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(57) Abrége/Abstract:

A novel cardiovascular outdwelling, normally closed, pressure-responsive slit valve liguid flow control and related methods

wherein a diaphragm

different points In tim

having a slit therein Is flexed distally by hydrostatic pressure and proximally by negative pressure at
e to selectively open the slit and accommodate the flow of |V solution to a medical patient through a

cannula and blood sampling from the cardiovascular system of the patient through the cannula in such a way as to prevent
bleed-back and clotting of blood within the cannula.
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ABSTRACT OF THE DISCLOSURE

A novel cardiovascular dutdwelling, normally closed, pres-
sure-responsive slit valve liquid flow control and related
methods wherein a diaphragm having a slit therein is flexed
distally by hydrostatic pressure and proximally by negative
pressure at different points in time to selectively open the slit
and accommodate the flow of IV solution to a medical patient
through a cannula and biood'sampling from the cardiovascular
system of the patient through the cannula in such a way as to

prevent bleed-back and clotting of blood within the cannula.
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TWO-WAY QUTDWELLING SLIT VALVING OF

MEDICAL LIQUID FLOW THROUGH A CANNULA AND METHODS

Field of Invention

The present invention relates generally to medical liquid

flow in a cannula and more particularly to novel structure and

flow, including bi-direction flow, along a cannula, such as a
catheter tube or needle, when the distal end thereof is indwell-

ing in a medical patient.

Background and Related Art

It has long been recognized to be medically desirable to
intravenously infuse liquid into and to sample blood from a
patient. Certain problems have, nevertheless, persisted over the
Years in the fields of intravenous (IV) infusion and acguisition
of blood specimens.

Typically, during délivery of IV solution to the patient
through a cannula, such as a catheter tube or IV needle, it is
difficult to predict when the supply of IV solution will become
exhausted and even more difficult to coordinate availability of
‘nursing personnel with the need to timely disconnect a soon-to-
be-dry IV supply from the catheter tube or needle. As a conse-
quence, the distal tip of the cannula sometimes experiences
bleedback and clotting. More specifically, in a conventional IV
hook-~up to a patient, the flow of IV solution occurs because the
force ofléravity upon the solution exceeds the blood pressure in

the cardiovascular system of the patient. When the supply of IV



solution is exhausted, the pressure difference changes so that
the cardiovascular pressure prevails, causing blood flow into the
1V catheter tube a distance which may vary. Sometimes this blood
flow reaches, contaminates and requires replacement of the IV
filter. 1In any event, whether the blood reaches the filter or it
does not, thé'aforesaid blood in the catheter will, within a
short time, clot. This risks negligent introduction of the clot
into the bloodstream and requires replacement of the IV system,
when discovered.

Also,'shifting of positions by the patient, as, for example,
if the patient raises the venipuncture site above the IV bottle,
sometimes causes refluxing or bleedback of blood into the distal
end o the cannula. This reflux may or may not reach the IV
filter, but in either event causes IV flow to stop which results
in clotting within either the cannula, the filter or both.

When and if discovered, both the clotted IV filter and
catheter tube are replaced with the accompanying patient trauma
and expense. It is bad practice and an unaccgptable risk to the
patient to force a clot from the catheter tube into the blood-
stream, but, due to negligence, this sometimes happens.

It has been proposed that a one-way outdwelling (outside the
patient) standard valve be used to prevent undesired blood flow
into the distal end of an indwelling cannula, such as a catheter
tube or IV needle. However, this aporoach does not work in a
medically-acceptable fashion. Also, the one-way standard valve
will not allow blood sampling when the standard one way valve is

located between the catheter tube and the sampling site.
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BRIEF SUMMARY AND OBJECTS OF THE INVENTION
In brief summary, the present invention overcomes or sub-

stantially alleviates the aforesaid problems. The invention
comprises novel outdwelling, normally-closed, pressure-responsive
medical slit valve liquid flow controls, and related methods,
accommodating flow of liquid including, but not limited to, flow
of IV solution to the cardiovascular system of a medical patient
through a cannula, the distal end of which is indwelling, while
preventing bleed-back into and clotting within the cannula and/or

IV filter. Thus, cannula and IV filter replacement due to such
clotting is obviated. The pressure responsive nature of the slit
valve structure prevents the IV system from running dry. Conse-
quently, clots do not form in the cannula and cannot inadver-—
tently be introduced into the bloodstresam.

