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(57) ABSTRACT 

A device, potentially implantable in a living organism, 
intended to utilize at least a part of the hydraulic energy 
generated by the heart (10)ithe primary unitiat the natu 
ral phases of Work When the cavities of the heart (11, 12 and 
16, 17) are ?led With blood. The device includes at least one 
secondary unit (24), Which is connectable to the cardiovas 
cular system of the organism and arranged to utilize said 
hydraulic energy. The secondary unit is represented by at 
least one hydraulic motor (24a) arranged to transfer the 
hydraulic energy to a transferal organ (28). The transferal 
organ (28) is arranged to in?uence at least one tertiary unit, 
for example an executive device (29), Which is constructed 
in order to convert the transferred energy to an alternative 
form of energy, With the purpose to in?uence certain de?ned 
?lnctions Within the organism. Preferably is arranged a regu 
lating device (30) in order to control running parameters of 
the unit. 

24 Claims, 16 Drawing Sheets 
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IMPLANTABLE DEVICE FOR UTILIZATION 
OF THE HYDRAULIC ENERGY OF THE 

HEART 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of PCT International 
Application No. PCT/SE00/01355 ?led Jun. 26, 2000 which 
PCT Application claims priority to Swedish Application No. 
990238 1-4 ?led June 23, 1999. 
The present invention refers to a device, implantable in a 

living organisms, for the utilisation of at least part of the 
hydraulic energy developed by the heart (the primary unit), 
which is acquired by the natural work of the heart i.e. by the 
contraction of the heart (the systolic phase) where the blood 
is put under pressure, followed by the relaxation phase (the 
diastole), where the ventricles of the heart are ?lled with 
blood. The device comprises at least one secondary unit con 
nected to the cardiovascular system. 

THE BACKGROUND AND PROBLEMS OF THE 
INVENTION 

The heart is well known to work as two deplacement 
pumps which are functionally separated apart, and which 
work sycncronously, in the way that the right pump trans 
ports blood to the pulmonary circulation, whereafter the 
oxygenated blood returns to the left pump. Thereafter, the 
left side ejects the oxygenated blood to the peripheral circu 
lation of the body i.e. to the vascular system of the entire 
organism. Finally, the blood returns to the inlet of the right 
pump. 

The force of the pump is generated by the contraction of 
the cells of the myocardium, which surrounds the atria and 
the ventricles of the heart. The direction of the circulation is 
controlled by unidirectionally acting valves. The energy 
delivered by the heart to the surrounding, mainly to the 
blood consists primarily of pressure-volume work against 
the blood, kinetic work and heat. 

It is previously known to assist the circulation, when the 
heart is fainting, by external force. Such assist is typically 
powered by pressurized air or electricity as energy source 
located outside the body. It has even been suggested to uti 
liZe energy converted from muscle, other than the heart, for 
example muscle of the legs, or from the back, as energy for 
the circulating blood via some sort of converting mecha 
nism. 

To add energy, from outside the body, to implanted assist 
devices has previously been used and is principally not di?i 
cult. But it may cause discomfort and be complicated for the 
patient due to tubings and cables penetrating the skin. Such 
connections limit the patient’s degree of freedom to special 
rooms or to trolleys equipped with batteries and computers. 
If therefore, one could use energy existing within the body, 
the patient would experience a new degree of freedom. The 
circulation of living creatures, including man, is normally 
kept in balance between the cardiac output and the resistance 
of the peripheral arteries, in the way that blood pressure is 
kept within narrow limits. This is necessary since several 
organs cannot work and/or survive if the blood pressure 
drops below, or increases above extreme levels. The kidneys 
and the brain are organs known to be sensitive to variations 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
in blood pressure. Thus, if the heart in a human being faints, 
and cannot pump out the blood with enough force to keep 
the arterial mean blood pressure slightly above 50 mm Hg, 
the person will loose consciousness. If the kidneys are 
exposed for a similarly low arterial pressure, at least if 
exposed for a considerable long time, the urine production 
will cease. When the heart is fainting, and for some reason or 
another cannot generate a suf?ciently high blood pressure, 
the person will die. This is through for left side fainting, but 
also for right side fainting if the right pump cannot overcome 
the resistance of the lungs. 

