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This invention relates to a pump for use as an artificial 
heart or blood pump in certain branches of surgery, Such 
as hypothermia. 
The type of pump usually employed for the indicated 

purposes are known as roller-and-flexible tube pumps be 
cause the blood is advanced through an arc-shaped flex 
ible tube by means of one or more rolliers rotating about 
an axis common to that of the arcuate tube. An ad 
vantage of this type of pump is its simple design which 
does not include any valves. Furthermore, its operation 
is almost entirely volumetric, so that the rate of flow of 
the blood can readily be determined by measuring the ro 
tational speed of the rollers thereof. This pump how 
ever, as conventionally constructed, is not strictly volu 
metric because the tube thereof is not completely sealed 
when flattened by the rotating roller or rollers. In the 
conventional pump, the flexible tube has a circular cross 
section and when flattened by a roller passing therealong 
tends to assume a shape which in cross-section approxi 
mates a flattened out figure eight. Thus, while the major 
parts of the inner walls of the flattened out portion of the 
tube are in contact, there are left openings at the ends of 
such portion through which leakage can occur. 
produces the further disadvantage that the blood spurt 
ing through these leakage openings causes an undesirable 
turbulence which can give rise to hemolysis of the blood. 

It has been found that while such a pump could be 
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made to seal off completely by increasing the bearing . 
pressure of the roller on the flexible tube, the degree of 
roller bearing pressure applied to accomplish this result 
would likely be such as to cause hemolysis of the blood. 
Further, any roller bearing pressure capable of accom 
piishing such sealing action would also produce fairly 
high stresses in the sides of the tube during the flattening 
process and as such stresses are alternating stresses they 
may eventually cause the tube to crack and then burst. 
Furthermore, the rollers of such conventional pumps are 
usually attached to a rotating central portion and no 
means are provided for adjusting the bearing pressure 
thereof. 
the pump to provide a given bearing pressure on the 
flexible tube, because of the rigidity of such mounting any 
variations in the thickness of the walls of the tube would 
cause variations in the pressure applied by such rollers to 
the blood through such tube. It has been found that 
considerable pressure variations likely to cause hemolysis 
of the blood, may result in this fashion from unavoidable 
small variations in the thickness of the tube. 

It is the purpose of the instant invention to provide a 
roller-and-flexible tube pump for use as an artificial heart 
or blood pump in certain surgical operations, and of Such 
improved construction that it will be free of the aforesaid. 
disadvantages of conventional pumps of the indicated 
type. 

in accordance with the invention there is provided in 

Therefore, while the rollers may be mounted in 8 
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the improved pump a flexible tube of such a form that in 
cross-section it has a flattish shape which is approximately 
defined by two opposite and intersecting circular arcs, the 
common chord of which is parallel to the pump roller 
center line. With a tube of this particular shape, all 
symmetrically opposite points on the inside surfaces of 
the two walls threof whose sides are defined by the junc 
tures of the longitudinally extending planes containing 
such arcs, will come into contact when the tube is flattened 
by the rollers, thereby leaving no lateral leakage passages 
in the flattened portion of the tube. - . 
By thus enabling the tube to become completely sealed 

when flattened, without leaving any lateral splits or open 
ings in the flattened portion thereof, the special cross 
sectional tube-shape of the invention renders the pump 
occlusive so that its rate of flow can be calculated ac 
curately from the rotational speed of the rollers thereof. 
Further, such tube design enables the tube to be com 
pletely flattened at a substantially lower bearing pressure 
than is possible with the conventional tubing and without 
any risk of blood hemolysis. As such lower pressures the 
sides of the tube are Subjected to very low strains so that 
risks of failure of the tube by cracking and bursting are 
practically eliminated. 
. A further advantage resulting from the improved shape. 
of the tube is that Such shape gives the tube a certain 
annount of elasticity during the pressure build up and 
delivery. This elasticity shows up as pulsations bearing a 
certain similarity to the systolic action of the human 
heart (one systole for each roller passage) and facilitating 
the Stimulation of normal physiological conditions. 

