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This invention pertains to apparatus for the treat 
ment of hydrocephalus by directing cerebrospinal fluid 
into another area of the body such as the circulatory 
system. More particularly, it relates to a normally-open 
unidirectional flow apparatus which may be included in 
a surgical shunt such as one established between a lat 
eral ventricle and the internal jugular vein or between 
lateral ventricle and right auricle. 
The theory of treating communicating or obstructive 

hydrocephalus by establishing communication between 
the cerebrospinal fluid pathways and the vascular system 
was first suggested by Gartner in 1895. Practical opera 
tive techniques had to await the development of check 
valve structures for inclusion in Surgically created shunts. 
The history of these developments is described by Pudenz, 
R. H. et al. in “journal of Neurosurgery' vol. 14(2), 
March 1957, pp. 171-179 and by Pudenz, R. H. et al. 
in "Clinical Neurosurgery” vol. 5, 1957 (1958), pages 98 
114, which articles are incorporated herein by reference. 
A widely used valve for such operations is that de 

scribed in U.S. Patent i2,969,066 which issued on Jan 
uary 24, 1961 to Holter et al. This valve, which repre 
sented a step forward over the prior art, has disadvan 
tages. See Talner, N. S., et al., “Thromboembolism 
Complicating Holter Valve Shunt . . .” Amer. 1. Dis. 
Child. 101: 602-609, May 1961; Callaghan, R. P. et al., 
"Septicaemia Due to Colonization of Spitz-Holter Valves 
by Staphylococci. . . .” British Medical Journal 5229: 
860-3, March 25, 1961; and Corlett, K., “Septicaemia 
and Meningitis in Hydrocephalus; Report of a Case. Corn 
plicating Ventriculo-Atrial Shunt with a Spitz-Holter 
Wave' New Zealand Medical Journal 59:549-551, No 
vember 1960. Also, the valve requires differential pres 
Sures in excess of 30 mm. of water to open. 

in designing such apparatus there are certain de 
siderata which have not been fully met by prior art 
devices. The apparatus should be small, particularly 
with respect to diameter so that the problems of sub 
cutaneous positioning are minimized. The number of 
parts should be minimal and the overal design made 
as simple as possible since Valve failure necessitates an 
other operation. Most important, the interior of the 
apparatus should provide no inactive cavities where hos 
tile organisms inay breed and provide no lodging places 
for foreign matter. Finally, the hydraulic design of the 
apparatus should be such that no eddies are present un 
der flow conditions. 

Accordingly, it is an object of this invention to pro 
vide a unidirectional normally open flow apparatus for 
establishing fluid communication between a source of 
cerebrospinal fluid and a point in the vascular system 
having a lower mean pressure than the source of cerebro 
spinal fluid. 

Another object of the invention is to provide a device 
of the above character which is small, both in diameter 
and overall size, which has few parts, which contains no 
inactive or stagnant fluid cavities and which causes no 
eddies in operation. 
A further object of the invention is to provide a highly 

reliable unitary normally open check valve structure 
which contains no hydraulically inactive areas, which is 
economical to fabricate, which permits flow in one di 
rection under very slight hydraulic gradients but which 
closes immediately upon reversal of flow. 
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Still another object of the invention is to provide an 

apparatus which can be used for pumping, to clear the 
surgical shunt or to check overall operation. 

It is also an object of the invention to provide an ap 
paratus which will not produce an inflammatory reac 
tion or a neopiasm in the tissues in which it is implanted; 
which does not undergo any physical or chemical changes 
resuiting in fragility, disintegration, kinking, discolora 
tion or occlusion in operation; which remains soft, elastic 
and pliable in operation; and which will be unaffected by 
Superheated steam such as is used for sterilization. 

Additional objects of the invention are to provide a 
device which is simple and rugged in construction, re 
liable and dependable in operation, easy and economical 
to produce, and avoids the disadvantages of prior art 
constructions. 

These and related objects of the invention will be ap 
parent to those skilled in the art from a consideration 
of the description which follows when read in conjunc 
tion with the drawing wherein: 
FIGURE 1 represents a perspective elevational view 

of a typical normally open check valve used in the ap 
paratus. 
FIGURE 2 represents a section taken on 2-2 of FIG 

URE . 
FIGURE 3 represents a fragmentary view, partly in 

Section, of the entire apparatus. 
FIGURE 4 is a diagrammatic representation of the 

application of the device in the establishment of a ven 
triculo-venous shunt. 

