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This invention relates to a diaphragm-type pump, and 
to conduit means which can be associated therewith to 
form shunt connections with various parts of the human 
body to relieve one of said parts of undesirable accumula 
tions of fluids. 

In the medical field, there is a standing requirement for 
Small and reliable diaphragm pumps which can be in 
Stalled in body cavities, and be used for flushing pur 
poses. As a single example, the aiiment known as hy 
drocephalus involves the complication that fluids which 
ought to drain away accumulate within the skull where 
they exert excruciating pressure and skull-deforming 
forces. Draining these fluids by means such as the device 
shown in United States Patent No. 2,969,066 issued Jan 
uary 24, 1961, relieves the symptoms and frees the in 
dividual from the terrible consequences of the fiuid ac 
cumulation by draining away the fluid. However, con 
ventional methods of treatment of hydrocephalus by 
drainage have often utilized components which tended 
to become obstructed by particulate matter entering the 
drainage system, or by the backward diffusion of blood 
into the system. 
The difficulties inherent in conventional drainage de 

vices can be cured by providing a flushing pump which 
is capable of overcoming both the tendencies to clog and 
to diffuse backwardly. Conventional diaphragm pumps 
are not suitable for this type of pump, because it has been 
found that sometimes when the diaphragm is pressed 
down, it will adhere to the waii of the pump cavity and 
will not spring back. Then the pump itself clogs the 
drain, and adds to the malfunction which it is provided 
to obviate. Furthermore, since the pump is not external 
to the body, but rather is installed under the skin, in order 
to repair or manipulate it to reopen the same, it is neces 
sary to undergo extensive and careful surgical procedures 
which ought to be avoided. Furthermore, conventional 
diaphragm pumps ordinarily utilize two check valves, 
thereby increasing the complexity of the device. 

This invention has as its objective the provision of a 
diaphragm-type pump which requires only one check 
valve, which check valve is the one provided on the drain 
pump anyway, and the sole moving part of which, a 
diaphragm, is so disposed, arranged and designed that it 
cannot possibly “freeze' in any position at all, including 
the position corresponding to adhesion with the pump 
cavity wall. 
A further object of this invention is to provide a pump 

together with a check tube, which in combination provides 
means for draining and positively discharging, in unidi 
rectional flow, accumulated undesired fluids from body 
cavities. 
A diaphragm pump according to this invention includes 

a body which has a wall defining an internal cavity. A 
diaphragm extends across this cavity and divides it into a 
first and second chamber. An inlet port extends through 
the wall and opens into the first chamber, while an outlet 
port extends through the wall and opens into the second 
chamber. There is an imperforate area on the diaphragm 
which is so disposed and arranged as to be contactible 
with the inlet port to close it in one of the diaphragm 
positions and to move away from it to leave the inlet 
port open in another of the diaphragm positions. 
The diaphragm is provided with an open passage 

therethrough which is disposed outside the imperforate 
area and which places the two chambers in constant fluid 
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communication. The Wall of the body has a flexible por 
tion in at least one part of the wall which bounds the sec 
ond chamber so that force can be exerted in the second 
chamber for moving the imperforate area of the dia 
phragm to close the inlet port and to pump fuid out of 
both chambers by the force exerted. Fluid from the first 
chamber passes through the passage in the diaphragm 
to get into the second chamber, and thence flows through 
the outlet port. 

According to a preferred but optional feature of the 
invention, a crown surrounds the inlet port inside the first 
chamber and extends into it in order to prevent the im 
perforate area's making contact with the wall immediately 
adjacent to the inlet port where it might occasionally oc 
cur that a reverse pressure, combined with surface ad 
hesion properties, could tend to hold the diaphragm firm 
ly and permanently against the wall, thereby requiring 
the removal and replacement of the pump. 

According to another preferred but optional feature 
of the invention, a check tube is connected to the outlet 
port of the diaphragm pump to provide for a fluid con 
duit system for accomplishing the objectives of the inven 
tion. 

While the device of the invention may be made of any 
one of a number of conventional materials, it is prefer 
ably made of silicon rubber. Such a material provides 
the necessary transparency and flexibility of the structure, 
while being a material which is essentially inert to the 
body fluids. 
The invention may be more readily understood by re 

ferring to the accompanying drawings in which: 
FIGURE 1 is a pictorial representation of a small child, 

illustrating the placement of the apparatus according to 
the invention; 
FIGURE 2 is an exploded perspective view of a dia 

phragm pump of the present invention; 
FIGURE 3 is a sectional view of the device of FIG. 2 

as disposed in use; 
FIGURE 4 is a sectional view of the diaphragm pump 

of this invention in use and being flushed by an attendant; 
and 
FIGURE 5 is a partial sectional view of the check tube 

termination of the apparatus illustrating the disposition 
of the outlet slits. 

