing end such that fluid in the gap tends to lift the impeller. Further, the
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vertical height of the gap above the bottom wall increases from the inner
edge 23 towards the outside whereby the impeller is also radially centered.
The inclination angle a of the supporting surface 30 in the circumferential di-

rection is approximately 2 to 4°.

The blades 18,19 which are of triangular configuration as seen from the top
are each provided with a magnet 32 with north pole N and south pole S. Said
magnet extends through the two blades 18,19.

10 The blood pump is driven by an extermal magnetic driving means 33 onto
which the pump casing 10 is piaced. Said driving means comptises a rotor 34
supported in bearings 35 and being provided with magnets 36 on its circum-
ference. Each of said magnets 36 attracts a magnet 32 located in the pump;
casing 10, The rotor 34 is rotated by stationary electromagnets 37. Each elec-

15 tromagnet 37 comprises @ U-shaped yoke through which passes a magnet 38
arranged on the circumference of the rotor 34. The poles of the electromag-
nets 37 are cyclically changed such that they generate a rotating magnetic
field carrying along the rotor 34. Via the magnetically coupled magnets 32
and 36 the rotor 34 rotates the impeiler 16. All parts of the impeller 16, with

20 the exception of the magnets 32, are made of plastic material or another
nonmagnetic material.

The type of magnet arrangement of the rotor magnet 32 at the drive magnet
36 resulis in a radial centering of the impeller 16. Thus 2 cartesian axes and 3
25 rotating axes are defined. The last remaining degree of freedom in the direc-
tion of magnetic attraction is fixed by the convergent gap formed between the
supporting wall 30 and the bottom walil 12 and extending in circumferential
direction. Thus the impelier, when rotating, raises from the bottom wall 12
against the magnetic attraction. When a sufficient circumferential velocity of
30 the impeller has been reached, a bload fitm capable of bearing forms in the

convergent gap and the impeller is suspended in the pump casing without
mixed friction.
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In the embodiment shown in Fig. 5 the casing 10a comprises a fiat bottom

wall 11 and a flat upper wall 11a extending essentially in parallel to the for-

mer. The supporting body 17a, from which the blades 18,19 protrude to the
5 top and to the bottom, is a flat disk.

According to Fig. 5 the external driving means 33a comprises electromagnets
40 distributed on the circumference of the pump casing 10a and generating a
peripheral magnetic field. The yokes of the electromagnets 40 directly act
10 upon the magnets 32 of the impelier 16a. Here, too, the magnets do not only
carry out the rotary drive of the impeller but also its radial centering. For axial
centering of the impeller the blades are provided with an inclined supporting
surface 30 on their lower side and with an inclined supporting surface 41 on
their upper side, said supporting surfaces forming, together with the upper
15 waell 11a of the pump casing, a convergent centering gap.

The blades 18,19 have the blade form shown in Fig. 7 deviating from that of
the first embodiment in that the vanes are curved in forward direction as seen
in the direction of rotation. In all cases the blades extend up to the passage

20 24 and the blade width (in circumferential direction) increases from the pas-
sage 24 towards the outside such that each blade has its maximum width at
the edge of the supporting body 17 and 17a, respectively.

According to Fig. & the pump casing 10a generally has the form of a flat ¢ylin-

25 der with a flat upper wall 11a and a cylindrical circumferential wall 13. Since
during rotation of the impelier 16a the maximum pressure builds up in the
outiet 15 it may happen that this pressure presses the impeller against the
pump casing side located opposite to the outlet. To compensate for this pres-
sure force a ring diffusor 44 extends around the circumference of the pump

30 casing, said ring diffusor 44 completely enclosing the circumference of the
pump casing and being configured as s helical bulge whose cross-section con-
tinuously enlarges from the iniet end 44a towards the outlet 15,
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The embodiment shown in Figs. 8 to 10 corresponds to a large extent to that
shown in Figs. 5 to 7. The pump casing 10b is essentially configured as a flat
cyiinder with a fiat upper side 11a and a flat bottom wall 12, The lower side of

S the lower blades 19 forms a hydrodynamical supporting surface 30 which in-
creases, as in the previous embodiments, towards the leading edge. Further,
the supporting surface 30 shown in Fig. 8 increases towards the outside.

The driving means 33b comprises a disk rotor motor 45 supported in bearings

10 35 and being provided with magnets 36 which cooperate with the magnets 32

of the impeller 16b.
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CLAIMS
1. Blood pump without bearing, having a pump casing (10) comprising an

axial inlet (14) and an outlet (15) disposed on its circumference, and
having an impeller (16) rotatably arranged in said pump casing (10),
said impeller (16) being provided with magnets (32) adapted to coop-
erate with an external magnetic driving means (33), wherein the impel-
ler (16) is freely movable within a limited clearance in the pump casing
(10), and the blades (19) on the lower side of the impeller (16) facing
the driving means (33) comprise hydrodynamically lifting supporting
surfaces (30},

characterized in that

the impeller (16) is positioned without any bearings involved and com-
prises a passage (24) in extension of the axial inlet (14) of the pump
casing (10).

2. Blood pump according to claim 1, characterized in that the impeiler
{16) has no shaft and comprises a straight continuous passage (24) ex-
tending from the inlet (14) to a bottom wall (12).

3. Blood pump according to claim 1 or 2, characterized in that the blades
{18,19) are arranged such that they protrude to opposite sides from
the surface wall of a disk-shaped or truncated supporting body (17).

4. Blood pump according to one of claims 1 to 3, characterized in that, as
seen from the top, the blades (18,19) are of essentially triangular con-
figuration, wherein the blade width increases with increasing radius.
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5. Blood pump according to one of claims 1 to 4, characterized in that the
blades (18,19) comprise the magnets (32).
6. Blood pump according to claim 4, characterized in that the blades (18,

19) have a convex outer surface {20) on the circular border of the sup-
porting body (17).

7. Blood pump according to claim 5 or 6, characterized in that the
supporting surfaces (30) of the blades (19) slope towards a trailing
edge (27) of the triangular shape.

8. Blood pump according to one of claims 1 to 7, characterized in that a
peripheral ring diffusor (44) is provided on the pump casing (10a), the
ring diffusor (44) ending in the tangential cutlet (15).
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54) MOTEUR ELECTRIQUE REFROIDI PAR UN LIQUIDE ET A PUISSANCE VOLUMIQUE ELEVEE
54) ELECTRIC MOTOR COOLED BY A FLUID AND HAVING HIGH SPECIFIC POWER

(57)

Disclosed is a micromotor with a motor housing (20)
formed of polymer material. Said motor housing (20)
surrounds the stator (24). The motor drives a pump
part (12), which pushes fluid along the motor housing
(20). The polymer material of the motor housing (20)
contains an electrically isolating filler having
caloric conductibility, especially Al2ZO3. Thereby, the
temperatures arising in the motor housing are reduced.
Furthermore, the hollow spaces of the coils (24a) of
the stator can be filled up with a polymer material
which  contains a filler with caloric conductibility.
The internal temperature of the motor is reduced as a
result of the heat carried away to the fiuid flowing
around the motor. The micromotor is particularly useful
for an intravascular blood pump.
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(57) AbrégéfAbstract:

Disclosed is a micromotor with a motor housing (20) formed of polymer maternal. Said motor housing (20} surrcunds the stator
(24). The motor drives a pump part (12), which pushes fluid along the motor housing (20). The polymer material of the motor
housing {20) contains an electrically isolating filler having caloric conductibility, especially Al,O5. Thereby, the temperatures

arising in the motor housing are reduced. Furthermore, the hollow spaces of the coils (24a) of the stator can be filled up with a
polymer material which contains a filler with caloric conductibility. The internal temperature of the motor is reduced as =z result of
the heat carried away to the fluid flowing around the motor. The micromotor is particutarly useful for an intravascular blood pump.
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Absfract

Disclosed is a micromotor with a motor housing {20) formed of polymer material.
Said motor housing (20) surrounds the stator (24). The motor drives a pump part
{12) which pushes fluid along the motor housing (20). The polymer material of the
meotor housing (20) contains an electrically isolating filler having caloric conductibil-
ity, especially Al,O,. Thereby, the temperatures arising in the motor housing are
reduced. Furthermore, the hollow spaces of the coils (24a) of the stator can be
filled up with a polymer material which contains a filler with caloric conductibility.
The internal temperature of the motor is reduced as a result of the heat carried
away tfo the fluid flowing around the motor. The micromotor is particularly useful for

an intravascular bicod pump.
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Electric motor cooled by a fluid and having_high specific power

The invention refers to a fluid-cooled electric motor with high specific power
comprising a motor housing injection molded from a polymer material and
enclosing a stator, and in particular to a micromotor that can be introduced
into the vascular system of a body to drive a blood pump situated within the
body.

WO 98/44619 describes s micromotor that is part of a blood pump to be
introduced into the body of 2 patient. The micromotor has a motor housing
injection molded from polymer material and having an outer diameter no larger
than 8.0 mm. The motor is part of a biood pump pumping blood in the vascular
system of a patient, the biocod flowing along the motor housing, thereby cooling
the motor. A relatively high temperature is generated in the motor housing,
since polymer material has poor thermal conductivity. Due to the thermos
bottle effect, temperatures of 60° C occur. Although the motor housing is cooled
by the blood flowing along the same at a temperature of 37" C, the shaft
extending from the motor housing has a higher temperature. There is a risk
that the temperature-critical medium blood is damaged by too high a shaft
temperature. Seals sealing a shaft having 2 high temperature are subject
to greater wear, thereby reducing the service life of the micromotor. Further,
consideration must be given to the fact that the efficiency decreases at a high
inner temperature within the motor. With micromotors in particular, which
often rely on battery power for operation, a high efficiency is important. An
excessive inner temperature in the motor and the accompanying deterioration
of efficiency, the mechanically available power Is also reduced.

It is the object of the invention to provide 2 fluid-cooled micromotor with

“improved thermal dissipation.

According to the invention, the object is solved with the features mentioned
in claim 1. In the present micromotor, the polymer material of the motor
housing includes a thermally conductive electrically insulating filler. This filler
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causes the motor housing to have a high conductivity so that the heat occurring
inside the housing can be transferred better intc the surrounding blood.
Preferably, the filler is a ceramic material, in particular Al,0,. Due to this
material, given a corresponding filling amount, the thermal conductivity of
thermoplastics or duroplastics can be increased significantly from a typical
0.05 w/mK to up to 2 W/mK without the electric conductivity increasing. It
has been found that at a fluid temperature of 37" C, the internal temperature
of the motor can be reduced from an initial 60° C to between 40™ C and 457
C. within the motor, no thermal build-up occurs, since the thermally conductive
motor housing provides for a better transfer of the heat to the blood. Therefore,
the components of the electric motor are subjected to a lesser thermal stress
and, thus, also to a lesser wear. Moreover, the motor can be operated with

improved efficiency.

The length of the motor housing is at least twice the outer diameter of this
housing. Thus, it is an elongate motor housing with a small diameter. Such
motaor housing has a large surface relative to the volume. The thermally
conductive filler contained in the housing wall, in combination with the large
housing surface, allows for an effective thermal transfer to a medium flowing
along the housing. Preferably, the length of the motor housing is at least 2.5
times, in particular at least three times, the outer diameter.

The filler is also advantageous in the manufacture of the micromotor by injection
molding or in vacuum molding, since a large amount of filler reduces the curing
time of a duromer because of the lesser duromer thicknesses and the improved
thermal conductivity. Thus, the heat curing time in an oven is significantly
reduced.

The amount of filler should be at least 40 percent by weight to achieve a
significant increase in the thermat conductivity of the matrix material. The

@oo3/011
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filler, initially present as a fine powder, is mixed into the liquid polymer material,

whereupon the forming is done by injection molding, drenching, and the like.

An important insulator within a micromotoris formed by the wire coils. Cavities
filled with air exist between the windings, which form an ideal heat insulator.
Moreover, the individual wires are coated with insulating sheaths that also
present good thermal insulators, According to a preferred embodiment of
the invention, which is of independent importance, the cavities of the stator
coils are filled with a polymer material including a thermally conductive filier.
Thereby, the coils become good thermal conductors, where the current-induced
heat generated in the coils is dissipated to the yoke and/or the motor housing
with little thermal resistance. The polymer material filling the cavities causes
an improved heat transfer to the iron yoke sheet arrangement which in turn
passes the heat on to the motor housing. Introducing the filler-ioaded polymer
material into the cavities of the colls is suitably done by drenching or by casting
under a combination of vacuum and pressure, where all cavities are intentionally
filled with thermally conductive polymer material.

The following is a detailed description of 2an embodiment of the invention taken
in conjunction with the drawings,

In the Figures:

Fig. 1 is a longitudinal section ¢f the micramotor and the pump connected
thereto, and

Fig. 2 is an enlarged representation of the detail II of Fig. 1.

Fig. 1 described below already forms subject matter of WO 98/4461.9.
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Fig. 1 illustrates an intravascular blood pump 10, i.e. a blood pump that can
be pushed through the blood vessels of a patient so as to arrive in the heart.
In general, the outer diameter of such a blood pump is nowhere larger than

8 mm.

The pump 10 has a drive portion 11 and a pump portion 12 rigidly connected
thereto. The drive portion 11 includes an electric micromotor 21 with an
elongate cylindrical housing 20. At the rear end, the housing 20 is closed by
an end wall adjoined in a sealing manner by a flexible catheter 14. Electric
wires 23 for power supply to and control of the electric motor 21 extend through
the catheter 14, together with further wires 23a connected to sensors of the
blood pump 10.

In a conventional manner, the stator 24 of the motor has a pluraiity of
circumferentially distributed coils 24a, as well as a magnetic yoke 24b made
of metal sheets and extending longitudinally. It is extrusion-coated with the
motorhousing 20. The stator 24 encloses the rotor 26 connected to the motor
shaft 25 and consisting of permanent magnets magnetized in the direction
of action. A bearing 27 supports the rear end of the motor shaft in the motor
housing or the end wall 22. The shaft extends along the entire length of the
motor housing 20 and projects forward therefrom,

The front end of the motor housing is formed by a stationary hub member
30 that is an integral part of the housing 20. The outer diameter of the hub
member tapers towards the front end where a bearing 33 for supporting the
motor shaft 25 is provided. This bearing is simultaneously designed as a shaft
seal.

The motor shaft 25 protrudes forward from the hub member 30 and carries
an impelier wheel 34 with a hub 35 sitting on the shaft end and blades 36
or pump vanes projecting therefrom and being inclined with respect to the

@oo5/011
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axis of the impeiier wheel! 34, The impeller wheel 34 is contained in a cylindrical
pump housing 32 that is connected to a ring 38 on the hub member 30, the
connection being established through three circumferentially distributed webs
39. It is visible that the motor housing 20 and the pump housing 32 are rigidly
connected and have the same outer diameter, and that the diameter of the

pump 10 is nowhere larger than this outer diameter.

During the rotation of the impeller wheel 34, blood is taken in through the
take-in port 37 of the pump housing 32 and driven to the rear in the axial
direction within the pump housing 32. Through the annular gap between the
pump housing 32 and the motor housing 20, the blood flows outward along
the hub member 30 to flow further along the motor housing 20, This guarantees
the dissipation of the heat generated in the drive, without any damage to
the biood caused by excessive surface temperatures (above 41° C) on the
motor housing 20.

It is also possible to operate the pump portion 12 with the supply direction
reversed, where the blood is drawn along the motor housing and exits axially

from the front end opening 37.

A pressure sensor 68 is embedded in the circumferential wall of the motor
housing 20, which communicates with a line 23a, Thisline 23a is encapsulated
in the motor housing 20 and extends through the front wall 22 into the catheter
14. At the proximal end of the catheter, the line 232 and the wire 23 may
be connected to an extracorporeal control device that controls the operation
of the pump 10.

The micromotor 21 is manufactured by injection molding using an injection
mold into which a mandrel is inserted that carries the stator components 24a,

24b. Polymer material is then injected into the mold. Thereafter, the injection

@oos 011
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mold and the mandrel are removed from the motor housing 20 and the rotor
26 is finally mounted through the opening 31 of the hub member 30.

The polymer material used is preferably a liquid epoxy resin including a filler
percentage of at least 40% by weight. The filler used is a fine powder of AL,0,.

The current-induced heat generated in the coils 24a of the stator 24 is first
transferred to the yoke arrangement 24b and, through heat transfer, from
there to the motor housing 20. Since the motor housing 20 has a good heat
conductivity, there is a low temperature gradient to the blood flowing around
the motor housing at a temperature of 37" C.

Fig. 2 iliustrates the wire windings 40 of a coil 243, where each wire is provided
with an insulating sheath 41. The spaces between the wire windings or their
insulations are filled with polymer material 42 containing Al,O, as a filler. Again
the filler amount is at least 40% by weight. The polymer material 42 filling
the cavities is in full surface contact with the yoke sheet arrangement 24b,

which is in full surface contact with the motor housing 20.

Due to the improved coaling, a high mechanical power output of 5 W can be
achieved at u = 30,000 rpm. Because of the substantially improved thermal
conductivity in all motor components and the substantially improved heat
coupling at the transition between coil, yoke and motor housing, the

temperature inside the motor can be reduced significantiy.

Thus, in the structure described, the transfer of 10 W of heat from within
the motor to the outside requires a mere driving temperature difference of

A3 = 5 - 8 K opposed to AG = 18 - 25 K when using a non-filled polymer.

The complete filling of all winding cavities with polymer material 42 further

aliows for a smooth and insulating coil coating 43 on the inner surface of the

doo7/011

Page 287 of 724

ABIOMED Ex. 1003



07718701 15:28 FAX 418 882 7661 CA 02352234 2001-05-22 Zo08/011

coil. When the motor is designed as a brush-less synchronous machine, it
is possible to drive the motor filled with liquid on the inside, provided the coils
are fully encapsulated.
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Claims

A fluid-cooled electric motor with 2 motor housing (20) made of polymer
material and enclosing a stator (24), the length of the motor housing
being at least twice the outer diameter of the motor housing,

characterized in that

the polymer material of the motor housing (20) contains a thermaily
conductive, electrically insulating filler in an amount of at ieast 40 percent

by weight.
The electric motor of claim 1, wherein the filler comprises Al,O,.

The electric motor in particular of claim 1 or 2, wherein the stator (24)
comprises coils whose cavities are fllled with a polymer material (‘42)

including a thermally conductive filler,

The electric motor of claim 3, wherein the polymer material (42) filling

the cavities is in thermally conductive contact with a surround'mg voke

sheet arrangement (24b).

The electric motor of one of claims 1 to 4, wherein a pump portion (12)
driven by the motor also includes filier,

The eiectric motor of claim 3 or 4, wherein the coil has a smooth insulating
inner surface (43) made of said polymer material.
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There are described for their preparation, a positive
displacement pump for conveying blood and a method.
The pump has a pump housing, in that the housings of
the inlet and outlet valve are seamlessly integrated.
Thereby seam or joints can be avoided with their adverse
effects on the blood. In the manufacturing method for the
positive displacement pump, the pump housing is
produced together with the two flaps enclosures in a
single molding operation. In further process steps, the
flaps closing body and the blood side

Formed membrane seamlessly
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@ Verdrangerpumpe zur Férderung von Blut

@ Es werden eine Verdrangerpumpe zur Forderung von Blut
und ein Verfahren zu deren Herstellung beschrieben. Die
Pumpe besitzt ein Pumpengehiuse, in das die Gehause der
EinlaB- und AuslaBklappe nahtlos integriert sind. Hierdurch
werden Naht- bzw. StoBstellen mit ihren nachteiligen Aus-
wirkungen auf das Blut vermieden. Bei dem Herstellverfah-
ren fir die Verdrangerpumpe wird das Pumpengehause
zusammen mit den beiden Klappengehdusen in einem
einzigen Formvorgang hergestellt. In weiteren Verfahrens-
schritten werden die KlappenschlieBkorper und die blutseiti-
ge Membran nahtlos angeformt.
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Beschreibung

Die vorliegende Erfindung betrifft eine Verdringer-
pumpe zur Férderung von Blut mit einem Pumpenge-
hiuse, einer als Férderorgan dienenden, im Pumpenge-
héuse angeordneten Membran, die das Pumpengehiuse
in eine Blutkammer und eine Kammer fiir das Férder-
medium unterteilt, einem EinlaBstutzen am Pumpenge-
héuse und einem AuslaBstutzen am Pumpengehiuse.

Derartig ausgebildete Blutpumpen sind bekannt. Sie
arbeiten mit einem gasférmigen oder fliissigen An-
triebsmedium, das durch die flexible Membran vom Blut
getrennt ist. Diese Membran ist schlauchférmig, flach,
halbkugelférmig oder sackférmig ausgebildet und so in
dem festen Pumpengehiuse untergebracht, daB das Blut
von dem antriebsseitig ein- bzw. ausstrémenden An-
triebsmedium verdringt bzw. angesaugt wird.

Derartige Blutpumpen werden mit separat ausgebil-
deten Ein- und AuslaBklappen betrieben, fiir die iibli-
cherweise Herzklappenprothesen eingesetzt werden.
Die Klappen werden dabei am EinlaB- und AuslaBstut-
zen des Pumpengehiuses befestigt.

Fir alle Verdringer-Blutpumpen sind die Ein- und
AuslaBklappen von entscheidender strémungsmechani-
scher bzw. himodynamischer Bedeutung. Aus der Befe-
stigung der Klappen an den Stutzen des Pumpengehiu-
ses resultieren jedoch zwangsliaufig Ubergangs- bzw.
StoBstellen, die entsprechende strémungsmechanische
bzw. himodynamische Nachteile mit sich bringen. So
resultieren thrombotische Ablagerungen, so daB beim
Einsatz von derartigen Pumpen permanent gerinnungs-
hemmende Mittel eingesetzt werden miissen. Es liegen
somit keine iibergangsfreien und stoBarmen Oberfli-
chen vor, was zu entsprechenden Blutschiadigungen
fithrt.

Der Erfindung liegt die Aufgabe zugrunde, eine Ver-
driangerpumpe zur Férderung von Blut der angegebe-
nen Art zu schaffen, die auf der Blutseite besonders
strémungsgiinstig ausgebildet ist.

Diese Aufgabe wird erfindungsgemiB bei einer Ver-
drangerpumpe der gattungsgemaBen Art dadurch ge-
16st, daB der EinlaBstutzen mit dem Gehiuse einer Ein-
laBklappe und der AuslaBstutzen mit dem Gehiuse ei-
ner AuslaBklappe einstiickig ausgebildet sind.

Bei der erfindungsgemaBen Losung sind somit beide
Klappengehiuse unmittelbar in das Pumpengehiuse in-
tegriert, so daB sich zwischen Ein- und AuslaBstutzen
einerseits und den Klappengehidusen andererseits keine
StoB- und Ubergangsstellen mehr ergeben. Es liegen
daher im Ubergangsbereich zwischen Klappe und Stut-
zen abldsungsfreie Stérungsverhiltnisse vor, die zu kei-
nen Blutschidigungen, insbesondere thrombotischen
Ablagerungen, fithren. Die beiden Klappengehiuse bil-
den daher Verldngerungen des EinlaB- und AuslaBstut-
zens.

Bei einer speziellen Ausfithrungsform der erfindungs-
gemiBen Pumpe sind die EinlaB- und AuslaBklappe als
Bulbenklappen ausgebildet, wobei die jeweiligen Bul-
ben einstiickig mit dem EinlaB- und AuslaBstutzen aus-
gebildet sind. Hierbei bilden die Klappengehiuse bul-
benférmige Ausbauchungen der jeweiligen Stutzen.
Auch hier sind glatte Ubergangsflichen zwischen Klap-
pengehiuse und Stutzen vorgesehen, was die vorste-
hend geschilderten Vorteile mit sich bringt.

Bei den heute im Handel erhiltlichen Blutpumpen
werden nahezu ausschlieBlich mechanische Kippschei-
benklappen verwendet, die nicht fiir diesen speziellen
Anwendungsfall entwickelt wurden. Durch die unphy-
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siologische Stromungsfithrung im Klappenbereich wird
das Blut infolge liberhShter Schubspannungen sowohl
hamolytisch geschidigt als auch prithrombotisch ge-
reizt. Der in solchen Fillen typische Weg des Blutes
fihrt aus Bereichen hoher Schubspannungen in Rezir-
kulationsgebiete (Totwassergebiete). Diese fluiddyna-
misch zeitweise abgeschlossenen Riume erméglichen
analog einem ReagenzgefdB die Durchmischung ohne
Verdiinnung von geschidigten und intakten Plattchen
und bilden so die Grundlage zum thrombotischen Ent-
stehungsprozeB. In ungestérter laminarer Strémung
wiirde diese verhiltnismaBig kleine Blutschiadigung in-
folge rascher Verdiinnung der aktivierenden Mediato-
ren ohne Folgen bleiben. Mit anderen Worten, auch
durch die Art der bisher verwendeten Klappen, insbe-
sondere die Ausbildung des SchlieBkorpers, wird das
Blut geschidigt. Ein weiterer Nachteil von derartigen
mechanischen Klappen sind das harte SchlieBen und die
damit verbundenen Quer- und Lingsbeschleunigungen
der gesamten Pumpe sowie eine entsprechende Ge-
rauschentwicklung.

Zur Behebung dieser Nachteile wird in Weiterbildung
der Erfindung vorgeschlagen, daB der SchlieBkorper der
Klappe an das zugehorige Klappengehiuse angeformt
ist. Hierdurch wird auch zwischen Klappengehiuse und
SchlieBkérper ein glatter Ubergang erreicht, so daB die
vorstehend aufgezeigten Nachteile, insbesondere das
Entstehen von Totwassergebieten, vermieden werden.
Bei dieser Ausfiihrungsform sind somit Pumpengehiu-
se, Klappengehiuse und SchlieBkérper der Klappe ein-
stiickig ausgebildet.

Die Klappe weist als SchlieBkérper vorzugsweise
mindestens ein Klappensegel auf. Bei einer besonders
bevorzugten Ausfihrungsform sind drei Klappensegel
vorhanden, die jeweils an die Innenseite des Klappenge-
hiuses angeformt sind. Eine solche Klappe zeichnet sich
durch besonders gute Strdmungscharakteristika aus.
Bei einer Bulbenklappe sind dabei die Segel vorzugs-
weise an der Ubergangsstelle zwischen dem Bulbus und
dem zylindrischen Gehiusestutzen angeformt.

