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(57) Abstract: The present invention is related to a replaceable artificial heart comprising two heart like structures (2, 3) which
are equivalent to right and left ventricles of the natural heart and are provided with an outer shell (4) surrounding the two heart
like structures and an inner shell (5) provided in-between the two heart like structures, wherein it is capable of being implanted
through keyhole surgery and transforming to an expanded rigid structure after having been implanted in the thoracic region, and
re-transforming to a contracted soft structure within the thoracic region and vice versa, wherein the suction action around the ven-
tricle like structures of the artificial heart is repeated in a continuous and uninterrupted manner so that it is capable of pumping the
blood at a desired pressure in the entire body in a continuous and uninterrupted manner.
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Replaceable artificial heart implahtable by keyhole surgery.

Field of the Invention:-

The present invention relates to the field of implantable device capable of
replacing the natural heart in animals and human body and serving to pump blood
throughout the body. In particular, the present invention relates to a replaceable
artificial heart implantable by keyhole surgery through a keyhole opening in the body.

Backeround of the Invention:-

The cardiovascular disease (CVD) is the leading cause of morbidity and
mortality. An increasingly prevalent form of advanced CVD leads to heart failure (HF).
At present, treatment of HF takes three forms — a) medical therapy, b) surgical therapy,
and c) cardiac replacement. The need for the end stage cardiac replacement is quite
high. Due to limited availability of matched cadaver donors, the heart transplant does
not fulfill the need. To overcome this problem, the artificial heart models have been
developed over the past decade.

The artificial heart models developed over the past decade have number of
limitations, for example:-

Firstly, the presently known artificial hearts are rigid or semi-rigid in structure,
and hence, require major surgery for their implantation means these cannot be
implanted through keyhole surgery. |

Secondly, the presently known artificial hearts are fairly large in size, and
hence, not only require major surgery for their implantation, but also occupy a very
large space in the thoracic cavity.

Thirdly, but not the least, the artificial hearts known in the art have inbuilt
electrical motor drives which in-addition to occupying a very large space in the thoracic .
cavity are very cumbersome to implant in the thoracic cavity.

The above-described limitations of the known artificial heart models make the
situation to deviate considerably from normal physiology.

Although the life span of the known artificial hearts is limited, the extensive
surgical procedure, due to constructional and material limitations as described
hereinabove, for their implantation and replacement in the body debars prophylactic

replacement.
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Need of the Invention:-

Therefore, there is a need for a replaceable artificial heart which is not only small
in size, soft and flexible, and collapsible, but also capable of being implanted through
keyhole surgery, that is, without extensive opening of the thorax.

Aims and Objects of the Invention:-

The present invention aims to provide a replaceable artificial heart which is
capable of overcoming at least the above-described limitations of the prior art.

Accordingly, the main object of the present invention is to provide a replaceable
artificial heart having soft and flexible structure, and capable of being implanted
through keyhole surgery without requiring major surgery.

This is also an object of the present invention to provide a replaceable artificial
heart having fairly small size, and collapsible, and therefore, not only being capable of
implanted without requiring major surgery, but is also capable of occupying very small
space in the thoracic cavity.

This is also an object of the present invention to provide a replaceable artificial
heart having electrical motor drives which are capable of being fixed outside the
thoracic region, and hence, the presently provided artificial heart not only occupies a
very small space in the thoracic cavity, but is also very easy to be implanted in the
thoracic cavity.

The additional object of the present invention is to provide a replaceable
artiﬁciall heart having a structure which is soft, flexible, collapsible and compact at the
time of its implantation through keyhole surgery and transforms to a rigid structure
when implanted in the thoracic region, and thereafter, flushed with a fluid, and re-
transforms to soft and flexible structure within the thoracic region when flushed fluid is
withdrawn in such a manner that a suction action — a negative and positive pressure is
generated within the artificial heart of the present invention so as to assist in filling the
ventricles like structure with blood and pumping out of blood from the ventricles like
structure for circulation in the body in a continuous and uninterrupted manner.

Other objects and advantages of the present invention will become more
apparent when following description is read in conjunction with the accompanying
figures, which are not intended to limit scope of the present invention.

Brief Description of the Accompanving Figures:-

Figure 1 illustrates schematic diagram of the replaceable artificial heart in

accordance with one of the preferred embodiments of the present invention.
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F igurei 2 illustrates schematic diagram of the replaceable artificial heart having
electrical motor drives which are being provided within the abdomen region in
accordance with one of the preferred embodiments of the present invention. '

Figure 3a and Figure 3b illustrate schematic diagram of functioning of the
replaceable artificial heart having electrical motor drives being provided within the
abdomen region in accordance with one of the preferred embodiments of the present
invention.

