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57) ABSTRACT 
A cardiac assistance device is disclosed which 
produces a uni-directional pumping action assisting 
the heart when the device is activated after it has been 
introduced into a blood vessel by conventional surgi cal procedures. 

8 Claims, 5 Drawing Figures 
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3,692,018 
CARDACASSISTANCEDEVICE 

BACKGROUND OF THE INVENTON 

Heart failure is medically defined, in its broadest 
sense, as the inability of the heart to pump blood 
throughout the body. For purposes of describing the 
present invention a failing heart is defined as one that is 
not sufficiently healthy to pump blood at the rate 
needed to maintain adequate blood flow and continued 
well-being of its owner but which is nevertheless, capa 
ble of pumping some blood. 
A cardiac assistance device is one that aids a failing 

heart. One presently known device used for this pur 
pose comprises a single inflatable balloon which is 
adapted to be inserted into an appropriate blood vessel, 
as for example, the aorta. When such a device is in 
flated and deflated, a pumping action within the blood 
vessel occurs and when the inflation and deflation cycle 
is appropriately timed to the heartbeat, the device acts 
to assist the failing heart. 
While this type of cardiac assistance device has sig 

nificantly contributed to the progress of medical 
science, it is inherently inefficient. This is due to the 
fact that the balloon acts as an omni-directional pump 
thus making it impossible to direct its force in a single 
direction so that blood is pumped only to those regions 
of the body where adequate blood flow is most critical 
as for example, to the brain and the muscles of the 
heart itself. 

SUMMARY OF THE INVENTION 

In accordance with the teachings of the present in 
vention a cardiac assistance device is provided which is 
constructed to create an artificially induced uni 
directional "pumping action' within a blood vessel of 
the patient to aid the failing heart. In construction, the 
device includes an inflatable occluding chamber and 
one or more inflatable pumping chambers disposed on 
one side of the occluding chamber in communicating 
relationship therewith. The occluding and pumping 
chambers are adapted to be inserted into the blood ves 
sel of the patient and both are inflated and deflated on 
a cyclical basis out of phase with the beat of the failing 
heart but sequentially with respect to each other by a 
pneumatic power source positioned externally of the 
patient. 
The occluding chamber has a diameter greater than 

the diameter of the blood vessel within which it lies so 
that when inflated it occludes the blood vessel. Since 
the occluding chamber is inflated before the pumping 
chamber, the pressure created in the blood vessel when 
the pumping chamber is later inflated causes the blood 
to flow in a single direction away from point of occlu 
sion between the inflated occluding chamber and the 
wall of the blood vessel. Thus the cardiac assistance 
device of the present invention acts as a uni-directional 
pump and when properly positioned the direction of 
blood flow created by the device can be effectively 
controlled according to the dictates of sound medical 
practice to be most beneficial to the patient. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a cross-sectional view of the cardiac 

assistance device of this invention disposed within a 
blood vessel. 
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FIG. 2 is a cross-sectional view of the cardiac 

assistance device of this invention disposed within a 
blood vessel showing an alternative embodiment of the 
structure within the occluding chamber. 

FIGS. 3 and 4 are elevation views of the cardiac 
assistance device of this invention showing progressive 
stages of the operation of the device. 

FIG. 5 is a diagrammatic illustration of a human 
heart showing the placement of the cardiac assistance 
device within the aorta. 