Zur Vereinfachung der Herstellung ist das Pumpen-
gehduse zweckmiBigerweise zweigeteilt, wobei beide
Gehidusehilften tiber eine Spanneinrichtung miteinan-
der verbunden sind. Dabei weist vorzugsweise die obere
Gehausehilfte die mit den integrierten Klappen verse-
henen Stutzen fiir die Blutzufithrung und Blutabfiihrung
auf, wihrend die untere Gehiusehilfte vorzugsweise
einen Stutzen zur Zu- und Abfithrung des Férderme-
diums (Luft) besitzt. Als Spanneinrichtung findet vor-
zugsweise eine auf einen Gewindering aufgeschraubte
Spannmutter Verwendung, die zwei Ringflansche der
Gehiusehilften gegeneinander preBt. Durch diesen
PreBvorgang wird zweckmiBigerweise die Membran
mit eingepreBt, indem deren radial 4uBere Bereiche mit
Feder-Nut-Verbindungen zwischen die beiden Gehiu-
seflansche gefiihrt sind.

Die das Pumpengehiuse unterteilende Membran be-
sitzt zweckmiBigerweise eine blutseitige Lage und eine
dem Fordermedium zugewandte Lage. Beide Lagen
sind vorzugsweise voneinander getrennt und liegen nur
lose aneinander an, wobei zwischen beiden eine Gleit-
schicht, beispielsweise aus Graphit, angeordnet ist. Da-
bei kann die dem Férdermedium zugewandte Lage aus
dem gleichen Material wie das Pumpengehiuse beste-
hen, wihrend die blutseitige Lage aus einem speziellen
biokompatiblen Material besteht.

Wie bereits vorstehend erldutert, wird die Membran
vorzugsweise dadurch gehalten, daB sie zwischen die
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beiden Gehiusehilften eingespannt ist. Dies betrifft in
Weiterbildung der Erfindung nur die dem Férdermedi-
um zugewandte Lage der Membran, wihrend die blut-
seitige Membranlage an die Innenseite des Pumpenge-
hiuses angeformt ist. Bei dieser Ausfiilhrungsform ist
daher auch die blutseitige Membranlage einstiickig mit
dem Pumpengehiuse ausgebildet. Pumpengehiuse,
Stutzen, Klappengehiuse, KlappenschlieBkorper und
blutseitige Membran bilden dabei hierbei eine Einheit.

Vorzugsweise sind Pumpengehiuse, Stutzen und
Klappengehiuse auf ihren mit Blut in Beriihrung treten-
den Flichen mit einem biokompatiblen Material be-
schichtet. Wenn auch die KlappenschlieBkorper (Segel)
aus einem biokompatiblen Material bestehen, sind somit
samtliche mit Blut in Beriihrung tretenden Flichen der
Verdringungspumpe einschlieBlich der Klappen mit
biokompatibem Material versehen, so daB sich das Ma-
terial der Pumpe nicht schidigend auf das Blut auswirkt.

ZweckmiBigerweise bestehen die relativ festen Be-
standteile der Pumpe, namlich das Pumpengehause, die
Stutzen und die Klappengehduse, aus thermoplasti-
schem Polyurethan, das sich fiir diesen Einsatzzweck als
besonders geeignet erwiesen hat. Als biokompatibles
Material fiir die Herstellung der blutseitigen Membran-
lage und der KlappenschlieBkorper sowie fiir die Be-
schichtung der ibrigen mit Blut in Kontakt tretenden
Flachen kommt vorzugsweise in einem geeigneten Lo-
sungsmittel losbares biokompatibles Polyurethan zum
Einsatz.

Insgesamt wird somit erfindungsgemaiB eine Verdrin-
gerpumpe mit nahtlos integrierten Ein- und AuslaBklap-
pengehiusen sowie insbesondere mit nahtlos integrier-
ter blutseitiger Membranlage und nahtlos integrierten
KlappenschlieBkoérpern vorgeschlagen. Die Blutpumpe
ist auf der Blutseite besonders stromungsgiinstig ausge-
bildet und weist insbesondere weichschlieBende Klap-
pen auf. Alle blutfiihrenden Bauteile kénnen mit ein und
demselben biokompatiblen flexiblen Material beschich-
tet oder aus diesem hergestellt sein.

Die Erfindung betrifft ferner ein Verfahren zur Her-
steilung einer Verdringerpumpe der erfindungsgemi-
Ben Art.

Wie erwihnt, ist es bekannt, fiir derartige Verdran-
gerpumpen separat hergestellte Klappen zu verwenden
und diese Klappen mit den beiden Stutzen des Pumpen-
gehiduses zu verbinden, beispielsweise zu verklemmen
oder zu verkleben. Das erfindungsgemiBe Verfahren
wendet sich von dieser bekannten Lehre ab und schlagt
in seiner allgemeinsten Ausfiihrungsform die Herstel-
lung des Pumpengehauses mit den Klappengehiusen in
einem einzigen Formvorgang vor.

Das Gehduse wird dabei vorzugsweise {iber eine Po-
sitivform, die im Stutzenbereich die Gehéduse fiir die
Aufnahme der KlappenschlieBorgane besitzt, in einem
Arbeitsgang geformt, vorzugsweise thermogeformt.

In Weiterbildung umfaBt das erfindungsgemife Ver-
fahren des weiteren den Schritt des Anformens der
KlappenschlieBorgane durch Antauchen. Hierbei wird
zweckmiBigerweise gleichzeitig mit dem Anformen des
EinlaBklappenschlieBorganes die Innenseite des Pum-
pengehiuses mit dem Material fiir die KlappenschlieB-
organe beschichtet. Wie vorstehend erwihnt, handelt es
sich hierbei um ein biokompatibles Material.

Ahnlich wie bei dem EinlaBklappenschlieBorgan wird
auch das AuslaBklappenschlieBorgan durch Antauchen
an das entsprechende Klappengehiuse angeformt.

Die blutseitige Membranlage wird vorzugsweise
durch Anformen an das Pumpengehiuse hergestelit.
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Bei einer besonders bevorzugten Ausfithrungsform
des erfindungsgemiBen Verfahrens wird in der folgen-
den Reihenfolge vorgegangen: Zuerst wird das Pum-
pengehiuse mit integrierten Klappengehiusen geformt,
wonach das EinlaBklappenschlieBorgan durch Antau-
chen hergestellt und an das EinlaBklappengehiuse an-
geformt wird. Hierbei erfoigt gleichzeitig eine Beschich-
tung der Innenseite des Pumpengehiuses. Im nichsten
Verfahrensschritt wird das AuslaBklappenschlieBorgan
durch Antauchen hergestellt und an das AuslaBklappen-
gehiduse angeformt, wonach an die mit den fertigen
Klappen versehene Pumpengehiusehilfte im nichsten
Fertigungsschritt die blutseitige Membran angetaucht
wird. Die Klappen miissen hierfiir abgedeckt werden,
um eine Beschiddigung durch die Losungsmittelatmo-
sphire beim Antauchvorgang zu unterbinden. Die
Membran selbst wird durch mehrfaches Tauchen einer
Kugelkalotte vorgefertigt. Beim letzten Tauchvorgang
wird die Membran im feuchten Zustand mit der anderen
Gehdusehilfte gefiigt. Dies geschieht in Verbindung mit
dem Einspannen der luftseitigen Membran und dem
Festspannen der beiden Gehiusehilften gegeneinander.

Ahnlich wie bei dem EinlaBklappenschlieBorgan wird
auch das AuslaBklappenschlieBorgan durch Antauchen
an das entsprechende Klappengehiuse angeformt.

Die blutseitige Membranlage wird vorzugsweise
durch Anformen an das Pumpengehiuse hergestellt.

Bei einer besonders bevorzugten Ausfiihrungsform
des erfindungsgemiBen Verfahrens wird in der folgen-
den Reihenfolge vorgegangen: Zuerst wird das Pum-
pengehduse mit integrierten Klappengehiusen geformt,
wonach das EinlaBklappenschlieBorgan durch Antau-
chen hergestellt und an das EinlaBklappengehiuse an-
geformt wird. Hierbei erfolgt gleichzeitig eine Beschich-
tung der Innenseite des Pumpengehiuses. Im nédchsten
Verfahrensschritt wird das AuslaBklappenschlieBorgan
durch Antauchen hergestelit und an das AuslaBklappen-
gehiuse angeformt, wonach die blutseitige Membrania-
ge durch Antauchen hergestellt und an das Pumpenge-
hduse angeformt wird.

Das Pumpengehiuse wird zweckmiBigerweise in
zwei Hilften hergestellt, wobei die beiden Hilften nach
der Anbringung der KlappenschlieBorgane und der
Membran miteinander verspannt werden. Wenn die
Membran aus einer biutseitigen Lage und einer dem
Férdermedium zugewandten Lage besteht, wird hierbei
zweckmiBigerweise so vorgegangen, daB3 die dem For-
dermedium zugewandte Membranlage zuerst einseitig
eingespannt wird, wihrend die blutseitige Membranla-
ge ebenfalls zuerst einseitig angeformt wird. Es erfolgt
dann ein Zusammenfiigen der beiden Gehiusehilften,
wobei die andere Seite der dem Férdermedium zuge-
wandten Membranlage eingespannt und die andere Sei-
te der blutseitigen Membranlage im noch feuchten Zu-
stand mit dem Gehiuse gefiigt wird.

Die Erfindung wird nachfolgend anhand eines Aus-
fihrungsbeispiels in Verbindung mit der Zeichnung im
einzelnen erldutert. Es zeigt

Fig. 1 eine Draufsicht auf eine Ausfithrungsform einer
Verdringerpumpe mit integrierten Klappen; und

Fig. 2 einen Schnitt durch die Verdringerpumpe der
Fig. 1 entlang Linie A-A in Fig. 1.

Die in den Figuren dargestellte Verdringerpumpe
zur Férderung von Blut besteht aus einem Pumpenge-
hiuse 1, das sich aus einer oberen und einer unteren
Gehiusehilfte 2, 3 zusammensetzt. Das Pumpengehiu-
se ist mit einer nahtlos integrierten EinlaB- und AuslaB-
klappe 4, 5 versehen. An diese Klappen sind entspre-
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chende Reduzierstiicke 6 angeschlossen, die mit ent-
sprechenden Leitungen in Verbindung gebracht werden
konnen.

Fig. 2 zeigt den Aufbau des Pumpengehduses 1 im
einzelnen. Die beiden Hilften 2, 3 des Pumpengehauses,
die jeweils etwa halbkugelférmig ausgebildet sind, sind
mit Endflanschen versehen, die aneinander liegen. Der
Endflansch der oberen Hilfte 2 weist dabei eine Feder
auf, die in eine entsprechende Nut des Endflansches der
unteren Hilfte 3 eingreift. Diese beiden Endflansche
sind mit Hilfe eines Gewinderinges 11 und einer Spann-
mutter 12 gegeneinander verspannt, so daB eine dichte
Gehiauseeinheit gebildet wird. Mit zwischen die Flan-
sche eingespannt ist eine Membran 10, die die Pumpen-
kammer im Gehduse 1 in zwei Hilften unterteilt. Die
Membran ist in der Figur links in ihrem endsystolischen
und in der Figur rechts in ihrem enddiastolischen Zu-
stand dargestelit.

Die Membran 10 unterteilt die Pumpenkammer in
eine Luftkammer und eine Blutkammer. In die Luftkam-
mer miindet ein Luftstutzen 14, mittels dem wechselwei-
se Druck- und Unterdruck auf die Luftseite der Mem-
bran gefiihrt werden. Auf diese Weise erfolgt eine For-
derung des durch die Blutkammer strémenden Blutes.
Die Blutkammer steht dabei iiber einen EinlaBstutzen
und einen AuslaBstutzen 9 und die entsprechende Ein-
laB- und AuslaBklappe 4, 5 mit einem blutfilhrenden
Leitungssystem in Verbindung.

Wie man Fig. 2 entnehmen kann, ist das Gehiduse 7
der AuslaBklappe 5 zusammen mit dem AuslaBstutzen
und der oberen Hilfte 2 des Pumpengehiuses 1 einstiik-
kig ausgebildet, so daB keine Naht- bzw. StoBstelle da-
zwischen vorhanden ist. Gleiches trifft auf das Gehduse
der EinlaBklappe zu, das einstiickig mit dem EinlaBstut-
zen und der oberen Hilfte 2 des Pumpengehiuses aus-
gebildet ist. Bei der hier dargestellten Ausfihrungsform
sind EinlaB- und AuslaBklappe als Bulbenklappe ausge-
bildet, so daB die entsprechenden Klappengehiuse ge-
geniiber den zugehérigen Stutzen erweitert sind. Als
SchlieBkorper der Klappen finden drei Segel 8 Verwen-
dung. Auch die SchlieBkérper sind nahtlos in das jeweili-
ge Klappengehiuse integriert. Dies trifft auch auf die
blutseitige Lage der Membran 10 zu, die an die Innen-
seite des Pumpengehiuses angeformt ist.

Die beiden Reduzierstiicke 6 sind iiber einen geeigne-
ten Schlauchbinder 13 mit dem zugehdrigen Klappen-
gehiuse verbunden.

Zur Herstellung der Pumpe mit integrierten Klappen
wird wie folgt vorgegangen:

Zuerst wird die obere Gehidusehilfte 2 zusammen mit
den beiden Klappengehiusen in einem Arbeitsgang
thermogeformt. Hierzu wird eine mehrfach zerlegbare
Positivform verwendet, die im Stutzenbereich die Bul-
ben fiir die Aufnahme der Klappensegel besitzt.

In entsprechender Weise wird die untere Gehduse-
hilfte 3 geformt.

Die fertiggeformte Gehiusehilfte 2 wird dann von
Materialresten freigeschnitten, auf einen Ring gespannt
und fixiert. An diesem Ring wird das Tauchwerkzeug fiir
die Segel der EinlaBklappe befestigt. Durch Ausschwen-
ken mit PUR-Losung werden sowohl die Klappensegel
hergestellt als auch das Pumpengehiuse von innen be-
schichtet. Der AbfluBl der iiberschiissigen Kunststoffls-
sung erfolgt dabei durch die AuslaBéffnung, die z. T.
abgedeckt wird, um dort die Bulbenkontur durch die
mehrfachen Beschichtungen nicht zu verindern.

Nach Austrocknung werden die Segelkanten der Ein-
laBklappe aufgeschnitten oder aufgeschmolzen, um
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dann das Klappenwerkzeug zu entfernen. Dies kann
auch durch Laserschneiden geschehen.

Hiernach erfolgt die Fertigung der AuslaBklappense-
gel. Ahnlich wie bei der EinlaBklappe kann nun das
Klappenwerkzeug am Ring im AuslaBbuibus befestigt
werden. Durch Ausschwenken des Bulbus und anschlie-
Bendes Taumeln kénnen nun dhnlich wie bei der bisheri-
gen Klappe die Segel hergestellt werden. Nach der
Trocknung werden die Segelkanten aufgeschnitten bzw.
aufgeschmolzen, und das Klappenwerkzeug wird ent-
fernt.

An die mit den fertigen Klappen versehenen Pumpen-
gehiusehilfte wird im nichsten Fertigungsschritt die
blutseitige Membran angetaucht. Die Klappen miissen
hierfiir abgedeckt werden, um eine Beschiadigung durch
die Losungsmittelatmosphire beim Antauchvorgang zu
unterbinden. Die Membran selbst wird durch mehrfa-
ches Tauchen einer Kugelkalotte vorgefertigt. Beim
letzten Tauchvorgang wird die Membran im feuchten
Zustand mit der anderen Gehiusehilfte gefiigt. Dies
geschieht in Verbindung mit dem Einspannen der luft-
seitigen Membran und dem Festspannen der beiden Ge-
hédusehilften gegeneinander.

Patentanspriiche

1. Verdriangerpumpe zur Foérderung von Blut mit
einem Pumpengehduse, einer als Férderorgan die-
nenden, im Pumpengehiuse angeordneten Mem-
bran, die das Pumpengehiuse in eine Blutkammer
und eine Kammer fiir das Férdermedium unterteilt,
einem EinlaBstutzen am Pumpengehiuse und ei-
nem AuslaBstutzen am Pumpengehiuse, dadurch
gekennzeichnet, daB der EinlaBstutzen mit dem
Gehiuse einer EinlaBklappe (4) und der AuslaB-
stutzen (9) mit dem Gehiuse (7) einer AuslaBklappe
(5) einstiickig ausgebildet sind.

2. Verdringerpumpe nach Anspruch 1, dadurch ge-
kennzeichnet, da8 EinlaB- und AuslaBklappe (4, 5)
als Bulbenklappen ausgebildet sind, wobei die je-
weiligen Bulben einstiickig mit dem EinlaB- und
AuslaBstutzen (9) ausgebildet sind.

3. Verdringerpumpe nach Anspruch 1 oder 2, da-
durch gekennzeichnet, daBl der SchlieBkorper (8)
der jeweiligen Klappe (4, 5) an das zugehdrige
Klappengehiuse (7) angeformt ist.

4. Verdringerpumpe nach Anspruch 3, dadurch ge-
kennzeichnet, daB die Klappe (5) als SchlieBkorper
(8) mindestens ein Klappensegel aufweist.

5. Verdringerpumpe nach einem der vorangehen-
den Anspriiche, dadurch gekennzeichnet, dal das
Pumpengehiuse (1) zweigeteilt ist, wobei beide Ge-
hausehilften (2, 3) Giber eine Spanneinrichtung (11,
12) miteinander verbunden sind.

6. Verdringerpumpe nach einem der vorangehen-
den Anspriiche, dadurch gekennzeichnet, daB die
Membran (10) eine blutseitige Lage und eine dem
Férdermedium zugewandte Lage aufweist.

7. Verdriangerpumpe nach Anspruch 6, dadurch ge-
kennzeichnet, daB die blutseitige Membranlage an
die Innenseite des Pumpengehiuses (1) angeformt
ist.

8. Verdringerpumpe nach einem der vorangehen-
den Anspriiche, dadurch gekennzeichnet, daB Pum-
pengehiuse (1), Stutzen (9) und Klappengehiuse (7)
auf ihren mit Blut in Beriihrung tretenden Fldchen
mit einem biokompatiblen Material beschichtet
sind.
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9. Verdriangerpumpe nach einem der vorangehen-
den Anspriiche, dadurch gekennzeichnet, daB die
KlappenschlieBkérper (8) aus biokompatiblem Ma-
terial bestehen.

10. Verdringerpumpe nach einem der vorangehen- 5
den Anspriiche, dadurch gekennzeichnet, daB Pum-
pengehduse (1), Stutzen (9) und Klappengehiuse (7)
aus thermoplastischem Polyurethan bestehen.

11. Verfahren zur Herstellung der Verdringerpum-

pe nach einem der Anspriiche 1 bis 10, dadurch 1o
gekennzeichnet, daB Pumpengehiduse mit Stutzen
und Klappengehiduse gemeinsam in einem Form-
vorgang hergestellt werden.

12. Verfahren nach Anspruch 11, dadurch gekenn-
zeichnet, daB der Formvorgang ein Thermoform- 15
vorgang ist.

13. Verfahren nach Anspruch 11 oder 12, dadurch
gekennzeichnet, daB es des weiteren den Schritt
des Anformens der KlappenschlieBorgane durch
Antauchen umfaBt. 20
14. Verfahren nach Anspruch 13, dadurch gekenn-
zeichnet, daB gleichzeitig mit dem Anformen des
EinlaBklappenschlieBorganes die Innenseite des
Pumpengehduses mit dem Material fiir die Klap-
penschlieBorgane beschichtet wird. 25
15. Verfahren nach einem der Anspriiche 11 bis 14,
dadurch gekennzeichnet, es des weiteren den
Schritt des Anformens der blutseitigen Membran-
lage durch Antauchen umfaBt.

16. Verfahren nach Anspruch 15, gekennzeichnet 30
durch die in der nachfolgend weitergegebenen Rei-
henfolge ablaufenden Schritte:

Formen des Pumpengehiduses mit integrierten
Klappengehiusen;

Antauchen des EinlapklappenschlieBorganes mit 35
gleichzeitiger Beschichtung der Innenseite des
Pumpengehduses;

Antauchen des AuslaBkiappenschlieBorganes; und
Antauchen der blutseitigen Membranlage.

17. Verfahren nach einem der Anspriiche 11 bis 16, 40
dadurch gekennzeichnet, daB das Pumpengehiuse

in zwei Hilften hergestellt wird und daB die beiden
Hilften nach der Anbringung der KlappenschlieB-
organe und der Membran miteinander verspannt
werden. 45
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DWPI Abstract (DE2355966A1)

Novelty

The pump is used for circulating human blood and has an externally
controllable volume-and pressure-time relationship for the fluid fed from the
pump. The pump is coupled with a programmable store which is
programmed according to the desired volume and/or pressure-time
relationship and can be sensed in a time controlled manner. The pump is
hydraulically driven and is connected with a servo valve which feeds
hydraulic fluid to the pump according to the stored programme. A
digital-analogue converter is connected after the store and its output signal
controls the servo valve. There is an interpolator, connected to a maximum
decoder and a command amplifier which passes commands on to the servo
valve.

Original Title:

Pump arrangement, in particular for blood pumps
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For gesteaerten operation of the stepping motor 25 according to the stored program read out from the memory 6, binary coded signals to a parallel-serial converter 26 is
supplied, whose output ~ series signals reach a Impalswandler 7, and then via the power amplifier 28 the stepper motor 25 to . Floating

To the rotary actuator tune; the Schr'i ttmotors 25 according to the Proe; Ramm fe'stzu-lee; s is a Drehrichtungskennanc 29 connected to the memory 6, which operates via an
electronic switch 30 to the pulse transformer 27 and ensures the correct direction of rotation of the stepping motor 25th

Deviations of the stepping motor of the actual position warden erkompensation about the pedometer control 31 and the Schrittfeh ~. 32 applied to the address counter 8 which
produces a corresponding correction of the scan of the memory 6.

If the blood pump 1 'for the operation of an artificial - heart used ¢ as the systole and diastole must be determined.

For controlling the duration of systole is an oxygen sensor 33 is used, which operates through an amplifier 34 to a frequency switch 35. This frequency switch determines the
beat frequency in response to the output of the oxygen sensor 33rd

A pressure sensor 36 monitors the pressure in the atrium of the artificial heart, and controls over the frequency switch 35 to the timing generator 7, so that the atrial pressure
can not be negative.

A pressure sensor 36 monitors the pressure in the atrium of the artificial heart, and controls over the frequency switch 35 to the timing generator 7, so that the atrial pressure
can not be negative.

The control portion of the pump arrangement according to Figure 3 can be, indicated by dashed lines UEE, build in the form of an integrated circuit, which is fed by a power
source 37 which also energizes the stepping motor 25th

In a modification of the pump arrangement according to Figure 3 can the memory 6 a Generator.126 with digital frequency selection are downstream, as is indicated in FIG. 4
This generator produces in accordance with the binary coded outputs of the memory 6 different frequencies which are supplied to the pulse transformer 127, which drives the
stepping motor with Seisen output pulses.

Another possibility for driving the pump is the use of a directly working on the pump piston 201 linear motor 225. The opposite figure 3 modified part of the arrangement shown
in Figure 5 « schematically. In this arrangement, the output signals of the memory 6 to a generator 226 with digital F ~ equenzwahl supplied whose changing output frequencies
a turn ~ omgenerator 227 control which drives the linear motor 225 via the power amplifier 228th To control the direction of movement of Linearmotdrs serves a phase switch
230, the paired with the memory 6 ~ It.

While it has been assumed above assumes that the memory 6, a digital memory is of the digital or essentially binary coded output « providing signals of the memory can also be
constructed so that its output signal is substantially in analog form. An example of this is shown in Figure 6.

This memory schematically shown in Figure 6 has the form of a function generator and contains a number of resistors RP1 to RPm 'which are preferably adjustable. This
counterclaim states, are at one end to a voltage source and the other end at the output of a demultiplexer 300, whose inputs are connected to the exits a- binary counter 301 -.
When using this memory in a pump assembly for a blood pump, the binary counter 301 is input with a frequency

finely 1/t*1/m

operated, where t is the duration of the heartbeat period and m the number of resistors Rp is. The counter 301 then supplies during a flapping period m meter readings, which
are the de-multiplexer 300 fed laying successively via its outputs resistors RPito RPm to voltage. The voltage drop across this resistor is s an integrator 302 is supplied via a
resistor for each singles g provided resistance whose A sgangssignale then the adjusted means of the Ividerstdnde Rp program corresponds.

A memory according to Figure 6 can be used to control the servo valve in the Pumpenan? Rdnung according to Figure 1 in spielsvmise without using a digital to analog \
vandlers.

Claims:

1. A pump assembly comprising a pump with an externally controllable volume and / or pressure-time behavior of the pump for the fluid to be conveyed: characterized ge
particular for blood pumps, ennzeichnet that the pump (1,1 ') with a programmable memory (6) is coupled, which is per rammiert corresponding to the desired volume and / or
pressure-time behavior and timed scanned.

2. Pump arrangement according to claim 1, characterized in that the Pu pe (1) is connected hydraulically driven, and a servo valve (2) that the P MPE (1) in Abh&ne; accuracy
from the stored ProR; supplying ram hydraulic fluid..

3. Pump arrangement according to claim 2, characterized in that the memory (6), a digital-to-analog converter (11) is connected downstream whose Ause; angssignal'im
substantially controls the servo valve (2).

4. Pump arrangement according to claim 3, characterized in that the output signal of the digital-to-analog converter (11) a maximum decoder (12 ') for generating a signal upon
occurrence of the maximum amplitude of the output signal
can be fed.

5. Pump arrangement according to claim 1, characterized in that the pump (1 ') of a program corresponding to the stored controllable stepper motor (25) is drivable.

6. A pump assembly according to claim 1, characterized in that the pump is a piston pump whose piston antreibbarist (201) of a program corresponding to the stored
controllable linear motor (225).

7. A pump assembly according to one of claims 1 to 6, characterized by a controllable timing generator (7) which is ver via an address counter (8) for temporal Abtastune the
program stored to the memory (6) connected.

8. A pump assembly according to claims 4 and 7, characterized in that the signal to the timing generator (7) can be fed.

9. A pump assembly according to one of claims 1 to 8, characterized in that the actual pump is vereleichbar position with the target position and that the pump VergleichssiBnal
determined to control the pump entsegen a deviation from the target is .verwendbar Pumpenstellunc.

10. A pump assembly according to one of claims 1 to 9, characterized in that the memory (6) is a semiconductor memory.
11. A pump assembly according to one of claims 1 to 9, characterized in that the memory contains a plurality of sequentially controllable resistors (Rp1. « rpm), whose
dimensions corresponds to the program, and sequentially that the .Hiderstdnde plexer of a demuxer ( 300) can be controlled, in time sequence to the output signals of a binary

counter (301) can be fed.

12. A pump assembly according to one of claims 1 to 11, characterized in that the memory (6) contains several programs for the volume undbder « nruck-time behavior and can
be switched to the desired program.