Figure 4 illustrates schematic diagram of the replaceable artificial heart in
accordance with another preferred embodiment of the present invention.

Figure 5 illustrates schematic diagram of the replaceable artificial heart having
electrical motor drives which are being provided within the abdomen region in
accordance with preferred embodiment of Figure 4 of the present invention.

Figure 6a and Figure 6b illustrate schematic diagram of functioning of the
replaceable artificial heart having electrical motor drives being provided within the
abdomen region in accordance with preferred embodiment of Figure 4 of the present
invention.

Description and Preferred Embodiments of the Invention:-

It is now understood from the foregoing description that the artificial hearts as

known in the art have main limitation of being large in size and having rigid structure,

~ which makes them unsuitable for implantation through keyhole surgery, that is, without

extensive opening of the thorax. If in order to overcome these limitations, an artificial

heart being small in size and having soft structure is implanted in the thdracic region it

will be easy to implant it, but it has been found that such an artificial hear will not be

capable of circulating the blood at desired pressure in the entire body, because such a

structure, firstly, will not be capable of withstanding the pressure at which a natural

heart functions, and secondly, will not be capable of pumping the blood at desired
pressure in the entire body.

Therefore, the need is not only to have a small and soft structured artificial heart,
which can be implanted through keyhole surgery, but to have a small and soft
structured artificial heart which is also éapable of transforming to an expanded rigid
structure after having been implanted in the thoracic region, and thereafter, is also
capable of re-transforming to a contracted soft structure within the thoracic region and
vice versa, in such a manner that it is capable of pumping the _blood at a desired

pressure in the entire body in a continuous and uninterrupted manner.
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With above aim, the inventors have surprisingly found that if a suction action —
a negative and positive pressure is generated around the heart like structure of the
artificial heart which is equivalent to right and left ventricles of the natural heart in such
a manner that a negative pressure is generated on outer side of the ventricle like
structures and a positive pressure is generated in-between the two ventricle like
structures, then the ventricle like structures expand and simultaneously draw in the
blood upon formation of a negative pressure on their outer side, which is equivalent of
Diastolic action of the heart, and the ventricle like structures contracts and
simultaneously pump-out the blood therefrom for circulation in the body upon
formation of a positive pressure in-between the two ventricle like structures, which is
equivalent of Systolic action of the heart. Accordingly, if such a suction action —
formation of negative and positive pressure around the ventricle like structures of the
artificial heart can be repeated in a continuous and uninterrupted manner, the artificial
heart will be capable of replacing the natural heart.

Accordingly, the present invention relates to a replaceable artificial heart
comprising two heart like structures which are equivalent to right and left ventricles of
the natural heart and are provided with an outer shell surrounding the two heart like
structures and an inner shell provided in-between the two heart like structures, wherein
it is capable of being implanted through keyhole surgery and transforming to an
expanded rigid structure after having been implanted in the thoracic region, and re-
transforming to a contracted soft structure within the thoracic region and vice versa,
wherein the outer shell and inner shell are capable of generating a suction action — a
negative and positive pressure around the heart like structures in such a manner that the
outer shell generates a negative pressure on outer side of the ventricle like structures so
as to cause the ventricle like structures to expand and simultaneously draw in the blood,
which is equivalent of Diastolic action of the heart, and the inner shell generates a
positive pressure in-between the two ventricle like structures so as to cause the
ventricle like structures to contract and simultaneously pump-out the blood therefrom
for circulation in the body, which is equivalent of Systolic action of the heart, wherein
the suction action around the ventricle like structures of the artificial heart is repeated in
a continuous and uninterrupted manner so that it is capable of pumping the blood at a
desired pressure in the entire body in a continuous and uninterrupted manner.