DETAILED DESCRIPTION OF THE INVENTION 
As shown in FIG. 1, the cardiac assistance device in 

cludes a pumping structure indicated generally by 
reference numeral 10 which is adapted to be inserted 
within a blood vessel 2 of the patient by conventional 
surgical procedures. The pumping structure is specially 
constructed to produce a uni-directional flow of blood 
within the blood vessel. For this purpose the pumping 
structure operates to first occlude the blood vessel and 
then to create pressure within the blood vessel on one 
side of the point of occlusion to thereby cause the 
blood within the vessel to flow in one direction away 
from the point of occlusion. In construction, the pump 
ing structure includes expansion means for internally 
occluding the blood vessel and blood moving means 
positioned on one side of the expansion means for dis 
placing blood on that side of the expansion means. As 
shown, the expansion means comprises an inflatable 
occluding chamber 3 and the blood moving means 
comprises one or more inflatable pumping chambers 4 
which communicate in series with the occluding 
chamber. The occluding chamber 3 and the pumping 
chamber 4 are defined by a balloon structure which 
consists of a balloon member 5 mounted on a tubular 
conduit 6 extending longitudinally through the balloon 
member 5. Each end of the balloon is disposed in fluid 
gas tight relationship about the tubular conduit by 
suitable sealing means as for example, silk threads 7 
tied tightly about the terminal ends of the balloon 
member. As shown, an intermediate portion of the bal 
loon member 5 is held against expansion in fluid-gas 
tight relationship to the tubular conduit 6 by silk 
threads 7" similar to the ones used for sealing each end 
of the balloon member. A metallic pellet 13 seals the 
end of the tubular conduit at a point located near the 
end of the pumping chamber 4 remote from the occlud 
ing chamber. The use of a metallic pellet for this pur 
pose advantageously permits the position of the pump 
ing structure within the blood vessel to be visually 
monitored by the use of standard X-ray techniques 
after it has been introduced into the patient. 
The balloon member 5 and the tubular conduit are 

made of nonthrombogenic material so that the danger 
of blood clotting is eliminated. Also the silk sealing 
threads are coated with a nonthrombogenic material 
and the assembled pumping structure is dipped into a 
bath of molten nonthrombogenic material. An example 
of nonthrombogenic material is polyurethane. In addi 
tion to being nonthrombogenic, the balloon member is 
also inelastic or nonstretchable so that the danger of 
fatigue failure due to stretching when the balloon 
member is repeatedly inflated and deflated is avoided. 
In other words, no stretching of the balloon member 
occurs when it is inflated. Rather the balloon merely 
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expands upon inflation to its natural but relaxed in 
flated state. 
The tubular conduit serves a dual purpose. First, it 

acts to hold the pumping chamber on one side of the 
occluding chamber as the balloon structure is in 
troduced into the patient thus preventing the balloon 
structure from folding back on itself. Secondly, the tu 
bular conduit provides a convenient means for in 
troducing gas or fluid into the balloon structure to in 
flate the occluding and pumping chambers. For the 
latter purpose those portions of the tubular conduit 
which extend through the occluding and pumping 
chambers are provided with a series of perforations 8 
which permit air flow into and out of the occluding and 
pumping chambers. In the presently preferred embodi 
ment of this invention, the tubular conduit has a diame 
ter of approximately 2-3 millimeters and the perfora 
tions are approximately 1 millimeter in diameter. 
The occluding chamber of the balloon has a size such 

as when inflated the blood vessel is internally occluded. 
The blood vessel is occluded by the inflated occluding 
chamber in the sense that a complete occlusion of the 
blood vessel is produced causing stoppage of the blood 
stream and accumulation of the pressure within the 
blood vessel. The pumping chamber on the other hand 
is slightly smaller in size than the occluding chamber 
and when inflated the pumping chamber acts only to in 
crease the pressure within the blood vessel. In other 
words, flow of blood past the inflated pumping 
chamber is not prevented but blood flow past the in 
flated occluding chamber is prevented. In the construc 
tion shown in the drawing, the occluding chamber is 
substantially spherical in shape while the single pump 
ing chamber shown is substantially cylindrical in shape. 
Since the construction shown in the drawing is in 
tended for insertion within the aorta of the patient 
which for the average patient has an inside diameter of 
approximately 18-22 millimeters, it is preferred that 
the spherical occluding chamber be slightly greater 
than 22 millimeters in diameter in its inflated state and 
that the pumping chamber have an inflated size of ap 
proximately 16 millimeters in diameter. 
The occluding and pumping chamber of the balloon 

