191,600

3,

June 29, 1965

H. F. EVERETT
BLOOD SUCTION APPARATUS

Filed May 4, 1962

INVENTOR
HAZEN F. EVERETT

ATTORNEY

T3

. 3 Sheets-Sheet 1

oy AL oY




June 29, 1965

© Filed May 4, 1962

H. F. EVERETT
BLOOD SUCTION APPARATUS

3,191,600

3 Sheets-Sheet 2

2,
‘(
-
VACUUM
- RESERVOIR.
45 |
A 85
FLOW METERING
VALVES - =
87M [~ ler— 87
8871 /88
erd
30-» 3‘{ | 3/ BLOOD COLLECTING
CHAMBER
BLOOD COLLECTING a
CHAMBER ;Y | 3/ F"_{g: 2.

108
u»
87—

/061

m
/o7

V74

BY

iz

INVENTOR.
HAZEN F, EVERETT

ATTORNEY



June 29, 1965 : H. F. EVERETT - 3,191,600
BLOOD SUCTION APPARATUS
Filed May 4, 1962 3 Sheets-Sheet 3

, . - INVENTOR.
HAZEN F. EVERETT

%/ZW

ATTORNEY



United States Patent O

3,191,600
Patented June 29, 1965

ice

1

3,191,600 :
BLOOD SUCTION APPARATUS
Hazen F. Everett, 120 Bedford Road, Hillsdale, N.J.
Filed May 4, 1962, Ser. No. 192 519
16 Claims. (Cl. 128—276)

- This invention relates generally to a blood suctlon ap-
paratus for withdrawing-blood from a surgical field. and
returning the blood to a pump-oxygenator or the. like.
for example, as in the case of cardiac surgery.

Although various blood suction apparatuses have been
proposed heretofore, such existing apparatuses all fail
to- fully satisfy the necessarily exacting requirements for
a blood suction apparatus, either with respect to con-
venience and reliability in actual use or with respect to
the avoidance of haemolysis or other traumatic action on
the blood or the return of foam.

Accordingly, it is an object of this mvennon to pro-
vide an improved blood suction apparatus which meets
the necessarily stringent requirements imposed upon an
apparatus of the described character, both as to its con-
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venience and reliability in use and as to the atraumatic

return -of foamless intracardiac blood to a pump-oxy-
genator or the like.

More specifically, it is an object of this invention to
provide an apparatus of the described character in Which
blood is removed from the surgical field.through a plu-
rality of suction tips which are continuously commimmis
cated with a vacuum reservoir, embodied- in the appara-
tus, and wherein the rate of flow through each tip is
automatically metered to provide a large rate -of flow
when the individual tip is immersed in a pool 'of blood
for rapidly withdrawing large volumes of blood from the

- surgical field, and to very substantially reduce the rate
of flow through the tip when the latter is more or less
open to the atmosphere, thereby to minimize the amount
of air drawn into the suction tip. for avoiding excessive
foaming of the residue of blood being taken in by the tip
and further to avoid any sharp reduction of the vacuum
maintained in the vacuum reservoir,

Another specific object. is to provide an apparatus of
the described character having blood collecting chambers
for continuously receiving blood from the associated suc-
tion tips, and from. which the collected blood is inter-
mittently and automatically allowed to drain, with the
collecting. chambers being constructed and arranged for
effecting the very efficient defoaming of the blood which
drains therefrom for return to a pump-oxygenator or the
like.

A further object is to provide an apparatus of the de-
scribed character in which the number of parts or com-
ponents coming in contact with the blood during opera-
tion of the apparatus is held to a minimum, and such
parts or components are arranged for convenient sterili-
zation thereof.