- The tube has projecting outwardly from the central 
portion of one of such walls, a fin or projection con 
figured to fit a correspondingly shaped groove in the 
pump body, and cooperating with the latter to maintain 
the tube correctly positioned hard against the rolling face. 
of the pump body for the entire length of the loop formed 
by Such tube, and to prevent the tube from creeping in the 
direction of rotation of the roller assembly. 

In accordance with the invention also, the rollers and 
roller spindles are fitted with a self aligning bearing sys 
ten, and the roller spindles are mounted on a variable 
tension system, to ensure that the rollers will exert a pre 
determined, practically constant, bearing pressure on the 
tube irrespective of any longitudinal or lateral variation 
in the thickness of the tube. There is thus eliminated the 
danger of blood hemolysis which might otherwise occur 
if the bearing pressure were to exceed a certain value as 
in the use of rigidly mounted rollers such as are provided 
with conventional pumps of the indicated type. In the 
operation of this improved system, the self aligning roller 
bearing mounting ensures that any transverse tube thick 
ness variations are absorbed without undesirable effects, 
while the variable tension spring carriers absorb any 
minor longitudinal variations in the tube thickness with. 
out causing any appreciable variation in the bearing 
preSS re. 
The features and advantages of the invention will be 

come more clear by perusing the following description of 
a preferred form of the invention that is also illustrated 
in the accompanying drawings, in which 

FIG. 1 is a longitudinal sectional view of a roller-and 
flexible tube pump embodying the improvements of the 
invention; is . 
FIGS. 2a, 2b and 2c are detailed cross-sections, on an 
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enlarged scale, of the type of circular flexible tube which 
is used in conventional pumps, and illustrating, respec 
tively, its normal shape, the shape it assumes as it is be 
ing flattened, and its fully flattened shape; 

FIGS. 3a, 3b and 3c are detailed cross-sections, on an 
enlarged scale, of a tube embodying this invention, and 
illustrating, respectively, its normal shape, the shape it 
assumes as it is being flattened, and its fully flattened 
shape; and 
FIG. 4 is a detailed cross-sectional view, on an en 

larged scale, of one of the rollers in the pump shown in 
FIG. I. 

Referring to FIG. 1 of the drawings, the reference 
numeral generally indicates the body of the roller-and 
flexible tube pump on which is provided a combined 
mounting and guide 2 for the flexible tube 3. The guide 
2 is configured to hold the tube 3 in a substantially U 
shaped form with the two legs 3, 3’ thereof in substan 
tially vertical parallelism. The upper ends of the tube 
legs 3, 3’ are provided with suitable unions 2, 13 Sup 
ported by a cross bar 30 mounted on the body 1 of the 
pump. In the operation of the pump, blood enters the 
same at the tube end provided with the union i2 and 
is discharged through the union 13 at the other end of the 
tube. The tube 3 is provided on the convex side of the 
central arcuate section thereof with a longitudinal fin or 
projection 9 that extends throughout the length of such 
arcuate section and is seated in a corresponding groove 
2’ provided in the guide 2. The fin 9 is wholly received 
within the groove 2 so that the outer wall 8 of the tube 
3 is positioned in tight engagement with the inner con 
cave edge or rolling face of the guide 2. The fin 9 may 
be positively secured in position in the groove 2 against 
any possibility of creepage therein by means of lock 
bolts 31. 
The inner wall 8 of the tube 3 is engaged by two 

rollers 4, 4 mounted for rotational movement about an 
axis located at the center of the arc defined by the cen 
tral arcuate section of the tube. The rollers 4, 4 rotate 
in the direction of the arrow f and as they travel along 
such inner wall 8 they progressively compress and flatten 
the walls 8, 8 one against the other to cause the blood 
to flow in the direction of the arrows fi. 
As has been indicated, the tube usually employed in 

the conventional roller-and-flexible tube blood pump has 
a circular wall, in cross-section, as is illustrated by the 
circular tubing 5 shown in FIG. 2a of the drawings. 
When such a tube is compressed by a roller 4 passing 
over it, each transverse portion thereof as the roller ap 
proaches the same tends to assume the shape of a figure 
8 as is shown in FIG. 2b of the drawings. When the 
roller comes into contact with such transverse hose por 
tion, the opposite sides of the latter are flattened one 
against the other to close the body of the 8, but the folds 
in the lateral ends thereof maintain the ends of the 8 open 
to some extent and there remain two lateral leakage open 
ings 6, 6 through which the blood may leak, as is shown 
in FIG.2c. 

