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5 Claims. (C. 3-1) 

This invention relates to blood pumps and the like and 
more particularly to means for connecting arterial graft 
sections to implantable blood pumps and the like. 
The advent of open heart surgery has presented to the 

medical profession the opportunity of repairing damaged 
or diseased hearts of individuals and where appropriate 
using circulatory assist systems in individuals who with 
out such correction and/or systems face premature deatn. 
Many devices are involved in this type of surgery. For 
example, one circulatory assist system may comprise an 
auxiliary ventricle or valveless blood pump connected 
across the arch of the arota and driven by fluids pressure 
in response to electronic signals (QRS wave) provided by 
the heart itself. By operating the auxiliary ventricle in 
proper phase, the systolic pressure in the left heart can be 
reduced and the systemic circulation can be maintained 
with a substantially reduced work load on the heart 
muscle. In addition, the operation of the auxiliary ven 
tricle has the effect of shifting the phase of the normal 
systolic pressure so that this pressure appears in the 
aorta at a time when the left ventricle is relaxed. As 
suming competence of the normal aortic valve, one then 
has an increased perfusion pressure available to the cor 
onary arteries. It is believed that such an increase in 
coronary perfusion, together with a reduction in the 
effort required from the heart, should be effective in 
a number of cases of cardiac insufficiency. 
As may be seen from the above, one important com 

ponent of circulatory assist systems is a pump that either 
assumes the heart's role of pumping blood or which 
reduces the work load of the heart muscle. By using heart 
pump equipment for extended periods of time, it is con 
templated that the equipment may be utilized for regional 
perfusions in therapeutic treatment of the heart. Still other 
use of the equipment will be to provide circulation of 
blood through an artificial organ such as an artificial 
kidney. In connection with this function of the apparatus, 
it should be noted that many research institutions at 
this time are concentrating the research activities on pro 
viding artificial counterparts of other organs, and when 
ever such application requires circulation, the present in 
vention may be utilized. 

Implantable prior art pulsatile pumps usually consist 
of a flexible bulb or ventricle squeezed by pressurized 
fluids and coupled to one or more blood vessels such as 
arteries or veins. Generally, arterial graft sections con 
nect the bulb to the circulatory system. These arterial 
graft sections are generally of the woven Teflon-type or 
Dacron-type employed in the insertion of arterial grafts 
and the replacement of damaged sections of an artery. 

Heretofore, in such prior art pumps, the manner in 
which the arterial graft sections were attached to the 
bulb resulted, among other things, in unsatisfactory 
growth of tissue at the junction of the graft material and 
the bulb. By unsatisfactory growth of tissue is meant 
growth in such a manner as to result in free forming clots 
or clots which break off and are carried away by the 
blood stream. Accordingly, a feature of the present inven 
tion is the provision of a connector in an implantable 
prosthetic device connected to the circulatory system 
which has improved clotting characteristics. 

Another feature of the present invention is the provi 
sion in an auxiliary ventricle or the like of connectors 

0. 

20 

30 

40 

50 

5 5 

60 

2 
which tend to prevent unsatisfactory tissue growth at the 
junction of arterial graft sections and that portion of 
the auxiliary ventricle or the like on which tissue will not 
grOW. 
A further feature of the present invention is the provi 

sion in an auxiliary ventricle or the like of a connector at 
the inlet end which decreases in diameter at the junction 
of an arterial graft section and the ventricle. 
A still further feature of the present invention is the 

provision in an auxiliary ventricle or the like of a con 
nector at the inlet end which provides a decrease in 
diameter at the junction of an arterial graft section and the 
ventricle and a connector at the outlet end which pro 
vides a substantially constant diameter. 
The novel features that are considered characteristic of 

the present invention are set forth in the appended claims; 
the invention itself, however, both as to its organization 
and method of operation together with additional objects 
and advantages thereof, will best be understood from the 
description of a specific embodiment when read in con 
junction with the accompanying drawings, in which: 
FIGURE 1 is a perspective view with parts broken 

away of an implantible auxiliary ventricle incorporating 
the present invention; 
FIGURE 2 is a side view with parts broken away of a 

connector in accordance with the present invention adapted 
for use at the outlet end; 
FIGURE 3 is an end view taken on line 3-3 of FIG 