13. A pump assembly according to claim 12, characterized by a zero detector (23) for the output signal of the memory (6), the output to switch to another Prograim memory (6)
coupled thereto.
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Pumpenanordnung, insbesondere fiir’

Blutpumpen

Die Erfindung beziehi sich auf eine Pumpehanordnung mit
einer Pumpe mit einem extern steuerbaren.Volumen; und/oder
Druck-Zeit-Verhalten fir das von der Pumpe zﬁ fordernde
Fluid, insbesondere fir Blutpumpen. o

Pumpen mit éxtern steuerbérem,Volumenf und/odér Druck-
Zeit—Verhélteﬁ sindrbeispiélsweise-fﬁr~die Kraftstoff-
zufuhr zu Verbrennungsmotoren bekannt.'Bei'diesen ‘
Pumpenanordnungen erfolgt die Steuerung des Volumen- und/
oder Druck-Zeit-Verhaltens {iblicherweise rein mechanisch,
und eine Steuerung ist iblicherweise nur in Abhéngigkeit

von_der Drehzzhl des Verbrennungsmotors mSglich.

Es gibt jedgch viele Anwendungsféllé, beirdeneﬁ wihrend
eines Arbeitszyklus der Pumpe eiﬁe bestimmte Féfder- ddér
Druckkurve erwﬂnscht'ist.rEin derartiger Anwendungsfail
ergibt sidh'beispié1SWeise bei einef Blutpumpe, die ins-
besondere dann, wenn sie mit einem kﬁnstiichen Eenzen

- zusammenarbeitet, mdglichst genau die "Pumpcharakteristik;"
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des natlirlichen Herzens nachahmen soll. Ferner sind der-
artige Pumpanordnungen unter andérem filir Beatmungsgerite,
Dialysegerite, Herz-Lungen-Maschinen u.4. sowie auch fiir

andere technische Gebiete erwlinscht.

Um bei einer Pﬁmpanordnung der eingangs erwdhnten Art

ein éewﬁnschtes Volumen- und/oder Druck-Zeit-Verhalten
innerhalb des jeweiligen Zyklus der Pumpe, also eine be-
stimmte Pumpencharakteristik zu erreichen, ist die Pumpe
erfindungsgemdf mit einem programmierbaren Speicher ge-
koppoelt, der entsprechend dem gewﬁnschten Volumen- und/oder

Druck-Zeit-Verhalten programmiert und zeitlich gesteuert -

abtastbar ist.

In einen programmierbaren Speicher, der beispielsweise ein
Halbleiterspeicher sein oder der eine Anzahl von nach-~
einander ansteuerbaren Widersténden enthalten kann, deren
Dimensionierung dem Programm entspricht, wobei die Wider-
stdnde nacheinander von einem Demultiplexer ansteuerbar
sind, dem in zeitlicher Folge Ausgangssignale von einem
Bin#rz#hler zufiihrbar sind,. 188t sich die gewlinschte Pumpen-

charakteristik eingépen, so daB die Pumpe das zu fdrdernde
Fluid innerhalb eines Arbeitszyklus entsprechend dem ein- .

gespeicherten Programm foérdert.

Flir die Steuérung einer Blutpumpe 1l4Bt sich dadurch die

Pumpcharakteristik des Herzens sehr genau nachahmen; so daB

509821/0059
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die sonst méglichen'Schédigungen der Mikrozirkulation

(vgl. NAS Publication No. 1283) vermieden werden.

Die zu verwendende Pumpe kann hydraulisch antreibbar'
und mit einem Servoventil verbunden sein, das der Pumpe
in Abhingigkeit vom gespeicherten Programm Hydraulik-

fliussigkeit zufiihrt.

Es ist jedoch auch mdglich, die Pumpe von einem entspre-
chend'dem géspeicherfén Programm steuérbéren’Schrittmotor
antreiben zu lassen, oder eine Kolbénpumpe'zﬁ verwenden,
deren Kolben von einemrenféprechendrdem geépeicherten B

Programm steuerbaren Linearmotor antreibbar ist.

.Uﬁ das Programm des Speichefsrin dem géwﬁnschten zeitlichen
Ablauf auSlesen-und Zur Steuerung der Pu@be'vérwenden zu
kénnen, kann ein steuerbaréf Zeitgehéfatorrvorgesehen séin,
derrﬁber einen Adreﬁzéhler zur zeitlichen Abtastung des

gespeicherten Programms mit dem SpeicherAverbunden ist.

Zur Erzielung des gewlinschten Zeitablaufes k&nnen dem Zeit-
generator besondere Steuersignale zugefiihrt werden, die z.B.
aus MeRwerten gewonnen werden. Bei einer Blutpumﬁe kbnnen

die MeBwerte aus dem SauerStoffgehalt des Blutes und dem

509821/0059
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Vorhofdruck des kiinstlichen Herzens gewonnen werden, so
daB auf diese Weise der zeitliche Ablauf des gespeicher-

ten Programms beeinfluBt und veridndert werden kann.

Gegebenenfallsrkann der Speicher auch verschiedene Pro-
‘gramme fir das Volumen- und/oder Druck-Zeit-Verhalten
aufweisen, und es kann auf das gewlinschte Programm ge-
schaltet werden. In diesem Fall kann in Abhdngigkeit vom
Ausgangssignal des Speichers, beispielsweise beim Null-
Durchgang des Aﬁsgangssignals, auf ein anderes Programm

im Speicher umgeschaltet werden.

Wird eine hydraulisch antreibbare und mit einem Servo-
ventil verbundene Pumpe benutzt, so kann dem Speicher ein

Digital-Analog-Wandler nachgeschaltet sein, dessen Aus-

gangssigﬁal im wesentlichen das Servoventil steuert.

Das Ausgangssignai des Digital~Analog~-Wandlers kann einem
Maximum~-Dekodierer zur Erzeugung eines Signals beim auf-
treten der maximalen Amplitude Qes Ausgangssignals zuge-
fiihrt werden. Ein derartiges Sighal ist dann besonders
vorteilhaft, wenn die Pumpenanordnung im Zusammenhang mit

einer Blutpumpe zur Unterstiitzung des natilirlichen Blutkreis-

509821/0059
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laufs benutzt wird, da dann das ‘Signal zu einer An-
passung des Betriebs der beiden Pumpmechanismen dienen

kann.

Die Erfindung wird im-fblgenden anhand der schematischen

Ausfiihrungsbeispiele zeigenden Figuren niher erliutert.

Figur 1 zeigt in einem Blockschaltbild eine Pumpenanordnung

gemiB der Erfindung mit einer Blutpumpe ‘mit Servoventil.

Figur 2 zeigt schematisch die Pumpe~mit dem mit ihr ver-

bundenen Servoventil.

Figur 3 zeigt in einem Blocksechaltbild eine andere Pumpen-

anordnung gemif der Erfindung.

Figur 4 zeigt die dem Speicher nachgeschalteten Elemente flir

eine Abwandlung der Pumpenanordnung gemdh Figur 3.
Figur 5 zeigt in einem Blockschaltﬁild die Anderungen in
der Pumpenanordnuhg.geméﬁ Figur 3 bei Verwendung einer von

einem Linearmotor- angetriebenen Kolbenpumpe.

Figur 6 zeigt .schematisch ein Ausfihrungsbeispiel flir einen

, , 509821/00589
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in der Pumpenanordnung verwendbaren, programmierbaren

Speicher.

In dem Ausfﬁhrungsbeisﬁiel gemdl Pigur 1 is%reine Pumpen-
anordnung mit einer Blutpumpe 1 gezeigt, die von einem
Sefvéventil 2 liber einen Servozylinder 3 und eire Fluid-
pumpe 4 getrieben wird. Der Aufbau dieses mechanischen
Teils wird anhand von Figur 2 erldutert werden; Daé Ser@—

ventil 2 und der Servozylinder 3 sind auBerdem mit einer

Quelle 5 fiir Hydraulikfluid verbunden.

Zur'Steuerung der Elutpumpe dient als wesentliches Eiémentr
ein programﬁierbarer Speichef 6; der von bekannfer Bauart
sein kann, also z.B. ein Halbleiterspeicﬁer, ein Kern-
épeicher 0.4. In diesen Speicher wird der gewiinschte Ver-
léuf des Volumen- und/oder Druck—Zeit;Vefhalteﬁs der Pumpe
eingespeichert, so daR die Pumpe durch Auslesen des Spei-
chers 6 entsprechend gesteuert werden kann. Um den pro—r
grammierten Speicher in zeitlicher Abhingigkeit auszulesen,.
ist ein Zeitgenerator T vorgeseheﬁ, der iber einen AdreBQ
zihler 8 und eine X~Anzeige 9 den Speicher in vom Zeit-
generator vorgegebenef Zeitfolge abfragt undrso entspreéhend
dieser Zeitfoige den programmierteﬁ Verhaltensverlauf lber

eine Y-Anzeige 10 an einen Digital¥Anélog—Wandler 11 gibt.

| 509621/0059
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Dgs aus sich unstetig #ndernden Gréfen bestehende Ausgangs-
signal dieses Wandlers 11 wird zur Erzeugung eines sich -nicht
sprunghaft &ndernden Kurvenlaufes einem Interéolator 12 zu-.
gefihrt, dessen Ausgangssighél Uber einen'RegelverstSrker_l}

zur Steuerung des Servoventils 2 dient.

Bei Verwendung eines Ventilé,wie es schematisch in Figur 2
dargestellt ist, ergibt sich dann die folgende Arbeitsweise.
Das mit der Pumpe 1 verbundene Servoventil 2 fithrt von der
Quelle 5 (Figur 1) entsprechend der Ansteuerung vom Regel-
verstirker 13 (Figur 1) dem Servozylinder 3 liber den Ver-
bindungskanal 16 oder 17 Hydraulikfluid zu, so daR der
Pumpenkolben 4 in Figur 2 nach rechts oder links verschoben
wird. Nimmt man.hierzu an, daB ausgehend von der Darstellung
in Figur 2 Hydraulikfluid iiber den Kanal'17 zugefihrt wird,

so bewegt sich der Kolben 4 nach rechts und mit ihm der mit
zwel gegeneinander geschaltetén Rollmembranen 14 und-15
abgedichtete Kolben der Blutpumpe 1, d.h. es érfolgt ein An-
saugvorgang. Diese Bewegung des Kolbens 4 nach rechts erfolgt
entsprechend dem im Spéichér 6 (Figur 1)>entha1tenen'Programm,
d.h. die Bewegung des Kolbens nach rechts kann sich'Zeitlich
sndern, also in einzelnen Abschnitten schneller oder langsamer
erfolgen, was durch eine entsprechende Zufuhr von Hydraulik-

fluid erreicht wird. Als Folge davon BéWegt éich auch der

EAnGOMAMa JAAPA
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Kolben der Blutpumpe entsprechend dem Progrémm im
Speicher 6. Wie ohne weiteres klar ist, 1éﬁf sich ein
entsprechender Bewegungsablauf auch bei einer Bewegung
des Kolbens 4 nach 1links erreichen, indem das Hydraulik-
fluid vom Servoventil 2 gesteuert mittels des Programms

aus dem Speicher 6 {iber den Kanal 16 zugefiihrt wird.

Im allgemeinen muf Uberwacht werden, ob die Bewegung des
Kolbens im Servozylinder auch -entsprechend dem vorgegebenen
Programm erfolgt, d.h. ob der Ist-Wert mit dem Soll-Wert
ubereinstimmt. Hierzu kann der Servozylinder 3 mit einem
Weggeber 18 (Figur 1 und 2) verbunden sein; dessen
Ausgangssignal dem Regelverstirker zugefihrt wird, so

daf® bel Abwelchung des Ist-Wertes vom Soll-Wert eine
Regelung in Richtung auf den Soll-Wert, also eine

Korrektur erfolgt.

Wie bereits erwdhnt, kann die Pumpenanordnung gemidR
Figur 1 in Zusammenhang mit einer Rlutpumpe benutzt werden.
Hierbel kdnnen besondere Betriebsfille auftreten, die in

der Pumpenanordnung beriicksichtigt werden sollten.

So éndgrt sich das Verhiltnis der systolischen Zeit zur

diastolischen Zeit des Herzens mit wachsender. Schlagfrequenz

Enag21/nnkra
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in Richtung zu klirzeren Diastoleﬁ?eiteﬁ, d.h. das im
Speicher 6 enthaltene Programm muR an die Schlagfrequenz
angepaft bzw. mit dieser geénderﬁ werden. Hierszu kann man
dem.Zeitgenerétor 7 der Schlagfrequenz entsprechende Signale
sowie Signale entsprechend der Systole und der Diastole
zufithren, 50 dap die ieitliche Abtastung des Speichers 6
mittels des Zéitgenerators 7 entsprechend'der Schlagfrequenz
gedndert wird, alsé bei wachsender Schlégfrequenz eine Be-
riicksichtigung der sich verkiirzenden Diastolenzeiten er-
folgt. Eé ist daher niéht erforderlich, das.PrOgramﬁ im
Speicher zu #ndern, sondern es genligt, wenn die zeitliche
Ansteuerung des Speiéhers 6 zur Auslesung d?s Programms

entsprechend verdndert wird.

Die Blutpumpenanordnung geméﬁ der Erfindung kann auch benutzt
werden, um die Blutpumpe unterstitzend fir dén natiirlichen
Blutkreislauf einzusetzen. Hierzdrkann7ein:Elektrokardiogramm
dienen, das iher einen Differenzverstirker 19, einen

Trigger 20 und eine Verzdgerungsstufe 21 auf den Zeitgenera-
tor 7 arbeitet und so den zeitlichen Ablauf der Auélesung

des Programms im Speicher 6 steuert.

Filr Modeélluntersuchungen o.4i. ist es h#ufig erwiinscht, zwischen

verschiednen Programmen fiir den Betrieb der -Pumpe umschalten

509821/0059
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zu kdnnen, wobel vorzugsweise die verschiedenen Pro-
gramme bereits im Speicher 6 enthalten sind. Fiir diese
Umschaltung ist ein Programmschalter 22 vorgesehen, bei

dessen Betdtigung von einem Programm zu einem anderen

Programm ilbergegangen wird.

Um jedoch zu verhindern, daB dieser Ubergang zu einer
sprunghaften Zustandsinderung im Pumpkreislauf fihrt,

kann an den Digital~Analog-Wandler 11 ein Nullpunkts-
detektor 23 angeschlossen sein, der den Nplldurchgang des
Ausgangssignals vom Speicher 6 feststellt, d.h. den Tot-
punkt im Betrieb der Pumpe ermittelt und dann bei diesem
Totpunkt liber einenrZﬁischénspeicher'zu die Programmum-~
schaltung im Speicher 6 bewirkt, falls der Programmschalter

22 zuvor betdtigt wurde.

Figur 3 zeigt in einem Blockschaltbild ein etwas abge--
wandeltes Ausfiihrungsbeispiel der Erfindung, wobei wiederum
eiﬂe Blutpumpe in Abhéngigkeit von einem im Speicher 6
gespeicherteanrgramm gesteuert wird. Diese Blutpumpe 1'
wird in diesem Fall von einem Schrittmotor 25 angetrieben,
der sich in Abhidngigkeit vom Programm schrittweise bewegt'
und so ein entsprechendes Volumen- und/oder Druck-Zeit-

Verhalten der Pumpe hervorruft.

509821/0059
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Zum gesteuerten Betrieb des Schrittmotors 25 enﬁsprechend
dem gespeicherten Programm werden die éué dem Speicher 6
ausgelesenen, bindr kodierten'signaie einem Parallel-Serien-
Umsetzer 26 zugefiihrt, dessen Ausgangs-Serienéignale in
einén Impulswandler 27 gelangen, um dann iber die Endstufe 28

den Schrittmotor 25 zu treiben.

Um die Drehrichtung dés Schrittmotors 25 entsprechend dem
Progrémm festzulegen, ist an den Speicher 6 eine Drehrichtungs-
kennung 29 anéeschlossen, die iber einen elektronischen
Schalter 30 auf den Impulswandler 27 arbeitet und die richtige

Drehrichtung des Schrittmotors 25 sicherstellt.

Abweichungen des Schrittmotors von der Ist-Stellung werden
Uber die Schrittzéhlerk;ntrolle 31 und die Schrittfehler-
kompensation..32 an den AdreRzihler 8 gegeben, der eine
entsprechende qurektur ﬁbef die Abtastung des Speichers 6

bewirkt.

Wird die Blutpumpe 1' flr den Betrieb eines klinstlichen
Herzens eingesetzt, 'so miissen die Systole und die Diastole

bestimmt werden.

509821/0058
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Zur Steuerung der Dauer der Systole wird ein Sauerstoff-
Filhler 33 verwendet, der ilber einen Verstirker 34 auf

einen Frequenzschalter 35 arbeitet. Dieser Frequenzschalter
bestimmt die Schlagfrequenz in Abhidngigkeit vom Ausgangs-

signal des Sauerstoff-Flhlers 33.

Ein Druckfiihler 36 kontrolliert den Druck im Vorhof des

kiinstlichen Herzens und steuert Uber den Frequenzschalter 35
den Zeitgenerator 7 an, so daR der Vorhofdruck nicht negativ

werden kann.,

Der Steuerteil der Pumpenanordnung gemih Figur 3 14Bt sich,
wie gestrichelt angedeutet, in Form einer integrierten
Schaltung aufbauen, die von einer Energiequelle 37 gespeist

wird, welche auferdem den Schrittmotor 25 erregt.

In Abwandlung der Pumpenanordnung gemif Figur 3 kann dem
Speicher 6 auch ein Generator 126 mit digitaler Frequenz-
wahl nachgeschaltet werden, wie dies in Figur U angedeutet

ist. Dieser Generator erzeugt entsprechend den bin#r kodierten

Ausgangssignalen des Speichers 6 unterschiedliche Frequenszen,
- die dem Impulswandler 127 zugefllhrt werden, der mit seinen

Ausgangsimpulsen den Schrittmotor treibt.

509821/00589
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Eine weitere Antriebsméglichkeit fir die Pumpe besteht

in der Verwendung eines unmittelbar auf den Pumpenkolben
201 arbeitenden Linearmotors 225, Der gegenﬁber Figur 3
abgeinderte Teil der Anordnung ist in Figur 5 schematisch
geéeigt. In dieserrAnordnung werden die Ausgangssignale

des Speichers 6 einem Generator 226 mit digitaler Frequenz-
wahl zugefﬁhrt, dessen sich #dndernde Ausgangsfrequenzen
einen Drehstromgenefator 227 steuern, der Uber die End-
stufe 228 den Linearmotof 225 treibt. Zur Steuerung der
Bewegungsrichtung des Linearmotors dient ein Phasen-

schalter 230, der mit dem Speicher 6 gekoppelt ist.

- Wahrend vorstehend davon ausgegangen wurde, dal der
Speicher 6 ein digitaler Speicher ist, der im wesehflichen
digitale 5zw. bindr kodierte Ausgangssignale liefert, kann.
der Speicher auch so aufgebéut sein, daR sein Ausgangssignal
im wesentlichen analoge Form hat. Ein Reispiel hierfilr ist

in Figur 6 dargestellt.

Dieser in Figur 6 schematisch dargestellte Speicher hat die
Form eines Funktionsgenerators und enthilt eine Anzahl von
Widersténden Rpq bis Rpp? die vorzug5weise regelbar sind.
Diese Widep§ténde'iiegen mit einem Ende an einer Span-
nungsquelie und mit dem anderen Ende am Ausgang eines
Demultiplexers 300, dessen Einginge ﬁit den Ausgingen

eines Bin#rzihlers 301 verbunden sind.

| . 509821/0059
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Bei Verwendung dieses Speichers in einer Pumpenanordnung
- flr eine Blutpumpe wird der Bindrzihler 301 mit einer
Eingangsfrequenz

f.:-——--—l—
m

'betrieben,
wobei t die Dauer der Herzschlagperiode und m die Anzahl
der VWidersténde Rp ist. Der Z&hler 301 liefert dann

wdhrend einer Schlagperiode m Zihlerstinde, die dem De-

multiplexer 300 zugefiihrt werden, der nacheinander Uber
séine Ausginge die Widerstinde RPi bis RPm an Spannung legt.
Der Spannungsabfall an diesen Widerstdnden wird iber einen
fiir jeden Widerstand gesondert vorgesehenen Widerstand RS
-einem Integrator 302 zugefilihrt, dessen Ausgangssignale dann
dem mittels der Widerstinde RP eiqgeétellten Programm

entspricht.

Ein Speicher gemif Figur 6 kann benutzt werden, um bei-

spielsweise ohne Verwendung eines Digital-Analog-Wandlers
das Servoventil in der Pumpenanordnung gemdf Figur 1 zu

steuern.

509821/00589 |
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Patentanspriiche:

E;) Pumpenanordnung mit einer Pumpe mit einem extern
‘ steuerbaren Volumen~ und/oder Druck—Zeitherhalten
fiir das von der Pumpe zu fbrdérnde,Fiuid, insbesondere
fiir Biutpumpen, dadurch gekennzeichnet, daB die Pumpe (1,1')
mit einem programmierﬁaren Speicher (6) gekoppelt ist, der
enfsprechend dem gewﬁﬁschéen Volumen- und/oder Druck-
Zeit-Verhalten programmiert und zeitlich gesteuert

abtastbar ist.

2. Pumpenanordnung nach Anspruch 1, dadurch gekennéeichnet,
dah die Pumpe (1) hydraulisch antreibbar und mit eincm
Sérvoventil (2) verbunden ist, das der Pumpé (1) in
Abhingigkeit vom gespeicherten Programm Hydfauiikfluid

zufihrt.

3. Pumpenanordnung nach Anspruch 2, dadurch gekennzeichnet,
dak dem Speicher (6) ein Digital-Analog-Wandler (11)
“nachgeschaltet ist, dessen Ausgangssignal 'im wesentlichen

das Servoventil (2) steuert.

i, Pumpenanordnung nach Anspruch 3, dadurch gekennzeichnet,
daB das Ausgangssignal des Digital—AnalogLWandlers7(11)
einem Maximum-Dekodierer (12') zur Erzeugung eines'Signals
beim Auftreten der maximalen Amplitgde des Ausgangssi@nals

zufﬁhrbar~ist.

, ENQR”21/nnea o '
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5. Pumpenanordnung nach Anspruch 1, dadurch gekennzeichnet,
daB die Pumpe (1') von einem entsprechend dem ge-
speicherten Programm steuerbaren Schrittmotor (25)

antreibbar ist.

6. Pumpenanordnung nach Anspruch 1, dadurch gekennzeichnet,

daB die Pumpe eine Kolbenpumpe ist, deren Kolben (201)

von einem entsprechend dem gespeicherten Programm

steuerbaren Linearmotor (225) antreibbar ist.

7. Pumpenanordnung nach einem der Anspriiche 1 bis 6,
- gekennzeichnet durch einen steuerbaren Zeitgenerator (7),
der iliber einen AdreBzihler (8) zur zeitlichen Abtastung
des gespeicherten Programms mit dem Speicher (6) ver-

bunden ist.

8. Pumpenanordnung nach den Ansprlchen 4 und 7, dadurch
gekennzeichnet, daB das Signal dem Zeitgenerator (7)

zuflihrbar ist.

9. Pumpenanordnung nach einer der Ansprliche 1 bis 8,
dadurch gekennzeichnet, daf die Ist-Pumpenstellung
mit der Soll-Pumpenstellung vergleichbar ist und daB
das ermittelte Vergleichssignal zur Steuerung der
Pumpe entgegen einer Abweichung von der Soll-Pumpenstellung

_verwendbar ist.

50982170068
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10. Pumpenanordnung nach einem der Anspriche 1.bis 9,
dadurch gekennzeichnet, daf der Speicher (6) ein

Halbleiterspeicher ist.

11. -Pumpenanordnung nach einem der Anspriiche 1 bis 9,
dadurch gekennzeiﬁhnet, daB der Speicher eine Anzahl
von nacheinandér‘ansteuerbaren Widersfénden (RPl"'RPm}
enthilt, deren Dimensionierung dem Programm entépricht,"
und daB die .Widerstédnde nacheinander von einem Demulti-
plexer (300) ansteuerbar sind, dem in zeitlicher Folge:
Ausgangssighale von einem Bindrzihler (301) zufiihrbar
sind.

12. Pumpenanordnung nach einem der Anspriche 1 bis 11,
dadurch gekennzeiéhnet, daf der Speicher (6) verschie-
dene P?ogramme fiir das Volumen- undéder Druck-Zeit-
Verhalten enthilt und auf das gewlinschte Programm

schaltbar ist.

13. Pumpenanordnung nach Anspruch 12, gekennzeichnet durch
einen Nullpunkt-Detektor (23) fir das Ausgangssignal
des Speichers (6), dessen Ausgang zur Umschaltung auf
ein anderes Programm im Speicher (6) mit diesem gekoppelt

ist.

su:cm
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[DE] blood pump as a centrifugal pump

[EN] centrifugal pump used as blood pump - uses fluid pressure bearing to hold impeller in

required position

[EN] The centrifugal pump is used as a blood pump. It has a housing (10) forming the pump chamber (13) Which has to inlet (11) and at outlet
(13).

The pumping chamber encloses vanes of the impeller (15) Which is equipped with (14) and is mounted on bearings (17). The bearing system
supports the impeller (15) so did a gap (21) is FORMED Between the impeller and the housing (10). This gap is filled with a special fluid Supplied
from a source (30).

A sensor (33) senses the boundary between the fluid and the special blood and controls the pressure of the fluid source in order to keep the
boundary between blood and fluid in a defined position. USE / ADVANTAGE - Blood pump, with impellers supported in a fluid bearing with
separate fluid to reduce friction and Minimise damage to blood.

The blood pump comprises a closed pump housing (10) having an inlet (11) and an outlet (13). In the housing there is an external rotation of the
drive driven rotor (15) supporting the impeller (14). Those parts of the rotor, which are in mechanical contact with other parts, are included in a
cavity (18). A fluid source (30) provides a displacement fluid (F) under pressure into a gap system (21) that surrounds the rotor. The displacing
fluid displaces blood and keeps the blood from those components remotely, where wall friction.

A sensor (33) detects the limit (G) between the blood (B) and displacement fluid (F) in the gap system (21) and regulates the fluid source (30) so
that said limit (G) assumes a defined position.

Page 1 --- (BI, AB)
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[0001] The invention relates to a blood pump as centrifugal pump, comprising a rotating impeller in umpenraum which conveys the blood from an
inlet to an outlet.

[0002] In centrifugal pumps which have a rotor with vane, a part of the pumped medium with bearings or seals come into contact.