During simulation method, it has been observed that when fluid is pumped into

inner shell, the inner shell causes expansion and compression of the heart like structures
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being equivalent of right and left ventricles. It has been found that due to low pressure
in right ventricular circulation than the left ventricular circulation, the inner shell
expands more on the right side than the left side. Consequently, for some time the -
outflow from the right ventricle is more than that from the left ventricle. Accordingly,
for a very short period of time, which presentiy could not be evaluated, there is a
mismatch of outflow from right and left ventricles. However, when the inner shell
expands fully, the right and left ventricles get fully compressed and the total outflow
from both the ventricles become equal. Therefore, it has been observed that mismatch
of outflow had been there, but only for a very short period of time. The present
invention also provides solution to this problem. It has been found that if inner shell is
made of two chambers separated by a partition, the problem of mismatch of outflow is
surprisingly solved. | |

' Accordingly, in one embodiment, the present invention relates to a replaceable
artificial heart comprising two heart like structures which are equivalent to right and
left ventricles of the natural heart and are provided with an outer shell surrounding the
two heart like structures and an inner shell consisting of two chambers separated by a
partition sheet and the inner shell together with the partition sheet is provided in-
between the two heart like structures, wherein it is capable of being implanted through
keyhole surgery and transforming to an expanded rigid structure after having been
implanted in the thoracic region, and re-transforming to a contracted soft structure
within the thoracic region aﬁd vice versa, wherein the outer shell and said inner shell
are capable of generating a suction action — a negative and positive pressure around the
heart like structures in such a manner that the outer shell generates a negative pressure
on outer side'of the ventricle like structures so as to cause the ventricle like structures to
expand and simultaneously draw in the blood, which is equivalent of Diastolic action of
the heart, and said inner shell generates a positive pressure in-between the two ventricle
like structures so as to cause the ventricle like structures to contract and simultaneously
pump-out the blood therefrom for circulation in the body, which is equivalent of
Systolic action of the heart, wherein the suction action around the ventricle like
structures of the artificial heart is repeated in a continuous and uninterrupted manner so-
that it is capable of pumping the blood at a desired pressure in the entire body in a
continuous and uninterrupted manner.

In accordance with preferred embodiment of the present invention, the

replaceable artificial heart is made of soft and flexible biocompatible polymeric sheets,
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for example polyurethane, silicone rubber, which is capable of withstanding pressure
equivalent of pressure generated in natural heart and capable of expanding and
contracting to pump-out the blood therefrom.

In accordance with present invention, in the deflated state, the artificial heart is
collapsible into a cylinder of elliptical cross-section in such a manner that it is capable
of being implanted through a “keyhole” created in the thoracic wall in between two
adjoining ribs.

In accordance with present invention, the artificial heart is soft and flexible
when deflated for the ease of implantation, and is capable of transforming to a rigid
structure when inflated within the thoracic region after having been implanted and upon
flushing the fluid in the outer shell of the artificial heart. Accordingly, in accordance
with preferred embodiment of the present invention, the outer shell is capable of
transforming from the soft, flexible and collapsed state to an inflated and rigid state. In
accordance with further embodiment of the present invention, when the fluid is
withdrawn from the outer shell of the artificial heart, the outer shell is capable of
transforming from the inflated and rigid state to the soft, flexible and collapsed state.
Accordingly, in accordance with present invention, by pumping the fluid in the outer
shell and by withdrawing the fluid from the outer shell the transformation from the soft,
flexible and collapsed state to an inflated and rigid state, and vice versa can be achieved
in a continuous and uninterrupted manner. |

In accordance with preferred embodiment of the present invention, the fluid is
pumped within the space formed in the outer shell of the presently disclosed artificial
heart so as to form a rigid structure and is withdrawn therefrom so as to form a soft and
flexible structure.

In accordance with one of the preferred embodiments of the present invention,
the pumping means for pumping the fluid in the space within the outer shell and for
withdrdwing the fluid therefrom can be provided internally, but out side the thoracic
region. In accordance with one of the preferred embodiments of the present invention,
the pumping means can be provided in the abdominal space and is connectable to the
outer shell via tubing means. In accordance with another preferred embodiment of the
present invention, the pumping means for pumping the fluid in the space within the
outer shell and for withdrawing the fluid therefrom can be provided externally on any

part of the body and is connectable to the outer shell via tubing means.
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In accordance with present invention, the pumping action of the heart is
completed by means of a second pumping means which is capable of pumping the fluid
into and withdraWing from the inner shell provided in-between the ventricle like
structures.

In accordance with one of the preferred embodiments of the present invention,
when inner shell consists of two chambers separated by a partition sheet, there may be
provided two pumping means which are, individually, capable of pumping the fluid
into and withdrawing from respective chamber of the inner shell provided in-between
the ventricle like structures.

In accbrdance with one of the preferred embodiments of the present invention,
the pumping means for pumping the fluid in and withdrawing from the inner shell can
be provided internally, but essentially out side the thoracic region. In accordance with
one of the preferred embodiments of the present invention, this (these) pumping means
can be provided in the abdominal space and is (are) connectable to the inner shell via
tubing means.