The fact that the heart sometimes cannot pump out the 
blood to the circulation with a suf?ciently high pressure does 
not necessarily mean that the heart cannot deliver enough 
energy to the circulation, if mechanical, and other 
conditions, where correct. In contrary, several examples can 
be given, where the heart is extremely powerful and has 
hypertrophied to a siZe 2*3 times the normal, over years, but 
still the pressure is low. One typical example for such a 
situation, is a heart with one or more valves leaking, or a 
dilated heart, which cannot deliver a suf?ciently high pres 
sure to the circulation. The energy consumption of such a 
heart is much higher than the normal delivery to the circula 
tion at rest (1 watt). The e?iciency, i.e. the PV-energy+the 
kinetic energy/ the total energy for a normal heart is around 
15%, while for a diseased heart, especially if dilated the 
ef?ciency is considerably lower than that. 
A normal heart has a relatively low ef?ciency as a pump, 

compared to industrial pumps. Energy losses do arise 
(among other things) since the ventricles, at each 
contraction, as ?rst step, have to generate a contraction of 
the ventricular wall, which allows the ventricular pressure to 
reach the aortic pressure (or the pressure of the pulmonary 
artery for the right pump); the ventricle wall is pre-tightened. 
This contraction leads to energy losses, which are propor 
tional to the diameter of the ventricles in square, and 
therefore, these losses are great when the ventricles are 
dilated. In the second phase of the contraction, the ventricles 
have to increase the tension of the ventricular wall further, 
resulting in a ventricular pressure higher than the aortic pres 
sure whereby the ejection of the blood takes place. During 
the ejection, the volume of the ventricles decreases, and 
therefore, the wall thickness of the ventricles increases. This 
remodeling of the muscle mass also leads to energy losses 
which in some diseases (for example at extremely hyper 
trophic hearts) may be considerable. 
The way more than normal energy can be extracted from a 

fainting heart, is realized by comparing the pressure volume 
relation demonstrated in FIG. 1, which is en example given 
for a healthy heart (with an ejection fraction of 80%), with 
the relation given in FIG. 2, for a diseased heart (with an 
ejection fraction of 40%). Both ?gures are presented as 
PV-diagrams. The pressure-volume curve appears as a modi 
?ed square anti-clockwise and the area within the loop rep 
resents the work of the heart (EW=External Work) on the 
blood. The area PE represents energy within the heart con 
verted to heat at each contraction of the heart, which there 
fore is to be considered as wasted energy. 

It is noted that the area of the surface PE (in FIGS. 1, 2 and 
3) is not directly correlated to the one of the EW surface. The 
PE-area is proportional against the wasted energy but must 
be multiplied by a factor over 10 in a weak heart. 

FIG. 2 is an example of how a diseased heart works. In 
order to achieve same minute volume and frequency as a 
healthy heart, blood is retained within the ventricle after 
each contraction and even the mean pressure is below nor 
mal level. The ef?ciency of the heart is decreased. 
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The fact that retained blood Within the ventricle after each 
contraction does lead to energy loss should not be consid 
ered as if the retained blood should possess potential energy 
released in diastole. This is not the case since the blood is not 
compressible. In contrast, energy is lost since the ventricle 
must be pre-tightened before it can create a pressure high 
enough to start the ejection of the blood. This pre-tightening 
is Well knoWn energy consuming and is proportional to the 
volume of the ventricle. 

Besides this factor, there are several other important fac 
tors that decide the oxygen consumption of the heart and 
thereby the energy consumption, the magnitude of the lost 
energy and the e?iciency of the heart. These are described in 
the book “The Heart Arteries and Veins” 8 Edition. 
McGraW-Hill Inc., being for example the mass of the heart, 
the level of the pre-tightening, the frequency of the heart and 
the hormones in?uencing the heart. In contrast, as a paradox, 
the external Work of the heart is not the main factor to decide 
the oxygen consumption since maximally 15% of the energy 
of the heart is converted to external Work (for a healthy 
heart). When a heart Wakens, often ?rst step is a dilatation of 
the ventricle, later through an increase of its mass Whereby 
the losses increase dramatically. 

