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57 ABSTRACT 
Device for producing a pulsating flow of a fluid. The 
device comprises a vessel receiving the fluid and an in 
flatable bag within the vessel. The interior of the bag is 
connected to means for producing a pulsating gas flow 
including a gas valve controlled electrically by a pulse 
generator, the frequency and ratio between the work 
time and rest time of the generator being variable. The 
resulting pulsating fluid issues from the vessel by way 
of an outlet. 

5 Claims, 3 Drawing Figures 
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3,758,237 
DEVICE FOR PRODUCING A PULSATING FLOW 

OF A FLUID 

The present invention relates to a device for trans 
forming the continuous flow of a fluid into a pulsating 
flow. More particularly, in a special application, the in 
vention relates to a device for obtaining in vitro a blood 
flow having physiological arterial characteristics. 
At the present time, devices for perfusing organs iso 

lated from their normal environment are employed 
more and more frequently in physiological or experi 
mental surgery laboratories. In conventional perfusion 
devices in general use, the perfusion liquid is made to 
flow by a pump which is either peristaltic or has rollers 
and produces a continuous flow. However, some perfu 
sion devices having a pulsating flow exist. They employ 
mostly an alternating displacement of a piston associ 
ated with a pair of valves. Such devices are often ex 
pensive, lack flexibility as concerns the obtainment of 
desired pressure waveforms, and are not atraumatic 
when the perfusion liquid is constituted by blood. 
An object of the invention is to remedy the draw 

backs of devices of the conventional method of perfus 
ing organs, and to provide a simple method for obtain 
ing within a fluid in motion or at rest pulses or pressure 
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uid flows to an organ which must be irrigated. The ves 
sel 4 can be connected to the atmosphere through a tap 
6 which is normally closed and is provided to permit 
filling the vessel 4. 
An element having a variable volume or modulator 

7 is immersed in the liquid contained in the vessel 4. It 
is preferably in the form of a small balloon or inflatable 
bag of elastically yiedable material (for example rubber 
or elastic plastics material) which is secured to a pipe 
8 which is fixed with respect to the vessel 4. 
A reservoir 9 of gas under pressure, such as nitrogen 

or air, is connected to an electrically-operated valve 10 
having three ways through a pressure-reducing valve 
and pressure gauge 11. An appropriate three way valve 
is of the type sold by H.F.T., Paris, France, under n 
5V-3-D. 90,032 under licence of Skinner Electric 
Valve Division, U.S.A. The valve 10 is connected to the 
pipe 8 through a tap 12 and to a pipe 14 leading to the 
atmosphere through a tap 13. The valve 10 is con 
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variations which are either single, sequential or repeti 
tive. 
The invention provides a device for producing a pull 

sating flow of a fluid, comprising a closed vessel which 
communicates with a constant-flow pump connected to 
a source of fluid and with a load to be supplied with 

30 

pulsated fluid, said vessel being adapted to contain per 
manently an amount of fluid, and a variable-volume 
pressure-modulating element located in the vessel and 
connected to a pulse-producing source whereby it is 
possible to vary the volume of said element. 
Owing to these features, the device according to the 

invention furnishes at its outlet a composite pressure 
wave including a constant component and a variable 
modulating component which usually has a smaller am 
plitude than the constant component. 

Preferably, the pressure modulating means is a small 
balloon or inflatable bag composed of elastically yield 
able material and the impulsive source comprises a res 
ervoir of a gas under pressure connected to the bag 
through a valve. 
Further features and advantages of the invention will 

be apparent from the ensuing description with refer 
ence to the accompanying drawings. 

In the drawings: 
FIG. 1 is a simplified diagram of a device for produc 

ing a pulsating flow of liquid according to the inven 
tion, and 
FIGS. 2A and 2B are diagrams comparing the pres 

sures produced in the femoral artery of a dog and in the 
arterial branch of a dog intestine segment undergoing 
extra corporal perfusion through the agency of a device 
according to the invention (pressure expressed in mil 
limetres of mercury with respect to time). 

In the embodiment shown in FIG. 1, the device for 
producing a pulsating flow of a fluid comprises a con 
stant-flow pump 1, for example of the type having roll 
ers. This pump draws in, for example, perfusion liquid 
through a pipe 2 and discharges it continuously through 
a pipe 3 connnected to a closed vessel 4 which is pref 
erably cylindrical. The vessel 4 is connected in its lower 
part to an outlet pipe S through which the pulsating liq 
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trolled by an electric pulse generator 15, its pulse fre 
quency being adjustable, for example, between 3 and 
300 per minute and its mark-to-space ratio being setta 
ble as desired. Such generators are well known in the 
art and commercially available so that no description 
need be made thereof here. For this purpose, the pulse 
generator n' IV-100C-Electrona, manufactured and 
sold by "Electrona,' 13, rue J. Jaures 67380 
Lingolsheim, France, is particularly appropriate. 
The device according to the invention operates in the 

following manner: 
The vessel 4 is filled either partly or completely by 

operating the pump 1 and opening the tap 6 leading to 
the atmosphere, the pipe 5 being temporarily closed by 
a tap (not shown). 
The gas circuit upstream of the valve 10 is put under 

gaseous pressure whose value is chosen, bearing in 
mind the geometric and mechanical characteristics of 
the vessel 4 and of the modulator 7, as a function of the 
amplitude of the pulsations it is desired to obtain. 
The pulse frequency and the ratio between the work 