In accordance with another preferred embodiment of the present invention, this
(these) pumping means for pumping the fluid in and withdrawing from the inner shell
consisting of single chamber or dual chambers can be provided externally on any part
of the body and is (are) connectable to the inner shell via tubing means.

Now the present invention is described with the help of accompanying figures,
which are not intended to limit scope of this invention, but have been incorporated to
elaborate the constructional features of the replaceable artificial heart of present
invention.

In accordance with one of preferred embodiments of the present invention, the
accompanying Figure 1 and Figure 4 illustrate schematic diagram of the replaceable
artificial heart which are capable of being placed in the thoracic cage of the patient by
keyhole surgery.

In accordance with present invention, the replaceable artificial heart (1),
comprises two, soft and flexible, heart like structures (2 and 3) one of which is
equivalent of the right ventricle of the natural heart (2) and another is equivalent of the
left ventricle of the natural heart (3), and are provided with an outer shell (4)
surrounding the two heart like structures (2 and 3) and an inner shell (5) provided in-
between the two heart like structures (2 and 3), wherein the outer shell (4) is provided

in such a manner that it encapsulates the two heart like structures (2 and 3), and the
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inner shell (5) is provided in such a manner that the two heart like structures (2 and 3)
encircle it (5).

It may be noted that in Figure 1 the inner shell consists of single chamber 5, and
in Figure 4 the inner shell consists of two chambers (5a and 5b) separated by a partition
sheet (5¢). The inner shell of Figure 4 demonstrates additional advantages as described
herein above.In accordance with one of the preferred embodiments of the present
invention, the heart like structures may be referred to as left ventricle or right ventricle,
as the case may be, or as pouches, or by any other name, and the inner shell, which may
be consisting of single chamber or dual chambers may be referred to as central
inflatable compressible bag or any other name, and the o.uter shell may be referred to as
outer covering or by any other name. Accordingly, the identification. of various
constructional parts of the replaceable artificial heart by the names as used herein are
not intended to limit scope of the present invention.

In accordance with present invention, the right ventricle (2) is provided with an
inlet tube (6) with an inbuilt inflow valve [not shown] and an outlet tube (7) with an
inbuilt outflow valve [not shown]. The inflow tube (6) is connectable to the blood
vessel Vena Cava [not sh;)wn] which returns the deoxygenated blood from the body
into the right ventricle (2) via the right Atrium [not shown]. The outflow tube (7) is
connectable to the Pulmonary Artery [not shown] which carries the deoxygenated
blood from the right ventricle (2) to the lungs. The left ventricle (3) is provided with an
inflow tube (8) with an inbuilt inﬂpw valve [not shown], and an outflow tube (9) with
an inbuilt outflow valve [not shown]. The inflow tube (8) is connectable to the
Pulmonary Vein [not shown)] which brings the oxygenated blood from the lungs to the
left ventricle (3) via the left Atrium [not shown]. The outflow tube (9) is connectable to
the Aorta [not shown] which transports the oxygenated blood from the left ventricle (3)
to the general circulation in the body. In the artificial heart the atria and ventricle are
combined into an integrated space.

In accordance with one of the preferred embodiments of present invention, the
two heart like structures are made of pdlymeric material, which is capable of
withstanding the pressure at which the natural heart functions and capable of expanding
and contracting to pump the blood to various parts of the body and is capable of lasting
for sufficiently longer duration to avoid early replacement of the artificial heart.

" In accordance with present invention, the inflatable compressible bag (5)

provided in between the pouches (2 and 3), the equivalents of the right and left
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ventricles is connectable by means of a connecting means (10) to one of ‘the
reciprocating pumping means (11) [Figure 2]. The pumping means (11) is capable of
pumping a fluid to inflatable compressible bag (5) and is also capable of withdrawing
the fluid from inflatable compressible bag (5) to, respectively, inflate and deflate the
bag (5), which has been found to be capable of generating positive pressure on the heart
like structures (2 and 3) for causing outflow of blood from the heart like structures,

In accordance with one of the preferred embodiments of the present invention,
the inflatable compressible bag (5) consisting of two chambers (5a, 5b), provided in
between the pouches (2 and 3), the equivalents of the right and left ventricles, is
connectable by means of corresponding connecting means (10r, 101) to corresponding
reciprocating pumping means (11r, 111) [Figure 5]. The pumping means (11r, 111) are
capable of pumping a fluid to corresponding chamber of inflatable compressible bag (5)
and are also capable of withdrawing the fluid from corresponding chamber of inflatable
compressible bag (5) to, respectively, inflate and deflate chambers of bag (5). Such
action has been found to be capable of generating positive pressure on the heart like
structures (2 and 3) for causing outflow of blood from the heart like structures and
additionally avoiding mismatch of outflow of blood.