URE 2; and 
FIGURE 4 is a partial sectional view of a connector 

essentially the same as that shown in FIGURE 2, but 
adapted for use at the inlet end. - 

Directing attention now to FIGURE 1, there is shown 
by Way of example a valveless auxiliary ventricle gen 
erally designated by the numeral 10, incorporating the 
present invention. While the present invention will, for 
convenience, be described in connection with an implant 
able auxiliary ventricle, it is to be understood that it may 
be used in conjunction with prosthetic devices, plastic 
tubes and the like, adapted for connection to the cir 
culatory system over extended if not indefinite periods of 
time. 
The auxiliary ventricle as shown in FIGURE 1 is 

adapted for implantation within a living body. Arterial 
graft sections 11 and 12 are attached to the open ends 
of the auxiliary ventricle by connector means fully de 
scribed hereinafter. For the type of auxiliary ventricle 
shown, the arterial graft sections 11 and 12 generally are 
Surgically attached to the aorta (not shown) in conven 
tional manner. The arterial graft sections may be of the 
well known woven Teflon-type employed in the insertion 
of arterial grafts and the replacement of damaged sec 
tions of an artery. Edwards Seamless Arterial Graft 
manufactured by the United States Catheter and Instru 
ment Company have been found to be satisfactory. 
The auxiliary ventricle is comprised of an elongated 

and compliant bulb 13 having an inlet opening 14 and an 
outlet opening 15 to permit blood to freely flow there 
through. The aforementioned arterial graft sections are 
attached to the auxiliary ventricle at these openings. The 
bulb may be comprised of a flexible material acceptable 
to the blood, such as for example Medical Silastic 372 
supplied by Dow Corning Corporation, Midland, Mich. 
The bulb may have a generally ellipsoidal configuration 
or alternately have a generally U-shaped configuration as 
shown in FIGURE 1. The bulb has a capacity sufficient 
to receive an appreciable fraction of the outflow from the 
left ventricle of the heart and is shaped to provide 
optimum flow conditions and minimum stresses during 
Se. 

Surrounding and Sealably connected to the bulb 13 at 
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its open ends is a rigid and air tight case 16 including a 
pressure conduit 17 couple thereto for transmitting 
pulses of a fluid or a gas, such as for example oxygen, 
to the region between the bulb 13 and the case 16. Inlet 
connector means and outlet connector means generally 
designated respectively by the numerals 21 and 22 at 
tach the arterial graft sections to the auxiliary ventricle. 
Suitable connector means incorporating the present in 
vention now to be described in detail attaches the arterial 
graft sections to the auxiliary ventricle in Such a manner 
as to at least reduce if not eliminate post operative clotting 
and unsatisfactory growth of tissue at the inlet and outlet 
ends of the auxiliary ventricle. - 

0 

Directing attention now to FIGURES 2 and 3, there is 
shown connector 22 in accordance with a preferred em 
bodiment of the present invention intended for use at the 
outlet end of the auxiliary ventricle comprising a rigid 
hollow cylindrical inner member 31 sealably attached as 
by bonding it to the portion of the case 16 surrounding 
opening 15 in the bulb 13. The extreme end 32 of the 
inner member 31 remote from the case 16 is provided 
with a continuous smooth curved end surface 33 prefer 