The idea to take out more blood at the contraction of the 
ventricles (systolic phase) is old and used every day. Phar 
macologically it is easy to dilate the capacitance vessels of 
the arterial system (i.e. an afterload reduction) and thereby 
increase the stroke volume and the minute volume. But the 
price is loW blood pressure and the limits Within one oper 
ates are narroW. Likewise, one can in?uence the heart 
mechanically to eject more blood in each cycle. This may for 
example be achieved by diastolic counterpulsating, and one 
example of such pumps is the aortic balloon pump. 
A diastolic counterpulsator Works in its simplest form in 

the Way that When the heart in systolic phase ejects its con 
tained blood, the counterpulsator accumulates part of this 
volume outside the cardiovascular system for example in a 
pump cylinder connected to the artery in a groin. Thereby, 
the systolic resistance is reduced and the systolic blood pres 
sure is kept loW Which ameliorates the ejection of the blood 
from the heart. 

In diastolic phase, When the valve betWeen the heart and 
the arterial system is closed, an external force, i.e. a motor, is 
used to press back the blood from the counterpulsator to the 
arterial system. The diastolic pressure is increased, as is the 
mean pressure. It is noted that this Way of pumping results in 
a mirrored arterial blood pressure curve. This is true for 
external counterpulsators as described above, but also for 
internally located counterpulsators like the aortic balloon 
pump, Which is the most commonly used assist pump in 
modern cardiac surgery. The mechanism is simple and 
intelligentibit it needs externally added energy. 
The counterpulsator is a device Well described in the 

medical literature i.e. “Cardiopulmonary Bypass” by Ken 
neth M. Taylor, 1986. Chapman and Hall Ltd., 9 chapter. 
By US. Pat. No. 4,938,766iR. Jarvikiis knoWn an 

implantable prosthesisia deviceifor amelioration of the 
perfusion of the natural cardiovascular system Without add 
ing energy from outside the body. HoWever, the device can 
not store the energy for more than part of a cardiac cycle. 
Nor can it render the arterial pressure curve in mirrored 
version, Which is the case for the counterpulsator. It ?attens 
out the blood pressure curve. It may increase the mean pres 
sure in the arterial system, and it may enhance the take out of 
more energy from the heart (more than before connecting the 
device), but it Will decrease the maximum systolic pressure. 
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4 
Thus, the device cannot solve the pressure demand from 
peripheral organs like the brain and the kidneys, Which have 
an absolute pressure demand in order to survive. 
The Purpose Of The Invention And The Solution Of The 
Problem 
The purpose of the present invention is to achieve a device 

Which, as mentioned in the introduction, Without adding 
extemalifrom outside the bodyienergy, can utiliZe energy 
created Within the body, for different purposes and in differ 
ent Ways, depending on Which disease is actual. Some 
examples of possibilities to be opened are given: 

to correct a diseased heart, by correcting the pump modus 
of the heart in the Way that the PE is decreased; 

to make possible, in patients With edema, like for example 
in patients With ascites, a system to eliminate the edema 
Without control mechanisms; 

to control and manipulate natural and arti?cial openings 
of the body; 

to supply implanted apparatus like pacemakers, electric 
pulsgenerators like ICD apparatus With poWer; 

to supply computers or similar equipment With energy in 
order to control implanted electronic equipment Which 
may be in contact With the central nervous system etc. 

The purpose is among other to bring back the modus oper 
andi of the heart to a normal pump modus and thereby 
reduce the lost energy, While the energy delivered to the 
surrounding (at rest) is constant. These purposes have been 
solved by the characteristics mentioned in the patent claims. 

DESCRIPTION OF THE DRAWINGS 

The invention Will be described in detail beloW together 
With some examples With referral to enclosed draWings. 