In accordance with present invention, when the filled right and left ventricles (2
and 3) are required to be compressed to eject the blood from ventricles of the artificial
heart, the pumping means (11, or 11r and 111) get activated to pump the fluid into the
inflatable compressible bag (5) resulting in inflation of bag (5, or both chambers 5a and
5c of bag) thereby causing positive pressure on the ventricles (2 and 3). The positive
pressure on the ventricles (2 and 3) has been found to result in outflow of blood
therefrom. The blood from right ventricle (2) outflows via outflow means (7) through
the Pulmonary Artery to the lungs. The blood from left ventricle (3) outflows via
outflow means (9) through the Aorta for general circulation to body. This action is the
analog of the “Systole” of the natural heart. At the time of the systolic pumping the
outer shell (4) is maintained in a deflated and flaccid state.

In accordance with one of the preferred embodiments of present invention, the
inner shell (5) consisting of single chamber or dual chambers is made of polymeric
material, which is capable of withstanding and generating the pressure at which the
natural heart functiqns and capable of expanding to cause positive pressure on the right
and left ventricles of the artificial heart and is capable of lasting for sufficiently longer

duration to avoid early replacement of the artificial heart.
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In accordance with one of the preferred embodiments of the present invention,
the fluid in the pumping means (11) can be any fluid capable of withstanding body
tempefature and compatible with the polymer material used to manufacture the
inflatable compressible bag (5). For example, the fluid can be water or silicone oil.

In accordance with present invention, the outer shell (4) of the artificial heart
comprises an outer layer (12) and an inner layer (13) connected to each other via
connecting means (14). In accordance with present invention, the connecting means
(14) preferably comprises a narrow flexible strip (14) capable of bridging the outer
layer of the outer shell with inner layer of the outer shell, preferably capable of bridging
inside surface of the outer layer of the outer shell with outside surface of the inner layer
of the outer shell. |

In accordance with present invention, when outer shell (4) is distended it
comprises a space (15) between its outer and inner layers, and this space (15) is one
continuous space in the entire outer shell (4) in such a manner that if a fluid is pumped
into this space, it occupies the entire space.

In accordance with one of the preferred embodiments of the present invention,
bridges (14) are made of narrow about 6 - 10 mm wide strips of the soft and flexible
material as is used for the manufacture of léyers (12 and 13) of the outer shell (4). The
length and width of the bridges (14) are precisely selected to form one
intercommunicating space (15) between the distended outer and inner layers at that
point. In accordance with one of the preferred embodiments of this invention, the
bridges (14) at different places iﬁ the outer shell have different lengths.

The advantage of above-described judiciously selected design of the outer shell
(4) is that when the space (15) is.ﬁlled by pumping in a fluid by means of the pumping
means (16) via connecting means (17) [Figure 2 or Figure 5], the soft and flexible outer
shell transforms to rigid form, which has been surprisingly found to cause negative
pressure on the heart like structures (2 and 3) in a such a manner that the heart like
structures (2 and 3) expand resulting in inflow of blood via inflow tubing means (6)
through connectable blood vessel Vena Cava [not shown] in the right ventricle (2)
thereby causing return of the deoxygenated blood from the body in the right ventricle
(2) via the right Atrium [not shown], and inflow tubing means (8) connectable to the o
Pulmonary Vein [not shown] in the left ventricle (3) thereby causing inflow of

oxygenated blood from the lungs to the left ventricle (3) via the left Atrium [not shown].

10
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The additional advantage of above-described judiciously selected design of the
outer shell (4) is that when fluid is withdrawn from the space (15) by means of the
pumping means (16) via connecting means (17), the rigid outer shell transforms back to
the soft and flexible outer shell (becomes flaccid), which has been surpriéingly found to
further enhance outflow of blood from the right and left ventricles, which takes place
when positive pressure is generated by expansion bag (5).