time (for example systolic time) and rest time (for ex 
ample diastolic time) are set in the pulse generator 15 
controlling the electrically operated valve 10 and can 
be modified and adjusted at any time. In the absence of 
the taps 12 and 13 regulating the gaseous flows, the 
waveform of the pressures then obtained in the outlet 
pipe 5 is that of two damped oscillating movements 
which follow each other. The first is positive with re 
spect to the mean pressure and corresponds to the pres 
surizing of the modulator 7 (opening of the valve 10), 
whereas the second, which is negative,occurs when the 
valve 10 is closed, which brings about simultaneously 
(it being a three-way valve) the opening of the dis-- 
charge circuit of the pressurizing gas and therefore a 
sudden depressurization of the modulator 7. 
Such a waveform is usually of no interest and in par 

ticular not physiological, but its configuration or shape 
can be corrected by a regulation of the gaseous supply 
and discharge flows to which the modulator 7 is sub 
jected. Thus the partial and controlled closure of the 
tap 12 stops the sudden rise in pressure, avoids the ap 
pearance of an oscillatory operation and permits suit 
ably shaping the rising part (for example anacrotic) of 
the waveform. similarly, the shape of the descending 
part (for example dicrotic) which starts at the start of 
the depressurization is adjusted by regulating the dis 
charge flow (tap 13), that is, the deflation of the modu 
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lator 7. The combination of these two possibilities of 
adjustment enables a wide range of pressure profiles, 
and in particular physiological profiles, to be obtained. 
Measurements and recordings of pressures have been 
carried out in the arterial branch of segments 30 cen 
timetres long of the intestine of the dog undergoing ex 
tra-corporal perfusion. The pressure obtained at 1 cm 
from the mesentery is practically identical in ampli 
tude, frequency and profile to that measured in a femo 
ral artery (see respectively FIGS. 2A and 2B). 
The device according to the invention has in its very 

principle of operation an interesting property : the 
mean pressure and the differential pressure are inde 
pendent. Indeed, for given mechanical characteristics 
of materials constituting the vessel 4 and the modulator 
7, the amplitude of the pulsations (pressure differen 
tial) is only a function of the gaseous pressure supplied 
to the modulator. The mean pressure is dependent only 
on the resistance to flow of the downstream part of the 
circuit and the continuous flow applied by the roller 
pump 1. Consequently, it is possible to obtain, within 
a wide range of flows, a pulsatile operation having var 
ied characteristics, and in particular physiological char 
acteristics, irrespective of the chosen mean pressure of 
flow. 
With the device according to the invention it is possi 

ble : 
a. To obtain flows having physiological pressure pro 

files. In this field of application it has high flexibility, 
related to the possibilities of regulation of the gaseous 
pressurization and depressurization flows. It is simple 
and can be easily adapted to any conventional appara 
tus for perfusion of isolated organs and even extra 
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corporal circulation assemblies employed in cardiovas 
cular surgery. In such apparatuses, the conversion of 
the continuous flow into a pulsatory flow can be ef 
fected for example in the region of the bubble remover 
which usually directly precedes the arterial branch of 
the perfusion circuit. 

b. To obtain remote controls or relays. The device 
according to the invention is of utility wherever a fluid 
(liquid or gas), which is at rest or flows, constitutes the 
support or vehicle for the transmission of an informa 
tion convertible into pulses or pressure variations. 
Having now described my invention what I claim as 

new and desire to secure by Letters Patent is : 
1. A device for irrigating an element such as a biolog 
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4. 
ical organ with a pulsating flow of a liquid comprising 
a closed vessel having an inlet, a constant-flow pump 
connected to said inlet and to a source of said liquid for 
supplying the latter into said closed vessel and for 
maintaining therein a substantially constant liquid 
level, said closed vessel further comprising an outlet 
connected to said element, a variable-volume pressure 
modulating element immersed in said liquid contained 
in the vessel, and means connected to said press 
uremodulating element for controlling the variations of 
the volume of the latter. 

2. A device for irrigating an element such as a biolog 
ical organ with a pulsating flow of a liquid comprising 
a closed vessel having an inlet, a constant-flow pump 
connected to said inlet and to a source of said liquid for 
supplying the latter into said closed vessel and for 
maintaining therein a substantially constant liquid 
level, said closed vessel further comprising an outlet 
connected to said element, a bag of an elastically yield 
able material in the liquid contained in the vessel, a res 
ervoir containing a fluid under pressure, pipe means 
putting the outlet of the reservoir in communication 
with the interior of the bag and pulsatory valve means 
inserted in said pipe means for producing a pulsating 
flow of the fluid from the reservoir. 

3. A device as claimed in claim 2, wherein the valve 
means is an electrically operable valve means and said 
device further comprises a generator of electric pulses 
connected to the valve means to control operation of 
the valve means, the mark-to-space ratio of the genera 
tor being variable. 

4. A device as claimed in claim 2, wherein the valve 
means is a three way valve capable of defining alterna 
tively two fluid paths, one of said paths being con 
nected in said pipe means between said bag and said 
reservoir and the other paths being connected between 
said pipe means and atmosphere, said device further 
comprising a first regulating valve connected in said 
pipe means between said bag and said three way valve 
and a second regulating valve connected between said 
three way valve and atmosphere. 

5. A device as claimed in claim 2, further comprising 
a tap for putting the inside of the vessel in communica 
tion with the atmosphere when the vessel is being filled 
with fluid. 
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