By way of contrast, the corresponding FIGS. 3a, 3b 
and 3c illustrate the normal form and manner of opera 
tion of the tube of this invention. It will be noted in 
FIG. 3a, that in the normal condition of the tube 3, it 
has in cross-section, a flattish shape resembling the Sec 
tion of a fruit pit. The outer wall 8 and the inner wall 
8 of the tube generally have a somewhat similar shape 
whose sectional configuration may be approximately de 
fined by two opposite and intersecting circular arcs 
having a common chord 10 which is parallel to the center 
line O’ in FIGS. 1 and 4 of the pump roller. The lon 
gitudinal edge portions of the walls 8, 8' adjacent to their 
junctures thereof are disposed at an acute angle to each 
other and said junctures thereof form the longitudinal 
side edges 7, 7 of the tube 3. It will be further observed in 
FIG. 3a, that except for the area provided with the fin 
9, the tube 3 has substantially the same thickness through 
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4. 
out its circumference and therefore possesses the advan 
tages inherent with a tube wall of uniform thickness. 

FIGS. 3b and 3c show how the cross-sectional area of 
a transverse portion of the tube 3 will be varied by a 
roller. As the roller approaches such transverse portion, 
the walls of the latter become fattened in such manner 
that all points symmetrically opposite in substantially the 
entire areas of the inner Surfaces of such walls, such as the 
points designated d, e on the inner surfaces of walls 8, 8, 
respectively, will move toward each other as indicated 
in FIG. 3b. When the roller engages such transverse por 
tion and entirely flattens the same against the inner roll 
ing face of the guide 2, all of such symmetrically opposite 
points across the transverse width of such inner wall Sur 
faces will meet and the tube will be completely closed 
throughout the entire extent 1-11 thereof and no lateral 
leakage openings will remain. As in such flattening of 
the tube very little strain occurs in the vicinity of the side 
edges 7, 7 thereof, due to the uniform thickness of the 
tube, its configuration and the reduced pressure needed 
to obtain a complete closing thereof, there is little risk 
of failure of the tube due to cracking or bursting along its 
side edges 7, 7. 
The rollers 4, 4' are mounted on a self-aligning bear 

ing and adjustable tension spring lever assembly com 
prising two arms 16, 16 forming part of the pump drive 
shaft 17 whose rotational axis is located at the center of 
the arc defined by the central arcuate section of the tube 
3. Fixed to the outer ends of the arms 6, 16' are 
spindles 15, 15, respectively, on which are mounted for 
free pivotal movement the arms i4, 14, respectively, on 
the outer ends of the latter of which are provided the 
rollers 4, 4', respectively. The inner ends 19, 19" of the 
arms 14, 14, respectively, are connected together by an 
elastic link located between the spindles 15, 15' and com 
prising a spring 8 connected at one end to the inner arm 
end 19 by an enclosing thrust collar 20 forming part of 
arm 14 and a securing member 21 screwed into such spring 
end. The other end of spring 8 is enclosed by a movable 
collar 20' adjustably mounted on an adjusting screw 21 
extending through the inner arm end 19 and into such 
other end of the spring. By manually turning the head 
of the adjusting screw 2', the position of collar 20 can 
be adjusted relative to the roller arm 14 to adjust the 
tension of spring 18 and thereby to adjust the bearing 
pressure exerted by the rollers 4, 4 on the flexible tube 3 
to any given value. The screw 21' can be locked in its 
adjusted position by means of a set screw 22 threaded 
into the inner arm end 19 and engaging such adjusting 
screw. With the parts so set, the bearing pressure of the 
rollers 4, 4 on the tube 3 will remain practically con 
stant, as the spring i8 will absorb any minor variations 
in the tube thickness as the rollers move longitudinally 
thereover. 
To avoid any possibility of an interruption in a surgical 