In accordance with an aspect of this 1nvent10n, each
blood collecting chamber is divided into upper and lower
compartments and has check or one-way valves leading
from the upper compartment to the lower compartment
and from the lower compartment into a drain tube, with
the upper compartment being in continuous communica-~
tion with the vacuum reservoir, while the lower com-
partment is alternately communicated with the vacuum
reservoir and vented to the atmosphere through a con-
tinuously operated alternator. Thus, any:blood in the
region of the associated suction tip is continuously drawn:
into the latter and then through a blood inlet tube into
the upper compartment, and the blood in the upper com-
partment drains from the latter into the lower compart-
ment during each interval when the latter is under suc-
tion, and thereafter drains from the lower compartment
when the latter is vented to the atmosphere.
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" In order to assist in defoaming of the blood returned
to a pump-oxygenator or the like, each blood collecting
chamber has a spacer tube in its upper compartment di-
viding the latter into inner and outer spaces which com-
municate with each other primarily through one or more
openings in the bottom portion of the spacer tube, and
the blood inlet tube opens into the outer space of the
upper compartment while blood drains into the lower
compartment from the inner space of the upper com-
partment so that any foam admitted with blood to the
outer space of the upper compartment rises to the top
of the outer space and only blood passes from the latter
through the opening or openings in the spacer tube into
the inner space for draining into the lower compartment.
Further, the lower compartment of the blood collecting
chamber is provided with a hemispherical wall and blood
draining from the upper compartment into the lower
compartment is directed against the hemispherical wall to
flow smoothly along the latter and further release any
entrapped air. The return of foam to the associated
pump-oxygenator or the like is further prevented by
providing a buoyant ball check valve associated with the
blood discharge opéning at the botftom of the lower
compartment of the blood collecting chamber so that the
ball check valve floats on the surface of the body of
blood in the lower compartment and is effective to close
the discharge opening when the body of blood in the
lower compartment is almost depleted and before any
foam on the surface of the body of blood in the lower
compartment can reach the discharge opening.

In accordance with another important aspect of this
invention, the suction lines or conduits leading to each
of the blood collecting chambers from the suction or
vacuum reservoir have an automatic flow metering valve
interposed “therein, and each flow. metering valve  in-
cludes a valve spool movable axially, under the influence
of differences in the pressures acting against its opposite
ends, between a first or closed position which the valve
spool .occupies when the associated suction tip is more
or less open to atmosphere to provide the desired rela-
tively low flow rate, thereby to avoid a substantial loss of
vacuum in the reservoir and also to avoid trauina to the
blood as a result of violent sucking of blood and air to-
gether into the suction tip, and a second or open posi-
tion occupied when the associated suction tip is fully sub-
merged in blood to provide the desired high flow rate for
effectively remoVing large’ volumes of blood from the
surgical field.

The above, and other objects, features and advan-

" ‘tages-of the invention, will be apparent in the follow-
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ing detailed  description of an illustrative .embodiment
thereof which is to be read in connection with the accom-
panying drawings forming a part hereof, and wherein:
~ FIG. 1 is-“a perspective view of a blood suction ap-
paratus embodying the present invention;

" FIG. 2 is a diagrammatic view of the various com-
ponents included in the apparatus of FIG. 1;

FIG. 3is an. end elevational view of a base included
in the apparatus of FIG. 1 and deﬁning a combined
housing and vacuum reservoir;

" FIG. 4 is a vertical sectional view of one of the blood
collecting chambers included in the apparatus of FIG. 1;

FIG. 5 is an enlarged sectional view taken along the
line .5—5 on FIG. 3 and showing .an alternator in-
cluded in the apparatus embodying the invention;

FIGS. 6 and 7 are detail sectional views taken along
the line 6—6 and the line 7-—7, respectively, on FIG. 5;

FIG. 8 is an enlarged axial sectional view of one of
the automatic flow metering valves included in the ap-
paratus of FIGS. 1 and 2;
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FIG. 9 is an enlarged axial sectional view of a vacuum
regulating valve also included in the apparatus of FIGS.
1 and 2; -

FIG. 10 is a side elevational view of a combined
handle and shut-off valve provided for each of the suc-
tion tips of the apparatus of FIG. 1, and which is shown
in its closed position;
~ FIG. 11 is an axial sectional view of the combined
handle and shut-off valve of FIG. 10, but shown in its
open position;

FIG. 12 is an enlarged perspective view of a valve
element included in- the combined handle and shut-off
valve of FIGS. 10 and 11;

FIG. 13 is an enlarged axial sectional view of a suc-
tion tip that can be used with the apparatus of FIG. 1;
~ FIG. 14 is a perspective view of a molded plastic
body from which each of several check valves included
in the apparatus of FIG. 1 is preferably formed;

FIG. 15 is a sectional view illustrating a step in the
forming of a check valve from the body of FIG. 14; and

FIG. 16 is a perspective view of the completed valve

formed from the body of FIG. 14.
_ Referring to the drawing in detail, and initially to
FIG. 1 thereof, it will be seen that a blood suction ap-
paratus embodying the present invention, and there
‘generally identified by the reference numeral 20, in-
cludes a base 21 which is preferably in the form of a
welded box having a horizontally extending partition 22
therein (FIGS. 3 and 5) dividing the interior of the
box into a sealed lower compartment 23 forming a
vacuum reservoir and an upper compartment 24 for ac-
commedating the various electrical components of the
apparatus 20. The base 21 is preferably mounted on
casters 25 to facilitate movement of the apparatus to a
suitable location adjacent an operating table. Brackets
26 and 27 (FIG. 3) are secured at one end of base
21 to support a vertical post 28 (FIGS. 1 and 3) carry-
ing a vertically adjustable support 29 in which two blood
collecting chambers 30 are removably suspended.