If such centrifugal pumps used as a blood pump for pumping blood from a patient, then the contact of blood with bearings or shaft seals cause
blood damage by damaging blood cells are destroyed or get in foreign materials of bearings or seals in the blood. Furthermore, blood clots can
occur in the seal area, which lead to dysfunction of the blood pump and the patient at risk by local temperature increases or dead spots.

[0003] WO 85/01 436, a blood pump is known, a continuous current flows in along the shaft carrying the impeller from a blood-compatible purge
fluid, which opens at the shaft end in the pump chamber. The cleaning fluid keeps impurities away from the blood and flushes the annular gap
surrounding the shaft. A disadvantage is that the cleaning fluid passes into the blood and thus the blood that necessarily foreign materials are
supplied.

[0004] The invention has for its object to provide a blood pump in which no rubbing parts are present, which may come into contact with the
blood, and in which the possibility of the penetration of a foreign fluid in the blood is reduced to a minimum ,

[0005] This object is achieved according to the invention with the features specified in claim. 1

[0006] In the blood pump of the invention, those parts which are in rubbing contact during pump operation, such. As the pivot bearing device,
separated by a gap system of the pump chamber. In this system a gap displacement fluid is directed from the outside, which forms a generally
fixed phase boundary between fluid and blood, which keeps the blood from the related frictional parts.

This phase boundary is only very small contact surfaces inside the gap system with the blood into contact, so that the risk of ingress of foreign
substances in the blood is very low. It should be noted that the phase boundary is stationary and that take place on the border between blood
and displacement fluid practically no radial movements. Nevertheless, the displacement fluid should be blood compatible. When displacement
fluid are liquids or gases, eg. As saline, carbon dioxide or helium are suitable. The blood comes into contact only with walls that are not in
frictional contact with any point, so that no damage to the blood are to be feared by shear stresses of the blood or entries of foreign bodies in the
blood. There is also no constant flow of displacement fluid and in particular no permanent insertion of a foreign fluid in the blood.

[0007] The blood pump according to the invention is particularly suitable as a disposable item that is discarded after use. The pump housing is,
except for the ports for the blood and for the displacement fluid, completely encapsulated. The drive of the rotor from the outside by magnetic
coupling. In this way, the blood pump can be manufactured without the associated drive device as a very cost-effective one-off items, consisting
only of the pump housing, the rotor therein with impeller and the rotary bearing device. The rotor body includes for

Drive coupling required magnets.

This text has been copied by the DPMA from the original sources. It does not contain any drawings. The tables and formulas may be of
unsatisfactory quality.

[0008] Advantageously, a sensor device is provided which detects the boundary between displacement fluid and blood in the gap system and
regulates the fluid source such that the limit always remains in the area of ??the sensor device. In this way it is ensured by adding or removing
fluid displacement that penetrates the blood within the gap system down to a precisely defined point.

[0009] The rotational supporting means is located inside the rotor in a cavity which faces away from the impeller. This cavity can be sealed by a
seal against the invading into it fixed to the housing shaft carrying the rotor. The seal is also located in the protected from the blood by the
displacement fluid region.

[0010] The invention is applicable to any type of centrifugal pumps, namely, radial, axial or diagonal pump.

[0011] In the following is explained in detail with reference to the single figure of the drawing shows an embodiment of the invention.

[0012] The drawing shows a schematic longitudinal section through the blood pump.

[0013] The blood pump shown comprises a closed pump housing 10, which is substantially cylindrical and has at one end an axial inlet 11. The
inlet 11 leads into the pump chamber 12, branches off from the radial outlet 13. In the pump chamber 12 is located the impeller 14, which is part
of the rotor 15, which is rotatably supported in the pump housing. The rotor 15 is supported by a shaft 16 which is fixedly attached to the pump
housing 10 and projects into the housing interior. The shaft 16 transmits the rotational bearing means 17, which store consists of a ball or a slide
bearing and disposed in a cavity 18 of the rotor 15. The cavity 18 is a blind hole, which is open only to the rear of the rotor 15 back, so to that
side which is the inlet 11 and the impeller 14 turned away. The cavity 18 is there by a ring 19 containing a seal 20 closed. The seal 20 provides
the sealing of the cavity 18 to the passage of the shaft 16.

[0014] Around the periphery of the rotor 15 extends, the cleavage system 21, which consists of the space between the rotor periphery and the
inner wall of the pump housing 10. This splitting system 21, which is in communication with the pump chamber 12, the rotor 15 surrounds on all
sides.

Only the shaft 16 bridges this gap system at one location. The splitting system 21 forms the periphery of the rotor a meandering path, caused by
the fact that the rotor 15 has a radially extending flange 22 which dips into an inner groove 23 of the pump housing. The splitting system 21
extends around the flange 22 around the pump room 12th

[0015] At the rear side remote from the impeller 14 of the rotor 15 are inserted in these magnets 24. Comprises the drive of the rotor 15 is
effected by the external rotary drive 26, the magnets 27 and is rotated by a (not shown) motor. The magnets 27 pull at her round the magnets 24
with, thereby causing a magnetic coupling between the rotary drive 26 and the rotor 15. The wall of the pump housing 10 is for magnetic fields
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permeable, ie, the pump housing is z. B. plastic.

[0016] The splitting system 21 has a pump housing provided at the terminal 28, which is connected via a hose 29 with an external fluid source 30.
This fluid source is in the illustrated embodiment consists of a syringe pump 31, at which a syringe 32 is mounted. The syringe plunger is pushed
forward by the syringe pump 31 (or withdrawn), while the syringe barrel is retained. In this way, fluid can be withdrawn from the 32befindet in the
syringe, pumped into the gap 21 or system.

[0017] In the region of the groove 23 10 is located in the wall of the pump housing, a sensor 33, which can distinguish between blood and fluid
displacement. The output of the sensor 33 is a controller 34 is supplied, which the fluid source 30 controls such that the boundary G is always
equal to the sensor 33 between blood B and displacement fluid F.

[0018] The fluid source 30 delivers to the splitting system 21 displacement fluid under pressure. This displacement fluid drives the blood system in
the gap as far forward (toward the pump chamber 12), until the limit G adjusts to the height of the sensor 33rd If the blood pump is set in function,
s0 the rotor 15 is driven by the rotary drive 26, the blood pump pumps blood from the inlet 11 to the outlet 13. The front portion of the rotor 15,
including the front side of the flange 22, communicates with the blood B in touch, while the rear portion of the

Rotor solely with the displacement fluid F comes into contact. The only parts of the rotor 15 where wall friction may occur, the bearings of the
rotation-support apparatus 17 are and the seal 20. Of these parts, the blood is kept out by the displacement fluid.

[0019] The system 21 the gap forming gaps have a width such that in them no blood damage can be done by shear stresses, ie a minimum width
of about 0.5 mm.

[0020] can be used either a liquid or a gas as a displacement fluid. If the displacement fluid is a gas, this should be a gas whose penetration is
harmless in the blood, eg. As carbon dioxide or helium.

Having the first blood pump as centrifugal pump with a pump housing (10) having a pump chamber (12) having an inlet (11) and an outlet (13), one
in the pump chamber (12) rotating impeller (14) and one of the pump housing { 10) enclosed and connected to the impeller (14) rotor (15) with a
rotary bearing device (17) is mounted on the pump housing, characterized in that the rotary bearing device (17) of the pump chamber (12) through
a gap system (21) separately and in that the cracking system is connected to a fluid source (30), giving it a displacement fluid to (F) and in a phase
boundary between the blood and the fluid for keeping the blood (B) of the rotary bearing device (17) maintains. 2. The blood pump according to
claim 1, characterized in that the splitting system (21) at least one border (G) between blood (B) and displacement fluid (F) declaratory sensor (33)
which regulates the fluid source (30) such that the limit (G) in the range of the sensor (33) remains. 3. The blood pump according to claim 2,
characterized in that the sensor (33) in the region of radial branch of the gap system (21) is arranged between an annular groove (23) of the pump
housing (10) and one from the rotor (15) projecting

Flange (22) is formed. 4. The blood pump according to any one of claims 1 to 3, characterized in that the rotor (15) arranged with an outside of the
pump housing (10), rotary drive (26) is coupled through a housing wall through magnetic and that the pump housing (10), with the exception the
connections for blood and fluid displacement, is completely encapsulated. 5. The blood pump of one of claims 1 to 4, characterized in that the
rotary bearing device (17) in a cavity (18) at the impeller (14) facing away from the rotor (15) is arranged. 6. The blood pump according to one of
claims 1 to 5, characterized in that the containing of the rotary bearing device (17) cavity (18) with

a seal (20) against the rotary bearing device (17) carrying the axle (16) is sealed. 7. The blood pump of one of claims 1 to 6, characterized in that
the rotary bearing device (17) on a pump casing (10) fixed axis (16) sits. 8. The blood pump of one of claims 1 to 7, characterized in that the gap
system (21) of the inner wall of the pump housing and the outer surface of the rotor (15) is limited.
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(10} auf, mit einem EinlaB (11) und einem AuslaR {13). In dem

Gehduse befindet sich der von einem externen Rotationsan-
trieb angetriebene Rotor {15}, der das Fliigelrad (14} tragt.
Diejenigen Teile des Rotors, die in mechanischer Beriihrung
mit anderen Teilen stehen, sind in einem Hohlraum (18)
enthalten. Eine Fluidquelle {30) liefert ein Verdrangungsfluid
(F) unter Druck in ein Spaltsystem (21}, das den Rotor
umgibt. Das Verdrangungsfluid verdrangt Blut und halt das
Blut von denjenigen Komponenten fern, an denen Wandrei-
bung auftritt. Ein Sensor (33} ermitteit die Grenze (G)
zwischen Blut (B} und Verdrangungsfluid (F) im Spaltsystem
{21) und regelt die Fluidquelie (30} so, daB die Grenze (G)
eine definierte Position annimmt.

BUNDESDRUCKEREI 07.92 208 035/111 6/53
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Beschreibung

Die Erfindung betrifft eine Blutpumpe als Kreisel-
pumpe, mit einem im Pumpenraum rotierenden Fligel-
rad, welches das Blut von einem EinlaB zu einem AuslaB
beférdert.

Bei Kreiselpumpen, die einen Rotor mit Fliigelrad
aufweisen, kommt ein Teil des Férdermediums mit La-
gern oder Dichtungen in Beriihrung. Werden solche
Kreiselpumpen als Blutpumpe zum Férdern von Blut
eines Patienten eingesetzt, so kann die Berithrung des
Blutes mit Lagern oder Wellendichtungen zu Blutschi-
digungen fithren, indem Blutzellen zerstort werden oder
Fremdmaterialien von Lagern oder Dichtungen in das
Blut hineingelangen. Ferner kénnen durch lokale Tem-
peraturerh6hungen oder Totwassergebiete Thromben
im Dichtungsbereich auftreten, die zu Funktionsstérun-
gen an der Blutpumpe und zur Gefihrdung des Patien-
ten fihren.

Aus WO 85/01 436 ist eine Blutpumpe bekannt, bei
der entlang der das Fliigelrad tragenden Welle ein kon-
tinuierlicher Strom aus einem blutkompatiblen Reini-
gungsfluid flieBt, der am Wellenende in den Pumpen-
raum einmiindet. Das Reinigungsfluid halt Verunreini-
gungen vom Blut fern und spiilt den die Welle umgeben-
den Ringspalt. Nachteilig ist, daB das Reinigungsfluid in
das Blut gelangt und daB somit dem Blut notwendiger-
weise Fremdstoffe zugefiihrt werden.

Der Erfindung liegt die Aufgabe zugrunde, eine Blut-
pumpe zu schaffen, bei der keine reibenden Teile vor-
handen sind, die mit dem Blut in Beriihrung kommen
koénnen, und bei dem die Méglichkeit des Eindringens
von fremdem Fluid in das Blut auf ein MindestmaB ver-
ringert ist.

Die Losung dieser Aufgabe erfolgt erfindungsgemif
mit den im Patentanspruch 1 angegebenen Merkmalen.

Bei der erfindungsgemiBen Blutpumpe sind diejeni-
gen Teile, die beim Pumpenbetrieb in reibender Beriih-
rung stehen, wie z. B. die Drehlagereinrichtung, durch
ein Spaltsystem von dem Pumpenraum getrennt. In die-
ses Spaltsystem wird von auBen her ein Verdrangungs-
fluid geleitet, das eine generell feststehende Phasen-
grenze zwischen Fluid und Blut bildet, welches das Blut
von den in Reibberiihrung stehenden Teilen fernhalt.
Diese Phasengrenze kommt nur an sehr kleinen Beriih-
rungsflichen innerhalb des Spaltsystems mit dem Blut in
Kontakt, so daB die Gefahr des Eindringens von Fremd-
stoffen in das Blut sehr gering ist. Dabei ist zu beriick-
sichtigen, daB die Phasengrenze stationir ist und daB an
der Grenze zwischen Blut und Verdringungsfluid prak-
tisch keine radialen Bewegungen stattfinden. Dennoch
sollte das Verdriangungsfluid blutkompatibel sein. Als
Verdrangungsfluid eignen sich Fliissigkeiten oder Gase,
z. B. Kochsalzldésung, Kohlendioxid oder Helium. Das
Blut kommt nur mit solchen Winden in Beriihrung, die
nicht in Reibkontakt mit irgendeiner Stelle stehen, so
daB keine Blutschadigungen durch Scherbeanspruchun-
gen des Blutes oder Eintragen von Fremdkérpern in das
Blut zu befiirchten sind. Es erfolgt auch keine stindige
Strémung des Verdringungsfluids und insbesondere
kein stindiges Eintragen eines Fremdfluids in das Blut.

Die erfindungsgemiBe Blutpumpe eignet sich beson-
ders als Einmalartikel, der nach Gebrauch entsorgt wird.
Das Pumpengehiuse ist, mit Ausnahme der Anschiiisse
fiir Blut und fiir das Verdringungsfluid, volistdndig ge-
kapselt. Der Antrieb des Rotors erfolgt von auBen
durch magnetische Kopplung. Auf diese Weise kann die
Blutpumpe ohne die zugehérige Antriebsvorrichtung
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als sehr kostengiinstiger Einmalartikel hergestellt wer-
den, der nur aus dem Pumpengehiuse, dem darin enthal-
tenen Rotor mit Fliigelrad und der Drehlagereinrich-
tung besteht. Der Rotorkdrper enthilt die fiir die An-
triebskopplung erforderlichen Magnete.

ZweckmiBigerweise ist eine Sensoreinrichtung vor-
gesehen, die die Grenze zwischen Verdriangungsfluid
und Blut in dem Spaltsystem feststellt und die die Fluid-
quelle derart regelt, daB die Grenze stets im Bereich der
Sensoreinrichtung verbleibt. Auf diese Weise wird
durch Zufithren oder Abfiihren von Verdringungsfluid
sichergestellt, daB das Blut innerhalb des Spaltsystems
bis zu einer genau definierten Stelle vordringt.

Die Drehlagereinrichtung befindet sich im Innern des
Rotors in einem Hohlraum, der dem Fliigeirad abge-
wandt ist. Dieser Hohiraum kann durch eine Dichtung
gegeniiber dem in ihn eindringendén gehiusefesten
Schaft, der den Rotor trigt, abgedichtet sein. Die Dich-
tung befindet sich ebenfalls in dem durch das Verdrin-
gungsfluid vor dem Blut geschiitzten Bereich.

Die Erfindung ist bei jeder Art von Kreiselpumpen
anwendbar, nimlich bei Radial-, Axial- oder Diagonal-
pumpen.

Im folgenden wird unter Bezugnahme auf die einzige
Figur der Zeichnung ein Ausfiihrungsbeispiel der Erfin-
dung niher erlautert.

Die Zeichnung zeigt einen schematischen Lings-
schnitt durch die Blutpumpe.

Die dargestellte Blutpumpe weist ein geschlossenes
Pumpengehiuse 10 auf, das im wesentlichen zylindrisch
ist und an einem Ende einen axialen EinlaB 11 hat. Der
EinlaB 11 fithrt in den Pumpenraum 12 hinein, von dem
radial der AuslaB 13 abgeht. In dem Pumpenraum 12
befindet sich das Fliigelrad 14, das Bestandteil des Ro-
tors 15 ist, welcher im Pumpengehiuse drehbar gelagert
ist. Der Rotor 15 wird von einem Schaft 16 getragen, der
am Pumpengehiuse 10 fest angebracht ist und in das
Gehiuseinnere hineinragt. Der Schaft 16 tragt die Dreh-
lagereinrichtung 17, die aus Kugel lagern oder einem
Gleitlager besteht und in einem Hohlraum 18 des Ro-
tors 15 angeordiet. Der Hohlraum 18 ist ein Sackloch,
das nur zur Riickseite des Rotors 15 hin offen ist, also zu
derjenigen Seite, die dem EinlaB 11 und dem Fliigelrad
14 abgewandt ist. Der Hohlraum 18 ist dort durch einen
Ring 19, die eine Dichtung 20 enthilt, verschlossen. Die
Dichtung 20 bewirkt die Abdichtung des Hohlraums 18
gegen den Durchgang des Schalfts 16.

Um den Umfang des Rotors 15 erstreckt sich das
Spaltsystem 21, das aus dem Zwischenraum zwischen
dem Rotorumfang und der Innenwand des Pumpenge-
hiduses 10 besteht. Dieses Spaltsystem 21, das mit dem
Pumpenraum 12 in Verbindung steht, umgibt den Rotor
15 allseitig. Nur der Schaft 16 iiberbriickt an einer Stelle
dieses Spaltsystem. Das Spaltsystem 21 bildet am Um-
fang des Rotors einen mianderférmigen Weg, der da-
durch entsteht, daB der Rotor 15 einen radial abstehen-
den Flansch 22 aufweist, der in eine innere Nut 23 des
Pumpengehiuses eintaucht. Das Spaltsystem 21 verliuft
um den Flansch 22 herum zum Pumpenraum 12.

An der dem Fliigelrad 14 abgewandten Riickseite des
Rotors 15 sind in diesen Magnete 24 eingelassen. Der
Antrieb des Rotors 15 erfolgt durch den externen Rota-
tionsantrieb 26, der Magnete 27 aufweist und von einem
(nicht dargestellten) Motor gedreht wird. Die Magnete
27 ziehen bei ihrem Umlauf die Magnete 24 mit und
bewirken dadurch einen magnetische Kopplung zwi-
schen dem Rotationsantrieb 26 und dem Rotor 15. Die
Wand des Pumpengehduses 10 ist fiir magnetische Fel-
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der durchlissig, d. h. das Pumpengehiuse besteht z. B.
aus Kunststoff.

Das Spaltsystem 21 weist einen am Pumpengehiuse
vorgesehenen AnschluB 28 auf, der iber eine Schlauch-
leitung 29 mit einer externen Fluidquelle 30, verbunden
ist. Diese Fluidquelle besteht bei dem dargesteliten Aus-
fihrungsbeispiel aus einer Spritzenpumpe 31, an wel-
cher eine Spritze 32 befestigt wird. Der Spritzenkolben
wird von der Spritzenpumpe 31 vorgeschoben (oder
zuriickgezogen), wihrend der Spritzenzylinder festge-
halten wird. Auf diese Weise kann Fluid, das sich in der
Spritze 32 befindet, in das Spaltsystem 21 eingepumpt
oder aus diesem abgezogen werden.

Im Bereich der Nut 23 befindet sich in der Wand des
Pumpengehiuses 10 ein Sensor 33, der zwischen Blut
und Verdringungsfluid unterscheiden kann. Das Aus-
gangssignal des Sensors 33 wird einem Regler 34 zuge-
fithrt, welcher die Fluidquelle 30 derart steuert, daB sich
die Grenze G zwischen Blut B und Verdringungsfluid F
stets in Hohe des Sensors 33 befindet.

Die Fluidquelie 30 liefert in das Spaltsystem 21 Ver-
dringungsfluid unter Druck. Dieses Verdriangungsfluid
treibt das Blut in dem Spaltsystem so weit nach vorne (in
Richtung auf den Pumpenraum 12), bis sich die Grenze
G auf die Hohe des Sensors 33 einstellt. Wird die Blut-
pumpe in Funktion gesetzt, also der Rotor 15 durch den
Rotationsantrieb 26 angetrieben, so férdert die Blut-
pumpe Blut von dem EinlaB 11 zum AuslaB 13. Der
vordere Bereich des Rotors 15, einschlieBlich der Vor-
derseite des Flansches 22, steht mit dem Blut B in Beriih-
rung, wihrend der riickwirtige Bereich des Rotors aus-
schlieBlich mit dem Verdringungsfluid F in Beriihrung
kommt. Die einzigen Teile des Rotors 15, an denen
Wandreibung auftreten kann, sind die Lager der Drehla-
gervorrichtung 17 und die Dichtung 20. Von diesen Tei-
len wird das Blut durch das Verdriangungsfluid fernge-
halten.

Die das Spaltsystem 21 bildenden Spalte haben eine
solche Breite, daB in ihnen keine Blutschidigung durch
Scherbeanspruchungen erfolgen kann, d. h. eine Min-
destbreite von etwa 0,5 mm.

Als Verdringungsfluid kann entweder eine Flissig-
keit oder ein Gas benutzt werden. Sofern das Verdrin-
gungsfluid ein Gas ist, sollte dieses ein Gas sein, dessen
Eindringen in das Blut unschidlich ist, z. B. Kohlendi-
oxid oder Helium.

Patentanspriiche

1. Blutpumpe als Kreiselpumpe mit einem Pumpen-
gehiuse (10), das einen Pumpenraum (12) mit einem
EinlaB (11) und einem AuslaB (13) aufweist, einem
in dem Pumpenraum (12) rotierenden Fliigelrad
(14) und einem von dem Pumpengehduse (10) um-
schlossenen, mit dem Fliigelrad (14) verbundenen
Rotor (15), der mit einer Drehlagereinrichtung (17)
am Pumpengehduse gelagert ist, dadurch gekenn-
zeichnet, daB die Drehlagereinrichtung (17) von
dem Pumpenraum (12) durch ein Spaitsystem (21)
getrennt ist und daB das Spaltsystem an eine Fluid-
quelle (30) angeschlossen ist, die ihm ein Verdrén-
gungsfluid (F) zufithrt und dadurch eine Phasen-
grenze zwischen Blut und Fluid zum Fernhalten des
Blutes (B) von der Drehlagereinrichtung (17) auf-
rechterhalt.

2. Blutpumpe nach Anspruch 1, dadurch gekenn-
zeichnet, daB das Spaltsystem (21) mindestens ei-
nen die Grenze (G) zwischen Blut (B) und Verdrin-
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gungsfluid (F) feststellenden Sensor (33) aufweist,
der die Fluidquelle (30) derart regelt, daB die Gren-
ze (G) im Bereich des Sensors (33) verbleibt.

3. Blutpumpe nach Anspruch 2, dadurch gekenn-
zeichnet, daB der Sensor (33) im Bereich eines ra-
dialen Zweiges des Spaltsystems (21) angeordnet
ist, der zwischen einer Ringnut (23) des Pumpenge-
héduses (10) und einem vom Rotor (15) abstehenden
Flansch (22) gebildet ist.

4. Blutpumpe nach einem der Anspriiche 1 bis 3,
dadurch gekennzeichnet, daB der Rotor (15) mit
einem auBerhalb des Pumpengehiuses (10) ange-
ordneten Rotationsantrieb (26) durch eine Gehiu-
sewand hindurch magnetisch gekoppelt ist und daB
das Pumpengehiuse (10), mit Ausnahme der An-
schlisse fur Blut und Verdriangungsfluid, vollstin-
dig gekapselt ist.

5. Blutpumpe nach einem der Anspriiche 1 bis 4,
dadurch gekennzeichnet, daB die Drehlagereinrich-
tung (17) in einem Hohlraum, (18) an der dem Flii-
gelrad (14) abgewandten Seite des Rotors (15) an-
geordnet ist.

6. Blutpumpe nach einem der Anspriiche 1 bis 5,
dadurch gekennzeichnet, daB der die Drehlagerein-
richtung (17) enthaltende Hohlraum (18) mit einer
Dichtung (20) gegen eine die Drehlagereinrichtung
(17) tragende Achse (16) abgedichtet ist.

7. Blutpumpe nach einem der Anspriiche 1 bis 6,
dadurch gekennzeichnet, daB die Drehlagereinrich-
tung (17) auf einer am Pumpengehiuse (10) befe-
stigten Achse (16} sitzt.

8. Blutpumpe nach einem der Anspriiche 1 bis 7,
dadurch gekennzeichnet, daB das Spaltsystem (21)
von der Innenwand des Pumpengehduses und der
AuBenfliche des Rotors (15) begrenzt ist.

Hierzu 1 Seite{n) Zeichnungen
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[DE]Blutpumpe als Kreiselpumpe

[EN]Centrifugal pump used as blood pump - uses fluid pressure bearing to hold impeller in
required position

[EN]The centrifugal pump is used as a blood pump. It has a housing {10) forming the pump chamber (13) which has an inlet {(11) and an outlet (13).
The pump chamber encloses an impeller (15) which is equipped with vanes (14) and is mounted on bearings (17). The bearing system supports the
impeller (15) so that a gap (21) is formed between the impeller and the housing (10). This gap is filled with a special fluid supplied from a source {(30).
A sensor {33) senses the boundary between the special fluid and the blood and controls the pressure of the fluid source in order 1o keep the boundary
between blood and fluid in a defined position. USE/ADVANTAGE - Blood pump, with impelier supported in a fluid bearing with separate fluid to reduce
friction and minimise damage to blood.

Die Blutpumpe weist eine geschlossenes Pumpengehause (10) auf, mit einem Einla3 (11) und einem AuslaB {13). In dem Gehé&use befindet sich der
von einem externen Rotationsantrieb angetriebene Rotor (15), der das Fligelrad (14) tragt. Diejenigen Teile des Rotors, die in mechanischer Berthrung
mit anderen Teilen stehen, sind in einem Hohlraum (18) enthalten. Eine Fluidquelle (30) liefert ein Verdrangungsfluid (F) unter Druck in ein Spalisystem
{21), das den Rotor umgibt. Das Verdrangungsfluid verdrangt Blut und halt das Blut von denjenigen Komponenten fern, an denen Wandreibung auftritt.
Ein Sensor {33} ermittelt die Grenze {G) zwischen Blut {B) und Verdrangungsfluid (F) im Spaltsystem (21} und regelt die Fluidquelle {30) so, daB die
Grenze {G) eine definierte Position annimmt.

Seite 1 --- (Bl, AB)
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[0001] Die Erfindung betrifft eine Blutpumpe als Kreiselpumpe, mit einem im Pumpenraum rotierenden Flligelrad, welches das Blut von einem EinlaB
zu einem Auslafi3 befdrdert.

