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PERISTALTIC PUMP 

This is a continuation, of application Ser. No. 83,305, 
filed Oct. 23, 1970 now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to a peristaltic pump, 
which maybe used, for example, for transferring blood 
from a patient to an extra-corporal circulation device. 

It is known that peristaltic pumps are suitable for ex 
tra-corporal circulation devices because of their sim 
plicity of operation and because they avoid any contact 
of the blood with frictional surfaces responsible for var 
ious hazards. However, they suffer from a serious dis 
advantage inherent in all volumetric pumps; their flow 
rate is a function of their speed. 

If such a pump is connected to a vein and driven by 
a constant speed motor, it sucks the blood at a practi 
cally constant rate whilst the vein is supplied at an un 
known rate, which depends particularly on the position 
of the body, on the arterial pressure and on the average 
venous pressure. If the supply of the vein drops below 
the flow rate of the pump, the vein is gradually emptied 
of its blood and collapses. In the extreme case the 
puncture needle can cause lesion of the wall of the ves 
sel. 
Regulating devices have been proposed which either 

control the speed of the pump by the pressure reduc 
tion created upstream or by the level of the blood in a 
tank interposed between the patient and the pump. 
These devices are delicate and bulky and have not 
found general application. 
According to the present invention there is provided 

a peristaltic pump comprising at least one ?exible com 
pressible tube, means for successively compressing the 
pumping portion of said tube at two points spaced apart 
and moving the points of compression longitudinally 
along said portion. The tube, at least along said pump 
ing portion, has such a wall thickness and is made of 
such a material that collapse of the walls of the pump 
ing portion will occur when a predetermined pressure 
differential exists between the interior and exterior of 
the pumping portion to restrict the volume aspired 
therein. . 

Preferably the predetermined pressure differential 
between the interior and the exterior of the pumping 
portion is less than 250 cms of water. A suitable mate 
rial for the collapsible portion of the tube is a silicone 
elastromer. The wall thickness of the collapsible por 
tion may be any suitable value, for example less than 2 
millimetres. ‘ 

With the pump according to the invention should the 
pressure in the tube fall below the predetermined 
value, the tube will begin to collapse or ?atten and thus 
restrict the volume of liquid aspired therein. 

In order that the invention may more readily be un 
derstood, the following description is given merely by 
way of example, reference being made to the accompa 
nying drawings in which;‘ ' 
FIG. 1 shows one embodiment of pump according to 

the invention, interposed between a patient and a ha 
emodialyser; ' 1 

FIG. 2 is a graph showing how the cross-section of 
the tube changes as a function of the differences in 
pressure; 
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2 
FIG. 3 is a graph schematically showing the relation 

ship between the shape and the surface of the cross 
section of the tube; 
FIGS. 4 and 5 are graphs showing the operating 

curves of a pump according to the invention as a func~ 
tion of various parameters; 
FIGS. 6a, 6b, and 60 show sectional elevation of em 

bodiments of a roller of the pump flattening the tube. 
The pump 10 illustrated in FIG. 1 as shown is used 

for pumping blood from the arm 11 of a patient to a di 
alyser 12 and back to the arm. An upstream portion 13 
of ?exible tubing is connected to a pumping portion 14, 
which, in turn, is connected to a downstream portion 
15 leading to the dialyser. The pumping peristaltic ac 
tion is produced by three rollers 16 having larger diam 
eter portions at their longitudinal centers than at their 
ends. The three rollers 16 are rotatable as a set about 
a central axis 17 and the rollers are also rotatable about 
their own axes. Secured to a support 18 are two clamps 
19 and 20 which are arranged to tension the pumping 
portion 14 over the array of rollers 16. Thus, the pump 
ing portion is lightly stretched and the downstream por 
tion 13 and the upstream portion 15 of the tube are 
below the pumping portion 14. 

In the most general case used, the pump may‘func 
tion in open air, and the differences in pressure arise 
solely from the variations in the internal pressure of the 
tube. However, the possibility of placing the pump in~ 
side a controllable pressure chamber is not excluded, 
and in this case the differences in pressure arise either 
from the variations in the pressure of the chamber 
alone or, simultaneously, from the variations in the 
chamber pressure and the internal pressure of the tube. 
Again in the most general case, the pressure inside 

the upstream portion of the tube is lower than the ex 
ternal pressure and the tube in its relaxed position is cy 
lindrical. Under, these conditions,there is a range of 
pressure differences (called the sensitive range) in 
which the free (or internal) cross-section of the tube 
changes gradually from a circle to a ?atter and ‘flatter 
ellipse. FIG. 3 shows how the ‘surface S of an ellipse of 
constant circumference varies as a function of the 
length of its‘small axis A. The‘limit S = lOO %‘ and A 
= 1 corresponds to the circle. The free cross-section of 
a tube approximately obeys this law but departs there 
from in the caseof substantial flattenings: the tube then 
assumes the characteristicsliape?bf-aii’gor ofa Emits‘; 
bell, and two smaller passages are left on either side of 
a central portion where the walls touch. The residual 
passages are very much less sensitive to pressure than 
the initial tube, and the broken line has been used to 
show how the free cross-section of the tube ‘varies in re 
ality in this region of maximum flattening. . I 