Turning now to a detailed consideration of the figures, 
Wherein like letters and numerals designate like parts, it 
Will be noted that the apparatus A, includes a normally 
open inlet valve C, provided with a connector B, and 
a normally open outlet valve D, which may be provided 
with a stiffener E, as well as a terminal connector F. 
Valves C and D, stiffener E, and portions of connectors 
B and F are encapsulated in the apparatus A. 
FIGURES 1 and 2 illustrate a typical check valve of 

the invention. As shown, inlet valve C is illustrated but 
the construction of outlet valve D is identical. Valve C 
is preferably moulded in one piece of resilient plastic 
Such as for example, silicone rubber (e.g. Dow Corning 
id-2000 or X-30146). This type of material is used 
throughout the apparatus unless otherwise indicated. 
Any plastic used in the apparatus must not produce an 
inflammatory reaction or a neoplasm in the tissues in 
which it is implanted; should not undergo any physical 
or chemical change that would resuit in fragility, dis 
integration, kinking, discoloration or occlusion; tubing 
made of the plastic should have the softness, elasticity 
and pliability of living tissue and remain unaffected by 
the notion of tissue planes. 

Valve C is generally thimble shaped and circular in 
cross section and includes straight side wall portions 0 
and A. Portion tP is foreshortened and thickened as 
at inner lip 12 whereas portion i is elongated and 
thinned as at outer lip 13. As best seen in FIGURE 
2, inner or lower lip 2 is provided with a smooth inter 
nal radius A4 and a flat internal face 5. Wall thickness 
of foreshortened lip 2 is cbviously greater than thick 
ness at portion (9 but all transitions are achieved with 
Smooth curves, fillets and rounds so as to permit scour 
ing action as fluid flows through the body. Wall thick 
ness of elongated upper or outer lip 3 is decreased com 
pared to sidewall portion and an internal radius 6 
is provided for smooth transition. Upper lip 13 over 
laps lower lip. 2, preferably by about one third the di 
ameter of the valve C. While both lips 2 and 13 are 
resilient, in the broad sense of the word, lip 3 is much 
more resilient than lip 2 because of its thinner section. 
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A generally rectangular slot or flow passageway 17 is 
provided between the lips, extending from the cored in 
terior of the valve to the exterior, and constitutes the 
valve outlet. When flow is in the direction shown by 
the arrows in FIGURES 1 and 2 (i.e. downstream), slot 
7 remains open but on reversal of flow more resilient 

outer lip 3 abuts or juxtaposes lower lip 12 thereby 
sealing passageway 7. Exemplary, nonlimiting dimen 
sions are as follows: width of slot 57-0.0625'; height 
of slot 17-0.005'; overall length of valve C-0.4375': 
largest outside diameter of valve C-0.115'; wall thick 
ness at 10 and 1-0.025'. The dimensions may be 
varied in particular valves designed for particular ap 
plications. Thus, if a rapid drainage valve is desired for 
a particular patient slot i7 may be enlarged. 

Valve C is mounted on connector B which includes 
an upper sleeve 18, a lower sleeve 9 and an intermedi 
ate flange. 20. Flange 20 is, in turn, provided with an 
upper shoulder 21 and a lower shoulder 22. Valve C 
is mounted on sleeve 18 so that it abuts shoulder 2 and 
is preferably cemented or otherwise permanently affixed 
to the connector. Connector B may be made of any 
suitable material including metals or plastics and may 
be irradiated or otherwise treated to sterilize fluids flow. 
ing through it. The internal diameter of the connec 
tors should be maximized so as not to unduly restrict 
flow through the apparatus. 
FIGURE 3 illustrates the assembly of the apparatus 

with the arrow indicating the direction of flow. Con 
nector B and valves C and D, shown therein, have al 
ready been discussed above. Outlet check valve D may 
be provided with a stiffener E which includes a flange 23 
and a shouldered integral sleeve 24 on which valve D is 
permanently mounted in the same manner as inlet valve 
C is mounted on connector B. 

Valves C and D are longitudinally spaced apart and 
encapsulated in a length of resilient flexible tubing or 
conduit 25 which runs from shoulder 2 of connector B 
to connector F. The proximate end of the tubing is 
permanently cemented to flange 20 and, if desired, to 
portions of the sidewali of normally open check valve 
C as well. Another normally open check valve D is ce 
mented in place within the conduit 25 by cementing 
flange 23 and, if desired, portions of the valve sidewall. 
The outlet or distal end of conduit 25 terminates at con 
nector F. Obviously more than two valves may be used 
or, if the pumping action discussed below is not desired, 
even a single valve may be employed. 