Stated another way, the present invention provides a pres-
sure~sensitive valve that<opens in response to the high pressure
exerted by a full IV solution bag or bottle but closes as the
pressure drops as the bag or bottle empties, which solves or
greatly reduces the problem of shutting off the IV flow when the
bag or bottle runs dry. The valve opens and achieves adequate
flow in response to a predetermined pressure differential, but
closes after the pressure drops to a lower predetermined pressure
differential.

The present invention accommodates configuration as a two-
way valve that opens in either direction at the same or at
different pressure differentials, and to allow IV solution in a

gravity bag or bottle to flow, shuts off under pressure
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differential conditions which occur when the IV solution bag or
bottle runs dry and yet allows intenticnal blood sampling across
the valve. -

Thus, in one presently preferred manifestation of the
present invention, the slit valve accommodates pi-directional
ligquid flow by which both liquid ingress and blcod sampling

egress proximal of the slit valve are achieved. It is sometimes

desirable for a two-way slit valve flow control embedying the
present invention to allow distal flexing to open the slit for
ingress flow at a relatively low pressure differential and

proximal flexing to open the slit for egress flow at a relatively

high pressure differential.

In a broad sense, the present invention contemplates provi-

sion o0f an outdwelling, normally closed pressure responsive slit

valve by which ligquid is selectively communicated to and from a

desired internal body site.

Accordingly, it is a primary object of the present invention

to overcome or substantially alleviate some if not all of the
above-mentioned medical liquid flow control problems.

It is a further significant object to provide a novel

coutdwelling, normally-~-closed, pressure~-responsive slit valve
ligquid flow control for use with a medical cannula, and related
methods.

Another dominant object is the provision of an outdwelling
slit valve structure, and relaﬁed methods, accommodating flow of

ligquid, such as IV solution, to the cardiovascular system of a

medical patient through a cannula, such as a peripheral catheter
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tube, a central venous catheter tube, an arterial catheter tube,
or an IV needle, while preventing bleed-back into and clotting
within the cannula and obviating any resulting need for cannula

and IV filter replacement.

A further important object is the provision ©of novel out-

dwelling, cardiovascular slit valve structure, and related
methods, which prevents an associated IV system from running dry.

An additional principal object of the present invention is
the provision of novel outdwelling, two-way slit valve structure,
and related metheds, for use in achieving selective ingress and
egress liquid flow in respect to a desired internal body site of
a patient.

A further object of significance is the provision of a novel
outdwelling two~-way normally closed slit valve, and related
methods, in which the slit valve is distally flexed, due to a
first predetermined pressure differential, to accommodate inten-
tional fluid flow to a desired internal location in a patient, is
closed, due to a second predetermined [ vessure differential, and
is proximally flexed, due to a third pressure differential, to

accommodate intentional fluid flow from the internal location in

the patient.

Another valuable object is the provision of a no?el out -
dwelling two-way cardiovascular normally closed slit valve, and
related methods, in which the slit valve is distally flexed to

open a slit for flow to a patient at a relatively low pressure

differential across the slit valve and is proximally flexed to



open the slit for flow away from the patient at a relatively high
pressure differential across the slit valve.

An additional object 1s the provision of an outdwelling,
normally closed slit valve by which liquid is selectively com-
municated to and from a desired internal body location of a
medical patient.

These and other objects and features of the present inven-
tion will be apparent from the detailed description taken with

reference to the accompanying drawings.



BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1is a perspective of one presently preferred out-
dwelling, two way, normally closed, pressure responsive slit
valve flow control, embodying the principles ©of the present
invention, shown in an installed condition;

Figure 2 is an enlarged cross secﬁion taken along lines 2-2
of Figure 1;

Figure 3 is an enlarged fragmentary cross section of the
slit of the flow control of Figure 1 flexed open in a distal
direction due to pressure differential P;;

Figure 4 is similar to Figure 3 but shows the slit flexed
open in a proximal direction due to pressure differential P,;

Figure 5 is an enlarged exploded perspective of the slit
valve flow control of Figure 1; and

Figure 6 1s a cross section of a second présently preferred
outdwelling, two-way, normally closed, pressure responsive slit
valve flow control for a peripheral catheter tube, according to

the present invention.



DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

Reference is now made to the drawings wherein like numerals
are used to designate like parts throughout. Speciiically,
Figures 1 through 5 illustrate one presently preferred two-way,
pressure responsive, outdwelling slit valve flow control mechan-
ism or assembly. Figure 6 illustrates a second, presently
preferred slit valve flow control mechanism or assembly. Both of
the illustrated embodiments implement the principles of the
present invention, the slit valve flow control assembly of
Figures 1 through 5 being generally designated 10 and the slit
valve flow control mechanism of Figure 6 being generally desig-
nated 12.

Valve assembly 10 is illustrated in Figure 1 in an "as used"
condition, i.e., where the slit valve assembly 10 is interposed
between a cannula in the form of a catheter tube, generally
designated 14, and an intravenous (IV) tube, generally designated
16. It is to be aporeciated that the IV use depicted in Figure 1
is only exemplary and that the present invention contemplates
outdwelling slit valve control for selective delivery of liquid
+o and from a desired internal location within a medical patient.

The catheter tube 14, illustrated in Figure 1, may be of any
conventional type and is illustrated as having a distal end
portion 18 comprising a distal port 20 placed indwelling in the
cardiovascular system of a medical patient, namely in the
patient's vein 22, as illustrated in Figure 1. The catheter tube
14 as illustrated in Figures 1t and 2 comprises a proximal end

portion 24 illustrated, in Figure 2, as having been force-fit



into suitable liquid communication with the slit valve assembly
10, as hereinafter more fully explained.

Likewise, tube 16 may be of any desired type by which liguid
1s selectively made available to the slit valve assembly 10. IV
tube 16 is illustrated as comprising-a distal end portion 26
shown as being force-£fit into a secured telescopic ligquid com-
municating relationship with the slit valve assembly 10, as
hereinafter more fully described. Tube 16 is also illustrated in
Figure 1 as comprising a "Y" site 28, where a hollowed side port
30 emanates. ©Side port 30 is illustreted as being closed at its
proximal end by a conventional elastomeric cap 32, which may be
penetrated by a hypodermic needle, for example, and which will
reeeal upon removal of the needle. Side port 30 and use of a
hypodermic syringe is one presently preferred way by which a
blood specimen may be removed from or medication introduced into
the vein 22 through the catheter 14 and across the slit valve
assembly 10 when predetermined pressure differential conditions
are brought into play.

Figure 1 further illustrates IV tube 16 as comprising a
proximal end 34 which is illustrated as being connected via a
rigid fitting 35 to an IV bottle 36 shown suspended by a bracket
38 upon a cantilevered arm 40, all of which is conventional.
"Thus, under predetermined pressure differential conditions at
slit valve control 10, IV solution in bottle 36 is selectively
and controllebly introduced into the vein 22 from catheter tube
14 across slit valve 10, responsive to a predetermined hydro-

static head.
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With reference to Figures 2 through 5, slit valve flow
control 10 will now be described. The slit valve flow control 10
comprises a housing, generally designatad 42, illustrated as
comprising two parts 44 and 46. Housing parts 44 and 46 are
preferably formed of shape-retaining synthetic resinous material
and are constructed so as to be conneéted, one to the other, as
hereinafter more fully explained. Valve housing part 44 com-
prises a relatively large annular wall 48, shown as being of
substantially uniform thickness and comprising an exposed cylin-

drical surface 50 and a concealed inner ‘surface 52. Wall 48
terminates in a blunt, transversely oriented edge 54. Interposed
between édge 54 and surface 52 are internal threads 56, which
form an integral part of wall 48, as illustrated.