1 The tube can also be manufactured to have an ellipti 
cal or fusiform cross-section when relaxed. In thiscase,‘ 
the free cross-section can vary both under the effect of 
an internal reductionin pressure and of an internal ex~ 
cess pressure. 

In both of these cases the variations in the free cross- . 
section are due to a ?exing of the walls of the tube. 
The free cross-section can also vary through elastic 

stretching of the wall, with the tube increasing in diam 
eter under the action of the internal pressure. Such an 
expansion however demands much higher differences 
in pressure and does not occur in the case of ?exible 
but inextensible tubes. Hence pumps in which the tubes 
change in cross-section through ?exing of the wall are 
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preferred; this allows a considerable variation in flow 
rate for a small variation in pressure, contrary to what 
would be the case with a change in cross-section by 
stretching. 

It is obvious that the ?attening of the tube must be 
gradual and that the pressure/?attening curve for the 
change occurring in either direction must display nei 
ther any zero slope nor any splitting into two (due to 
hysteresis or doubly stable positions); this would 
amount to having two different cross-sections, and 
hence two different flow rates,‘ for one and the same 
pressure, which is obviously incompatible with a con 
trol system. 
The sensitive range of these tubes varies as a function 

of well-known parameters (internal diameter, wall 
thickness and modulus of elasticity), and it is hence 
easy to determine what tube is suitable for a particular 
application, either by empirical tests or by calculation. 
It is possible to standardize a series of tubes once and 
for all by measuring their flattening for different suc~ 
tion pressures; FIG. 2 shows the standardisation of 
three silicone elastomer tubes of internal/external di 
ameters 9/l2, lO/l2.6 and 12/14 mm. The ordinate of 
the graph indicates the thickness of the tube (small ex 
ternal axis) and the abscissa shows the internal pressure 
reduction, expressed as the height of water raised, all 
in mm. The forking of the curve corresponds to the ap 
pearance of an 8-shaped cross-section with the oppo 
site walls of the tube touching in the middle part (this 
is not a case of the characteristic displacement of a hys 
teresis). 
Knowing the average ?ow rate required of the pump, 

it is easy to choose a suitable cross-section of tube as 
a function of mechanical characteristics of the pump 
for example, (pulsation frequency, and distance be 
tween two nip points,) i.e., volume per pulse. Thus the 
tube itself is chosen as a function of the sensitive range, 
or visa versa. FIG. 4 shows how the maximum ?ow rate 
of a pump varies for a given speed of rotation as a func 
tion of the pressure reduction in the suction tube and 
the lifting pressure, expressed in centimetres of water. 
For a given speed and a given delivery pressure, it is 
thus possible to vary the average flow rate by simply 
changing the height of the pump, so that the peristaltic 
tube falls in the central portion of the sensitive range. 
The internal pressure of the peristaltic tube at the 

pump inlet is equal to the sum of three pressures: 
a. the pressure of the liquid to be pumped (measured 
at the point of withdrawal); 
b. the height between the pump and the liquid to be 
pumped; and 
c. the loss in pressure upstream from the pump (espe 
cially at the fixed or adjustable throttling point such as 
a puncture needle, clip or tap.) 

If the internal pressure lies within the sensitive range, 
i.e., so that the pressure differential between the inter 
ior and exterior is sufficient to cause collapsing of the 
tube, any variation in pressure of the liquid to be 
pumped manifests itself through a variation in pressure 
in the peristaltic tube, causing a variation in its cross 
section and its flow rate. Thus the ?ow rate necessary 
and sufficient to maintain a quasi-constant pressure up 
stream from the pump is self-regulating. 
This regulation is not absolute (as in any servomech 

anism) but suffices in the‘majority of cases. It is how 
ever useful to recall that the loss in pressure upstream 
from the pump, for a given liquid and‘a- given pipeline, 
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4 
varies as a function of the ?ow rate; the regulation of 
the flow rate is hence the better, when its variations and 
the loss in pressure are smaller. 
The pumps according to the invention are particu 