Connector F, which may be made of any suitable ma 
terial including, for example, stainless steel or piastic 
includes a flange 30, an integral sleeve 31 on which tub 
ing 25 is mounted in juxtaposition to a face of flange 30, 
and an outer sleeve 32. The exterior of sieeve 32 may 
be corrugated as at 33 and the bore of the connector may 
be threaded as at 34 to aid in surgical procedures where 
in a fish, threaded at one end, is used to position the ap 
paratus within the body. Apparatus A is employed in 
connection with a catheter 36 which is mounted on sleeve 
19 in juxtaposition to shoulder 22 of connector B. This 
connection may be permanently made with cement if 
desired. The distal end of the apparatus is provided with 
a shunt tube 37 which is mounted on sleeve 32 and tied 
thereto with surgical thread at the time of the operation. 
How much of the shunt is preassembled by the Surgeon 
and how much is done during the operation is a matter 
of choice. 
FIGURE 4 is a simplified diagrammatic representa 

tion of the apparatus in use. It should be appreciated 
that nothing shown therein is actually visible, the entire 
shunt being located subcutaneously. Catheter 36 is con 
nected through a trephined aperture 38 in the skull to 
a source of cerebral spinal fluid such as, for example, a 
lateral ventricle. The catheter in turn is connected to 
apparatus A which is positioned behind and somewhat 
beneath the ear. Outlet tube 37 is directed to the cir 
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4. 
culatory System such as, for example, by having its distal 
end placed in the right atritin or by being connected 
to the internal jugular vein 39. 

Normally the hydrostatic pressure in catheter 36 ex 
ceeds the venous pressure at 39 and flow will be into the 
circulatory system. Since the valves C and D are nor 
mally open (as compared to prior art valves which were 
normally closed) only negligible hydraulic differentials, 
on the order of one or two millimeters of water (i.e. 
enough to overcome friction losses) are required to cause 
flow. However, when venous pressure is temporarily 
elevated, as by coughing or straining, small reverse dif 
ferential pressure will cause valves C and D to close, thus 
preventing reverse flow. The apparatus provides no in 
active fluid pockets within which infection can develop 
and flow through the valves occurs without eddies. The 
apparatus may be cleared or checked by taking advan 
tage of its pumping capabilities. If tubing 25 is com 
pressed intermediate valves C and D (which may be 
done even after a subcutaneous implant) liquid will be 
displaced by pressure through outlet valve D, and inlet 
valve C will simultaneously close. Upon release of 
pressure the intermediate portion of the tubing will be 
refilled due to the reverse action of the valves. 
Although the invention has been described in consid 

erable detail, the description is intended to be illustra 
tive rather than limiting since the invention may be vari 
ously embodied. Consequently, its scope is to be de 
termined only by the appended claims. 

Having described my invention, claim: 
1. Apparatus for draining cerebrospinal fluid into the 

circulatory system comprising a resilient conduit; catheter 
means for connecting the proximate end of said conduit 
to a source of cerebrospinal fluid; tubular means for con 
necting the distal end of said conduit to a point of dis 
charge in the circulatory system having a mean hydraulic 
pressure less than that at the source of cerebrospinal fluid; 
a plurality of normally open check valves encapsulated 
by said conduit in longitudinally spaced apart relation 
ship to each other, said valves being adapted to permit 
flow from proximate to distal end of said conduit but to 
prevent counter-flow; each of said normally open check 
valves comprising a tube of resilient material having a 
generally circular cross section, open at its inlet end, the 
outlet end being provided with overlapping flaps between 
the faces of which is a flow passage leading from the in 
terior of said tube to the exterior thereof, said passage 
being normally open but capable of being sealed upon the 
existence of a higher pressure without said tube than 
within it, said sealing occurring by virtue of juxtaposi 
tion of the faces of said flaps. 

2. Apparatus for draining cerebrospinal fluid into the 
circulatory system comprising a resilient conduit; catheter 
means for connecting the proximate end of said conduit 
to a source of cerebrospinal fluid; tubular means for con 
necting the distal end of said conduit to a point of dis 
charge in the circulatory system having a mean hydraulic 
pressure less than that at the source of cerebrospinal fluid; 
a pair of normally open check valves encapsulated by said 
conduit in longitudinally spaced apart relationship to 
each other, said valves being adapted to permit flow from 
proximate to distal end of said conduit but to prevent 
counterflow therethrough; each of said normally open 
check valves comprising a generally thimble shaped tube 
of resilient material open at its inlet end and provided at 
its outlet end with a pair of integral overlapping flaps, a 
flow passageway between the faces of said flaps extending 
from the interior to the exterior of said valve, the faces 
of said flaps being normally spaced apart but in passage 
Way sealing juxtaposition when a higher pressure exists 
without said tube than within. 