20 

ably in the form of an outwardly extending lip 34 and in 
termediate its end portions, the inner member 31 is also 
provided with an outwardly projecting annular ring 35 
threaded to receive a rigid cylindrical outer member 36 
more fully described hereinafter. The portion of the bulb 
defining opening 15 extends through the inner member 
31 and over, around and past the aforementioned curved 
end surface 33 to form a cuff 37 is preferably sealably 
attached to the outer surface of the inner member by both 
a suitable adhesive and by wrapping and tying it with 
thread 38 such as Dacron thread or the like adjacent 
threaded ring 35. 
The provision of the cuff 37 formed by the end portion 

of the bulb disposed over continuously curved end surface 
33 is particularly advantageous in that it minimizes if not 
essentially eliminates the possibility of failure of the bulb 
as by fatigue at or adjacent its junction with the case and/ 
or inner member 31. - 

: Disposed over the cuff 37 former by the end portion 
of the bulb. is arterial graft section 12 which is preferably 
also tied and bonded to the cuff adjacent threaded ring 35. 
Directing attention now to the cylindrical outer member 
36, it will be noted that it surrounds inner member 31 and 
is adapted for threaded engagement with threaded ring 
35 to facilitate assembly of the connector. Integral with 
that portion of the outer member 36 remote from the 
case 16 is an inwardly extending ring-like member 41 
the radial dimension of which is sufficient to extend in 
wardly over lip 34 and permit a cloth-like filler material 
42 having a large number of interstices of a size to pro 
note clotting, such as for example a short piece of arterial 
graft Section having a diameter slightly greater than that of 
graft section 12 and comprising several radially disposed 
layers, to be gripped between ring 41 and cuff 37. The 
provision of absorbent material 42 behind the arterial 
graft section is important in that it permits blood to enter 
the interstices or pores and by clotting there to permit 
proper ingrowth of tissue. 

It is particularly important to note that as shown in FIG 
URE 2 for a connector intended for use at the outlet end, 
the radial dimensions of lip 41 are sufficient to provide 
a more or less continuous cylindrical passage comprising 
inner surface 40 of the bulb in inner member 31 and 
the arterial graft section 12. It is important to note that 
the diameter of surface 40 is substantially the same as the 
effective inside diameter of graft section 12, i.e., there is 
no substantial change in diameter as one moves from thhe 
surface 40 to graft section 12 exterior of the auxiliary 
ventricle. Whereas this is not deemed desirable for the 
connector at the inlet end, it is desirable at the outlet end 
as it prevents flow separation and is conducive to even 
growth of tissue beginning. at the junction of cuff 37 and 
graft section 12. 
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A plurality of openings 43 are provided in the outer 
member 36 adjacent ring 41 to permit blood to pass from 
the interior of the arterial graft section to and through 
the filler material 42 at the junction of the arterial graft 
section 12 and cuff 37. - 
The inner and outer members 31 and 36 may be com 

posed of surgically implantable stainless steel, such as for 
example 303 or 316 stainless steel, dipped in silicone resin 
prior to assembly to provide a coating of about 2 to 1 
nil in thickness. . . . . . 

After the arterial graft section 12 has been attached to 
inner member 31, the filler material 42 preferably corn 
prising several layers is disposed within the outer member 
at ring 41. The outer member 36 is then slipped over 
the arterial graft section and threaded onto the inner mem 
ber 31 to compress the filler material 42 to a point where 
substantially maximum contact is, provided between the 
filler material 42, ring 41 and that portion of the arterial 
graft section 12 covering the extreme end of cuff 37. A 
suitable adhesive 44, such as Silastic, may be provided 
at threaded ring 35 to provide a seal at this point and to 
hold ring 36 in place. A high compression connection is 
neither necessary nor desirable as it will result in exces 
sive restriction of blood flow in and through the filler mate 
rial and any tissue which subsequently forms in this region. 
While the number and type of openings 43 provided in 
outer member 36 is not critical, it is recommended that 
at least a substantial portion of the outer periphery of the 
filler material 42 be exposed to permit maximum perfu 
sion of blood through the tissue which subsequently forms 
in and around the filler material 42. . . . . . 