A flexible blood inlet tube 31, preferably of a surgical
grade of polyvinylchloride, extends from each of the
blood collecting chambers 30 through an associated
combined handle and shut-off valve 32 to a suction tip
33. A hanger rod 34 is also adjustably carried by the
support 29 and is adapted to engage tubes 31 for sup-
porting at least part of the weight thereof when the
suction tips 33 are  suitably positioned at a surgical
field for withdrawing blood from the latter.

Referring now to FIG. 2 of the drawings, it will be
seen that the apparatus-2@ further generally includes a
vacuum pump 35 driven by a shaded pole electric motor
36. Pump 35 and its motor 36 are both mounted in
the upper compartment 24 of base 21 and the pump has
its inlet.37 connected to vacuum reservoir 23 while its
outlet is connected to a vent opening 38 in a side wall
of base 21 so that pump 35 is continuously operative
during energization of its motor 36 to evacuate air from
Teservoir 23. '

The energizing circuit for motor 36 includes conductors
housed in the usual cable 39 for connection to power
supply lines. Interposed in the energizing circuit are an
on-off switch 40 which is manually operable through a
control knob 41 (FIG. 1) on the top of base 21, and a
normally closed pressure sensitive safety switch 42
which is responsive to the vacuum in reservoir 23 to
open and thus halt operation of motor 36.when the
vacuum in the reservoir exceeds a predetermined value,
for example, 80 mm. Hg. A pressure gauge 43 (FIG.
2) is also- disposed within the upper compartment 24
of base 21 so as to be visible through a transparent
panel or window 44 in the top of the base, and the
gauge 43 is suitably connected to the vacuum reservoir
23 to indicate the vacuum in the latter.

The vacuum maintained within reservoir 23 is deter-
mined by a pressure regulator 45 which is preferably
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mounted in a side wall of base 2% and has the construc-
tion illustrated in detail on FIG. 9. The pressure regu-
lator 45 includes a body 46 screwed intc an. internaily
threaded flange 47 extending around an opening in the
side wall of base 21. A tubular cage 48 is screwed
onto a reduced diameter inner end portion of body 46
and has radial openings 49 establishing communication
between vacuum reservoir 23 and the interior of cage
48. Body 46 has an axial bore 50 extending therethrough
and a valve seat 51 is provided at the inner end of
bore 50. A valve disk 52 movable within cage 48 is
urged against valve seat 51 by a helical spring 53 which
bears against the inner end of cage 48. An adjusting
member 54 is screwed into a threaded counterbore 55
formed in the outer end portion of body 46 and acts
against a helical adjusting spring 56 which is- disposed
in bore 58 between adjusting member 54 and valve disk
52. The adjusting member 54 has an axial passage 57
extending therethrough and further is formed with a
radial, outwardly directed flange 58 intermediate its ends.
A friction spring 59 is disposed in an annular recess at
the outer end of body 46 and bears against flange 58 of
adjusting member 54 to frictionally hold the setting of
the latter relative to body 46. A centrally apertured
cap 60 is screwed on the outer end of body 46 so that
axial adjustment of member 54 caused by turning of
the latter relative to body 46 is limited through.engage-
ment of flange 58 either with the outer end face of body
46 or the inner surface of cap 60. The outer end of
adjusting member 54 which projects through the central
aperture of cap 60 is preferably knurled, as at 61 (FIG.
3), to facilitate manual rotation of member 54, and hence
axial adjustment of the latter, relative to body 46.

It is apparent that the described axial adjustment of
member 54 varies the force exerted by spring 56 on valve
disk 52 in opposition to the seating force of spring 53.
Thus, atmospheric pressure acting on disk 52 through pas-
sage 57 and bore 50 combines with the adjustable force of
spring 56 to overcome the seating force of spring 53 when
the vacuum within reservoir 23 exceeds a predetermined
value which may be adjusted by turning of the adjusting
member 54.