larly suitable for use as level regulators, because a rise 
or lowering of the level of the liquid to be pumped re 
spectively causes an increase or reduction in the flow 
rate of the pump. They are equally suitable for the ex 
tra-corporal circulation of blood (for example for ha 
emodialysis), and very particularly when the circula 
tion is from a vein supplied by an arterio-venous fistula; 
it is, in effect, known that the average pressure in the 
vein, at the point of entry of the withdrawal needle, can 
vary. When this pressure drops, the ?ow rate of a pump 
according to the invention decreases spontaneously. 
Thus emptying the vein to the point of complete ?at 
tening, which would cause the hazards indicated above, 
is avoided. 
Furthermore, in the event of an utimely movement of 

the patient, the end of the intravenous needle or cathe 
ter can come close to the wall of the vessel and change 
the pressure drop of the whole device. Under these 
conditions, if the ?ow rate does not drop very rapidly, 
the end of the needle or catheter can adhere by suction 
to the wall of the vessel, entirely stop the flow and 
cause lesion of the wall. 
Although the mechanical part of the pump can theo 

retically be of any type (with fingers, with rollers and 
a ?xed idling stator or without stator), a rotating pump 
without stator is preferred in practice. Amongst the 
pump os this type, a pump with 3 rollers, such as is 
shown in FIG. 1, is preferred. This pump in effect has 
particularly valuable advantages in cases where the life 
of a patient is at stake because if the delivery tube 
should be partially or completely clocked it acts as a 
pressure restrictor. (In this case the liguid can ?ow 
back through the elastic tube which is blocked only 
through its tension around at least one roller, instead of 
being ?attened between two incompressible elements, 
and the pump feeds more or less nothing and thus does 
not present the risk of causing the tube to burst.) 
Although the pump functions correctly in any posi 

tion, it is advantageous to locate the pumping tube in 
a non-horizontal (preferably vertical) plane, with its 
pumping portion, as illustrated in FIG. 1, at a higher 
level than its outlet section; this arrangement allows a 
bubble of air accidentally introduced into the circuit to 
be retained if the speed of the. liquid pumped is less 
than the speed of rise of the bubble. This is the case 
particularly for haemodialysis, where the blood flow 
rate is low (6.5 to 7 cm/sec in a tube of about one cen 
timetre diameter). 
According to an advantageous characteristic, espe 

cially in the case of a blood pump, the pumping tube is 
not entirely blocked at the point of the pressure ele 
ments, fingers or rollers (at least for the position of the 
rotor which corresponds to the minimum elongation of 
the tube in normal operation in the case of a pump 
without stator): the tube remains open along a cross 
section of between 0.01 and 2 mm and preferably 
about 1 mm. Under these conditions the back-?ow of 
blood upstream is negligible but the back?ow of air is 
complete; the pump cannot feed air towards the pa 
tient. When the pump has built up sufficient air it stops 

_ and requires the removal of air from the pump to re 
start. 
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To avoid complete blockage of the tube of a pump 

with rollers and a stator, it suf?ces to leave a space 
greater than the thickness of a completely ?attened 
tube between these elements. A similar adjustment is 
appropriate for a pump with ?ngers. In the case of a 
pump with rollers and without a stator, it suf?ces to 
vary the tension of the tube. The latter will be deter 
mined by the following parameters of the pump: speed 
of rotation, ?ow rate, delivery pressure, relative thick 
ness and elastic characteristics of the tube, and diame~ 
ter of the rollers. Determining this presents no dif? 
culty; for example, it is sufficient gradually tor-‘change 
the tension until the desired result is obtained. 

Preferably the rollers are not cylindrical but have a 
smaller diameter at the point of the lateral folds of the 
tube than in their middle portion. They can, in particu 
lar, be a double cone or a doubly conically tapered cyl 
inder. This shape facilitates adjusting the tension of the 
tube (as de?ned above) and improves the risistance of 
the tube to repeated ?exing. This shape is also suitable 
for pumps with a stator, in particular to avoid complete 
blockage of the tube. 
A pump without a stator equipped with a stretched 

tube has an additional advantage; its maximum delivery 
pressure can be de?ned with a small margin of varia 
tion over a large part ofits range of ?ow rates (see FIG. 
4 and Example 2).. 
The tube with which a pump according to the inven 

tion is equipped can be made of any elastic material 
sufficiently resistant to repeated ?exing, and expecially 
of elastomers which are suitable for customary peristal 
tic pumps. Silicone elastomers generally prove satisfac 
tory for biological liquids and furthermore their elastic 
memory is excellent. Additionally, a tube according to 
the invention has a thinner wall than in the customary 
pumps because it must ?ex as a function of the varia 
tions in internal pressure. This reduction in thickness 
improves the working life of the tube, which is an addi 
tional advantage, especially in the case of extra 
corporal circulation. 
The peristaltic pump according to the invention pos 