Referring now to F.G. 1, there is shown a small child 
18 having a head and a heart, between which is disposed 
a ventriculo-atrial shunt apparatus Ali. The ventriculo 
atrial shunt apparatus is includes an inlet tube 2 shown 
in dotted lines, extending from a pump 13 into the cranial 
cavity of the head, and an outlet tube i4 (sometimes here 
in called a “check tube') extending between the valve i3 
and the atrium portion of the heart, through the child's 
jugular vein 15. The pump 13 is held in place in a small 
burr hole (not shown) in the skuli of the child by means 
of a flap of skin shown as sewn in place by stitches. 

In FIG. 2 the pump 3 is seen to consist of an upper 
member 6 and a lower member 17, within which is dis 
posed a perforate diaphragm 18 having apertures 9 ex 
tending therethrough. A tube or conduit forms an outlet 
port 20 and fits between a first recess 2 in the lower mem 
ber and a second recess 2:1" in the upper member. The 
lower member 17 has an inlet conduit 22 extending there 
into about the opening of which is formed a shoulder 23. 
The central portions of the lower surface of upper 

member 6 and of the upper surface of lower member 7 
form a wall defining a cavity therein. The diaphragm 
divides the cavity into a first and a second chamber. The 
first chamber is formed between the diaphragm and that 
portion of the wall formed by lower member 17. The 
second chamber is formed between the diaphragm and 
that portion of the wall formed by upper member 16. 
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milliliters of contrast medium (Renografin, Hypaque) 
are then injected into the tube, and an X-ray is made. 
Adjustments in the position of the vaive in the right 
atrium can now be made, depending on the indication of 
the X-ray film. When properly located, the ligature 
surrounding the common facial vein containing the shunt 
is tied snugly but not so tightly as to occlude the tube. 
The other ligature on the common facial vein is tied 
tightly and the vessel is divided. The contrast medium 
is then flushed from the tube with physiological Saline. 
The final step is the attachment of the ventricular and 

cardiac tube to the diaphragm pump. Care should be 
taken not to puncture the capsule while placing securing 
ligatures through the fiange. These ligatures are used to 
fasten the flange to either the skull or pericranium. The 
operation of the flushing device should be checked before 
closing the wounds. 
The invention claimed is: 
1. A diaphragm pump for use in draining fluid from 

one portion of a human body and transferring it to an 
other portion of the body comprising a capsular enclosure, 
at least the upper portion of which is flexible, an outlet 
conduit formed in the upper portion of the enclosure and 
opening thereinto, an inlet conduit formed in the lower 
portion of the enclosure and opening thereinto, a raised 
shoulder formed on the inner surface of the lower por 
tion about the inlet opening, a flexible diaphragm dis 
posed within the enclosure, and means holding the dia 
phragm within the enclosure so as to separate the upper 
portion from the lower portion thereof, said diaphragm 
having an aperture extending therethrough, said aperture 
being disposed so as to be out of alignment with the inlet 
opening. 

2. Fluid-conducting shunt apparatus comprising an in 
let tube, an outlet tube, a capsular enclosure of flexible 
material, a diaphragm disposed within the capsular en 
closure and held therewithin, an outlet conduit extending 
through the enclosure and opening onto one side of the 
diaphragm, an inlet conduit extending through the enclo 
sure and opening onto the other side of the diaphragm, 
a raised shoulder formed on the inner surface of the en 
closure about the inlet conduit opening, said diaphragm 
having an aperture extending therethrough and disposed 
so as to be out of alignment with the inlet conduit open 
ing, an imperforate region on said diaphragm in alignment 
with the inlet conduit opening adapted to close said open 
ing in one position of the diaphragm, means connecting 
the outlet conduit to the outlet tube so as to form a fluid 
conduit therethrough, and means connecting the inlet con 
duit to the inlet tube so as to form a fluid conduit there 
through. 

3. Apparatus according to claim 2 in which the cutlet 
tube termination remote from the enclosure is a solid 
tapered end and has a plurality of longitudinally dis 
posed outlet slits formed therein adjacent the solid end. 

4. Apparatus according to claim 3 in which the enclo 
sure and diaphragm are made of silicone rubber. 

5. A diaphragm pump comprising: a body having a wall 
defining an internal cavity; a diaphragm extending across 
the cavity and dividing it into a first and a second cham 
ber; an inlet port through the wall opening into the first 
chamber; an outlet portion through the wall opening into 
the second chamber; an imperforate area on the dia 
phragm so disposed and arranged as to be contactable with 
the inlet port to close it in one diaphragm position, and 
to move away from it to leave the inlet port open in 
another diaphragm position, the diaphragm also having 
an open passage therethrough disposed outside the im 
perforate area and placing the two chambers in constant 
fluid communication; and a flexible portion in at least 
part of the wall which bounds the second chamber, where 
by force applied externally to the flexible portion moves 
the imperforate area to close the inlet port and applies 
pressure to expel fluid through the outlet port, fluid from 
the first chamber flowing into the second chamber through 
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6 
the passage, and from the second chamber into the out 
let port, release of the flexible wall portion enabling the 
diaphragm to move away from the inlet port, the dia 
phragm pump then permitting substantially unimpeded 
passage of fiuid from inlet port to outlet port through 
the passage in the diaphragm. 