operation due to a failure of spring 18 to perform its 
functions in the pump, the roller assembly includes ad 
justable stops 23, 23 mounted in diametrically opposed 
and spaced relation on the drive shaft 7 and engaging in 
coactive relation with the inner ends 9 and 19", respec 
tively, of the roller arms 14, 14, respectively. The con 
struction of the stops 23, 23 is such that normally it 
permits the spring assembly to absorb any minor varia 
tions in the tube thickness within a given range without 
interference with the functioning of such spring assembly. 
However, should there occur a failure of the spring, the 
stops 23, 23' will coact directly with the arms 14, 14", 
respectively, to enable the pump to still run, though under 
less satisfactory conditions, for then the rollers will 
function in the manner of rigidly mounted rollers and 
without the flexibleness imparted by the spring assembly. 
It will be noted also that this coaction of the stops 23, 
23' and the arms 14, 14, respectively, will also function 
to prevent major variations of the spring assembly be 
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yond said given range and in this respect the former will 
control the operation of the latter. 

Each of the rollers 4, 4 is mounted on its associated 
spindle 24 by means of a known type of self-aligning bear 
ing 25 constructed to enable the roller to absorb trans 
verse variations in the tube thickness without undesirable 
effects on the blood in the tube 3. As is shown in FIG. 
4 of the drawings, the bearing 25 of each roller is en 
closed within the roller by means of bearing seals 26, 26 
of known construction. 
While there has been hereinabove described and illus 

trated in the drawings, a preferred embodiment of the 
invention, it will be understood that changes therein may 
be made without departing from the spirit of the inven 
tion. Thus, for example, the flexible tube may be con 
structed so that the outer and inner walls may be given any 
suitable form of convexity to provide, in section, any 
desired flattish shape with acute angles defined by the 
side edge portions of such walls. It is accordingly under 
stood that it is intended to cover all forms of the inven 
tion coming within the scope of the appended claims. 
What is claimed is: 
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1. A blood pump comprising a pump body having a 
horizontal central axis, a U-shaped guide seat mounted 
on said body with the arc-shaped central portion thereof 
disposed below and centered about said central axis, a 
flexible resilient U-shaped tube seated on said guide seat 
and having its ends extending upwardly on opposite sides 
of said central axis, means on the upper portion of Said 
pump body for supporting the ends of said tube, a plu 
rality of pressure rollers mounted on said body with their 
axes in spaced parallel relation to said central axis for 
rotational movement about the latter and in engagement 
with the arc-shaped central portion of said tube, means 
supporting said pressure rollers for movement as a whole 
about pivotal points offset from lines connecting said 
roiler axes with said central axis, and means for resiliently 
biasing each pressure roiler into contact with said tube 
with a given, substantially constant bearing pressure, said 
tube having a flattish, convexo-convex shape and includ 
ing an outer wall seated on said guide seat and an inner 
wall engaged by said pressure rollers, said flattish walls 
being substantially uniform in thickness throughout their 
widths, being oppositely convex and meeting at their side 
edges in acute angles, said tube along the longitudinal 
lines of juncture of the walls thereof being of substan 
tially the same thickness as in the walls thereof and hav 
ing in cross-section a transverse axis parallel to said 
central axis and substantially greater in length than its 
conjugate axis and such that all symmetrically opposite 
portions of the walls thereof come into contact when the 
tube is flattened by a roller to completely close the tube 
without leaving any lateral openings, the outer wall of 
said tube having a central longitudinally extending inte 
gral fin of substantial cross-sectional area for Securing 
said tube to said guide seat, and the inner wall of said 
tube being smooth to enable the rollers to uniformly con 
tact the same throughout its width. 