Valve housing part 44 also comprises a-transversely orient-
ed, radially directed wall 58, which is integral with wall 48 at

annular corner 60. Wall §8 is illustrated as having a uniform
" thickness comprising exposed, external surface 62 and internal
surface 64. Wall 48 is interrupted by a centrally disposed
aperture 66.

Valve housing part 44 also comprises a distally-extending
annular boss in the form of wall 68. Wall 68 is illustrated as
having been formed as one piece with, and is, therefore, integral
with wall 58 at annular corner 70. Wall 58 is illustrated as
being of uniform thickness throughout comprising exterior wall
surface 72 and interior wall surface 74. Wall 78 terminates in a
transversely oriented blhnt edge 76. The diameter of surface 72

is selected, in the illustrated configuration, to be sufficiently
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gJreater than the inside diameter of the proximal end 24 of the
catheter tube 14 so as to accommodate a satisfactory press-fit
relationsnip between the two, as illustrated in Figure 2. For
such a satisfactory relationship to exist, sufficient compressive
force must exist between the proximal end 24 of the catheter tube
14 and the wall 68 so that inadvertent separation of the two does
not occur. Where permanent attachment is desired, a suitable

bonding agent or adhesive may be applied between the proximal end

24 of the catheter tube 14 and surface 72 of wall 68. The dia-
meter of interior surface 74 of wall 68 is selected to accom-
modate the desired amount of liquid flow therethrough.

Valve housing portion 46 is illustrated as comprising an
annular wall 80, which comprises a smooth exterior cylindrical
surface 82 and a smooth interior surface 84, which is substan-
tially longer in an axial direction than is surface 82. Surface
82 merges at a 90° angle with radially-directed, exterior surface
86. Wall surface 86 is illustrated as having a radial dimension
essentlally half that of the radial thickness of wall 80. Wall
segment 80 inteqrally merges with reduced thickness wall segment

88. The interior surface of wall segment 88 is the previously

described surface 84, which merges at a 90° angle with trans-
versely directed blunt edge 90 of wall segment 88. Wall edge
surface 90 in turn mergés substantially at 90° with threaded
surface 92 of wall segment 88. Threads 92 are sized and arranged
s0 as to threadedly match previously described threads 56,
accommodating threaded joining of valve housing parts 44 and 46.

A suitable adhesive is ordinarily placed between threads 56 and



92 to permanently join housing ports 44 and 46 after the interior

components have been correctly placed therein.

Wall segment 80 is formed as one piece and, therefore,
integrally joins radially directed wall 94 at annular corner 96.
Wall segment 94 is illustrated as being of uniform thickness and
as comprising exterior or exposed surface 98 and interior or

concealed surface 100. Radially-directed wall 98 is illustrated

as being centrally apertured at 102.

Valve housing part 46 is further illustrated as comprising a
proximally-directed boss in the form of annular wall 104, which
is formed as one piece with and is, therefore, integral with -
radially directed wall 94 at corner 106. Wall 104 is illustrated

as being of uniform thickness comprising external cylindrical

wall 108 and internal cylindrical wall 110 having a'diaheter
equal to that of aperture 102. Wall segment 104 terminates in
transversely directed blunt edge 112 and has sufficient length
and internal diameter to accommodate press—-fit acceptance of the
rigid male fitting 35 conventionally placed at the distal end 26
of IV tube 16 so as to preclude inadvertent separation.

Three disc-shaped elements are carried within slit valve
flow control housing 42 when the two.parts 44 and 46 are thread-
edly secured as illustrated in Figure 2, namely distal flex
control disc 120, proximal flex control disc 122, and central
slit diaphragm 124.