are alternately inflated and deflated at a cycle which is 
out of phase with the heartbeat of the patient. That is, 
when the heart is relaxed, the chambers of the balloon 
are inflated and when the heart is pumping these cham 
bers are deflated. For this purpose a pneumatic power 
source indicated diagrammatically by reference nu 
meral 11 in FIG. 5 is provided. The pneumatic power 
source is of conventional construction having the capa 
bility of creating alternating positive and negative pres 
sure as triggered by the electrocardiogram of the pa 
tient. As shown, the pumping machine is connected to 
the balloon structure via the tubular conduit 6. A suita 
ble pumping machine for practicing the teachings of 
the present invention is the pneumatic pumping 
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In order to provide uni-directional pumping action, 
the occluding chamber of the balloon structure is in 
flated prior to inflation of the pumping chamber. For 
this purpose an obstruction member 9 is provided. The 
obstruction member acts to divert the flow of gas 
within the balloon structure in a manner which 
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4 
produces sequential inflation of the occluding and 
pumping chambers. As shown the obstruction member 
is disposed within that portion of the tubular conduit 
extending through the occluding chamber 3 at a point 
located between two adjacent perforations 8' and 8'. 
With this arrangement, gas supplied from the pneu 
matic power source is temporarily diverted from the tu 
bular conduit into the occluding chamber through the 
perforations 8' disposed upstream of the obstruction 
member. This diversion is due to the presence of the 
obstruction member which prevents uninterrupted flow 
of gas through the tubular conduit. When the occluding 
chamber has reached a fully inflated configuration as 
shown in FIG. 4, the gas reenters the tubular conduit 
through the perforations 8' disposed downstream of the 
obstruction member. From this point the gas flows into 
the pumping chamber through the perforations 
disposed in the portion of the tubular conduit extend 
ing within the pumping chamber. Thereby the pumping 
chamber is brought to a fully inflated condition as 
shown in FIG. 1. Thus it will be seen that the occluding 
chamber and pumping chambers are repeatedly cycled 
in a sequential fashion from the configuration shown in 
FIG. 3 where both chambers are collapsed to the con 
figuration shown in FIG. 4 where the occluding 
chamber is inflated and the pumping chamber deflated 
and finally to the configuration shown in FIG. 1 
wherein both chambers are inflated causing blood 
within the vessel to flow in the direction of arrows 14 
away from the point of occlusion in the vessel created 
by the inflated occluding chamber. With the solid ob 
struction member it will be recognized that deflation of 
the occluding chamber also occurs in a sequential 
manner. In other words, during the deflation phase a 
reverse flow of air out of the balloon is created first 
from the occluding chamber through the perforations 
8' and then from the pumping chamber. The path of 
exit from the pumping chamber leads into the conduit 6 
through the perforations disposed in the portion of the 
conduit 6 located within the pumping chamber and 
then into the occluding chamber via the perforations 8' 
and finally back into the tubular conduit through the 
perforations 8' and out of the balloon structure. 
The occluding and pumping chambers may ad 

vantageously be deflated substantially simultaneously 
by replacing the solid obstruction member with a one 
way valve such as the ball valve 12 shown in FIG. 2. 
With this arrangement, the ball valve is closed during 
the inflation cycle thereby producing the same pattern 
of air flow as is produced with the solid obstruction 
member shown in FIG. 1. However, on the deflation cy 
cle, the ball valve is opened thus permitting air to be 
withdrawn from the occluding and pumping chambers 
through all the perforations in those portions of the tu 
bular conduit disposed within these chambers at sub 
stantially the same time. Simultaneous deflation of the 
occluding and pumping chambers is advantageous 
since very little time is consumed between successive 
beats of the heart. Thus the possibility that the pumping 
structure will pulsate in appropriate coordination with 
the heartbeat is thereby greatly enhanced. 
One application for the cardiac assistance device of 