In the diastolic filling phase of the ventricles of the artificial heart, a part of the
filling action is on account of the pressure in the Vena Cava and the Pulmonary Vein.
In addition pumping means (16) is activated to distend outer shell and transform it to a
rigid structure. As described hereinabove, this distension with rigidity generates a
negative pressure suction effect on the ventricles thereby assisting in drawing in blood
into the ventricles in the diastolic phase. After filling of the ventricles the outer shell is
deflated by drawing-out the fluid from space (15) by means of pumping means (16).
Thereafter, the inflatable compressible bag (5) is inflated by another pumping means
(11, or 11r and 111) which is (are) capable of pumping the fluid into the bag or to
corresponding chambers of bag thereby causing outflow of blood from the ventricles,
and hence, completing the cycle. It is now understood that this entire process can be
easily repeated by employing replaceable artificial heart of present invention in a
continuous and uninterrupted manner, therefore, replaceable artificial heart of present
invention is capable of replabing the natural heart in the animal and human.

In accordance with one of the preferred embodiments of present invention, the
outer shell (4) of the artificial heart is made of soft and flexible polymeric material,
which is capable of withstanding the pressure at which the natural heart functions and
capable of expanding to cause negative pressure on the right and left ventricles of the
artificial heart and is capable of lasting for sufficiently longer duration to avoid early
replacement of the artificial heart.

| In accordance with one of the preferred embodiments of the present invention,
the fluid in the pumping means (16) can be any fluid capable of withstanding body
temperature and compatible with the polymer material used to manufacture the outer
shell (4). For example, the fluid can be water or silicone oil.

In accordance, with present invention, the artificial heart can be manufactured
by any known means. In accordance with one of the preferred embodiments, method of
manufacturing the replaceable artificial heart comprises steps of forming outer shell (4)

comprising an outer.layer (12) and an inner layer (13) connected to each other via

11
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connecting means (14), inserting analogs of the ventricles (2 and 3) into the outer shell
(4), and inserting inflatable compressible bag (5) consisting of single chamber (5) or
dual chambers (5a and 5b) in between the analogs of the ventricles (2 and 3), and
thereafter providing connecting means, and inflow and outflow means.

The functioning of the presently disclosed artificial heart is now described with
the help of accompanying Figure 3 and Figure 6, which are also not intended to limit its
scope, but have been incorporated to elaborate preferred mode and best mode of
functioning of the replaceable artificial heart of present invention. |

Figure 3 illustrates schematic diagram of functioning of the replaceable artificial
heart having electriéal motor drives being provided within the abdomen region in
accordance with one of the préferred embodiments of the present invention, wherein
states of the heart in five phases during a heart cycle are illustrated for understanding
functioning of the presently disclosed artificial heart. In Phase I [Figure 3a(i)] which is
Jjust before diastolic filling of the heart, the heart outer shell (4); the inflatable
compressible bag (5) consisting of single chamber; heart like structure being analog of
the right ventricle (2); heart like structure being analog of the left ventricle (3) are all in
the collapsed state. During the inter-phase between Phase | [Figure 3a(i)] and Phase Il
[Figure 3a(ii)], the blood flows into the right ventricle (2) [as shown by an arrow — 18
(Figure 3a(iii))] and also there is flow into the left ventricle (3) [as shown by an arrow —
19 (Figure 3a(iii))]. Concurrently from the reciprocating pumping means (16) fluid is
pumped along the tubing means (17) from the pumping means (16) to the space (15)
within the outer shell (4). The distension of the outer shell (4) creates a negative suction
which helps to draw in blood into the two ventricles (2 and 3). Thus in the Phase II
state (Figure 3a(ii)), the two ventricles are full and the outer shell is distended and
somewhat rigid. Then reciprocating pumping means (11) pumps fluid via tubing means
(10) into the inflatable compressible bag (5). The inflatable compressible bag (5)
distends. The outer shell (4) is in a rigid state and cannot distend further. Therefore, the
ventricles (2 and 3) which are sandwiched between the inflatable compreséible bag (5)
and the outer shell (4) are squeezed and blood flows out from the right ventricle (2) as
shown by the arrow (20) and from the left ventricle (3) as shown by the arrow (21)
[Figure 3b(iv)]. The transition from Phase III [Figure 3b(i)] to Phase IV [Figure 3b(ii)]
is equivalent to the “Systole” of the heart. Ultimately in Phase IV [Figure 3b(ii)] the
inflatable compressible bag (5) is almost fully distended; the ventricles (2 and 3) are