2. A blood pump comprising a pump body having a 
horizontal central axis, a U-shaped guide seat mounted 
on said body with the arc-shaped central portion thereof 
disposed below and centered about said central axis, a 
flexible resilient U-shaped tube seated on said guide seat 
and having its ends extending upwardly on opposite sides 
of said central axis, means on the upper portion of Said 
pump body for supporting the ends of said tube, a plu 
rality of pressure rollers mounted on said body with their 
axes in spaced parallel relation to said central axis for 
rotational movement about the latter and in engagement 
with the arc-shaped central portion of said tube, said tube 
having an outer wall seated on said guide seat and an 
inner wall engaged by said pressure rollers, said Walls be 
ing oppositely convex and meeting at their side edges in 
acute angles, said tube along the longitudinal lines of 
juncture of the walls thereof being of Substantially the 
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same thickness as in the walls thereof and having in cross 
Section a transverse axis parallel to said central axis and 
Substantially greater in length than its conjugate axis and, 
such that all symmetrically opposite portions of the 
walls thereof come into contact when the tube is flattened 
by a roller to completely close the tube without leaving 
any lateral openings, the outer wall of said tube having a 
central longitudinally extending integral fin of substantial 
cross-sectional area for Securing said tube to said guide 
seat, and the inner wall of said tube being smooth to en 
able the rollers to uniformly contact the same throughout 
its width, and means for causing said rollers to exert a 
predetermined, practically constant, bearing pressure on 
said tube irrespective of any variation in the thickness 
of the walls thereof, said last mentioned means compris 
ing a spindle rotatably supporting each roller, and a self 
aligning bearing between said roller and said spindle, and 
enabling said roller to vary its inclination relative to said 
spindle as it travels over said tube due to transverse tube 
thickness variations without substantial variation in the 
pressure of the roller on the blood. 

3. A blood pump comprising a pump body having a - 
horizontal central axis, a U-shaped guide seat mounted 
on said body with the arc-shaped central portion thereof 
disposed below and centered about said central axis, a 
flexible resilient U-shaped tube seated on said guide seat 
and having its ends extending upwardly on opposite sides 
of said central axis, means on the upper portion of said 
pump body for supporting the ends of said tube, a plu 
rality of pressure rollers mounted on said body with their 
axes in spaced parallel relation to said central axis for 
rotational movement about the latter and in engagement 
with the arc-shaped central portion of said tube, said tube 
having an outer wall seated on said guide seat and an 
inner wall engaged by said pressure rollers, said walls 
being oppositely convex and meeting at their side edges 
in acute angles, said tube along the longitudinal lines of 
juncture of the walls thereof being of substantially the 
same thickness as in the walls thereof and having in cross 
section a transverse axis parallel to said central axis and 
substantially greater in length than its conjugate axis and 
such that all symmetrically opposite portions of the walls 
thereof come into contact when the tube is flattened by 
a roller to completely close the tube without leaving any 
lateral openings, the outer wall of said tube having a 
central longitudinally extending integral fin of substantial 

- cross-sectional area for securing said tube to said guide 
seat, and the inner wall of said tube being smooth to en 
able the rollers to uniformly contact the same throughout 
its width, and means for causing said rollers to exert a 
predetermined, practically constant, bearing pressure on 
said tube irrespective of any variation in the thickness of 
the walls thereof, said last mentioned means comprising 
a movable supporting member for each roller, variable 
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tension spring means connecting said movable supporting 
members so as to cause all of said rollers to bear against 
said tube with the same yieldable pressure and to enable 
said spring means to absorb variations in the tube thick 
ness as the rollers travel along said tube, and means for 
selectively varying the tension in said spring means to 
cause said rollers to bear on the tube with a given Sub 
stantially constant pressure such as will prevent hemolysis 
of the blood passing through the tube. 

4. A blood pump such as defined in claim 3, includ 
ing a shaft mounted for rotation about said central axis, 
and a cross-arm mounted on said shaft for rotation about 
said axis, and in which said supporting members are 
mounted for pivotal movement on said cross-arm, Said 
spring means comprises a coiled spring extending through 
said central axis and through an opening in said shaft, 
means connecting one end of said spring to one of said 
supporting members, and means movably connecting the 
other end of said spring to the other of said supporting: 
members and operable to vary the position of said other 
spring end relative to said other supporting member. 



3,192,873 
7 8 

5. A blood pump such as defined in claim 4, includ- 314,851 3/85 Kelly ---------------- 103-149: 
ing stop means carried by said shaft and connected to 2,249,806 7/41 Bogoslowsky --------- 103-149 
said supporting members so as to limit pivotal movement 2,406,485 8/46 Arnold --------------- 103-149 
of said supporting members to a given range and to pro- 2,693,766 1 1/54 Seyler --------------- 103-149 
vide an auxiliary means for fixing the position of said 5 2,898,864 8/59 Japolsky ------------- 103-149 
rollers relative to said fiexible tube. 2,917,002 12/59 Mascaro -------------- 103-149 
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