Flex control disc 120 is preferably rigid and formed of
synthetic resinous materials. Disc 120 is illustrated as com-

prising a peripheral blunt edge 126 of a disc wall illustrated as



being of uniform thickness throughout and comprising distal and

proximal flat surfaces 128 and 130, respectively. Aan aperture
132 1is centrally'disposed through the disc 120. The diameter of
aperture 132 is selected to allow flexing of the diaphragm 124 in
a distal direction, as illustrated in Figure 3, when subjected to
'a positive differential of a predetermined amount (P,). The
resultant pressure P,.is ordinarily primarily caused by the
hydrostatic head of the IV solution and is set so that the slit
closes while a desired amount of IV solution remains in the tube
16 proximal of the slit. While the diameter of the aperture 132
is illustrated in Figure 2 as being substantially the same as the
diameter of the bore 74, such does not necessarily under all
.circumstances haﬁe to be the case. Also, while the surface
defining the aperture 132 is illustrated as being axially dis-
posed, such surfaces may be diagonally or otherwise disposed so
long as diaphragm flexing .is accommodated at a desired, relative-
ly low pressure differential (diagrammatically illusirated as P,
in Figure 3). As illustrated in Figure 2, in the assembled
condition, distal surface 128 of disc 120 is contiguous with
housing surface 64, while proximal surface 130 is contiguous with
the distal surface 142 of slit diaphragm 124.

Proximal flex control disc 122 is similar, as illustrated,
to disc 120, except the central aperture 132' of disc 122 is of
~substantially smaller diameter than the diameter of aperture 132.
Since disc 122 is otherwise illustrated as being the same as disc
120, identical numerals have been used and no further description

is needed. It is to be noted, however, that the diameter of edge

-~ 13 -
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126 of both disc 120 and disc 122 is just slightly less than the
diameter of hopsing surface 52, to accommodate ease of assembly.
In the assembled condition, as can be seen clearly from
Figures 2-4, distal surface 128 of flex control disc 122 is con-

tiguous with the proximal surface 144 of the slit diaphragm 124,

while a small area of the surface 130 of the flex control disc
122, at the periphery thereof, is contiguous with housing edge
90. It should be readily apparent that the discs 120 and 122
compressively support the slit diaphragm 124 in its radial orien-
tation, except to permit‘the diaphragm 124 to centrally flex
distally and proximally, depending upon pressure differential

conditions. Because the diameter of aperture 132' of disc 122 is
illustrated as being materially less than the diameter of aper-
ture 132, central flexing of the diaphragm 124 more readily
occurs in a distal direction than in a proximal direction. Other
configurations, however, are within the scope of the present
invention.

In the embodiment of Figures 1-5, a relatively high pressure
differential (diagrammatically illustrated as P, in Figure 4),
which flexes the diaphragm 124 proximal into aperture 132' to
open slit 146 is required to draw blood proximally through the
slit 146 of the diavhragm 124, using, for example, a syringe
inserted through elastomeric cap 32 at side port 30 of the IV
tube 16. In the embodiment of Figure 4, a lower pressure dif-
ferential (diagrammatically illustrated as Py i, pigqure 3) Caused

in part by the weight of the IV solution in tube 16, which flexes
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diaphragm 124 distally into the larger aperture 132 to open the
slit 146, 1ls required for IV solution to flow.

Slit diaphragm 124 is disc-shaped and is formed of a suit-
able elastomeric material, such as silicone rubber. Silicone
rubber offers the advantage of ease in centrally flexihg the
diaphragm coupled with good memory characteristics. In an
unstressed condition, diaphragm 124 is illustrated (in Figure 2)
as being planar and of uniform thickness, comprising edge 140,
the unstressed diameter of which is slightly less than the
diameter of housing wall 52. The diaphragm 124 is illustrated as
being of uniform thickness comprising distal, radially-directed
flat surface 142 and proximal, radially-directed flat surface
144.