[0002] Bei Kreiselpumpen, die einen Rotor mit Flligelrad aufweisen, kommt ein Teil des Férdermediums mit Lagern oder Dichtungen in Berlihrung.
Werden solche Kreiselpumpen als Blutpumpe zum Fdrdern von Blut eines Patienten eingesetzt, so kann die Berlihrung des Blutes mit Lagern
oder Wellendichtungen zu Blutschadigungen fihren, indem Blutzellen zerstort werden oder Fremdmaterialien von Lagern oder Dichtungen in das
Blut hineingelangen. Ferner k&nnen durch lokale Temperaturerhéhungen oder Totwassergebiete Thromben im Dichtungsbereich auftreten, die zu
Funktionsstdrungen an der Blutpumpe und zur Gefahrdung des Patienten fiihren.

[0003] Aus WO 85/01 436 ist eine Blutpumpe bekannt, bei der entlang der das Fligelrad tragenden Welle ein kontinuierlicher Strom aus einem
blutkompatiblen Reinigungsfluid flie3t, der am Wellenende in den Pumpenraum einmiindet. Das Reinigungsfiuid hélt Verunreinigungen vom Blut fern
und splilt den die Welle umgebenden Ringspalt. Nachteilig ist, daf3 das Reinigungsfluid in das Blut gelangt und daB somit dem Blut notwendigerweise
Fremdstoffe zugefiihrt werden.

[0004] Der Erfindung liegt die Aufgabe zugrunde, eine Blutpumpe zu schaffen, bei der keine reibenden Teile vorhanden sind, die mit dem Blut in
Berthrung kommen kdnnen, und bei dem die Mdglichkeit des Eindringens von fremdem Fluid in das Blut auf ein Mindestmaf verringert ist.

[0005] Die Léosung dieser Aufgabe erfolgt erfindungsgeman mit den im Patentanspruch 1 angegebenen Merkmalen.

[0006] Bei der erfindungsgemanen Blutpumpe sind diejenigen Teile, die beim Pumpenbetrieb in reibender Beriihrung stehen, wie z. B. die
Drehlagereinrichtung, durch ein Spaltsystem von dem Pumpenraum getrennt. in dieses Spaltsystem wird von auBBen her ein Verdrangungsfluid geleitet,
das eine generell feststehende Phasengrenze zwischen Fluid und Blut bildet, welches das Blut von den in Reibberiihrung stehenden Teilen fernhatt.
Diese Phasengrenze kommt nur an sehr kleinen Berlihrungsflichen innerhalb des Spaltsystems mit dem Blut in Kontakt, so daB die Gefahr des
Eindringens von Fremdstoffen in das Blut sehr gering ist. Dabei ist zu beriicksichtigen, daf3 die Phasengrenze stationér ist und daf3 an der Grenze
zwischen Blut und Verdrangungsfluid praktisch keine radialen Bewegungen stattfinden. Dennoch sollte das Verdrangungsfluid blutkompatibel sein. Als
Verdrangungsfluid eignen sich Flissigkeiten oder Gase, z. B. Kochsalzldsung, Kohlendioxid oder Helium. Das Blut kommt nur mit solchen Wanden
in Berlihrung, die nicht in Reibkontakt mit irgendeiner Stelle stehen, so dafB keine Blutschadigungen durch Scherbeanspruchungen des Blutes oder
Eintragen von Fremdkdrpern in das Blut zu beflirchten sind. Es erfolgt auch keine standige Strdmung des Verdrangungsfluids und insbesondere kein
sténdiges Eintragen eines Fremdfluids in das Blut.

[0007] Die erfindungsgemane Blutpumpe eignet sich besonders als Einmalartikel, der nach Gebrauch entsorgt wird. Das Pumpengehause ist, mit
Ausnahme der Anschilisse fir Blut und fiir das Verdrangungsfluid, volistandig gekapselt. Der Antrieb des Rotors erfolgt von auBen durch magnetische
Kopplung. Auf diese Weise kann die Blutpumpe ohne die zugehorige Antriebsvorrichtung als sehr kostenginstiger Einmalartikel hergestelit werden,
der nur aus dem Pumpengehause, dem darin enthaltenen Rotor mit Fliigelrad und der Drehlagereinrichtung besteht. Der Rotorkdrper enthalt die fur die
Antriebskopplung erforderlichen Magnete.
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[0008] ZweckmaBigerweise ist eine Sensoreinrichtung vorgesehen, die die Grenze zwischen Verdrangungsfluid und Blut in dem Spaltsystem
feststellt und die die Fluidquelle derart regelt, daB die Grenze stets im Bereich der Sensoreinrichtung verbleibt. Auf diese Weise wird durch Zufiihren
oder Abflihren von Verdrangungsfluid sichergestell, da3 das Biut innerhalb des Spalisystems bis zu einer genau definierten Stelle vordringt.

[0009] Die Drehlagereinrichiung befindet sich im Innern des Rotors in einem Hohlraum, der dem Fligelrad abgewandt ist. Dieser Hohiraum kann
durch eine Dichtung gegeniiber dem in ihn eindringenden gehausefesten Schaft, der den Rotor tragt, abgedichtet sein. Die Dichtung befindet sich
ebenfalls in dem durch das Verdrangungsfluid vor dem Blut geschiitzten Bereich.

[0010] Die Erfindung ist bei jeder Art von Kreiselpumpen anwendbar, namlich bei Radial-, Axial- oder Diagonalpumpen.

[0011] Im folgenden wird unter Bezugnahme auf die einzige Figur der Zeichnung ein Ausflihrungsbeispiel der Erfindung n&her erlautert.

[0012] Die Zeichnung zeigt einen schematischen Langsschnitt durch die Blutpumpe.

[0013] Die dargestellie Blutpumpe weist ein geschiossenes Pumpengehduse 10 auf, das im wesentlichen zylindrisch ist und an einem Ende einen
axialen EinlaB3 11 hat. Der EiniaB3 11 fiihrt in den Pumpenraum 12 hinein, von dem radial der Auslaf3 13 abgeht. In dem Pumpenraum 12 befindet sich
das Fllgelrad 14, das Bestandteil des Rotors 15 ist, welcher im Pumpengehause drehbar gelagert ist. Der Rotor 15 wird von einem Schaft 16 getragen,
der am Pumpengehause 10 fest angebracht ist und in das Gehauseinnere hineinragt. Der Schaft 16 tragt die Drehlagereinrichtung 17, die aus Kugel
lagern oder einem Gleitlager besteht und in einem Hohlraum 18 des Rotors 15 angeordnet. Der Hohlraum 18 ist ein Sackioch, das nur zur Rickseite
des Rotors 15 hin offen ist, also zu derjenigen Seite, die dem Einla3 11 und dem Fliigelrad 14 abgewandt ist. Der Hohiraum 18 ist dort durch einen Ring
19, die eine Dichiung 20 enthali, verschlossen. Die Dichtung 20 bewirkt die Abdichtung des Hohlraums 18 gegen den Durchgang des Schafts 16.

[0014] Um den Umfang des Rotors 15 erstreckt sich das Spaltsystem 21, das aus dem Zwischenraum zwischen dem Rotorumfang und der
Innenwand des Pumpengehauses 10 besteht. Dieses Spalisystem 21, das mit dem Pumpenraum 12 in Verbindung steht, umgibt den Rotor 15 allseitig.
Nur der Schaft 16 Gberbriickt an einer Stelle dieses Spalisystem. Das Spaltsystem 21 bildet am Umfang des Rotors einen maanderférmigen Weg, der
dadurch enisteht, daB3 der Rotor 15 einen radial abstehenden Flansch 22 aufweist, der in eine innere Nut 23 des Pumpengehduses eintaucht. Das
Spaltsystem 21 verlauft um den Flansch 22 herum zum Pumpenraum 12.

[0015] An der dem Fliigelrad 14 abgewandten Riickseite des Rotors 15 sind in diesen Magnete 24 eingelassen. Der Antrieb des Rotors 15 erfolgt
durch den externen Rotationsantrieb 26, der Magnete 27 aufweist und von einem (nicht dargestellten) Motor gedreht wird. Die Magnete 27 zichen bei
ihrem Umlauf die Magnete 24 mit und bewirken dadurch einen magnetische Kopplung zwischen dem Rotationsantrieb 26 und dem Rotor 15. Die Wand
des Pumpengehauses 10 ist flir magnetische Felder
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durchlassig, d. h. das Pumpengehause besteht z. B. aus Kunststoff.

[0016] Das Spaltsystem 21 weist einen am Pumpengehause vorgesehenen AnschiufB3 28 auf, der Uber eine Schlauchleitung 29 mit einer externen
Fluidguelle 30, verbunden ist. Diese Fluidguelle besteht bei dem dargestellten Ausfihrungsbeispiel aus einer Spritzenpumpe 31, an welcher eine
Spritze 32 befestigt wird. Der Spritzenkolben wird von der Spritzenpumpe 31 vorgeschoben (oder zurlickgezogen), wahrend der Spritzenzylinder
festgehalten wird. Auf diese Weise kann Fluid, das sich in der Spritze 32befindet, in das Spaltsystem 21 eingepumpt oder aus diesem abgezogen
werden.

[0017] Im Bereich der Nut 23 befindet sich in der Wand des Pumpengeh&uses 10 ein Sensor 33, der zwischen Blut und Verdrangungsfluid
unterscheiden kann. Das Ausgangssignal des Sensors 33 wird einem Regler 34 zugefiihrt, welcher die Fluidguelie 30 derart steuert, daB3 sich die
Grenze G zwischen Blut B und Verdrangungsfluid F stets in Hohe des Sensors 33 befindet.

[0018] Die Fluidquelle 30 liefert in das Spaltsystem 21 Verdrangungsfluid unter Druck. Dieses Verdrangungsfluid treibt das Blut in dem Spalisystem
so weit nach vorne {in Richtung auf den Pumpenraum 12), bis sich die Grenze G auf die Hohe des Sensors 33 einstellt. Wird die Blutpumpe in Funktion
gesetzt, also der Rotor 15 durch den Rotationsantrieb 26 angetrieben, so férdert die Blutpumpe Blut von dem Einla3 11 zum AuslaB 13. Der vordere
Bereich des Rotors 15, einschlieBlich der Vorderseite des Flansches 22, steht mit dem Blut B in Berlihrung, wahrend der riickwértige Bereich des
Rotors ausschlieBlich mit dem Verdrangungsfluid F in Ber(ihrung kommt. Die einzigen Teile des Rotors 15, an denen Wandreibung auftreten kann, sind
die Lager der Drehlagervorrichtung 17 und die Dichtung 20. Von diesen Teilen wird das Blut durch das Verdrangungsfluid ferngehalten.

[0019] Die das Spaltsystem 21 bildenden Spalte haben eine solche Breite, daf3 in ihnen keine Blutschadigung durch Scherbeanspruchungen erfolgen
kann, d. h. eine Mindestbreite von etwa 0,5 mm.

[0020] Als Verdrangungsfluid kann entweder eine Flissigkeit oder ein Gas benutzt werden. Sofern das Verdrangungsfluid ein Gas ist, sollie dieses
ein Gas sein, dessen Eindringen in das Blut unschadiich ist, z. B. Kohlendioxid oder Helium.

1. Blutpumpe als Kreiselpumpe mit einem Pumpengehiuse (10), das einen Pumpenraum (12) mit einem EinlaB3 (11) und einem Auslaf3 (13}

aufweist, einem in dem Pumpenraum (12) rotierenden Fligelrad (14) und einem von dem Pumpengehause {10} umschlossenen, mit dem Fligelrad
{14) verbundenen Rotor (15), der mit einer Drehlagereinrichtung (17) am Pumpengehiuse gelagert ist, dadurch gekennzeichnet, dafi die
Drehlagereinrichtung (17) von dem Pumpenraum (12) durch ein Spalisystem (21) getrennt ist und daB das Spaltsystem an eine Fluidquelle (30)
angeschlossen ist, die ihm ein Verdrangungsfluid (F) zufihrt und dadurch eine Phasengrenze zwischen Biut und Fluid zum Fernhalten des Blutes (B)
von der Drehlagereinrichtung {17) aufrechterhalt. 2. Blutpumpe nach Anspruch 1, dadurch gekennzeichnet, daB3 das Spaltsystem {21) mindesiens einen
die Grenze {G) zwischen Blut (B) und Verdrangungsfluid (F) feststellenden Sensor (33) aufweist, der die Fiuidquelle (30) derart regelt, daB die Grenze
{G) im Bereich des Sensors {33) verbleibt. 3. Blutpumpe nach Anspruch 2, dadurch gekennzeichnet, dafd der Sensor (33) im Bereich eines radialen
Zweiges des Spaltsystems (21) angeordnet ist, der zwischen einer Ringnut (23) des Pumpengehéauses (10) und einem vom Rotor (15) abstehenden
Flansch (22) gebildet ist. 4. Blutpumpe nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet, dai der Rotor (15) mit einem auf3erhalb des
Pumpengehduses (10) angeordneten Rotationsantrieb (26) durch eine Gehausewand hindurch magnetisch gekoppelt ist und daB3 das Pumpengehause
{10), mit Ausnahme der Anschlisse fir Blut und Verdrangungsfluid, vollstandig gekapselt ist. 5. Blutpumpe nach einem der Anspriiche 1 bis 4, dadurch
gekennzeichnet, daB die Drehlagereinrichtung (17) in einem Hohiraum, (18) an der dem Fliigelrad (14) abgewandten Seite des Rotors {15) angeordnet
ist. 6. Blutpumpe nach einem der Anspriiche 1 bis 5, dadurch gekennzeichnet, daf3 der die Drehlagereinrichtung (17) enthaltende Hohiraum (18) mit
einer Dichtung (20) gegen eine die Drehlagereinrichtung (17) tragende Achse (16) abgedichtet ist. 7. Blutpumpe nach einem der Anspriche 1 bis 6,
dadurch gekennzeichnet, daf3 die Drehlagereinrichtung (17) auf einer am Pumpengehause (10) befestigten Achse (16) sitzt. 8. Blutpumpe nach einem
der Anspriliche 1 bis 7, dadurch gekennzeichnet, daf3 das Spaltsystem (21) von der Innenwand des Pumpengehauses und der AuBenflache des Rotors
{15) begrenzt ist.

Seite 4 --- (DR)
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Abstract

The guide wire is inserted with the inner wire (13)
completely accommodated inside the outer cover (10)
until it is blocked by the narrowing or obstruction of the
coronary artery. The outer cover is pulled back, exposing
the inner wire equipped with a tip designed as a ball (16)
of the same diameter as the inner wire (14) attached to
a narrower transition area (15). The forces created by
the blood streaming around the ball shaped tip move the
tip towards and finally through the narrowing followed by
the outer cover.
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G Fuhrungsdraht fiir einen Katheter
@ Der Flihrungsdraht besteht aus einem &uf3eren Draht- 13 12 1 15
strang (10), der als Hohlistrang ausgebildet ist und einem ) J i d [ n
darin verschiebbaren Innenstrang (13). Der Drahtstrang ! 7 ﬁ
{10) hat an seinem distalen Ende eine gebogene Fiih- 1% 1‘5
rungsspitze {11), die bei der Verlegung des Fiihrungsdrah-
tes als Steuerungselement oder Wegfinder wirkt. Bei Er-
reichen einer GeféalRverengung, die von dem aulReren
Drahtstrang nicht ohne weiteres passiert werden kann,
wird der dau3ere Drahtstrang {10) zurlickgezogen. An dem
nun aus dem Drahtstrang herausragenden Vorderab-
schnitt (15) des Innenstranges befindet sich ein Kopf (186),
an dem die Strémungskraft des Blutstromes angreift. Da-
durch kann eine komplexe und enge Stenose von dem
Flihrungsdraht durchdrungen werden, ohne dass die Ge-
fahr einer Beschadigung des Blutgefal3es oder des Ablo-
sens von Ablagerungen besteht.
BUNDESDRUCKERE! 08.01 101 420/374/1 13

Page 336 of 724

ABIOMED Ex. 1003

DE 10017 147 A1



DE 10017 147 A1l

1

Beschreibung

[0001] Die Erfindung betrifft einen Fithrungsdraht fiir ei-
nen Katheter mit einem langgestreckten Drahtstrang, der am
distalen Ende eine Fiihrungsspitze aufweist.

[0002] Es ist bekannt, Koronarstenosen durch perkutane
Dilatation mit einem Ballonkatheter zu erweitern oder zu
beseitigen. Voraussetzung fiir die erfolgreiche Durchiiih-
rung einer Ballondilatation ist, dass zunidchst ein diinner
Fiihrungsdraht durch die Stenose hindurchgeschoben wird.
Dies kann insbesondere bei langstreckigen, hochgradigen
und unregelmiBig konturierten Stenosen schwierig sein. Es
gibt Fille, in denen es auch bei Verwendung unterschiedli-
cher Fiihrungsdrihte nicht méglich ist, eine Stenose zu pas-
sieren. Manchmal kommt es bei dem Versuch der Rekanali-
sation einer komplexen Stenose zu einem Eindringen des
Fithrungsdrahtes in die GefdBwand, zu einem AblGsen eines
Teiles der Gefdiwand (Dissektion) oder zum Verschluf} des
Gefifles. Dies birgt die Gefahr eines Myokardinfarktes oder
sogar des Todes des Patienten.

[0003] Die zum Legen eines Ballonkatheters iiblichen
Fihrungsdrihte bestehen aus einem Drahtstrang, der etwa
1,40 m lang ist und einen Durchmesser von etwa 0,35 mm
(= 0,014 inch) hat. Am distalen Ende des Drahtstranges be-
findet sich eine weichelastische Fithrungsspitze oder eine
plastisch verformbare Fithrungsspitze, die es erlaubt, an
Verzweigungen des Blutgefiéisystems durch Drehen des
Filihrungsdrahtes den gewlinschten Weg zu verfolgen. Be-
kannt ist ferner ein Fithrungsdraht, der als Rekanalisations-
draht verwendet wird und an seinem distalen Ende einen
Kopt in Form einer kleinen Olive trigt. Die Olive wird als
stumpfer Stofel zum AufstoBen von Hindernissen benutzt.
[0004] Der Erfindung liegt die Aufgabe zugrunde, einen
Fiihrungsdraht zu schaffen, der imstande ist, auch komplexe
Stenosen zu passieren.

[0005] Die Losung dieser Aufgabe erfolgt erfindungsge-
miB mit den im Anspruch 1 angegebenen Merkmalen. Hier-
nach ist der Fihrungsdraht zweiteilig ausgebildet. Er besteht
aus einem als Hohlstrang ausgebildeten dufleren Drahtstrang
und einem darin lingsverschiebbaren Innenstrang. Am di-
stalen Ende des Innenstranges befindet sich ein verdickter
Kopt. Die proximale Fliche dieses Kopfes dient als Stro-
mungsangriffsfliche fiir den in dem Blutgefdfl stromenden
Blutstrom. Die auf diese Weise auf den Kopf ausgeiibte
Strémungskraft ermoglicht ein passives Einschwemmen des
Innenstranges zum Passieren der Stenose. Hierbei kann der
AuBenstrang mitgenommen oder auch nachtriglich nachge-
schoben werden. Die Erfindung erleichtert das Plazieren ei-
nes Fithrungsdrahtes, tiber den ein Ballonkatheter gescho-
ben werden soll, in der Stenose eines Blutgefidfes. Dabei
wird die Kraft des Blutstromes ausgenutzt, damit der Innen-
strang die Stenose passieren kann. Die Verlegung des Fiih-
rungsdrahtes erfolgt ohne stocherndes AnstoBen an die Ge-
falwand oder die Stenose, so dass nicht die Gefahr von Ge-
faBverletzungen oder Materialablosungen besteht. Der Fiih-
rungsdraht wird vollkommen atraumatisch eingefiihrt, da er
nicht aktiv durch Manipulation bewegt wird sondern an den
entscheidenden Stellen passiv im Blutstrom mitschwimmt.
Der Fihrungsdraht ist daher ein "passiver" oder "ein-
schwemmbarer” Fiihrungsdraht.

[0006] GemaB einer bevorzugten Ausgestaltung der Erfin-
dung ist der Vorderabschnitt, an dem der Kopf angeordnet
ist, weicher als der iibrige Innenstrang. Der Vorderabschnitt
kann aus einem sehr diinnen Zugdraht bestehen oder aus ei-
ner sich zu dem Kopf hin verjiingenden Spitze. Der Durch-
messer des Kopfes ist vorzugsweise etwa so grofl wie derje-
nige des iibrigen Innenstranges (mit Ausnahme des Vorder-
abschnitts). Der Vorderabschnitt bildet einen Abschnitt ver-
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ringerten Durchmessers, damit an der Riickflache des Kop-
fes die Stromungskraft des Blutstromes angreifen kann.
[0007] Die Fithrungsspitze wird von dem dufleren Draht-
strang gebildet. Die Fithrungsspitze, die vorgebogen ist, er-
moglicht es, den Fiithrungsdraht bei zuriickgezogenem In-
nenstrang in {iblicher Weise zu plazieren. Erst wenn die zu
passierende Stenose erreicht ist, wird der Innenstrang aus
dem dufleren Drahtstrang ausgefahren, vorzugsweise um die
Linge des verjlingten Vorderabschnitts. Dann greift an dem
Kopf die Kraft der Blutstrdmung an, die den Innenstrang
durch die Stenose hindurchspiilt.

[0008] Im folgenden wird unter Bezugnahme auf die
Zeichnungen ein Ausfiihrungsbeispiel der Erfindung niher
erldutert.

[0009] Es zeigen:

[0010] Fig. 1 einen schematischen Lingsschnitt durch den
Fiihrungsdraht, und

[0011] Fig. 2 den distalen Bereich des Fithrungsdrahtes
nach dem Zuriickziehen des &dufleren Drahtstranges.

[0012] Der dargestelite Fihrungsdraht weist einen als
Hohlstrang ausgebildeten duBeren Drahtstrang 10 auf, der
eine Linge von etwa 1,40 m und einen AuBendurchmesser
von etwa 0,35 mm hat. Der Drahtstrang 10 besteht vorzugs-
weise aus einem schraubenférmig gewickelten diinnen
Draht. Das vordere Ende des Drahtstranges 10 ist als Fiih-
rungsspitze 11 ausgebildet. Es ist formbar, so dass es mog-
lich ist, den Draht bis vor der kritischen Stenose aktiv zu
steuern. Der Hauptteil 12 des Drahtstranges 10 ist gerade,
jedoch so flexibel, dass er sich Biegungen des GefidBsystems
anpassen kann.

[0013] In dem dufleren Drahtstrang 10 verlduft ein Innen-
strang 13 aus einem diinnen Draht, der in dem Drahtstrang
verschiebbar ist. Der Innenstrang 13 besteht aus einem lang-
gestreckten Hauptteil 14 und einem Vorderabschnitt 15 ver-
ringerten Durchmessers. Der Vorderabschnitt 15 endet in ei-
nem Kopf 16, der hier als Kugel ausgebildet ist. Der Durch-
messer des Kopfes 16 ist gleich dem Durchmesser des
Hauptteils 14, so dass der gesamte Innenstrang in dem Lu-
men des duBeren Drahtstranges 12 verschoben werden kann.
Der Vorderabschnitt 15 hat hier einen konischen Verlauf.
Seine Linge betrdgt 10-20 mm. Der Kopf 16 befindet sich
an dem diinnen Ende. Der Vorderabschnitt 15 ist wesentlich
weicher als der Hauptteil 14 des Innenstranges 13.

[0014] Der zweiteilige Fiihrungsdraht wird in dem in Fig.
1 dargestellten Zustand percutan in das GefdBsystem des Pa-
tienten eingefiihrt. Dabei ist der Vorderabschnitt des Innen-
stranges hinter die Fithrungsspitze 11 zuriickgezogen. Die
Fihrungsspitze 11 ist daher in diesem Zustand unverstirkt
und die gebogene. Fiihrungsspitze dient als Wegfinder fur
den Fiihrungsdraht.

[0015] Wenn die Fiithrungsspitze 11 eine Stenose erreicht
hat, die sie nicht durchdringen kann, wird der duBere Draht-
strang 10, aus dessem proximalen Ende der Innenstrang 14
herausragt, zuriickgezogen, so dass die Fithrungsspitze 11
gestreckt wird und der Vorderabschnitt 15 des Innenstranges
13 aus dem duBeren Drahtstrang 10 heraus vorsteht. Der den
Fiihrungsdraht umsplilende Blutstrom greift nun an dem
verdickten Kopf 16 an und zieht den Innenstrang 13 durch
die Stenose. AnschlieBend kann der dufiere Drahtstrang 10
nachgeschoben werden. Uber den #uBeren Drahtstrang 10
wird anschlieBend ein (nicht dargestellter) Ballonkatheter
geschoben. Der Ballonkatheter kann fiir die Dilatation des
BlutgefiBes oder auch zum Setzen eines Stents benutzt wer-
den.

Patentanspriiche

1. Fihrungsdraht fiir einen Katheter, mit einem lang-
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gestreckten Drahtstrang (10), der am distalen Ende
eine Fiihrungsspitze (11) aufweist, dadurch gekenn-
zeichnet, dass der Drahtstrang (10) als Hohlstrang aus-
gebildet ist und einen langsverschiebbaren Innenstrang
(13) enthilt, und dass am distalen Ende des Innenstran- 5
ges (13) ein Kopf (16) angeordnet ist.

2. Fihrungsdraht nach Anspruch 1, dadurch gekenn-
zeichnet, dass der Kopf (16) an einem Vorderabschnitt
(15) des Innenstranges (13) von gegentiber dem Innen-
strang (13) verkleinertem Durchmesser angeordnet ist. 10
3. Fihrungsdraht nach Anspruch 2, dadurch gekenn-
zeichnet, dass der Vorderabschnitt (15) weicher ist als
der Hauptteil (14) des Innenstranges (13).

4. Fuhrungsdraht nach einem der Anspriiche 1-3, da-
durch gekennzeichnet, dass die Fiihrungsspitze (11) 15
aus einem formbaren Drahtabschnitt besteht.

5. Fihrungsdraht nach einem der Anspriiche 14, da-
durch gekennzeichnet, dass der AuBendurchmesser des
Drahtstranges (10) maximal 0,5 mm betrégt.
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Abstract

The device has a heart catheter (10) with a dilation
balloon at the far end, a guide wire movable within a
catheter main lobe, a balloon lobe passing through the
catheter and joined to the dilation balloon and a high
pressure pump (31) connected to the main lobe for
generating a pressure of 5 bar maximum. The pump is
connected to a fluid source (33, 34) that delivers an
artificial blood product enriched with oxygen. Independent
claims are also included for the following: a method of
dilating a constriction in a coronary vessel.
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Beschreibung

[0001] Die Erfindung betrifft eine Dilatationsvorrichtung
fiir Herzkranzgefie, mit einem Herzkatheter, der einen Di-
latationsballon triagt und zur Durchfiihrung einer aktiven
Hochdruckperfusion geeignet ist.