collapsed; and the outer shell (4) still remaining distended. The flow from pumping
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means (11) into the inflatable compressible bag (5) is gradually reduced with no ﬂow ,
immediately after Phase V. Thereafter, pumpiﬁg means (11) withdraws fluid from the
inflatable compressible bag (5) via tubing means (10) and consequently the inflatable
compressible bag (5) transforms to the collapsed state. Also via tubing means (17) the
reciprocating pumping means (16) withdraws fluid from the outer shell (4) and as a
result the outer shell (4) becomes flaccid and transforms to the collapsed state all of
which takes the system to the Phase I state [Figure 3b(iii)]. It is now understood that the
entire cycle can be repeated continuously and uninterruptedly, therefore, the artificial
heart of present invention is capable of replacing the natural heart in the human and
animals.

Figure 5 also illustrates schematic diagram of functioning of the replaceable
artificial heart in the same manner as in Figure 3. The difference in these Figures is of
inner shell, which in Figure 5 consists of two chambers (5a and 5b) separated by
partition sheet (5c), and chamber 5a is connected to corresponding pumping means 11r
via connecting means 10r, chamber 5b is connected to corresponding pumping means
111 via connecting means 101,

In accordance with this embodiment, in Phase I [Figure 6a(i)] which is just
before diastolic filling of the heart, the heart outer shell (4); both chambers of inflatable
compressible bags (5a, 5b); heart like structure being analog of the right ventricle (2);
heart like structure being analog of the left ventricle (3) are all in the collapsed state.
During the inter-phase between Phase I [Figure 6a(i)] and Phase II [Figure 6a(ii)], the
blood flows into the right ventricle (2) [as shown by an arrow — 18 (Figure 6a(iii))] and
also there is flow into the left ventricle (3) [as shown by an arrow — 19 (Figure 6a(iii))].
Concurrently from the reciprocating pumping means (16) fluid is pumped along the
tubing means (17) from the pumping means (16) to the space (15) within the outer shell
(4). The distension of the outer shell (4) creates a negative suction which helps to draw
in blood into the two ventricles (2 and 3). Thus in the Phase II state [Figure 6a(ii)], the .
two ventricles are full and the outer shell is distended and somewhat rigid. Then
reciprocating pumping means (11r and 111) pump fluid via corresponding tubing means
(10r and 101) into corresponding chambers of the inflatable compressible bag (5a and
5b) respectively. Concurrently the outer shell (4) is deflated by drawing fluid via tubing
(17). The inflatable compressible bags (5a, 5b) distend. The outer shell (4) comes to a
flaccid state and allows full squeezing of blood out of the ventricles (2, 3). Therefore,

the ventricles (2 and 3) which are sandwiched between the inflatable compressible bag
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(5a, 5b) and the outer shell (4) are squeezed and blood flows out from the right
ventricle (2) as shown by the arrow (20) and from the left ventricle (3) as shown by the
arrow (21) (Figure 6b(iv)). The transition from Phase III [Figure 6b(i)] to Phase IV
[Figure 6b(ii)] is equivalent to the “Systole” of the heart. Ultimately in Phase IV
[Figure 6b(ii)] the inflatable compressible bags (5a, Sb) are almost fully distended; the
ventricles (2 and 3) are collapsed; and the outer shell (4) still remaining stretched by
the internal pressure of the ventricles. The flow from pumping means (11r, 111) into
corresponding chambers of inflatable compressible bag (5a, 5b) is gradually reduced
with no flow immediately after Phase IV [Figure 6b(ii)]. Thereafter, pumping means
(11r, 111) withdraw fluid from the corresponding chambers of inflatable compressible
bags (5a, 5b) via corresponding tubing means (10r, 101) and consequently the inflatable
compressible Bags (5a, 5b) transform to the collapsed state. The outer shell (4) having
no fluid in the space (15) and also no internal pressure from the ventricles become
totally flaccid and in the collapsed state. These steps take the system to the Phase |
state [Figure 6b(iii)]. It is now understood that the entire cycle can be repeated
continuously and uninterruptedly, and that’s too without mismatch of outflow of blood,
therefore, the artificial heart of present invention is capable of replacing the natural
heart in the human and animals.

It may be noted that merely for the simplicity, the outflow and inflow of blood
has been illustrated by arrows. However, it flows through respective valves and vessels
as described hereinabove. Further, the electrical motor herein means a electrical pump
driven by motor.

In accordance with one of the embodiments of the present invention, before the
end of the estimated life span of the artificial heart, the artificial heart can be deflated,
and endoscopically the connections to the blood vessels can be detached and the
artificial heart can be easily extracted through a keyhole opening in the chest wall and
can be replaced by a new artificial heart of present invention.