Diaphragm 124 comprises a centrally-disposed, normally
closed, transversely-directed linear slit 146. Slit 146 is
lllustrated as uniformly extending from surface 142 to surface
144 and 1s located so as to be directly aligned with previously
mentioned apertures 132 and 132', when placed in the assembled
position of Figure 2. The radial length of slit 146 is selected
to accommodate the degree of distal and proximal flexing needed
in order to accommodate selective bi-directional ligquid flow
through the flexed and open slit 146 to introduce, for example,
IV solution into the patient under hydrostatic IV pressure or to

remove sample blood from the patient under negative pressure or
to introduce medication into the blocdstream. In addition to the
length of the slit 146, the material used to form the diaphragm

124, the thickness of the diaphragm and the size of apertures 132
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Cand 132" individually and collectively are variables to be set in
determining‘the pressure differentials (diagrammatically illus-
trated in Figures 3 and 4 as Py and P,) by which the slit 146 is
caused to be opened distally and proximally.

It 1s also to be appreciated that outdwelling fluid control

devices according to the present invention can be free standing,
for addition to a cannula, such as a catheter or a needle, at the
time of use, or can be constructed as a component part of an IV
cannula system at the time of manufacture.

Using the slit valve flow control 10 in conjunction with the
rest of the system illustrated in Figure 1, it is to be appre-~
ciated that the IV system never runs dry because the flexure in a
distal direction required at slit 46 (diagrammatically illus- '
trated as Py in Figure 3) ceases to exist while the IV tube 16 is
still partially or entirely filled with IV solution. Conse-
quently, it is not possible for bleed-back into and clotting
within the catheter tube or other IV cannula to occur. Thus,
caﬁnula and/or 1V filter replacement due to bleed-back contamina-
tion is avoided. When blood sampling occurs via side port 30,
the presence of IV solution in the system returns residual blood
left in the IV set to the vein 22 immediately following termina-
tion of the blood withdrawal cycle. Also, since a blood clot in
the cannula, such as catheter tube 14, is not possible, it is
correspondingly impossible for a blood clot to be inadvertently
discharged from the catheter tube into the vein.

The same essential result may be accomplished using the slit

valve flow control mechanism 12, shown in Figure 6, in lieu of
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thae slit valve flow control assembly 10 of Fiqures | throuah 5.

Slit valve flow control mechanism 12 comprises a housing 150 com-

prising twc housing parts, generally designated 152 and 154

!

respectively.
Housling part 152 comprises a wall 156, illustrated as being
of uniform thickness. The wall 156 comprises, as illustrated, an

upper surface 158, part of which is exposed and part of which is

concealed, and a concealed inside surface 168. Wall 156 also
comprises an exposed edge surface 160. A male extension 162
projects downwardly from its integral connection with wall 156.
Extension 162 exteriorly comprises surface 160, a blunt edge 164
and internal surface 166. Thus, wall extension 162 in conjunc-
tion with wall 156 forms a recess at internal surface 168. Wall
156 and recess at 168 are interrupted by a centrally disposed
aperture 170, which extends through wall 156. The diameter of
aperture 170 1s selected so as to accommodate proximal flexing of
an assoclated diaphragm 220 under a relatively high pressure
differential (P,) for blood sampling, consistent with the pre-
ceding description.

Valve part 152 comprises a proximal liquid flow passageway
172. Passageway 172 is defined by a liquid flow port wall,
generally designated 174.  Port wall 174 comprises a lower wall
segment 176, shown as having a uniform thickness, which inte-
grally is an extension of wall 156 and terminates in a blunt
annular edge 178. Proximal port wall 174 also comprises a curved
wall segment 180, which is also integral in part with wall 156

and terminates in the previously mentioned blunt edge 178.



Directly adjacent blunt edge 178 is a curved segment 181 of the

port wall 174, accommodating press-fit internal receipt of rigid
fitting 35 at the distal end ¢6 of the IV tube 16, in the manner
heretofore mentioned. The bassageway 172 1s sized to accommodate

sufficient IV, medication and/or blood sampling flow to accom-

plish the objectives of the invention.