[0002] Bei der Perkutanen Transluminalen Coronaren An-
gioplastie (PTCA) wird ein Herzkatheter, der einen Ballon
aufweist, in ein Herzkranzgefd$ eingefiihrt, um durch Infla-
tieren des Ballons eine im Herzkranzgefa8 vorhandene Ste-
nose aufzuweiten. Zur Vermeidung des unmittelbaren Re-
coils ist es weitgehend tiblich geworden, einen aufweitbaren
Stent in das GefdB einzubringen. Dieser Stent stiitzt die Ste-
nose ab und stellt ein im Ko&rper verbleibendes Implantat
dar. Obwohl das Gef4f3 durch einen Stent im dilatierten Be-
reich stark aufgedehnt werden kann, kommt es in erhebli-
chem Malle zu Restenosen. Auch andere Behandlungsme-
thoden haben nicht zu hinreichend sicheren Therapien ge-
fiihrt. Als beste Therapieform gilt immer noch die klassische
PTCA, die aber weiter verfeinert werden muss, um die Re-
stenoserate von 40 bis 60% zu reduzieren. Bei ldngeren Di-
latationszeiten von bis zu 15 Minuten wird erwartet, dass bei
der PTCA das Recoilrisiko deutlich reduziert werden kann.
Dies setzt voraus, dass eine Perfusion des distalen Herzmus-
kels erreicht werden kann.

[0003] Zur Aufrechterhaltung der Durchblutung (Auto-
perfusion) gibt es Autoperfusionskatheter, die den Blutflu
im behandelten BlutgefiB fortsetzen und dabei den inflatier-
ten Ballon iiberbriicken. Solche Katheter haben einen gro-
Ben Durchmesser im Ballonbereich und lassen nur relativ
geringe DurchfluBraten von weniger als 10 ml/min zu.
[0004] Aus DE 196 22 335 C2 ist ein Perfusionskatheter
mit integrierter Miniatur-Niederdruckpumpe bekannt. Ein
solcher Katheter erfordert einen hohen technischen Auf-

wand. Infolge der an der Miniatur-Pumpe auftretenden ho- :

hen Scherkrifte besteht die Gefahr der Blutschidigung.
[0005] Eine dritte Form der Perfusion ist die Hochdruck-
perfusion. Hierbei wird von einer Perfusionsquelle, die am
proximalen Katheterende extrakorporal angeordnet ist, Blut
mit hohem Druck in den Herzkatheter gepumpt. Das Blut
wird als arterialisiertes Blut aus der Leistengegend des Pa-
tienten entnommen und in eine Hochdruckpumpe einge-
bracht. Die erforderlichen Driicke betragen bis zu 12 bar.
Mit einer derartigen Hochdruckperfusion kénnen Flufiraten
um 40 ml/min erreicht werden, jedoch besteht wegen des er-
forderlichen hohen Druckes die Gefahr der Hidmatombil-
dung im Koronarbereich oder einer anderweitigen Blutsché-
digung.

[0006] Der Erfindung liegt die Aufgabe zugrunde, eine
Dilatationsvorrichtung mit aktiver Hochdruckperfusion zu
schaffen, die mit relativ geringen Volumenstrémen eine aus-
reichende Sauerstoffversorgung der distalen Herzmuskula-
tur sicherstellt.

[0007] Die Losung dieser Aufgabe erfolgt erfindungsge-
miB mit den im Patentanspruch 1 angegebenen Merkmalen.
Hiernach ist die Hochdruckpumpe, die mit dem proximalen
Ende des Herzkatheters verbunden ist, an eine Fluidquelle
angeschlossen, die einen mit Sauerstoff angereicherten
Blutersatzstoff liefert. Blutersatzstoffe kénnen eine zwei-
fach bis dreifach hohere Sittigungskapazitidt mit Sauverstoff,
als Blut aufweisen. Entsprechend kann eine gleiche Oxige-
nierung des Herzmuskels bei halber oder gedrittelter FluB-
menge erzielt werden. Dies bedeutet, dass fiir eine ausrei-
chende Perfusion ein wesentlich geringerer Durchfluf durch
den Herzkatheter erforderlich ist. Unter einer Hochdruck-
pumpe ist eine Pumpe zu verstehen, die einen Druck von
mindestens 0,5 bar liefert.

[0008] Ein Vorteil besteht darin, dass bei einem spontanen
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GefiaBverschlufl die Gefahr der Druckerhdhung verringert
ist, weil der Blutersatzstoff in geringerem Volumenstrom
zugefiihrt wird. Giinstig ist ferner, dass kein arterialisiertes
Blut aus der Leiste des Patienten entnommen werden muss.
Die Vorrichtung ist wie ein iblicher PTCA-Herzkatheter zu
bedienen und verfiigt iiber ein zentrales Hauptlumen, das
genauso klein ist wie bei einem Standardkatheter, namlich
einen Durchmesser von 0,2 bis 0,5 mm auf Hohe des Bal-
lontrigers und proximal des Ballontrigers von 1,0 bis
1,4 mm hat. Damit konnen bei einem Durchfluf von 15 bis
20 ml/min die Druckverluste im Katheter gering bleiben.
[0009] Als kiinstlicher Blutersatzstoff kénnen Hidmoglo-
bine, die sich in Losung befinden (stromafreies Himoglobin
oder konjugierte und versetzte Hiamoglobine) oder mittels
Liposomenmembranen verkapselte Himoglobine eingesetzt
werden. Besser eignen sich aufgrund der hohen erreichbaren
Sauerstotfloslichkeit (bis an 40 Vol) noch die perfluorierten
Karbone. Diese Substanzen stellen zyklische oder linearket-
tige Kohlenwasserstoffverbindungen dar, bei denen eine
vollstindige Substitution des Wasserstoffs durch Fluor er-
folgt ist. Aufgrund der bipolaren Charakteristik und der dar-
aus resultierenden Unléslichkeit in Wasser werden die per-
fluorierten Karbone emulgiert.

[0010] Solche Blutersatzstoffe kénnen kiinstlich gewon-
nen werden und stehen in steriler Form zur Verfiigung. Der
Blutersatzstoff wird aus einem sterilen Gefdll zunéchst ei-
nem Oxygenator zugefiihrt, oder er ist bereits im sterilen
Gefidl stark mit Sauerstoff angereichert. Danach wird die
Losung einer Hochdruckpumpe zugefiihrt und in den Herz-
katheter eingespeist. Als Hochdruckpumpen kénnen Zahn-
radpumpen, Spritzenpumpen, Rollenpumpen o. dgl. einge-
setzt werden, ohne dass auf die Vermeidung von Blutschédi-
gungen geachtet werden miifite. Die kleine wihrend der
Therapie zu applizierende Menge (< 150 ml) reduziert zu-
dem die anderweitig fiir den Blutersatzstoff beschriebenen
Nebenwirkungen.

[0011] Der Herzkatheter enthilt in iiblicher Weise einen
Fithrungsdraht. Dieser Fiihrungsdraht kann dazu benutzt
werden, einen am distalen Ende des Herzkatheters vorgese-
henen Abschnitt verringerten Querschnittes durch den Fiih-
rungsdraht im wesentlichen zu verschlieBen oder zu 6ffnen.
Geoffnet wird dieser Abschnitt dann, wenn der Fuhrungs-
draht in proximaler Richtung zuriickgezogen wird und dann
den engen Abschnitt zur Perfusion freigibt. Auf diese Weise
ist mit Hilfe des Fiihrungsdrahtes eine Steuerung der Perfu-
sionsrate moglich.

[0012] Im folgenden wird unter Bezugnahme auf die
Zeichnungen ein Ausfithrungsbeispiel der Erfindung niher
erldutert.

[0013] Eszeigen:

[0014] Fig. 1 die Anwendung der Dilatationsvorrichtung
bei einem Patienten,

[0015] Fig. 2 einen schematischen Lingsschnitt durch
Aorta bei Verlegung eines Fiihrungskatheters, in den spéter
der Herzkatheter eingeschoben wird,

[0016] Fig. 3 einen Lingsschnitt durch das distale Ende
des Herzkatheters, und

[0017] Fig. 4 eine Ansicht des proximalen Endes des
Herzkateters, teilweise geschnitten.

[0018] Fig. 1 zeigt die Verlegung eines Herzkatheters 10
zur Dilatation eines verengten Herzkranzgetifies. Der Herz-
katheter 10 tritt durch einen perkutanen Zugang 11 in der
Leistengegend in den Korper des Patienten ein und verlduft
durch das Arteriensystem in die Aorta AO und durch den
Aortenbogen AOB zur Aortenklappe AK, von der die
Ostien OS abzweigen, die zu den Herzkranzarterien A fiih-
ren. Dabei wird unterschieden zwischen rechtem Ostium
OSR und linken Ostium OSL.

ABIOMED Ex. 1003



DE 10018424 Al

3

[0019] Der Herzkatheter 10 hat ein distales Ende 12, das
in der Koronararterie A plaziert wird und ein proximales
Ende 12a, das sich auBerhalb des Patientenkorpers befindet.
Der Herzkatheter hat eine Linge von etwa 100 cm. Er be-
steht aus einem Schiauch mit einem AuBendurchmesser von
maximal 2,0 mm.

[0020] Der Herzkatheter 10 wird durch einen Fithrungska-
theter 13 hindurchgeschoben, der zunéchst in der Aorta AO
verlegt wird. Der AuBendurchmesser des Fiihrungskatheters
13 betrdgt maximal 3,0 mm und sein Innendurchmesser be-
trigt maximal etwa 2,5 mm. Der Fithrungskatheter 13 hat
eine abgebogene elastische Katheterspitze 14, die durch
Drehen und Vorschieben des Katheters in das betreffende
Ostium OSR oder OSL eingefiihrt werden kann. In den Fiih-
rungskatheter 13 wird dann der Herzkatheter 10 eingefiihrt.
Fig. 3 zeigt das distale Ende 12 des Herzkatheters 10. Der
Herzkatheter weist ein Hauptlumen 15 auf, das sich im we-
sentlichen iiber die gesamte Linge des Herzkatheters er-
streckt und einen Innendurchmesser von 1,0 bis 1,4 mm auf-
weist. Parallel zum Hauptlumen verlduft ein Ballonlumen
16, dessen Durchmesser 0,1 bis (0,2 mm betrégt.

[0021] Am proximalen Ende des Herzkatheters 10 befin-
det sich ein Abschnitt 17 verringerten Querschnitts, der das
Hauptlumen 15 fortsetzt. In dem Abschnitt 17 betragt der
Lumendurchmesser 0,2 bis 0,5 mm. Der Abschnitt 17 ist
von einem Ballon 18 umgeben, der durch Fliissigkeit, die
durch das Ballonlumen 16 zugefiihrt wird, aufgeblasen wer-
den kann. Der Ballon 18 bildet den mit dem Ballonlumen 16
in Verbindung stehenden Dilatationsballon.

[0022] Am distalen Ende des Abschnitts 17 befindet sich
die Katheterspitze 19 mit einer axialen Durchtrittséffnung
und zusitzlichen seitlichen Perfusionsdffnungen 20.

[0023] In dem Hauptlumen 15 befindet sich ein Fihrungs-
draht 21, der verschoben werden kann und der durch die

axiale Offnung 19 hindurchragen kann. Das distale Ende 12 :

des Fithrungsdrahtes 21 ist als weichelastische Spitze ausge-
bildet und als Wegfinder vorgebogen.

[0024] Der Fithrungsdraht 21 hat einen Durchmesser von
0,3 mm. Der Abschnitt 17 hat im deflatiert anliegenden Bal-
lon einen AuBendurchmesser von etwa 1 mm und ist somit
so klein im Profil wie PTCA-Ballons der neuestens Genera-
tion. Der Innendurchmesser ist so grof3, dass der Fithrungs-
draht 21 in dem Abschnitt 17 verschoben werden kann, je-
doch ist der um den Fithrungsdraht verbleibende Ringspalt
so eng, dass praktisch kein Durchflu8 von Blut oder Bluter-
satzstoff durch diesen Ringspalt stattfindet. Der Ballon 18
hat eine Linge von 10 bis 40 mm und im aufgeweiteten Zu-
stand einen Durchmesser von 2 bis 5 mm.

[0025] An der Stelle 23, an der der Abschnitt 17 beginnt,
erweitert sich das Lumen um mehr als das Doppelte der
Querschnittsfliche. Das erweiterte Lumen bildet das Haupt-
lumen 15. Wird der Fithrungsdraht 21 in das Hauptlumen 15
zurilickgezogen, so dass er die in Fig. 3 mit 21a bezeichnete
Position einnimmt, dann wird der Abschnitt 17 zum Durch-
stromen frei. Im Hauptlumen 15 kann Perfusionsfliissigkeit
an dem in der Position 21a befindlichen Fiihrungsdraht vor-
beistrémen. Die Perfusionsfliissigkeit tritt aus den Offnun-
gen der Katheterspitze 19 aus.

[0026] Fig. 4 zeigt das proximale Ende 12a des Herzka-
theters 10. Dort befindet sich ein Verzweigungsstiick 24,
von dem ein mit dem Ballonlumen 16 verbundener
Schlauch 25 abzweigt. Am Ende dieses Schlauchs befindet
sich ein Luer-Lock-Konnektor 26 fiir den Anschlufl einer
Ballondruckquelle.

[0027] Von dem Verzweigungsstiick 24 zweigt ein weite-
rer Schlauch 27 aus dem Hauptlumen 15 ab, durch den der
Fithrungsdraht 21 verlduft. Am Ende dieses Schlauchs 27
befindet sich ein Dichtelement 28 mit einer Uberwurfmutter,
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die unter Zusammendriickung einer Dichtung 29 festge-
schraubt werden kann, um den Fintritt des Fiihrungsdrahtes
21 in den Schlauch 27 abzudichten und zugleich den Fiih-
rungsdraht 21 gegen Langsverschiebung zu sichern.

[0028] Das Hauptlumen 15 setzt sich proximal von dem
Verzweigungsstiick 24 in einem Schlauch 30 fort, der den
gleichen Innendurchmesser hat wie das Hauptlumen. Dieser
Schlauch 30 ist an eine Hochdruckpumpe 31 angeschlossen,
deren Sauganschluf mit einer Fluidquelle 32 verbunden ist.
Die Fluidquelle 32 enthlt ein Reservoir 33 mit einer Bluter-
satzfliissigkeit, beispielsweise Glgebundenes Hiamoglobin
oder fluorierte Kohlenwasserstoffverbindungen. Diese Blut-
ersatzfliissigkeit wird iiber einen Oxygenator 34 der Saug-
seite der Hochdruckpumpe 31 zugefiihrt. Im Oxygenator 34
erfolgt eine Anreicherung der Blutersatzfliissigkeit mit Sau-
erstoff.

[0029] Die Hochdruckpumpe 31 pumpt den oxygenierten
Blutersatzstoff in einem Volumenstrom von 10 bis 20 ml/
min bei einem Druck von maximal etwa 5 bar in das Haupt-
lumen 15. Infolge der Stromungsverluste im Verlauf des
Herzkatheters verringert sich der Druck so, dass er an der
Katheterspitze schlieflich nur noch etwa 0,08 bar betrigt.
[0030] Wenn der Herzkatheter 10 durch den Fithrungska-
theter 13 hindurch geschoben wird, befindet sich der Ballon
18 im deflatierten Zustand, d. h. er liegt flach am Umfang
des Abschnitts 17 an. Wenn der Abschnitt 17 des Herzkathe-
ters die verengte Stelle des HerzkranzgefiBes erreicht hat,
wird der Fiihrungsdraht 21 in die Position 21a zuriickgezo-
gen. Der Ballon 18 wird mit einer Fliissigkeit inflatiert, wih-
rend gleichzeitig die Hochdruckpumpe 31 oxygenierten
Blutersatzstoff in den Katheter pumpt. Der Blutersatzstoff
passiert durch den Abschnitt 17 hindurch den aufgeblasenen
Ballon 18, so dass durch diesen Abschnitt eine Perfusion des
blockierten GefédBies erfolgt. Dabei ist der fiir eine ausrei-
chende Versorgung der Herzkranzarterie erforderliche Volu-
menstrom viel geringer als bei einer Perfusion mit Blut.
[0031] Im Falle eines voriibergehenden GefdBverschlus-
ses 8a, wie er zyklisch im Herzrhythmus stattfinden kann,
kann der Perfusionsstrom durch den Herzkatheter gestoppt
werden. Eine zyklische Forderung des Blutersatzstoffes
kann druckgesteuert erfolgen, wobei die hierfiir notwendige
Druckerfassungsvorrichtung sich in Ballonnihe im Herzka-
theter 10 oder auf dem Fiihrungsdraht 2 befindet. Erfolgt
wihrend eines Gef#Bverschlusses im distalen Gefélbett eine
kontinuierliche Forderung des Blutersatzstoffs, so baut sich
der von der Hochdruckpumpe 31 erzeugte Druck iiber die
gesamte Linge des Herzkatheters auf. Wegen der relativ ge-
ringen Forderrate der Hochdruckpumpe 31 und der Elastizi-
tidt des distalen GefédBbettes erstreckt sich dieser Druckauf-
bau iiber einen Zeitraum von mehreren Sekunden, so dass
kein plotzliches Aufsprengen der GefdBwand mit nachfol-
gender Hamatombildung zu befiirchten ist, zumal die Ver-
schluBzeiten weniger als 1 s betragen.

[0032] An dem Herzkatheter ist ein (nicht dargestellter)
Drucksensor vorgesehen, der den Druck an einer Stelle des
Hauptlumens 15 in Néhe des Ballons 18 mift. Dieser
Drucksensor bewirkt dann, wenn der Druck einen Grenz-
wert iibersteigt, das Offnen eines Entlastungsventils, wo-
durch der von der Hochdruckpumpe aufgebaute Druck 31
schnell entweicht.

Patentanspriiche

1. Dilatationsvorrichtung fiir HerzkranzgefiBe, mit ei-
nem Herzkatheter (10), der am distalen Ende (12) einen
Dilatationsballon (18) aufweist, einem in einem Haupt-
lumen (15) des Herzkatheters verschiebbaren Fiih-
rungsdraht (21), wobei das Hauptlumen distal vom Di-
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latationsballon (18) offen ist, einem durch den Herzka-
theter (10) verlaufenden, mit dem Dilatationsballon
(18) verbundenen Ballonlumen (16) und einer an das
Hauptlumen (15) angeschlossenen Hochdruckpumpe
(31) zur Erzeugung eines Druckes von maximal 5 bar, 5
dadurch gekennzeichnet, dass die Hochdruckpumpe
(31) an eine Fluidquelle (32) angeschlossen ist, die ei-
nen mit Sauerstoff angereicherten kiinstlichen Bluter-
satzstoff liefert.
2. Dilatationsvorrichtung nach Anspruch 1, dadurch 10
gekennzeichnet, dass die Fluidquelle (32) ein den Blut-
ersatzstoff enthaltendes Reservoir (33) und einen Oxy-
genator (34) aufweist.
3. Dilatationsvorrichtung nach Anspruch 1 oder 2, da-
durch gekennzeichnet, dass das Hauptlumen (15) am 15
distalen Ende (12) einen Abschnitt (17) verringerten
Querschnitts aufweist, durch den der Fiihrungsdraht
(21) hindurchpaft.
4. Dilatationsvorrichtung nach Anspruch 3, dadurch
gekennzeichnet, dass der Querschnitt in dem Abschnitt 20
(17) kleiner ist als die halbe Querschnittsfliche des
proximalen Bereichs des Hauptlumens (15).
5. Dilatationsvorrichtung nach Anspruch 3 oder 4, da-
durch gekennzeichnet, dass der Abschnitt (17) von
dem Dilatationsballon (18) bedeckt ist und dass der 25
AuBendurchmesser des Abschnittes einschlieflich des
deflatierten Ballon kleiner ist als derjenige des Haupt-
teils des Herzkatheters (10).
6. Dilatationsvorrichtung nach einem der Anspriiche 1
bis 5, dadurch gekennzeichnet, dass ein den Druck im 30
Hauptlumen (15) messender Drucksensor vorgesehen
ist.
7. Dilatationsvorrichtung nach einem der Anspriiche
1-6, dadurch gekennzeichnet, dass die Hochdruck-
pumpe in Abhéngigkeit von dem GefdBdruck in der 35
Nihe des Dilationsballons (18) geregelt ist.
8. Dilatationsvorrichtung nach Anspruch 7, dadurch
gekennzeichnet, dass die Regelung der Hochdruck-
pumpe zyklisch im Herzrhythmus erfolgt.
9. Verfahren zum Dilatieren einer Stenose in einem 40
Herzkranzgefd mit den Schritten:
— Einfiihren eines Fithrungskatheters (13) in eine
Arterie und Vorschieben des Fithrungskatheters
bis in das Herzkranzgef4B,
— Einfiihren eines Fihrungsdrahts (21) in das 45
HerzkranzgefiB bis die Spitze des Fihrungsdrahts
(21) die verengte Stelle im HerzkranzgefdB pas-
siert hat,
— Einfiihren eines Herzkatheters (10), der am di-
stalen Ende (12) einen Dilatationsballon (18) auf- 30
weist, in den Fihrungskatheter (13) und Heraus-
schieben des den Dilatationsballon (18) tragenden
Abschnitts (17) des Herzkatheters aus dem Fih-
rungskatheter (13) in den Bereich der Stenose,
— Riickzug des Fihrungsdrahts in eine Riickzugs- 55
position (21a),
— Inflatieren des Dilatationsballons (18) zur Auf-
weitung der Stenose,
— Einfiihren eines mit Sauerstoff angereicherten
fliissigen Blutersatzstoffes in das proximale Ende 60
(12a) des Herzkatheters (10) und Herauslassen
des Blutersatzstoffes distal von dem Dilatations-
ballon (18).

Hierzu 3 Seite(n) Zeichnungen 65
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Abstract

The blood pump has a channel (32) running centrally
through the impeller (22) connecting the rear side of the
impeller (22) with the suction side (40). Blood is
continually pumped through the channel (32) so that no
dead water areas can form in unbladed areas of the
impeller (22). The rear side of the impeller (22) is fitted
with auxiliary blades (62) which produce a current parallel
to the main current.
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Beschreibung

Die Erfindung betrifft eine Blutpumpe nach dem Ro-
tationsprinzip, also eine Blutpumpe mit einem rotieren-
den Pumpenrad.

Bei Blutpumpen besteht generell das Problem der
Thrombenbildung durch Agglomeration von Blutteil-
chen. Dieses Problem besteht auch bei Blutpumpen
nach dem Rotationsprinzip, insbesondere im Bereich
des Pumpenrades, wenn dort enge Spalte sind, in denen
Totwasserbildung auftreten kann.

Der Erfindung liegt die Aufgabe zugrunde, eine Blut-
pumpe nach dem Rotationspumpenprinzip zu schaffen,
bei der die Gefahr von Thrombenbildung im Bereich
des Pumpenrades weitgehend vermieden wird.

Die Losung dieser Aufgabe erfolgt erfindungsgemiB
mit den im Patentanspruch 1 angegebenen Merkmalen.

Bei der erfindungsgemiBen Blutpumpe weist das
Pumpenrad einen axialen Kanal auf, der die Saugseite
des Pumpenrades mit dessen Riickseite hydraulisch ver-
bindet. So kann Blut in den riickseitigen Spalt des Pum-
penrades gelangen und diesen spiilen. Durch die Druck-
differenz zwischen Druck- und Saugseite des Pumpen-
rades erfolgt somit eine Umspiilung aller ungeschaufel-
ten Flichen des Pumpenrades.

GemaB einer bevorzugten Weiterbildung der Erfin-
dung ist das Pumpenrad auf seine der Anstrdmseite ab-
gewandten Riickseite mit radialférdernden Hilfsschau-
feln versehen. Diese Hilfsschaufeln bewirken eine ver-
stirkte aktive Durchstromung des axialen Kanals und
der Riickseite des Pumpenrades in Hauptstromungs-
richtung. Dadurch wird ein Bypassstrom erzeugt, der
anschlieBend der Hauptstrémung wieder zugefithrt
wird.

Bei der erfindungsgemiBen Blutpumpe ist ein zweiter
Stréomungsweg durch das Pumpenrad hindurch vorge-
sehen. Dieser zweite Stromungsweg, bei dem es sich um
einen achsnahen reinen Spiilweg handelt, wird entweder
im Gegenstrom zum Hauptstrom durchstromt, wenn
keine Hilfsbeschaufelung vorhanden ist, oder als Bypass
in gleicher Strémungsrichtung wie der Hauptstrom. In
jedem Fall werden Totwasserbereiche an der Riickseite
des Schaufelrades wirksam vermieden.

Die Erfindung ist bei jeder Form von Rotationspum-
pen verwendbar, wie z. B. Axialpumpen, Radialpumpen
und Diagonalpumpen.

Im folgenden wird unter Bezugnahme auf die Zeich-
nung ein Ausfilhrungsbeispiel der Erfindung néher er-
ldutert.

Es zeigt:

Fig.1 einen Langsschnitt durch eine Ausfithrungs-
form der Blutpumpe.

Die Blutpumpe BP nach Fig. 1 weist ein langgestreck-
tes, rohrférmiges Pumpengehéduse 10 auf, das an einem
Ende mit einem EinlaBteil 11 versehen ist. Der EinlaBteil
11 weist einen EinlaB 12 auf, dessen Innendurchmesser
kleiner ist als der Innendurchmesser des Pumpengehéu-
ses 10. Im EinlaBteil 11 ist ein ringférmiger Ubergangs-
teil 13 ausgebildet, der bogenférmig gestaltet ist und in
einer S-formigen Kriimmung von dem Durchmesser des
Einlasses 12 auf den Innendurchmesser des Pumpenge-
hauses 10 glatt und knickfrei iiberleitet.

In dem Pumpengeh#use 10 ist koaxial das Motorge-
hiuse 15 eines Motors 16 befestigt, bei dem es sich um
einen Elektromotor handelt. Das Motorgehéuse ist voll-
stindig abgedichtet.

" In dem EinlaBteil 11 des Pumpengehiuses 10 ist ein
Purmpenrad 22 angeordnet. Dieses besteht aus einer Na-
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be 23, von der Schaufeln 24 abstehen. Der Antrieb des
Pumpenrades 22 erfolgt von dem Motor 16 iiber eine
magnetische Kupplung, die als Stirndrehkupplung 25
oder Zentraldrehkupplung ausgebildet sein kann. Diese
weist ein erstes Kupplungsteil 253 auf, das mit dem Ro-
tor des Motors 16 verbunden und im Innern des Motor-
gehiduses 15 gekapselt angeordnet ist, und ein zweites
Kupplungsteil 25b, das in der Nabe 23 des Pumpenrades
22 angeordnet ist. Beide Kupplungsteile 25a, 25b haben
Magnete 28, die bewirken, daB bei einer Drehung des
erstes Kupplungsteils 25a das zweite Kupplungsteil 25b
mitdreht.