It may be noted that accompanying Figures are merely illustrations of preferred
embodiments of the present invention and are not to the scale, and are not intended to

limit scope of present invention. It will be obvious to the persons skilled in the art that
various modifications are possible of the embodiments illustrated herein without
deviating from the intended scope of the present invention. Accordingly, in one

embodiment of the present invention, such modifications are inclusive.
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. Claims

1. The replaceable artificial heart (1), comprising two heart like structures (2 and
3) one of which is equivalent of right ventricle of natural heart (2) and another
is equivalent of left ventricle of natural heart (3), an outer shell (4) surrounding
said two heart like structures (2 and 3), and an inner shell (5) provided in-
between said two heart like structures (2 and 3), wherein said outer shell (4) is
provided in such a manner that it encapsulates said two heart like structures (2
and 3), and said inner shell (5) is provided in such a manner that said two heart
like structures (2 and 3) encircle it (5).

2. A replaceable artificial heart as claimed in claim 1, wherein said inner shell
consists of single chamber (5).

3. A replaceable artificial heart as claimed in claim 1, wherein said inner shell
consists of two chambers (5a and 5b) separated by a partition sheet (5¢).

4. A replaceable artificial heart as claimed in any one of the preceding claims,
wherein said right ventricle (2) is provided with an inlet means (6) with an
inbuilt inflow valve and connectable to blood vessel Vena Cava, and an outlet
means (7) with an 1nbu1lt outflow valve and connectable to Pulmonary Artery

5. A replaceable artificial heart as claimed in any one of the preceding clalms
wherein said left ventricle (3) is provided with an inflow means (8) with an
inbuilt inflow valve and connectable to the Pulmonary Vein, and an outflow
means (9) with an inbuilt outflow valve and connectable to the Aorta.

6. A replaceable artificial heart as claimed in any one of the preceding claims,
wherein said inflatable compressible bag (5) is connected to reciprocating
pumping means (11) by connecting means (10).

7. A replaceable artificial heart as claimed in claim 3, wherein said chambers of
said inflatable compressible bag (5) are connected by corresponding connecting
means (10r, 101) to corresponding reciprocating pumping means (11r, 111).

8. A replaceable artificial heart as claimed in any one of the preceding claims,
wherein said outer shell (4) is connected to reciprocating pumpiﬁg means (16)
by a connecting means (17). '

9. A replaceable artificial heart as claimed in any one of the preceding claims,
wherein said outer shell (4) comprises an outer layer (12) and an inner layer

(13) connected to each other via connecting means (14).
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10.

11.

12.

13.

14.

15.

16.

17.

18.

A replaceable artificial heart as claimed in claim 9, wherein said connecting
means (14) comprises a narrow flexible strip (14) capable of bridging said outer
layer of said outer shell with said inner layer of said outer shell. »

A replaceable artificial heart as claimed in any one of the preceding claims,
wherein said outer shell (4) in distended state comprises a space (15) between
its said outer and said inner layers.

A replaceable artificial heart as claimed in claim 11, wherein said space (15) is
one continuous and intercommunicating space in entire outer shell (4) in such a
manner that if a fluid is pumped into this space, it occupies the entire space.

A replaceable artificial heart as claimed in claim 9 or 10, wherein said bridges
(14) are made of narrow about 6 - 10 mm wide strips of soft and flexible
material.

A replaceable artificial heart as claimed in claim 9 or 10, wherein said bridges
(14) at different places in said outer shell have different lengths.

A replaceable artificial heart as claimed in any one of the preceding claims,
wherein said two heart like structures, said inner shell and said outer shell are
made of polymeric material.

A method of manufacturing replaceable artificial heart of any one of claims 1-
15, comprising steps of forming outer shell (4) comprising an outer layer (12)
and an inner layer (13) connected to each other via connecting means (14),
inserting analogs of the ventricles (2 and 3) into said outer shell (4) and
inserting inflatable compressible bag (5) consisting of single chamber (5) or
dual chambers (5a and 5b) in between the analogs of said ventricles (2 and 3),
and thereafter providing connecting means, and inflow and outflow means.

The replaceable artificial heart substantially as herein described with the help of
foregoing examples and as illustrated in the accompanying figures.

The method of manufacturing replaceable artificial heart substantially as herein
described with the help of foregoing examples and as illustrated in the

accompanying figures.
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