FIG. 1 demonstrates a pressureivolumeidiagram 
(PVidiagram) of a healthy heart; 

FIG. 2 demonstrates a similar PVidiagram for a fainting 
heart; 

FIG. 3 demonstrates a diagram similar to FIG. 2, for a 
fainting heart, corrected With the device according to the 
present invention. 

FIG. 4 demonstrates a heart seen from its anterior aspect 
and partly in a 3 dimensional Way and applied With a very 
schematic device according to a ?rst variant of the present 
invention. 

FIG. 5 demonstrates schematically a second variant of a 
device according to the present invention With tWo hydraulic 
cylinders Working parallel to each other. 

FIG. 6 demonstrates a third variant of the invention by a 
device for pressure ampli?cation using a double belloW 
device. 

FIG. 7 demonstrates schematically a modi?ed pressure 
ampli?er With blood ?oW through the hydraulic motor as 
Well as through the hydraulic pump. The device Works syn 
chronously With the beats of the heart. 

FIG. 8 demonstrates another example of a pressure ampli 
?er Where the pump Works in counter phase compared to the 
heart beats, i.e. a counterpulsator. 

FIG. 9 demonstrates schematically a device according to 
the present invention for the conversion of force applied by 
linear motion to electricity. 

FIG. 10 demonstrates a device for absorption of energy by 
conduction of blood from the arterial to the venous system. 

FIG. 11 demonstrates a variant of the counterpulsator 
demonstrated in FIG. 8. 

FIG. 12 demonstrates a pressureitime4diagram for a 
normal heart Without any assist device. 
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FIG. 13 demonstrates a similar pressureitimeidiagram 
for a heart connected to a pressure ampli?er according to the 
present invention. 

FIG. 14 demonstrates a similar pressureitimeidiagram 
for a heart connected to a counterpulsator according to the 
present invention. 

FIG. 15 demonstrates very schematically a regulating 
mechanism for devices according to the present invention. 

FIG. 16 demonstrates schematically a device for genera 
tion of electricity by using a hydraulic motor. 

FIG. 17 demonstrates schematically a device consisting of 
a hydraulic motor and a hydraulic pump in a composite unit, 
constructed for drainage purpose of compartments of the 
body. 

FIG. 18 demonstrates a device arranged to transfer energy 
from one ventricle to the contralateral circulation. 

FIG. 19 demonstrates schematically an implantable 
device for dialysis according to the present invention. 

FIG. 20 demonstrates schematically an implantable 
device for dialysis supplied With pressure ampli?er and pre 
dilution mechanism. Water for dialysis is automatically 
added before the ?lter unit. 

FIG. 21 demonstrates schematically a device according to 
FIG. 8, Which in addition is connected to a combined motor 
and generator. 

FIG. 22 demonstrates a device according to the present 
invention arranged as a pressure ampli?er placed in a spe 
ci?c organ like for example a leg. 

FIG. 23 demonstrates a variant of the device according to 
FIG. 8 arranged as a counterpulsator. 

FIG. 24 demonstrates a variant of the device according to 
FIG. 4 arranged With a closed circuit pressure medium sys 
tem. 

FIG. 25 demonstrates a variant of the device according to 
FIG. 8 arranged With a double closed circuit medium system 

FIG. 26 demonstrates a modi?cation of the device accord 
ing to FIG. 25 arranged With a triple closed circuit medium 
system. 

FIG. 27 demonstrates a ventricle containing a gauging 
device. 

GENERAL DESCRIPTION OF THE INVENTION 

The main purpose of the invention is to utiliZe and/or to 
convert at least part of the energy delivered by the hearti 
also called the primary unitito the blood for speci?c or 
other purposes, primarily Within the body, but in some spe 
ci?c cases even outside the body. The device needed to 
extract energy from the pump Work of the heart via the blood 
depends on the purpose the energy is intended to be used for 
and consists in most cases a conventional hydraulic motori 
even called the secondary UHIIiWhICh has been adjusted 
according to its speci?c purpose. The hydraulic motor, 
Which is poWered by the pressurized blood, converts the 
hydraulic energy back to mechanical or electric energy. 
After this conversion, the energy can be used immediately, 
stored for a short period (a cycle of the heart) or stored for a 
longer time. The energy can be used to run different appara 
tus i.e. one or more pumps, an electric motor, a control 

mechanism or a regulator etc. The actual equipment Will 
decrease the pressure Within the heart, Ph and the residual 
volume Vr after the contraction of the ventricle/ventricles. 