3. The apparatus of claim 2 wherein said resilient 
valve material is a silicone rubber. 

4. Apparatus for draining cerebrospinal fluid into the 
circulatory System comprising a resilient conduit; catheter 
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means for connecting the proximate end of said conduit 
to a source of cerebrospinal fluid; tubular means for con 
necting the distal end of said conduit to a point of dis 
charge in the circulatory system having a mean hydraulic 
preSSure less than that at the source of cerebrospinai 
fluid; a pair of normally open check valves encapsulated 
by said conduit in longitudinally spaced apart relation 
ship to each other, said valves being adapted to permit fow 
from proximate to distal end of said conduit but to pre 
vent counter-fiow therethrough; each of said valves coin 
prising a generally thimble shaped tube of resilient mate 
rial having an internai longitudinally extending core ter 
minating at the closed end of said thimble in a flow pas 
Sageway leading from interior to exterior of said valve, 
inner and outer integral overlapping fiaps between which 
said flow passageway is located, said inner flap being less 
resilient than said outer flap, the faces of said flaps being 
normally spaced apart but in passageway sealing juxta 
position when pressure outside of said valve exceeds that 
within said core. 

5. The apparatus of claim 4 wherein said resilient 
valve material is a silicone rubber. 

6. In an apparatus for draining cerebrospinal fluid into 
the circulatory system including a resilient conduit; 
catheter means for connecting the proximate end of said 
conduit to a source of cerebrospinal fluid; tubular means 
for connecting the distal end of said conduit to a point 
of discharge in the circulatory system having a mean 
hydraulic pressure less than that of the source of cere 
broSpinal fluid; and a plurality of one-way check valves 
encapsulated by said conduit in longitudinally spaced 
apart relationship to each other, said valves being adapted 
to permit flow from proximal to distal end of said conduit, 
but to prevent counter-flow; the improvement which con 
prises providing valves each including a tube of resilient 
material having a generally circular cross section, open 
at its inlet, the outlet end being provided with integral 
Overlapping flaps between the faces of which is a flow pas 
Sage leading from the interior of said tube to the exterior 
thereof, said passage being normally open but capable 
of being sealed upon the existence of a higher pressure 
Without said tube than within it, said sealing occurring 
by virtue of juxtaposition of the faces of said flaps. 

7. In an apparatus for draining cerebrospinal fluid 
into the circulatory system including a resilient conduit; 
catheter means for connecting the proximal end of said 
conduit to a Source of cerebrospinal fluid; tubular means 
for connecting the distal end of said conduit to a point 
of discharge in the circulatory system having a nean 
hydraulic pressure less than that at the source of cere 
broSpinal fluid; and a pair of one-way check valves en 
capsulated by said conduit in longitudinally spaced apart 
relationship to each other, said valves being adapted to 
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permit flow from proximal to distal end of said conduit 
but to prevent counterflow therethrough; the improve 
ment which comprises providing valves each of which 
includes a generally thimble shaped tube of resilient 
material open at its proximal end and provided at its 
distal eld with a pair of integral overlapping flaps be 
tWeen the faces of which is provided a flow passageway, 
having a generally rectangular cross section, extending 
from the interior to the exterior of said valve, said flaps 
being normally spaced apart but having their faces in 
passageway Sealing juxtaposition when a higher pressure 
exists without said tube than within. 

8. The apparatus of claim 7 wherein said resilient valve 
material is silicone rubber. 

9. In an apparatus for draining cerebrospinal fluid 
into the circulatory system including a resilient conduit; 
Catheter means for connecting the proximal end of said 
conduit to a source of cerebrospinai fluid; tubular means 
for connecting the distal end of said conduit to a point 
of discharge in the circulatory system having a mean 
hydraulic pressure less than that at the source of cere 
broSpinal fluid; and a pair of one-way check valves en 
Capsulated within said conduit in longitudinally spaced 
apart relationship to each other, said valves being adapted 
to permit flow from proximal to distal end of said con 
duit but to prevent counter-flow therethrough; the im 
provement which comprises providing valves each of 
which includes a generally thimble shaped tube of resil 
ient material having an internal longitudinally extending 
'core terminating at the distal end of said thimble in a 
flow passageway, of generally rectangular cross section, 
leading from interior to exterior of said tube; inner and 
Outer integral overlapping flaps between which said flow 
passageWay is located, said inner flap being less resilient 
than said outer flap, the faces of said flaps being nor 
nally spaced apart but in passageway sealing juxtaposi 
tion when pressure outside of said valve exceeds that 
within said core. 
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