Das Motorgehduse 15 ist mit einer amagnetischen
nichtleitenden Kappe 26 verschlossen, an welcher ein
kombiniertes Axial/Radiallager 27 in Form einer Kugel
abgestiitzt ist. Dieses Lager 27 stiitzt seinerseits die Na-
be des Pumpenrades 22 ab. Die Magnete 28 der Stirn-
drehkupplung 25 erzeugen eine axiale Haltekraft, die
groBer ist als die beim Drehen des Pumpenrades 22
erzeugte Reaktionskraft, so daB das Pumpenrad 22
durch die Magnetkraft in Richtung auf den Motor 16
gezogen und gegen das Lager 27 gedriickt wird. Die
axiale Haltekraft der Kupplung 25 wird zentral auf der
Kappe 26 durch eine weitere axiale Lagerabstiitzung
25d in Verbindung mit dem Lager 27 kompensiert, so
daB weder die Lager des Motors 26 noch die diinne
Kappe 26 diese Kraft in ihrer Umfangswand 26b und auf
der Stirnfliche 262 aufnehmen miissen.

Zur Zentrierung des Pumpenrades 22 auf der EinlaB-
seite ist in dem EinlaB 12 ein Armstern 29 befestigt. An
dem Armstern 29 befindet sich ein zentrisches Kopf-
stiick 31, das den Lagerzapfen 60 umgibt und die axial
einstromende Strémung geringfligig radial in Richtung
der Nabe 23 ableitet. Ferner enthilt die Nabe 23 einen
axialen Spiilkanal 32, der zum Lager 27 fiihrt. Der Lek-
kagestrom durch den Spiilkanal 32 bewirkt eine stéindi-
ge Umsplilung des Spaltes 25¢ zwischen der Achse 60
und dem Pumpenrad 22, um Thrombenbildung zu ver-
meiden.

Die Leitschaufeln 24 des Pumpenrades 22 haben an
dem Anstrémende 24a einen AuBendurchmesser, der im
wesentlichen dem Durchmesser des Einlasses 12 ent-
spricht, so dal das Pumpenrad hier den gesamten
Durchmesser des EinlaBkanals erfat. Im AnschiuB an
die EinlaBkanten 24a erfolgt ein konkav-bogenférmiger
Umfangsbereich 24b, der dem Ubergangsteil 13 des
Pumpengehiduses mit geringem Abstand folgt. Daran
anschlieBend haben die Pumpenschaufeln 24 einen Be-
reich 24c¢, dessen Durchmesser etwa so grof ist wie der
AuBendurchmesser des Motorgeh#uses 15 an demjeni-
gen Ende, das dem Pumpenrad 22 zugewandt ist. Der
AuBendurchmesser der diagonalen Pumpenschaufeln
24 wird so groB ausgefiihrt, wie es der Gesamtdurch-
messer des Ubergangsteils 13 erlaubt. Hierdurch kann
die erforderliche, hydraulische Leistung bei einer ver-
gleichsweisen geringen Drehzahl (beispielhaft n = 7000
U/min fiir V/t = 51/min und AP = 100 mmHg) erzielt
werden, was die Standzeiten der lagernden Komponen-
ten der Pumpe erhdht.

Zwischen dem Pumpengehzuse 10 und dem Motorge-
h#use 15 besteht ein Ringkanal 35, der sich in Langsrich-
tung erstreckt. Dieser Ringkanal 35 ist als Diffusor aus-
gebildet, indem sich seine Querschnittsfliche vom Ein-
1aB zum AuslaB vergroBert. Dadurch entsteht eine Ver-
langsamung des Blutflusses und somit eine Druckerhé-
hung. Die Erweiterung der Querschnittsfliche des Ring-
kanals 35 wird durch entsprechende Verinderung der
Wandstarken'von Pumpengehiuse 10 und Motorgehiu-
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se 15 erreicht.

Der Motor 16 bewirkt eine Rotation des Pumpenra-
des 22, dessen Schaufelrider 24 schraubenférmig gestal-
tet sind. Dadurch wird Blut von der Saugseite 40 axial
angesaugt und zur Druckseite 41 und von dort und mit 5
einer rotierenden Umfangskomponente in den Ringka-
nal 25 gefordert.

Das Pumpenrad 22 ist mit einer Achse 60 versehen,
die an einem Ende in dem Lager 27 der das Motorge-
hiuse 15 verschlieBenden Kappe 26 und am anderen 1o
Ende in dem Armstern 29 {iber ein Radiallager 63 gela-
gert ist. Der ringférmige Langskanal 32 der Nabe 23 ist
durch Stege 61 iiberbriickt, die die Nabe 23 an der Ach-
se 60 festhalten. An dem dem Motor zugewandten Ende
der Nabe 23 befinden sich Hilfsschaufeln 62, die die 15
durch den Lingskanal 32 einstromende Fliissigkeit ra-
dial nach aullen pumpen und sie dem von den Pum-
penschaufeln 24 erzeugten Hauptstrom zufithren.
Durch die Hilfsschaufeln wird erreicht, daB der Spait
zwischen dem Pumpenrad 22 und dem Motorgehduse 29
15 stindig durchstrémt ist, so daB sich dort keine
Thromben bilden kénnen. Der Langskanal 32 ist so be-
messen, daf der durch ihn hindurchgehende Blutstrom
deutlich geringer ist als der von den Pumpenschaufein
24 erzeugte Hauptstrom. Die Lager 27 und 63 sind der- 25
art angeordnet, daB sie einen ausreichenden Abstand
zum Kanal 32 anfweisen. Obwoh! der Ubergang zwi-
schen dem stationdren und dem rotierenden Teil der
Lager 27 und 63 integral — ohne groBe StoBkante —
erfolgt, an der sich Thromben anlagern kénnten, mu3 3¢
davon ausgegangen werden, daB sich gegebenenfalls
kleine Ringthromben an der Ubergangsstelle bilden.
VerschlieBen diese bei entsprechendem Abstand den
Kanal 32 nicht, so kann ein degressives Thromben-
wachstum aufgrund hinreichender Umspiilung mit letzt- 35
endlich stabiler GroBe erreicht werden.

Patentanspriiche

1. Blutpumpe nach dem Rotationspumpenprinzip, 40
mit einem in Blut laufenden Pumpenrad (22), da-
durch gekennzeichnet, da das Pumpenrad (22)
einen die Saugseite (40) mit der Riickseite verbin-
denden durchgehenden Kanal (32) aufweist.

2. Blutpumpe nach Anspruch 1, dadurch gekenn- 45
zeichnet, daB das Pumpenrad (22) an seiner Riick-
seite mit radial fordernden Hilfsschaufein (62) ver-
bunden ist.

3. Blutpumpe nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, daB das Pumpenrad (22) eine in La- s
gern (27, 63) gelagerte Achse {(60) aufweist, wobei
die Lager (27, 63) zur Vermeidung von gréBeren
Thromben direkt von Blut umsirémt sind und der
Ubergang zwischen stationdrem und rotierendem
Lagerteil kontinuierlich und frei von StoBkanten 35
ausgeformtist.

4. Blutpumpe nach Anspruch 3, dadurch gekenn-
zeichnet, daB die Lager (27, 63) im Abstand von
dem zeniral angeordneten axialen Kanal (32) ange-
ordnet sind, so daB kleine Thromben im Lagerbe- ¢o
reich den Kanal (32) nicht versperren kénnen.

wr

Hierzu 1 Seite(n) Zeichnungen
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Spiral bending wire in medical cannulas and catheters

General;

Like many areas of daily life, as well as the medicine in recent years and decades has made great strides. This is based not least on the developments and
achievements of modern medical technology. Especially here, the microelectronics and the development of biocompatible materials in a very special way
have proved to be engines of progress. So nowadays are not only open-heart surgery surgical standards, but also the use of special blood pump for the
medium and long-term use is increasingly on the rise. These are usually used as a bridge to heart transplantation as long as there is no suitable Spenderh'erz
available.

Such blood pumps are usually the result of many years of research, since very high and varied demands are placed on such pumps.

So they need to be not only extremely biocompatible and reliable, but also have a very low blood damage. This is the product of trdmungsfihrung and
tolerability of the blood contacting surfaces. Only when all factors are right, is from the technical side, an insert which extends over several weeks or even
months justifiable.

Due to the increasing number of uses of such systems more insights from practice are also increasingly. So turns out that one aspect in recent years too little
attention has been paid: The cannulation. Thus, the connection between the body and the blood pump is meant, which is prepared by means of cannulae.
Thus, the respective cannulae are sewn on the one side to the diseased heart and connected on the other side to the pump. For this purpose, cannulas are
also used today for the most part, as they have been used several decades ago. This are usually anatomically shaped low PVC - hoses. These have a
number of disadvantages that often cause that is called into question the success of the whole blood pump insert. Thus, these needles are not only very rigid
and can not be adapted to place the respective anatomical conditions, but often have a bad Oberflaclieneinflu3 on the blood.

A better blood behavior have here cannulas made of polyurethane (PU). This is known for its excellent biocompatibility. Unfortunately PU is still stiffer than
PVC normally, the connection is often reminiscent of rigid pipes. For this reason, cannulas are inserted silicone rubber by some surgeons. This is
characterized by its special flexibility. Unfortunately, silicone rubber has to have two not insignificant disadvantages: First, there is the very poor tear
resistance, which has the consequence that when damage in the cannula is present,

this very quickly

Page 3 --- (DE)

continue to tear and thus resulting in total loss. This property of the silicone rubber is prevented by relatively thick wall thickness prior to the cannula, which
increase on the other hand, the rigidity strong again. The other disadvantage of silicone cannulas is the relatively poor blood compatibility of Oberfachen.
Although silicone rubber is not toxic, however, enabled certain defensive reactions of the blood, which makes them less suitable for a longer-term use.
Another problem that the surgeon is often during surgery is that due to anatomy variations or modified operations performed the connection of a cannula has
to be carried out differently than initially foreseen. One way to address such a situation is the Bevoratung of various needles in size and geometry. This means
that the surgeon Having regard to the circumstances of a-present offer selects the most appropriate cannula.

For the hospital, however, the consequence that they must have a relatively large stock of needles, as well as many special sizes and shapes need to be
permanently available, which are only very rarely needed. For the surgeon, this practice as a restriction, because it is only dependent on the available supply.
In view of these problems, some manufacturers offer cannulas, in whose wall a plastically deformable wire is embedded so that it is possible to easily deform
the cannula binding by hand. Thus, the stockpiling of various geometries cannula omitted. The surgeon, the cannula can always turn optimally cope in the
present case. This can happen even in the patient's body.

The prerequisite for such a cannula is not only the sufficient rigidity of the bending wire, but also a sufficient flexibility of the cannula itself.

All cannulas of this type available on the market have one thing in common: the bending wire runs just as straight wire parallel to

Cannula axis. However, this arrangement has some drawbacks. Thus, a bending of the cannula in only one plane is possible, because the wire is not

stretch can still upsetting.

This text has been generated from the original document by using automatic OCR conversion. It may contain errors THEREFORE AND / OR Omissions. It
does not contain any drawings. Tables and formulas may be of poor quality or be missing Entirely.

Thus, the wire must always stored to the; are neutral fiber "of the cannula If it is in compressed or stretched area, so for this.

quickly became a kinking of the cannula, which usually also means that closes the cannula thereby.

The surgeon is thus always obliged to pay special attention to a corresponding behavior of the cannula, so as not to

Impairments in the function occurs. However, such needles are used because there is not yet an ideal cannula.

However, the problem described here is only lately especially through the increased use of long-term blood pumps

emerged. For this reason, just Efforts increased lately, being able to offer a better product on the market here. Such an improvement is Page 4 --- (DE)
Presented in the following arrangement of a bending wire, preferably in a soft cannula is.

Description:

The present invention relates to the arrangement of a bending wire which is embedded in a cannula wall. As can be easily show

it is much more meaningful, not straight and parallel to place the bending line to the cannula axis but helically to wrap around the cannula.

This wire is then, as the just previously also coated with a layer of plastic, so that it is fixed properly and no contact with body tissues or fluids has.

Such a cannula has significantly better bending properties than previous. Thus one can thus turn a cannula at any point in any direction without

Running the risk of this kinking due to the bending wire. Further, this arrangement can be also three-dimensional shapes turn, which is not readily possible in
a straight bending wire.

The pitch of the helical wire has proven with an angle of approximately 45 ° to the axis of the cannula to be favorable. The wire must have a sufficient
thickness to accommodate the deforming forces on the cannula can. This applies, however, for a straight bending wire.

It proves to be useful to form the end portions of the wire so that it at least once without significant slope to the cannula

are looped. The ends tend otherwise uproot this, since relatively large forces occur and the wire ends quickly the plastic layer can pierce.

Unlike needles with straight bending wire to make in this case meaning arrangements in which two or more wires (possibly are distributed correspondingly
thinner) at different locations (preferably symmetrically) over the cross section.

The manufacturing effort for a described cannula is slightly higher than with conventional due to be executed coiling Bending needles, but the significantly
better handling characteristics and enhanced reliability to justify all the small

More effort.

Page 5 --- (DE)

LIST OF REFERENCE NUMBERS

Example cannula

1. Inlet area

2. initial portion bending wire

3. bending wire

4. cannula wall

5. end bending wire

6. non-compliant cannula area

Page 6 --- (CL)

- .sigma ;:

Protection claims

First bending wire assembly with cannulas and catheters, characterized in that a plastically deformable bending wire is disposed spirally around the cannula /
catheter.

Second bending wire assembly according to claim 1, characterized in that a plurality of plastically deformable bending wires arranged spirally around the
cannula / catheter.

3. bending wire assembly according to claim 1 + 2., Characterized in that the one or more wires with vozugweise plastic coated.

4. bending wire assembly according to claim 1.-3., Characterized in that the end areas of the / of the wires with little or no slope at the cannula / catheter are
wound.

Page 7 ---
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Spiralférmiger Biegedraht in
medizinischen Kaniilen und Kathetern

Allgemeines:

Wie viele Bereiche des taglichen Lebens, so hat auch die Medizin in den letzten Jah-
ren und Jahrzehnten grofile Fortschritte gemacht. Diese beruhen nicht zuletzt auf den
Weiterentwicklungen und Errungenschaften der modernen Medizintechnik. Speziell hier
haben sich die Mikroelektronik und die Entwicklung biokompatibler Materialien in ganz
besonderer Weise als Motoren des Fortschrittes erwiesen. So sind heutzutage nicht nur
Operationen am offenen Herzen chirurgischer Standart, sondern auch der Einsatz von
speziellen Blutpumpen fiir den mittel- und langfristigen Einsatz ist zunehmend auf
dem Vormarsch. Diese werden in der Regel als Uberbriickung zur Herztransplantation
verwendet, solange noch kein geeignetes Spenderherz zur Verfiigung steht.

Solche Blutpumpen sind meist das Ergebnis langjahriger Forschung, da an solche Pum-
pen sehr hohe und vielfiltige Anforderungen gestellt werden. So miissen sie nicht nur be-
sonders biovertriglich und zuverlissig sein, sondern auch eine sehr geringe Blutschidi-
gung aufweisen. Diese ist das Produkt aus Strémungsfithrung und Vertriglichkeit der
blutberiihrenden Oberflichen. Erst wenn alle Faktoren stimmen, ist von der techni-
schen Seite ein Einsatz, der sich iiber mehrere Wochen oder gar Monate erstreckt
verantwortbar.

Aufgrund der steigenden Einsatzzahlen solcher Systeme liegen auch zunehmend mehr
Erkenntnisse aus der Praxis vor. So zeigt sich, daB einem Aspekt in den letzten Jahren
zu wenig Aufmerksambkeit geschenkt wurde: Die Kaniilierung. Damit ist die Verbin-
dung zwischen Korper und Blutpumpe gemeint, die mittels Kantilen hergestelit wird.
So werden die entsprechenden Kaniilen auf der einen Seite an das kranke Herz gensht
und auf der anderen Seite an die Pumpe angeschlossen. Hierfiir werden auch heute noch
groBtenteils Kaniilen verwendet, wie sie schon vor Jahrzehnten eingesetzt wurden. Die-
ses sind in der Regel anatomisch giinstig geformte PVC - Schlauche. Diese weisen eine
Reihe von Nachteilen auf, die oft dazu fiihren, das der Erfolg des gesamten Blutpum-
peneinsatzes in Frage gestellt ist. So sind diese Kaniilen nicht nur sehr steif und kdnnen
nicht an Ort und Stelle den jeweiligen anatomischen Gegebenheiten angepait werden,
sondern haben oft auch einen schlechten Oberflicheneinflul auf das Blut. Ein besseres
Blutverhalten haben hier Kantilen aus Polyurethan (PU). Dieses ist fiir seine sehr gute
Biokompatibilitdt bekannt. Leider ist PU in der Regel noch steifer als PVC, so das
die Verbindung oft an starre Rohre erinnert. Aus diesem Grunde werden von manchen
Chirurgen Kanfilen aus Silikonkautschuk eingesetzt. Dieses zeichnet sich durch seine
besondere Flexibilitdt aus. Leider hat Silikonkautschuk auch zwei nicht unbedeuten-
de Nachteile aufzuweisen: Da ist zum einen die sehr schlechte Weiterreififestigkeit, die
zur Folge hat, dafl wenn eine Beschiddigung in der Kaniile vorliegt, diese sehr schnell

1
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weiterreifft und damit zum Totalausfall fithrt. Dieser Eigenschaft des Silikonkautschuk
beugt man durch relativ dicke Wandstarken der Kaniile vor, welche auf der anderen
Seite die Steifigkeit wieder stark erhdhen. Der andere Nachteil von Silikonkaniilen ist
die verhiltnismifig schlechte Blutvertriglichkeit der Oberfichen. Silikonkautschuk ist
zwar nicht giftig, aktiviert jedoch gewisse Abwehrreaktionen des Blutes, was sie fiir
einen langerfristigen Einsatz eher ungeeignet macht.

Ein weiteres Problem, daf sich dem Chirurgen wihrend einer Operation oft stellt ist,
daBl auf Grund von Anatomieschwankungen oder modifiziert durchgefithrter Opera-
tionen der Anschluf einer Kaniile anders durchgefithrt werden muf als urspriinglich
vorgesehen. Eine Mbglichkeit solch einer Situation zu begegnen ist die Bevoratung von
diversen Kaniilen hinsichtlich Grofe und Geometrie. Dieses bedeutet, dafl der Chirurg
nach Kenntnisnahme der Gegebenheiten aus einem prasenten Angebot die geeignetste
Kantile auswihlt.

Fiir die Klinik hat das jedoch zur Folge, das sie ein verhiltnismi8ig grofies Lager an
Kaniilen haben muf}, da auch viele Sondergréfien und Formen stidndig verfiigbar sein
miissen, die nur sehr selten bendtigt werden. Auch fiir den Chirurg stellt diese Praxis
eine Einschrdnkung da, da er lediglich auf das vorhandene Angebot angewiesen ist.

Vor dem Hintergrund dieser Problematik bieten einige Hersteller Kantilen an, in deren
Wand ein plastisch verformbarer Draht eingebettet ist, so das die Moglichkeit besteht,
die Kaniile einfach mit der Hand bleibend zu verformen. Somit entfallt die Bevor-
ratung verschiedener Kanfilengeometrieen. Der Chirurg kann sich die Kaniile immer
optimal fiir den vorliegenden Fall zurecht biegen. Dieses kann auch noch im Koérper des
Patienten geschehen.

Die Vorraussetzung fiir solch eine Kanile ist nicht nur die ausreichende Steifigkeit des
Biegedrahtes, sondern auch eine ausreichende Flexibilitit der Kaniile selbst.

Alle auf dem Markt erhiltlichen Kaniilen dieser Art weisen eine Gemeinsamkeit auf:
Der Biegedraht verliuft einfach als gerader Draht parallel zur Kaniilenachse. Diese
Anordnung bietet jedoch einige Nachteile. So ist ein Biegen der Kaniile nur in einer
Ebene mdoglich, da sich der Draht weder dehnen noch stauchen 1iafit.

Der Draht mu$ also immer in der ,neutralen Faser® der Kaniile liegen. Befindet er sich
im gestauchten oder gedehnten Bereich, so fiir dieses schnell zu einem Abknicken der
Kaniile, was in der Regel auch bedeutet, daf sich die Kaniile dabei verschlief3t.

Der Chirurg ist also immer gezwungen in besonderer Weise auf ein entsprechendes
Verhalten der Kaniile zu achten, damit es nicht zu Beeintrichtigungen in der Funktion
kommt. Dennoch werden solche Kaniilen verwendet, da es die ideale Kaniile noch nicht
gibt.

Die hier beschriebene Problematik ist jedoch auch erst in letzter Zeit durch den
vermehrten Einsatz von Langzeitblutpumpen besonders hervorgetreten. Aus diesem
Grund werden gerade in letzter Zeit vermehrt Anstrengungen unternommen, hier ein
besseres Produkt auf dem Markt anbieten zu kdnnen. Eine solche Verbesserung stellt

2
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die im folgenden vorgestellte Anordnung eines Biegedrahtes. in einer vorzugsweise wei-
chen Kaniile dar.

Beschreibung:

Die vorliegende Erfindung bezieht sich auf die Anordnung eines Biegedrahtes, der in
eine Kaniilenwand eingelassen ist. Wie sich einfach zeigen 148t, ist es sehr viel sinnvol-
ler, den Biegedraht nicht gerade und parallel zur Kaniilenachse anzuordnen, sondern
spiralférmig um die Kaniile zu wickeln.

Dieser Draht wird dann, wie der gerade bisher auch, mit einer Kunststoffschicht be-
schichtet, so dafl er gut fixiert ist und keine Beriithrung mit Kérpergewebe oder Fliissig-
keiten hat.

Solch eine Kaniile hat deutlich bessere Biegeeigenschaften als bisherige. So kann man
so eine Kaniile an jeder Stelle in jede Richtung biegen, ohne Gefahr zu laufen diese
aufgrund des Biegedrahtes abzuknicken. Ferner lassen sich durch diese Anordnung auch
dreidimensionale Formen biegen, was bei einem geraden Biegedraht nicht ohne weiteres
moglich ist.

Die Steigung des spiralformigen Drahtes hat sich mit einem Winkel von ca. 45° zur
Kaniilenachse als glinstig erwiesen. Der Draht mufl iiber eine ausreichende Dicke
verfiigen, um auch die verformenden Krifte an der Kaniile aufnehmen zu kénnen.
Dieses gilt jedoch auch fiir einen geraden Biegedraht.

Es erweist sich als sinnvoll, die Endbereiche des Drahtes so zu formen, daf} sie minde-
stens einmal ohne nennenswerte Steigung um die Kaniile geschlungen sind. Die Enden
neigen sonst dazu auszureiBen, da hier relativ grofie Krifte auftreten und die Drahten-
den schnell die Kunststoffschicht durchstoen kénnen.

Im Gegensatz zu Kaniilen mit geradem Biegedraht machen in diesem Fall auch An-
ordnungen Sinn, bei denen zwei oder mehr Drahte (evtl. entsprechend diinner) an ver-
schiedenen Stellen (vorzugweise symetrisch) iiber den Querschnitt verteilt angeordnet
sind.

Der Fertigungsaufwand fiir eine hier beschrieben Kaniile liegt aufgrund der aus-
zufithrenden Wendelung etwas héher, als bei herkémmlichen Biegekaniilen, aber die
deutlich besseren Handhabungseigenschaften und die gesteigerte Funktionssicherheit
rechtfertigen allemal den geringen Mehraufwand.
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Bezugzeichenliste

Beispielkaniile

1. Einlaufbereich
Anfangshereich Biegedraht
Biegedraht

. Kaniilenwand

Endbereich Biegedraht

I -

Nichtverformbarer Kaniilenbereich
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Schutzanspriiche

1. Biegedrahtanordnung bei Kaniilen und Kathetern, dadurch gekennzeichnet, dafl
ein plastisch verformbarer Biegedraht spiralférmig um die Kaniile / den Katheter
angeordnet ist.

2. Biegedrahtanordnung gemif Anspruch 1., dadurch gekennzeichnet, dafl mehrere
plastisch verformbare Biegedrihte spiralférmig um die Kaniile / den Katheter
angeordnet sind.

3. Biegedrahtanordnung gemif Anspruch 1.+2., dadurch gekennzeichnet, dafl der
oder die Driahte mit vozugweise Kunststoff beschichtet sind.

4. Biegedrahtanordnung gem&f Anspruch 1.-3., dadurch gekennzeichnet, daB die
Endbereiche des/der Drihte mit keiner oder geringer Steigung um die Kaniile /
den Katheter gewickelt sind.
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Beispielzeichnung
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Intracardiac blood pump (10) has a drive portion (11) and
a suction portion (12). The suction part (12) is connected
a flexible hose (14) of the pump (10). For stretching of the
hose (14) of the pump (10) from the right atrium (21) to
the pulmonary artery (26) at the distal end of the hose
(14) of the pump (10) is positioned a balloon (35) which
acts in the bloodstream as a guide element and srhavan
is behind a stream of blood. This simplifies the positioning
of the blood pump (10) in the heart.
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PRIHLASKA VYNALEZU

zverejnéna podle § 31 zikona ¢&. 527/1990 Sh.

a9 (22) Prihlaseno: 24.04.1999
CESKA
REPUBLIKA (32) Datum podéni prioritni prihlésky:  13.05.1998

(31) Cislo prioritni prihtasky: 1998/19821307
(33) Zem& priority: DE

(40) Datum zvefejnéni p¥ihlagky vyndlezu:  17.05.2000
(Véstnik &. 5/2000)

(86) pcT tislo: PCT/EP99/02790
(87) PCT &islo zvetejndni: ' WO99/58170

URAD
PRUMYSLOVEHO
VLASTNICTVI

(21) Cislo dokumentu:

2000 -7

(13) Druh dokumentu: A3

(51)Int.C1. -
A61M 1/10
A61M 25/01

(71) Prihlasovatel:
IMPELLA CARDIOTECHNIK
AKTIENGESELLSCHAFT, Aachen, DE;

(72) Pavodce:
Sammiler Rolf, Liidinghausen, DE;
Siess Thorsten, Wiirselen, DE;
Nix Christoph, Aachen, DE;
Eisen Max, Aachen, DE;
Hutzenlaub Jens Peter, Aachen, DE;
Meyns Bart, Leuven, BE;

(74) Zastupce:
Cermék Karel Dr., Narodnf t¥ida 32, Praha 1,
110 00;

(54) Nézev prihlasky vynalezu:
Intrakardialni krevni ¢erpadlo

(57) Anotace:

Intrakardidni krevni &erpadlo (10) ma hnacf &st (11} a
nasavaci &ast (12). K nasavaci &asti (12) je pipojena ohebnd
hadice (14) &erpadla (10). Pro protaZeni hadice (14) erpadla
(10) od pravé predsing (21) k pulmonalni arterii (26), je na
distalnim konci hadice (14) &erpadla (10) umistén balonek
(35), ktery plisobi v proudu krve jako vodici prvek a je
srhavan sebou proudem krve. Tim se zjednodusi polohovani
krevniho &erpadla (10) v srdci.