As is the case with housing part 152, housing part 154 is
formed as one piece, preferably of rigid synthetic resinous
material. Valve housing part 154 comprises a wall 190 which
comprises an exterior edge 192, which merges at 90° with shoulder
194. Shoulder 194 merges at 90° with a reduced diameter surface
196, sized and shaped to press fit against the surface 166. It
1s presently preferred that surfaces 166 and 196 be permanently
secured to each other as illustrated using a suitable adhesive.
Surface 196 merges through 90° with an abutment surface 198,
which has a relatively short transverse distance. Abutment
surface 198 merges with a downwardly convergent recessed surface

200. Surface 200 defines an aperture or orifice 202 at the base

AS can be seen by inspection of Figure 6, wall surface 204
is partly exposed and partly concealed. The concealed portion of
surface 204 falls within a liquid flow passagewav 206.

Passageway 206 is defined by liquid port wall structure 208,
which comprises a thin tube-connecting annular wall extension or
1ip 210 integral with wall 190, and a curved wall 212, which is

also integral with wall 190. Annular wall eXxtension 210 and wall

- 18 -~



212 are integral and together terminate in blunt edge 214 at the
distal end of the passageway 206. The exterior surface 216
adjaceﬁt edge 214 is of such a diameter to accommodate external
press—-f{it connection of the proximal end 24 of the catheter tube
14, in the manner heretofore explained.

From a visual inspection of Figure 6, it is readily apparent

that abutment surface 198 is spaced a predetermined distance from

surface 168 of wall 156 when the housing parts 152 and 154 are
fully assembled. The space between surfaces 198 and j68 is
preferably slightly less than the thickness of a rectangular
diaphragm 220. Rectangular diaphragm 120 is illustrated as being
of uniform thickness, preferably slightly more than the distance
between surfaces 198 and 168 so as to be compression held between
surfaces 168 and 198 in the illustrated assembled condition.
Diaphragm 220 alsé comprises a central, normally closed, pressure
responsive linear slit 22z which, under predetermined pressure
differential conditions selective accommodates bidirectional
liquid flow therethrough, flexing in the proximal direction being
accommodated by relatively high proximally directed pressure
differential P, and flexing to an open position being accom-
modated in a distal direction under relatively low distally
directed pressure differential P;, such distal flexing being
readily accommodated by conical surface 200 of valve nousing 154.
In terms of use, since the slit valve flow control mechanism
12 is operatively substantially the same as the already described
slit valge flow control mechanism 10, no further operative

description is needed.
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The invention may be embodied in other specific forms without
department from the SpPirit or essential characteristics thereof.
The present'embodiments, are, therefore, to be considered in all
respects as illustrative and not restrictive, the scope of the
invention being indicated by the appended claims rather than by the
foregoing description, and all changes which come withi.n the

meaning and range of equivalence of the claims are therefore to be

embraced therein.
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WHAT IS CLAIMED IS:

1. Two-way medical valve structure for dlsposition
external of a body of a medical patient, the valve structure
comprising a housing comprising proximal liquid ingress and
egress Iflow ports, distal liquid ingress and egress flow ports
and a hollow interior defining a single flow path through which
lilquid entering the port selectively flows in a desired direction

and a bidirectionally displaceable, pressure-responsive slit

valve transversely disposed within the hollow interior of the
housing and comprising a periphery lmperviously secured at the
housing, the slit valve further comprising a normally closed slit
with memory comprising .opposed lips with contiguous opposed edges
held sealingly and alignedly together by sald memory only when
liquid pressure differential across the slit valve is within a
predetermined range, the edges separating to open the slit wvalve
only when liquid pressure differential is above or below the
predetermined range to accommodate proximal and distal flow
respectively along the single flow path in a single direction
during liquid egress flow and in the opposite direction during
liquid ingress flow, characterized in that the slit valve further
comprises control structure contiguously associated with the slit
and 1mperviously secured at the housing for selectively
determining said predetermined range and said control structure
comprise central apertures and is contiguously Juxtaposed to said

slit adjacent to said central apertures.
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2 . The valve structure according to Claim 1, wherein the
slit valve comprises an elastomeric diaphragm comprising at least
one slit, the diaphragm being flexed to separate the lip edges
only when the liquid pressure differential is above and below the

range.

3. The valve structure according to Claim 2, wherein the
diaphragm 1s flat, of a predetermined substantially uniform

thickness and comprises a slit of predetermined length.