Attention is now directed to FIGURE 4 which shows 
connector 21 intended for use at the inlet end of the 

40 

auxiliary ventricle. The connector as shown in FIGURE 4 
is essentially the same as that shown in FIGURE 2 with 
the exception that it is arranged and adapted to provide 
a decreasing diameter as one moves in the direction of 
flow from the graft section 11 just exterior of ring 41a to 
that portion of the bulb disposed within inner member 31 
and rearwardly of end surface 33. The aforementioned 
decrease in diameter may be simply and inexpensively 
provided by increasing the inner diameter of ring 41 as 
shown in FIGURE 2 by a small amount, such as for ex 
ample about 2 millimeters. Thus, if ring 41 for an outlet 
connector as shown in FIGURE 2 is provided with an 
inner diameter of about 20 millimeters, the inner diameter 
of ring 41a as shown in FIGURE 4 may be provided with 
an inner diameter of about 22 millimeters. The diameters 
of surfaces 40 and 40a may be the same. These dimen 
sions will of course vary for different patients. 

It will now be apparent that a decrease in diameter 
is provided in the inlet connector at the junction of the 
graft section 11 and cuff 37. As tissue grows in this region, 
it will tend to form a regular surface having a constantly 
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decreasing diameter in the direction of flow. This decrease 
in diameter increases the flow velocity and provides a 
washing action at cuff 37 thereby at least reducing the 
possibility of unsatisfactory clotting and/or tissue growth. 
As noted previously, it is believed that a change in diam 

eter and particularly an increase in diameter in the di 
rection of flow beginning at cuff 37 in the outlet connector 
22 is to be avoided. - 

Having described a preferred embodiment of the inven 
tion, what is claimed is: 

1. In apparatus for receiving blood from a blood vessel 
Such as an artery or vein in a living body and having a 
Smooth inner surface exposed to and acceptable to said 
blood and on which clots and tissue will not form, said 
Surface defining a cylindrical inlet opening an a cylindri 
cal outlet opening, the combination comprising: 

(a) a first arterial graft section having an effective 
diameter greater than that of said inlet opening; and 

(b) first substantially cylindrical connector means for 
maintaining arterial graft section in contact with said 
surface defining said inlet opening, said connector 
means substantially maintaining the said effective 
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diameter of said graft material up to its point of con 
tact with said surface whereby the velocity of said 
blood adjacent said inner surface of said graft section 
is increased at said point of contact, said connector 
means being provided with a plurality of openings 
adjacent the junction of said surface and said graft 
section; and first perforate means having a large num 
ber of interstices of a size to promote clotting dis 
posed within said connector means adjacent said 
junction and in communication with said openings 
and said graft section. 

2. The combination as defined in claim 1 wherein said 
surface defining said inlet opening is supported by said 
connector means to provide a constantly decreasing diam 
eter in the direction of flow adjacent said junction of said 
surface and said graft section and a constant diameter 
remote from said junction. 

3. The combination as defined in claim 2 and addi 
tionally including: 

(a) a second graft section having an effective diam 
eter substantially equal to that of said outlet open 
ing; and 

(b) second substantially cylindrical connector means 
for connecting said second graft section to said sur 
face defining said outlet opening whereby the diam 
eter of at least a majority of said outlet opening and 
the diameter of said second graft section are substan 
tially the same adjacent their point of contact. 

4. The combination as defined in claim 1 and addi 
tionally including: 

(a) a second graft section having an effective diameter 
substantially equal to that of said outlet opening; and 

(b) second substantially cylindrical connector means 
for connecting said second graft section to said sur 
face defining said outlet opening whereby the diam 
eter of at least a majority of said outlet opening and 
the diameter of said second graft section are substan 
tially the same adjacent their point of contact. 

5. The combination as defined in claim 4 wherein said 
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6 
second connector means is provided with a plurality of 
openings adjacent the junction of said surface defining said 
outlet opening and said second graft section; and second 
perforate means having a large number of interstices of a 
size to promote clotting are disposed in said second con 
nector means adjacent said junction and in communica 
tion with said openings in said second connector means 
and said second graft section. 
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