the present invention is sown in FIG. 5. For this appli 
cation the pumping structure section of the device is in 
serted into the femoral artery at a point below the 
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bifurcation in the aorta and pushed upward into the 
aorta to the position shown. In this position the device 
acts to direct a flow of blood toward the heart into the 
coronary artery which supplies blood to the heart 
muscles and also into the carotid arteries which supply 
blood to the brain. Blood pumped by the cardiac 
assistance device is prevented from reentering the 
heart chamber by the aortic valve. It will be recognized 
that this particular use of the device is particularly 
beneficial since an adequate supply of blood to these 
critical organs is insured. 
We claim: 
1. A cardiac assistance device comprising: 
a. a pump structure adapted to be inserted into a 
blood vessel of a patient, said blood structure hav 
ing an elongated support means with an insertable 
end; 
1. expansion means on said support means for oc 
cluding the blood vessel; 

2. blood moving means positioned on one side of 
the expansion means on said support means ad 
jacent said insertable end for displacing blood 
within the vessel on said one side; 

3. means for sequentially activating the expansion 
means and blood moving means in that order to 
produce a uni-directional flow of blood within 
the blood vessel away from the point of occlu 
sion and toward the heart, and 

b. means for alternately activating and deactivating 
the expansion means and to produce moving 
means on a cycle out of phase with the pumping 
action of the heart. 

2. The cardiac assistance device according to claim 1 
wherein: 

a. the expansion means comprises an inflatable oc 
cluding chamber; and 

b. the blood moving means comprises at least one in 
flatable pumping chamber communicating with 
the occluding chamber. 

3. The cardiac assistance device according to claim2 
wherein: 

a. the occluding chamber and pumping chamber are 
defined by a balloonstructure comprising: 
1. a single balloon member held against expansion 
at an intermediate point along its length to 
thereby form the occluding chamber on one side 
of said point and the pumping chamber on the 
other side of said point; and 

2. holding means attached to the balloon member 
for maintaining the relative position of the oc 
cluding chamber and pumping as they are in 
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6 
troduced into the patient. 

4. The cardiac assistance device according to claim 3 
wherein: 

a. the holding means comprises a tubular conduit ex 
tending through the balloon member, said balloon 
member being held in sealed relationship about 
said conduit at each end thereof and at said inter 
mediate point along its length; and 

b. the means for activating the occluding and pump 
ing chambers comprises a pneumatic power source 
operatively connected to the tubular conduit for 
alternately pressurizing and depressurizing the bal 
loon member to inflate and deflate it respectively; 

C. al portion of the tubular conduit extending 
through the balloon member has a series of per 
forations permitting flow of air into and out of the 
balloon member during the inflation and deflation 
phases respectively. 

5. The cardiac assistance device according to claim 4 
wherein: 

a. the means for sequentially inflating the occluding 
and pumping chambers comprises means for tem 
porarily diverting the flow of air through the tubu 
lar conduit into the occluding chamber prior to en 
trance into the pumping chamber. 

6. The cardiac assistance device according to claim 5 
wherein: 

a. the means for diverting the flow of air through the 
tubular conduit comprises an obstruction member 
disposed within the portion of the tubular conduit 
extending through the occluding chamber at a 
point located between two adjacent perforations 
of said conduit portion. 

7. The cardiac assistance device according to claim 5 
wherein: 

a. the means for diverting the flow of air through the 
tubular conduit comprises a one-way valve 
disposed within the portion of the tubular conduit 
extending through the occluding chamber at a 
point located between two adjacent perforations 
of said conduit portion, said valve precluding the 
flow of air therethrough during the inflation phase 
and permitting flow of air therethrough during the 
deflation phase. 

8. The cardiac assistance device according to claim 5 
wherein: 

a. the occluding chamber is substantially spherical in 
shape; and 

b. the pumping chamber is substantially cylindrical in 
shape. 
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