6. A diaphragm pump according to claim 5 in which 
the wall of one of the chambers is less flexible than the 
wall of the other chamber. 

7. A diaphragm pump according to claim 5 in which 
a crown surrounds the inlet port inside the first chamber 
and extends into the first chamber to prevent the imper 
forate area's making contact with the wall immediately 
adjacent to the inlet port. 

8. A diaphragm pump according to claim 7 in which 
the pump in plan view is generally symmetrical around 
an axis, with the inlet port, imperforate area, and flexible 
wall portion centered on said axis, and with the outlet 
port at one side thereof. 

9. A diaphragm pump according to claim 8 in which 
a peripheral installation flange is attached to the body. 

10. A diaphragm pump comprising: a body having a 
wall defining an internal cavity; an internal flange extend 
ing peripherally around the wall; a diaphragm retained by 
the internal fange and extending across the cavity to di 
vide it into a first and a second chamber, a flexible, im 
perforate diaphragm area at a medial region of the dia 
phragm, and a heavier-sectioned reinforcing bead portion 
surrounding said flexible area and joining to the wall at 
the internal flange, said diaphragm also having an open 
passage therethrough which places the two chambers in 
constant fluid communication; an inlet port through the 
wall opening into the first chamber; an outlet port open 
ing through the wall into the second chamber, at least 
a part of the imperforate diaphragm area being so dis 
posed and arranged as to be contactible with the inlet port 
to close it in one diaphragm position, and to move away 
from it to leave the inlet port open in another diaphragm 
position, the passage lying outside the imperforate dia 
phragm area; and a flexible portion in at least part of the 
wall which bounds the second chamber, whereby force 
applied externally to the flexible portion moves the im 
perforate area to close the inlet port and applies pres 
sure to expel fluid through the outlet port, fluid flowing 
from the first chamber into the second chamber through 
the passage, and from the second chamber into the out 
let port, release of the flexible wall portion enabling the 
diaphragm to move away from the inlet port, the dia 
phragm pump then permitting substantially unimpeded 
passage of fluid from inlet port to outlet port through the 
passage in the diaphragm. 

11. A diaphragm pump according to claim 10 in which 
the Wall of one of the chambers is less flexible than the 
wal of the other chamber. 

12. A diaphragm pump according to claim 11 in which 
the less flexible wall is that of the first chamber. 

13. A diaphragm pump according to claim 10 in which 
a crown Surrrounds the inlet port inside the first cham 
ber and extends into the first chamber to prevent the im 
perforate area's making contact with the wall immedi 
ately adjacent to the inlet port. 

14. A diaphragm pump according to claim 13 in which 
the pump in plan view is generally symmetrical around 
an axis, with the inlet port, imperforate area, and flexible 
wall portion centered on said axis, and with the outlet 
port at one side thereof. 

15. A diaphragm pump according to claim 14 in which 
a peripheral installation flange is attached to the body. 

16. In combination: a drain tube having openings to 
admit fluid thereto; a check tube having unidirectional 
flow check means for permitting flow only in a first di 
rection; a diaphragm pump comprising: a body having 
a Wall defining an internal cavity; a diaphragm extend 
ing across the cavity and dividing it into a first and sec 
ond chamber; an inlet port through the wall opening into 
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the first chamber; an outlet port through the wall open 
ing into the second chamber; an imperforate area on the 
diaphragm so disposed and arranged as to be contactible 
with the inlet port to close it in one diaphragm position, 
and to move away from it to leave the inlet port open 
in another diaphragm position, the diaphragm also having 
an open passage therethrough disposed outside the im 
perforate area and placing the two chambers in constant 
fluid communication; and a flexible portion in at least 
part of the wall which bounds the second chamber, 
whereby force applied externally to the fiexible portion 
moves the imperforate area to close the iniet port and 
applies pressure to expel fluid through the outlet port, 
fluid flowing from the first chamber into the second cham 
ber through the passage, and from the second chamber 
into the outlet port, release of the flexible wall portion 
enabling the diaphragm to move away from the inlet port, 
the diaphragm permitting substantially unimpeded pas 
sage of fluid from inlet port to outlet port through the 
passage; said drain tube being connected to the inlet 
port, and the check tube being connected to the outlet 

O 

port with said first flow direction being away from the 
outlet port, whereby steady drainage from the drain tube 
through the pump and out the check tube is possible 
through the diaphragm. passage, and pumped flow in the 
same direction is causable by exertisig force on the flexible 
wall portion. 

17. A combination according to claim 16 in which a 
crown surrounds the inlet port inside the first chamber 
and extends into the first chamber to prevent the im 
perforate area's making contact with the wall immediately 
adjacent to the inlet port. 

18. A combination according to claim 16 in which the 
wall of the first chamber is less flexible than the wall of 
the second chamber. 
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