4 . The valve structure according to Claim 2, wherein the

diaphragm comprises an elastomeric disc.

5. The valve structure according to Claim 2, wherein the

diaphragm comprises a rectangular shape.

0. The valve structure according to Claim 1, wherein the

housing comprises at least two parts fastened together.

7. The valve structure according to Claim 6, wherein the

two parts comprise complementary threadedly connectors.

8 . The valve structure according to Claim 1, wherein the
slit valve comprises a first control distally adjacent to an

interposed diaphragm and second control proximally adjacent to

the diaphragm, which first and second controls separately
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constrain flexure of the diaphragm distally and proximally to

control at least in part the respective pressure differentials

required to distally and proximally open the slit.

9. The valve structure according to Claim 8, wherein the
first and second controls respectlively comprise larger and
smaller apertures adjacent and aligned with the slit, the smaller

aperture requlring a greater pressure differential to open the

slit and the larger aperture requiring a lesser pressure

differential to open the slit.

10. The valve structure according to Claim 8, wherein the

controls comprise rigid structure aperture-defining structure.

11. The valve structure according to Claim I 0, wherein the
aperture-defining structure comprises a relatively large flow
opening in one direction away from the diaphragm and a relatively

small flow opening in an opposite direction away from the

diaphragm.

12. The valve structure according to Claim 10, wherein the

rigid structure-defining structure is integral with the housing.

13. The valve structure according to Claim 1, wherein the

slit valve comprises a diaphragm and the housing comprise opposed

abutments for sealingly securing the diaphragm.
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14, The valve structure according to Claim 1, wherein the
slit valve comprises a yieldable diaphragm in which at least one
slit 1s centrally disposed and flexed by pressure differential,
and physical abutments adjacent to the diaphragm constraining
flexure of the diaphragm to control the pressure differentials

required to open the at least one slit in either direction.

15. A cardiovascular assembly comprising a canula

comprlsing a hollow interior for placement, at a distal end

-

thereof, 1n a cardiovascular system of

a patient; an effluent
only source of uncontaminated medical liquid disposed to provide
gravity caused fluid flow to the patient; a hollow tube disposed
external of the patient, a proximal interior of the hollow tube
being in direct liquid and pressure communication with the liquid
at the source; the cardiovascular assembly characterized by a
two-way valve structure according to any preceding claim
interposed between the hollow tube and the cannula externally of
the patient, a proximal part of the two-way valve structure being
ln communication with the interior of the hollow tube, at a
distal end thereof, and a distal part of the two-way valve
structure belng in communication with the hollow interior of the

cannula, at a proximal end thereof, said-pressure responsive slit

valve means selectively accommodating liguid flow in a distal

direction directly from the effluent only source to the patient
when the gravity caused pressure predominates by a predetermined

magnitude.
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1lo6. A method of assembling a two way medical valve

" d

comprising providing a housing therefor comprising a

bidirectional flow path, the method being characterized by

A

interposing a normally closed slit diaphragm between two

contiguously adjacent diaphragm flexure constraints and sealingly

and 1mperviously securing the periphery of said diaphragm
transversely across said flow path within said housing such that
the slit of said diaphragm opens in a first direction responsive
only to a first pressure differential across the diaphragm of at
least a first predetermined magnitude imposed thereon and opens
in a second, opposite direction only responsive to a second,
oppositely directed, pressure differential of at least a second
predetermined magnitude across the diaphragm thereby permitting

flow only through an orifice formed by the so opened slit.

17. The method according to claim 16 wherein the

interposing step comprises selecting each flexure constraints
such that each flexure constraints comprises an annular opening
0f a predetermined size displaced to provide an openling over at
least a part of said slit and thereby determine at least in part
elther the first or second magnitude of said first or second

pressure differentials, respectively.

18. The method according to claim 16 comprising the further
step of jolning two parts of a two part housing to complete the

assembly.
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19. The method according to claim 18 wherein the joining

step comprises threadably affixing the parts to each other.
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