CZ 2000-7 A3
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Intrakardidln{ krevni &erpadlo

- ame . T > - vt -

Vyndlez se tykd intrskardidln{ho krevniho &erpa-
dle, a zejména pak krevniho &erpadla, které se mdZe
zavdd&t ptes sousedic{ cévy do srdce, aby se podpo¥i-
la p¥irozend srde&ni{ funkce nebo aby se tatoc nahradi-
la kontinudlnim provozem &erpadla.

e . W " qore Aty s W s o oy V> g - o

Jedno z takovychto Zerpadel, slouZfc{ pre podpo-
ru srdce je popsdno ve WO 94/09835 /Jervik/. Toto
terpaci za¥*{zeni{ je opat¥eno na sob& nezdvislymi &er-
padly, které sestdvaj{ z &d4sti &erpadla a s ni na tu-
ho spojené hnac{ &dsti. ferpac{ &d4st jednoho z &erpa-
del se zavdd{ p¥es apekdln{ operadni otvor tsk do le-
vé komory, aby se pPes levou komoru zavedla do saorty.
Druhd &dst ferpadla se daldim, s vyhodou apekdlnim ot-
vorem, zavdd{ do pravé komory tak, aby se z pravé pFed-
s{n& dopravila do pulmondlni tepny. Cerpadla jsou na
svém vystupu prodlouZena hadicovou vystupn{ kanylou,
kterd se miZe zavdd&t skrz stdvajfici srdeZni chlopen,

Intrekardidln{ krevni{ &erpadlo, které se zavédil
z aorty p¥es chlopen aorty do levé predsfin&, je 2zndmo
z WO 97/37696 /Rau et al./. U tohoto je vystupni &dst
erpadla prodlou¥ena hadicf, kterd prochdz{ skrz chlo-
pen aorty.

Z WO 97/37697 /Reu et al./ je znédmo intrakardidl-

n{ krevn{ ferpadlo, které se miZe zasouvat cévou. I ta-
to krevni Cerpadlo Je na svén v¥ystupnim konci prodlou-
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Zeno sac{ hadici{. Tato sacf{ hadice Jje opst¥ena na-
fouknutelnym balonkem, ktery slou?{ Jjako uzaviract{
zatizeni, aby se zabrdnilo toku krve boln& okolo sa-
ci hadice,

KoneZn& je a US patentu 4 753 221 /Kensey at al./
zndm Serpaci katetr, ktery md Zerpadlo, kterd se 44
umf{stit v srdci. Toto Cerpadlo sestdvéd z ob&Zného ko-
la a télesa &erpadla, které obklopuje ob&%né kolo.
Té&leso Cerpadla se mlZe umistit do srdce ve ztlade-
ném stavu a potom rozvinout nafouknutim pomoci balon-
ku, ktery je spojen s t&€lesem derpadla,

Ddle Jsou pro diagnostické dfely zndmé maloprt-
mérové katetry, slou¥ict{ pro zji3tovén{ tlaku proudu
a objemu proudu, kter# majf{ na distdlnim konci kate-
tru nafouknutelny balon. Tento balon se pro umistén{
8pid&ky kateru pouZivéd v pulmondlni arterii,

U intrakradidlnich krevnich &erpadel, kterd se
zavdd{ do srdce p¥es cdvu, Jje obt{Zné utmistit krevni
gerpadlo v srdci o¥esné&, Zejména, kdyZ se krevni &er-
padlo zavéddi skrz horni dutou Z{lu, aby se krev &er-
pala z pravé predsfin& do pulmondln{ arterie, Jje pPes-
né umistdni krevntho derpadla obti¥né, nebol &erpadlo
mus{ provést zm&nu sm&ru okolo témé¥ 180 °, aby na-
sdvaci{ otvor leZel v pravé presini a vypoustéci otvor
v pulmondln{ arterii., K tomu p*istupuje jest& to, Ze
v pravé o¥eddni Jjsou &etné vazivové nitky a svaly, kte-
ré dr¥{ trojctpou chlopefi a zajis¥ujf ctpy chlopn& vi-
&i prora¥eni a zaji3fuj{ tvarovou stdédlost srdce. Mezi
takovymito vazivovymi nitkami a svaly se musi zavé-
dét krevn{ Zerpadlo, které se zavéd{ p¥es dutou Z{lu.
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Vyndlez si klade za zdkladn{ dlohu vytvo¥it in-
trakardidln{ &erpadlo, které se mi%e relativn& snadno
umistit v srdei.

Podstata vyndlezu

s - - 2t W - —— - - —

Re3en{ této Ulohy se podle vyndlezu provad{ zna-
ky uvedenymi v patentovém ndroku 1.

U krevntho &erpadla podle vyndlezu je na vytlak
gerpadla nasazena ohebnd hadice, JjejiZ distdln{ konec
nese balonek, plsobic{ v proudu krve jako vodici prvek.
Vyndlez vyu¥{véd tu okolnost, Ze p¥irozeny proud krwe
v srdci vede od hlavn{ 2{ly do pravé pFedsiné& skrz
pravou komoru do pulmondélni arterie. Krevn{i &erpadlo,
které méd na distédlnim konci hadici s balonkem, se za-
vdd{ podél této cesty, pridemZ balonek, pohybujfel se
krevnim oroudem najde automaticky svou cestu od pravé
predsin& do pulmondlini{ arterie. Vystupn{ &4st hadice
se nakonec stabilizuje v pulmondinf arterii, zatim
co se gerpac{ &d4st nachdz{i{ v pravé p¥edsimi, Hadice
Zerpadla se p¥i tom ohne p¥ibli%n& o 180 °. T{mto zpa-
sobem se poda¥f{ umistit konedn& hadici &derpadla pPres-~
n& v srdci, ani? by se muselo provdd&t dotykové pokus-
né nardfeni vystupn{ ¥dsti hadice na sté&ny srde¥ni ko-
mory, nebo aby byl nezbytny pomocny diagnosticky pro-
st%edek / rentgen nebo ultrazvuk/.

Intrakardidalné zahrnuje ve smyslu p¥edloZeného
vyndlezu srdedni komory /ventrikuly/, p¥*edsiné& a hra-
ni¢f{c{ pahyly cév.

Je vyhodné, kdy# hadice &erpadla Je v souladu se svou
konednou polochou , kterou zauj{md v srdci, p¥edem ohnu-
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ta. Toto vyZaduje ohyb minimdln& o asi 150 °. Hadi-
ci musi{ byt sice pro zavéddé&ni skrz dutou #{lu pro-
pajdena schopnost se narovnat, ale ve stavu rozpi-
nani by méla zaujmout tvar pismene U nebo pismene

V. Obvzld3té je vyhodné, kdyZ hadice &erpadla mid tu-
host v ohybu, kterd se od proximéinfho konce k di-
std4lnimu konci zmen3uje. Timto zplsobem se distédlni
konec mi¥e snadno pohybovat Jjako hleda& cesty, takZe
balonek mtZe ldépe sledovat p¥irozené proudé&ni krve.

Balonek nemus{ byt nutn& umi{stén p¥imo na ha-
dici &erpadla. M8Ze byt upevndn na katetru, ktery Je
souddst{ hadice gerpadla a miZe probifhat skrz tuto
uvnit® nebo vné,V ka¥dém p*{pad€ k balonku ovrobthat
gnit¥n{ pr&mér /své&tlost/, kterym se balonek miZ¥e na-
fouknout. Dodateln& miZe byt uspotséddna druhd svétlost,
do kterd se zavdd{ vod{ic{ drdt, pomoc{ né&hoZ se po--
souvini{ hadice &erpadla dop¥edu skrz syptém cév usnad-
nf. Po odstran&n{ vodic{ho drdtu se tato druhd svéti-
lost mi¥e pouZfvat jako sv&tlost pro tlakové &idlo.

Podle vyhodné formy provedeni Jje to uspo®éddno
tak, ¥e balonek obklopuje hadici Zerpadla jako prstén-
covy balonek. To md tu vyhodu, Ze distdlnf{ konec hadi-
ce méd v disledku balonku zvét3eny vné&js{ primér, =
t{m md¥e byt pevné& drZen pulmondlni chlopnf. Timto
zplisobem p*ispfivéd balonek k zakotven{ konce hadice
na pulmondéln{ chiopni, zatim co se vystup hadice na-
chdz{ v pulmondlnf arterii, T{m se zabrén{ tomu, aby
vystupn{ &dst hadice vyklouzla z pulmondln{ arterie.
Dals{ p¥ednost{ je to, Ze prsténcovy balonek tvo¥*{
zaobleny tupy konec hadice &erpadla, tskZe se hadici
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¢erpadla nemi?e zolsoblit Z4dné poranéni sté€n cév a srd-
ce nebo Jinych 8dsti srdce. Kone¥né& se také zabrénf{ to-
mu aby se konec hadice zasekl ¢ okraj chlopn& nebo sva-
lech v srdci.

Vzhledem k tomu, Ze se &4st krve ferpadla napumpuje
do hadice &erpadla, udrZuje se hadice derpadla samofin-
né& otev¥end,., Jako hadice &erpadla se proto miZe poufit
kolabujfc{ hadice, nap¥fklad féliovd4 hadice, jejfc# sté&-
na neni tvarové& stdld. Skrz tute hadici mlZe probihat
katetr k balonku uspo¥ddaném na distdlnim konci.

U intrekardidlniho krevniho Zerpadla s ohebnou ha-
dic{ Zerpadla existuje nebezped{, Ze krev vytékajic{ z
vystupni{ &dsti hadice vyvoldvéd na hadici zpé&tny néraz,
ktery miZ¥e mi{t za ndsledek zpétné posunut{ hadice., Tim-
to zplsobem se mi¥e stédt, ¥e hadice vyklouzne z pulmo-
ndln{ chlopné&. Vyndlez si proto klade za del3{ zdkladnf{
dlohu vytvo®it intrakardidlni{ krevn{ &erpadlo, u kte-
rého by se zabrdnilo posunut{ hadice v disledku hydrau-
lickych reaskénfich sil. .

ReSen{ této dlohy se provddf podle vyndlezu znaky
patentového néroku 13. Podle toho je na distdlnim konci
hadice upevnén taeZny prvek, ktery je naplavovédn Cerpa-
nym proudem. U tohoto ta¥ného prvku se mi%e jednat o
plachtu nebo o baleonek. Proud krve, vystupujic{ z konce
hadice, nardZ{ proti taZnému prvku, &{mZ¥ vznikd sflas
sm&P*ujlc{ dopPedu, plsobic{ proti vratné sfle hadice.
T{mto znisobem slouZf{ taZny prvek ke stabilizaci poloho-
véan{ hadice &erpadla.

- i N s S S e W A MP AID GIP S TS ol W - -
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Ddle Jsou s odkazem na vykresy nliZe vysvétle-
ny p¥iklady provedeni vyndlezu

Obr. ukazuji:

Obr. 1 pri¥ez zndzorn&nim srdce s krevnim Zerpa-~
umi{st&nym v srdci,

obr. 2 zndzorn&ni krevniho &erpadla z obr. 1,

obr. 3 %ez podrobnost{ III z obr. 2,

obr. 4 druhy p¥{klad provedeni krevnfho &erpadls,

obr. 5 t¥et{ p¥fklad provedeni =

obr., 6 zndzorn&ni katetru z p¥{klsdu provedenf po-
dle obr. 5 ve zvétdendm mé&¥{tku,

o - 0rs Lue 2ete o W i s ot v w00 ot s s ey et v et e > >

Podle obr. 1 je krevni &erpadle 10 intravazdln{
krevni{ &erpadlo, tedy krevn{ &erpadlo, které se miZe
zasouvat systémem krevnich cév pacienta, tak aby pro-
niklo a% dovnit¥ srdce. Vnéjs3{ primé&r takovéhoto krev-
nfho derpadlanen{ na #¥4dném mist# v&t3{ ne? 8 mm. Cer-
padlo 10 md hnacf &4st 11 a s nf{ na tuho spojenou &er-
pac{ ¥dst 12. Cerpadlo 10 odpovidéd nap¥fklad &erpa-
1dm z WO 97/37696, takZe jeho vnit¥n{ stavba zde nent
bl{Ze vysvé&tlena. V p¥echodové oblasti mezi hnac{ &4~
stf{ 11 a Zerpac{ ¥déstf{ 12 se nachdzej{ saci otvory 13,
JimiZ Jje krev nasdvdna radidln& zvend{ dovnit¥, Cerpéci
¢dst 12 obsahuje / nezndzorn&né/ ob&Zné kolo, které
pohdnf krev v axidlnim sm&ru. Na vystupnf &dsti 12 &er-
padla je p*ipojena hadice 14 <Zerpadla. Tato mé proxi-
méln{ konec 15, spojeny s vystupem Zerpadla 10 a distdél-
n{ konec 16 tvo¥{c{ vystupn{ ¥dst hadice 14.

(XXX ]
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Proximélni konec &erpadla 10 je spojen s katatrem
17, ktery také obsahuje elektrickd zdsobovaci vedenf
pro hnacf &ést 11. Déle md katetr 17 svétlost, ktersd
se miZe p¥ipojit ke zdroji tlakovdho vzduchu.

Hadice 14 Zerpafla 10 a katetr 17 Jsou ohebné.
Rigidn{ délka Zerpadla 10 nenf v&t3{ ne? 35 mm, aby
gerpadlo 10 pro3lo zegk*ivenfmi systému krevnfch cév,
Délka hadice 14 <&erpadla 10 je p¥i nejmen3im dvakrat
tak velkd jako rigidnf délka &erpadla 10. Hadice 14 Zer-
padla 10 mé délku asi 12 cm a vn&jsd{ primér asi 8 mm.
Tloudtka jeji st&ny je 0,05 mm a¥ 0,2 mm. Polom¥r zak¥i-
veni ohybu hadice 14 Jje 40 mm a% 60 mm. '

Na obr. 1 Je zndzorné&n pri¥ez srdcem 20. Do pravé
p¥esfné& 21 dst{ doln{ dutd #¥{la 21l a horni{ dutéd Z{la
23. Mezi pravou p¥edsini 21 a pravou komorou 24 se na-
chéz{ trojcf{pd chlopen 25. Mezi pravou komorou.24 a pul-
mondlnfi arterif{ 26 se nachdz{ pulmondln{ chloped 27. Od
oulmondln{ arterie 26 tele krev k plicim a odtud zpé&t
do levé p*edsin& 28 a k levé komo¥e 29. Mezi levou ko-
morou 23 a aortou 30 se nachdz{ sortéln{ chjoped 31.

Gerpadlo 10 se jako Jerpadlo pravého srdce umfstf
tak, Ze dooravovéno od pravé p¥edsiné& 21 do pulmondln{
arterie 26. Za tim Ulelem je u zndzorn&né formy provede-
ni prostrdeno hornf{ dutou Z{ldu 23. Bylo by také moZné,
provést zavedenf doln{ dutou Zf{lou 22. Béhem zavédd&nt
terpadla 10 je hadice 14 &erpadla 10 umisté&na p¥ed &er-
padlem 10, to znamend, Ze leZ{ ve sm&ru proudu krve ob-
klopujic{ &erpadlo 10 po proudu smdrem od &erpadls 10,

Na distélnim konci 16 hadice 14 &erpadla 10 se
nachéz{ balonek 35, ktery je zde podle obr. 2 a obr. 3
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vytvo¥en Jjako prsténcovy balonek. Bslonek 35, na-
fouknuty plynem /nap¥f{klad vzduchem, heliem, 602/

nebo kapalinou mé vn&j3{ primér vé&t3{ neZ hadice 14
Zerpadla 10. Nésledn& tvo¥{ balonek 35 vodfct pr-

vek, na kterdm plsob{ p¥irozeny proud krve, a tdhne
se sebou vodic{ prvek. Tim se balonek 35 oplachuje
nejd*{ve do prav4 komory 24 a potom do pulmondln{

arterie 26.

Balonek 35 se nafukuje tim, Ze se v orimé&r vnit¥®-
niho tlakového kandlku 36 Je p¥es otvory 37 spojen
s vnit¥kem prsténcového balonku 35. V hadici 14 <Zer-
padla 10 tele krev vnit¥nim kandlkem 38 pro krev,
jeho? prii¥ez Jje podstatné vét3{ ne% primér vnit¥niho
tlakového kandlku 36. Vnit¥n{ tlakovy kandlek 36 Je
p¥*ipojen k odpovi{dajfcimu vnit¥nimu tlakovimu kandlku
oroximélnfho katetru 17, takZe se Jjeho tlak miZe ¥{dit
mimoté&lné,

Hadice 14 <Zerpadla 10 Jje na obr. 2 zndzorné&na
v rozepnutém stavu., Hadice 14 <Zerpadla 10 je ohnuta
do tvaru pismense U nebo do tvaru pismene V, to zname-
né, ¥e mé tvarovou pamdf, takZe nenf v srdci vystave-
na ¥Y4dnému podstatnému nuceni{ a sama o sob& také ne-
vyvoldvd ?4dné podstatné nucen{ ns srdce, Na obr, 2
ukazuje zaferneni puntf{kované oblasti tuhost hadice 14
gerpadla 10. Na proximélnfim konci 15 Je tato tuhost
velmi velkd a smérem k distdlnimu konci 16 se potom
stédle sni¥uje. To znamend, %e distdln{ konec 16, na
které se nachdz{ balonek 35, se miZe pomoc{ balonku
35 volné& pohybovat a byt vedena.
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Jak vyplyvd z obr. 3, pFednivéd balonek 35 na dis-
tdlnim konci p¥es konec 33 hadice 14 ¢&erpadla 10,
takZe balonek 35 tvo¥*{ zaobleny konec 40 hadice 14,
ktery nevytvéd®{ nebezped{ zahdknutf{ na p¥ekd¥kéch.

Na proximélnfim konci balonku 35 tvo¥{ tento prstén-
cové pod¥iznutf 41, do kteréko mohou vniknout cipy pul-
monéln{ chloon& 27, tak?e pulmondln{ chlopen 27 za-
branuje zp&tnému couvnutfi konce hadice.

Jak Je zndzornéno na obr, 2 s 3, napind se p¥es
vystupni Zdst 42 hadice 14 taZny prvek 43 ve formé
kopulovité plachty. Tento ta?ny prvek 43 sestdvd z
tenk4 ohebné kiZe, kterd je upevnéna mistky 44 na ba-
lonku 35. Krev, vytékajici z vystuonf &8sti 42 hadice
14 proudf{ proti ta?nému prvku 43 a pisobi tedy na
hadici 14 &erpadla tahem, ktery ktery klade odpor oro-
ti zp&tnému nérazu. Tim se zabréni tomu, aby distdln{
konec 16 hadice 14 <&erpadla 10 se v disledku hydrau-
lického zp&tného ndrazu posunul a eventuelné aby vy-
klouzl z pulmondln{ chlopn& 27.

Hadice 14 <&erpadla 10 sestdvéd s vyhodou z poly-
urethanu, ktery se projevil Jako obvzlddt& vyhodny.

U p¥ikladu provedeni podle obr. 4 Jje k &erpadlu
10 p*ipojena hadice 1l4a, kterd obsshuje pruZnou ooér-
nou strukturu 45 ve form& 3Sroubovice z karbonu nebo
kovu. Tato opé&rné struktura 45 udrZuje hadici l4a
Zerpadla otev¥enou a pisobi po¥adovanou tuhost ¥ ohy-
bu, kterd se rovn&? miZe m&nit pomoc{ délky hadice l4s
Hadicf 142 ¢&erpadla probfthéd katetr 46, kterd mé na
distdlnim konci balonek 35a. Tento balonek 358 tvo¥{

3
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vod{ic{ prvek pro hadici l4a <Cerpadla. Katetr 46 ob-
sahuje vnit®n{ tlekovy kandlek. Jeho vn&ji3{ prim&r Jje
podstatné menS{ ne? primé&r hadice l4a <&erpadla, takZe
v hadiei 1l4a <&ervadla Je k dispozici dostate&n& velky
pri¥ez pro tok krve. Katetr 46 Je spojen s katetrem
17.

Jako ta¥ny orvek 43a Jje uspo¥dddna koule umisté-
nd v odstupu za vystupem 42 hadice l4a 8 je upevnéna
na katetru 46. Proud krve tladfef{ proti taZnému prvku
43a zabranuje zp&tnému couvnut{ distdlnfho konce 16
hadice l4a k &erpadlu 10. Hadice l4a <&erpadla 10
je zakotvena pomoci p¥{dr¥ného za¥{zeni 47 na taZném
prvku 43a.

U p¥{kladu provedeni podle obr. 5 a 6 Jje hadice
14b <Zerpadla 10 smr3titelnd hadice 1l4b <Cerpadle 10,
kterd je z tenkého fdéliového materidlu, ktery nemé
Yd4dnou vlastni tvarovou stédlost. Hadic{ 14b <erpadls
10 probthd katetr 48, ktery nese na svém distélnfm kon-
ci balonek 35a. Tento katetr 48 Je soojen s katetrem
17. Distdéln{ konec 16 hadice 14b &erpadla 10 jJe
spojena s katetrem 48 a hadice 14b ¢&erpadla 10 ma
v¥stupni otvory 49 pro vystup krve. P*i zavédénf Zer-
padla 10 podle obr, 5 genf &erpadlo 10 v provozu, tak-
#e hadice 14b &erpadla 10 Je smr3té&nd. Pomoc{ balonku
3%5a se zavede mékky a ohebny katetr 48 do srdce, p¥i-
¢em? tento je polohovén v hadici l4b <&erpadla 10. Je-
stliZe se potom &erpadlo 10 uvede do provozu, tak se
hadice 14b ¢&erpadla 10 roz3i¥{,

----- podle
obr. 6 m{t krom& vnit¥ntho tlakového kandlku 43, vedou-
ctho k balonku 3%5a, m{t dal3f{ vnit#n{ kandlek 50, ktery
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je urden pro pojmutf vodfc{ho drdtu 51 a po odstrané&-
ni vodfefho drétu 51 Je urZen pro externi m&¥eni tla-
ku. Tento vodfc{ drédt 51, ktery vede také katetrem 17

a Serpadlem 10 , umoZiuje operujfctimu }éka¥i, aby ovli-
nil *fzen& poloZen{ hadice 1l4b <&erpadla 10. Potom se
vodfc{ drét 51 vytsghne.

Podle obr. 6 miZe byt na kateru 48 vytveten otvor
52, ktery je spojen s vnit¥nim kandlkem 50 a je uza-
v¥en vodfcim drétem 51. Poté co se vodici drét 51 vy-
tdhne z vnit¥nfho kandlku 50, vnikd otvorem %2 krev
do vnit¥ntho kandlku 50. Vni¥n{ kandlek 50 m&Ze byt spo-
jen s tlakovym &didlem pro mé¥end tlaku krve, aby se
takto mohl krevn{ tlak m&¥it b3hem &erpdni v pulmondéln{
arterii a pop*{padé se mohl ovlivnit.

Jestli¥e se polohovén{ hadice 14b <&erpadla 10
provdd{ bez vodictho drétu 51, tak se miZ¥e pomocf m¥-
¥itelnych prab&hd tlaku v dal3fm vnit¥nim kandlku 50
m&*it tlak na m{st& 52. 2 pribshd tlaku se mi¥e zjistit
p¥esnd poloha distdlnf{ 3pidky hadice 14b <Zerpadla 10.

Pram&r balonku nesm{ byt tak velky, aby podstatng
brénil prdtoku pulmondlni arterif{ 26 nebo dokonce pul-
monglnf arterii 26 uzaviel. Zpravidla nesm{ byt Jjeho
pramé&r v&t3{ ne? 30 mm. Dédle by balonek mé&l byt vysoce
pruZny, na rozdfl od dilata&niho balonku. Jako materisl
balonku se proto z ddvodd pruZnych vlastnosti hod{ si-
likon, latek, a s vyhodou polyurethan.

Balonek se miZe, zatim co tento plave jako vodict
prvek pro hadici katetru v proudu krve, byt nafukovén
velkym tlakem a kone&né& zmen3en pomoc{ sni¥enf tlaku,
aby pdsobil jako taZny prvek, ktery Je naplavovén prou-
dem z &erpadla.
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PATENTOVE NLROKY

1. Intrakaerdislnf krevn{ &erpadlo s radidln& nasé-
vajic{ a axidln& dopravujic{ &dstt /11/ %erpadla /10/,
kterd je spojena s katetrem /17/, a ohebnou hadic{ /14/
Zerpadla /10/ spojenou s s v¥stupem &erpadla /10/, ktera
mé proximdlni koneec /15/ hranidfc{ s vystupem gerpadla
/10/ & distdélni konec/16/, tvo¥ic{ vystupni Zést hadice
/14/, vyznadujifci{ se tim, Ze hadice
/14/ &erpadla /10/ md blfzko svého distdlnfho konce /16/
balonek /3%/, strhévany proudem krve a oisobic{ jako vo-
d{c{ prvek.

2. Krevn{ Zerpadlo podle ndroku 1, vy zna?dc u-
jf{ct{ se tim, Ze hedice /14/ &erpadla /10/ jJje
p¥edem ohnuta o vice neZ 100 °, s vyhodou asi o 150 °,

3, Krevnf &erpadlo podle néroku 1 nebo 2, vy -
znadugjglfect se t{im, Ze hadice /14/ &erpadls
/10/ mé pevnost v ohybu, kterd se ve sm&ru od proximdl-
n{ho konce /15/ k distdlnfmu konei /16/ sniZuje.

4., Krevni{ &erpadlo podle Jjednoho z ndrokd 1 =% 3,
vyznatujict se tim, Ze hadice /14/
gerpadla /10/ mé uvnit® nebo vn& katetr /46,48/, ktery
prednivé pres distéln{ konec /16/ hadice /14/ Zerpadla
/10/ @ na strand distdlntho konce /16/ nese balonek

/35a/.

5. Krevni &erpadlo podle Jjednoho z nédrokd 1 aZ 3,
vyznadujtftci se tim, Ze balonek /35/
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