sesses the advantages of centrifugal pumps (variable 
?ow rate at constant speed) without suffering from 
their disadvantages (settling-out and destruction of 
shaped elements), nor from those of volumetric pumps. 
It thus simultaneously provides optimum guarantees of 
safety in suction, in delivery and with regard to the ac 
cidental indroduction of air into its suction. 
The Examples which follow illustrate various aspects 

of the invention: ‘ ‘ 

EXAMPLE 1 

For circulating, the blood of patients ?tted with art 
erio-venous fistulas and treated by chronic haemodial 
ysis, the pump represented in FIG. [has the following 
characteristics: ‘ ‘ I ' 

Doubly conical rollers, diameter 6 mm at the centre, 
apex angle 4°30’, spaced at 120° from one another on 
a circle of 60 mm radius, ' 

silicone elastomer tube of diameter 9 X 12 mm, hard 
ness 55 Shore, stretching by 10 percent under the ten 
sion of a weight of 1.2 kg, I 

“'Telaxedle‘iigth ‘s‘5‘s'“'mm", length in operation 3'93’ to 
404 mm (depending on the angular position of the rol 
lers). The pump sucks the blood through a puncture 
needle (internal diameter 1.6 mm) and lifts it into a ha 
emodialyser connected by appropriate tubes. The 
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blood returns to the blood vessel by means of an identi 
cal needle. 

In practice, a speed of about 25 rpm is chosen, corre 
sponding to 75 pulsations; for an approximate height of 
70 cm below the patient, and with average flattening of 
the tube, the blood flow rate is about 300 ems/minute. 

EXAMPLE 2 

The followingfmodi?cations are introduced intgthe 
pump of Example 1: rollers comprising a cylindrical 
middle part (12 mm length, 5 mm diameter) ending in 
truncated cones (length 5 mm, apex angle 4°30’). 
These rollers, made of stainless steel, run with spindles 
carried in self-lubricated rings. 
The tube has diameters of 10 and 12.6 mm, its re~ 

laxed length is 380 mm, and its minimum tension is 400 
g. FIG. 4 represents the maximum ?ow rate curves of 
the pump as a function of the lift height (downstream 
pressure) for two suction heights (upstream presure re 
duction): 0 to 50 mm of mercury at 25 rpm. It is seen 
that for a suction of 50 mm Hg., the maximum flow rate 
only changes from 350 to 300 ems/minute for a lift 
pressure of 0 to 220 mm Hg, whilst it drops from 300 
to 0 between about 220 and 260 mm Hg. Safety against 
excessive delivery pressure is hence very rapidly en 
sured. The drop in ?ow rate between 0 and 220 mm 
Hg, is due to the intentional lack of leakproofnes's of 
the pump; its effect is hence small in the range of pres 
sures used. In normal operation (speed 25 rpm, lift up 
to 120 mm Hg), the ?ow rates are 340 cm/minute for 
an upstream pressure reduction of 50 mm Hg and 410 
cma/minute for zero pressure reduction. 
FIG. 5 respectively shows: 
At A, the maximum delivery pressure (mm Hg) as a 

function of the tension of the tube (in grams) at 25 
rpm. The degrees of stretching of the tube for two ten 
sion extremes have been shown; 
At B, the maximum delivery pressure as a function of 

the speed of the pump (in rpm) for a tube under 400 
g. tension. 

I claim: 
1. A method of peristaltic pumping comprising pro 

> viding a ?exible compressible tube said tube being con 
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structed from a silicone elastomer and a pumping por 
tion thereof and reducing the inlet pressure to said tube 
until the pressure difference between the, inside and 
outside of the pumping portion of the tube becomes so 
high that said pumping portion partially collapses along 
the entire ‘length thereof, and successively compressing 
said partially collapsed pumping portion at spaced 
apart points of compression and moving the‘ points of 
compression longitudinally of said portion thereby to 
reduce the available pumping volume whereby the out 
put from the pump is controlled as a function of the 
inlet pressure. ‘ ' 

2. A method of operating a peristaltic pump to pump ‘ 
liquid from a source, said pump being of the type com 
prising a ?exible compressible tube, a pumping portion 
to said tube and means for successively compressing 
said pumping portion at spaced apart points of com 
pression and moving the points of compression longitu 
dinally of said portion,‘ including the step of progres 
sively increasing the height of the pump above the 
source of liquid to be pumped until said pumping por 
tion at least partially collapses clue to reduction of the 
pressure of ?uid within the tube thereby toreduce the 
available pumping volume whereby the output from the 
pump is controlled as a function of the inlet pressure. 

* * * ll‘ * 
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