If the hydraulic energy is converted Within the body to 
electricity, neW possibilities Will appear for self supply With 
limited amounts of electric poWer, to be used for several 
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6 
purposes, for example to run pumps to maintain the 
circulation, to generate blood pressure higher than the nor 
mal pressure, generated by the normal or by the diseased 
heart etc. 

The energy delivered by the heart to a hydraulic motor is 
V*dp Where V is volume and dp is reduction in pressure of 
the blood When passing the hydraulic motor. The energy 
spent by the heart to deliver V*dp is much higher than V*dp 
itself. 
One Way to absorb energy from the pressuriZed blood is 

by help of a hydraulic motor connected to the heart directly, 
normally to one or both ventricles, and most frequently to 
the left ventricle. But principally, any of the atria and ven 
tricles of the heart may be connected to each its motor and 
Work independently or more or less interconnected. 

By adjusting the characteristics of the hydraulic motor, 
more blood may be ejected the natural Way and to the motor 
than before connection to the device. The pressure in the 
heart may be same as normal4or loWer, depending on the 
characteristics of the motor. At diastole, the ventricle needs 
to be ?lled With blood, and the most natural Way to do this is 
to empty the motor directly through the in?oW connection, 
Which in that case Will be the out?oW connection as Well. 
Thus, the blood from the motor is mixed With the blood 
?lling the ventricle the natural Way. But emptying an ?lling 
of the motor does necessarily have to take place by the same 
route. If the motor empties its blood “upstream” in the 
circulation, the blood Will automatically ?nd its Way doWn to 
the same ventricle (although it may be a burden for the cir 
culatory system to a certain degree on its Way back). 
As mentioned, the energy absorbed from the heart by the 

motor may be used for several purposes. One example is to 
lead back the energy directly to the circulationior later, at 
the same time as electricity is generated and stored in an 
accumulator. Arranged in this Way, the net amount of energy 
transferred to the circulation Will be the same, less or more 
than before connection to the motor. The pro?le of the blood 
pressure can be manipulated and the mean blood pressure 
can be increased. 

It is even possible With this device to take out a maximum 
of blood volume for the ventricle at a pressure so loW that the 
valve betWeen the ventricle and the circulation never opens, 
Which normally is inconsistent With life, and still absorb 
energy at this loW pressure. The device may give back the 
energy to the circulation and thereby generate a suf?ciently 
high pressure to guarantee life *WIIIIOUI adding energy 
from the surrounding. 

DESCRIPTION OF SOME EXAMPLES 

To get e better understanding of the invention, FIG. 4 
demonstrates a human heart 10 partly in a 3 dimensional 
presentation, Where 11 indicates the left atrium, 12 the left 
ventricle, 13 the mitral valve, 14 the aortic valve, 15 the 
main body artery (the aorta), 16 the right atrium, 17 the right 
ventricle, 18 the tricuspid valve, 19 the pulmonary valve, 20 
the pulmonary artery, 21 tWo caval veins and 22 four pulmo 
nary veins. 
The blood is pumped from the circulatory system of the 

body (the periphery) via the tWo caval veins 21 to the right 
atrium 16, passes through the tricuspid valve 18 to the right 
ventricle 17 and is pumped through the pulmonary valve 19 
to the pulmonary artery. In the lungs the blood absorbs oxy 
gen and continues its How to the pulmonary veins 22 to the 
left atrium 11 and further via the mitral valve 13 to the left 
ventricle 12, Which pumps out the blood through the aortic 
valve 14 to the main body artery 15. 