Referring now to FIG. 4, it will be seen that each of the
blood collecting chambers 38 preferably includes a hollow
receptacle 62 formed of polypropylene or other suitable
plastic having a substantially hemispherical lower portion
63 with a central depending discharge opening or neck 64.
A’ diaphragm or partition 65 preferably formed from a
surgical grade of polyvinylchloride is disposed tightly
within receptacle 62 and extends substantially across the
middle of the latter for dividing the interior of each blood
collecting chamber 36 into an upper compartment 66 and
a lower compartment 67. "The upper end of receptacle 62
is closed by a metal cap 68 having a depending rim 69
which is circumferentially ridged to accommodate an elas-
tomeric ring 70 providing a hermetic seal. A’ spacer tube
71 of substantially smaller diameter than the receptacle 62
depends from cap 68 so that, when the latter is positioned
on receptacle 62, the npper compartment 66 is divided into
an inner space 72 within spacer tube 71 and an outer annu-
lar space 73 between spacer tube 71 and the side wall of
receptacle 62. A small vent opening 74 is provided near
the top of spacer tube 71 to maintain equal pressures in the
inner and outer spaces 72 and 73, and tube 71 further has
one-or more relatively large .openings 75 near its lower
edge to permit flow of blood from outer space 73 into
inner space 72 at a level immediately above partition or

_ diaphragm 65.

70

- Blood drawn from the surgical field through each suc-
tion tip 33 and blood inlet tube 31 is admitted to the re-
lated chamber 30 at outer space 73 of upper compartment
66 through a metal connecting tube 76 which is welded or

razed in cap 68. The flexible blood inlet tube 31 tightly
engages over the upper end portion of the metal connect-
ing tube 78, while the lower end portion of the latter with-
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in space 73 is bent toward the adjacent side wall of recep-
tacle 62 and obliquely cut, as at 77, so that the lower open
end of tube 76 is in a plane substantially parallel to the
adjacent side wall of the receptacle to cause the discharged
blood to stream down the side wall and thereby tend ini-
tially to remove entrapped bubbles of air from the blood.
The cap 68 further has a relatively long, centrally disposed
metal connecting tube 78 brazed or welded therein to ex-
tend tightly through a central opening in the diaphragm 65
and open below the latter into the lower compartment 67.
A third, relatively short. metal connecting tube 79 extends
through cap 68 and opens below the latter within spacer
tube 71, that is, within the inner space 72 of upper com-
partment 66.

As hereinafter described in detail, the connecting tube
79 is continuously communicated with vacuum reservoir
23 so that the inner space 72 and, through the vent open-
ing 74 of spacer tube 71, also the outer space 73 of upper
compartment 66 are continuously subjected to a vacuum
or sub-atmospheric pressure thereby to draw any blood
in the region of the related suction tip 33 through the latter
and the related blood inlet tube 31 into outer space 73.
Since any foam admitted with blood to the outer space 73
rises towards the top of the latter, it is apparent that only
liguid blood flows through opening or openings 75 from
outer space 73 into inner space 72. Further, as herein-
after described in detail, connecting tube 78, and hence
the lower compartment 67, is alternately communicated
with vacuum reservoir 23 and vented to the atmosphere.

As shown in FIG. 4, blood outlet tubes 80 depend from
the central portion of diaphragm 65, that is, from within
inner space 72, at diametrically opposed locations and are
- inclined towards the adjacent side wall of receptacle 62.
Each blood outlet tube 80, which also may be formed of a
surgical grade of polyvinylchloride, terminates in a check
or one-way valve 81 which permits a flow therethrough
only in the direction from the upper compartment 66 into
the lower compartment 67. Each valve 81 is designed, as
hereinafter described in detail, so as to open under the
weight of the blood in upper compartment 66 -only when
the upper and lower compartments are both subjected to
vacunm, thereby to permit the blood to drain into lower
compartment 67. However, when lower compartment 67
is vented to the atmosphere, atmospheric pressure acting
against the outer surfaces of each valve 81 is effective to
close the latter. ‘

Tt will be noted that the valves 81 at the ends of blood
outlet tubes 80 open adjacent the wall of receptacle 62 at
the top of the hemispherical portion 63 thereof so.that the
blood draining into lower compartment 67 is made to flow
in sheets or stream along the hemispherical lower portion
63 thereby to further encourage the release of air bubbles
therefrom. In order to further prevent the discharge of
foam from lower compartment 67, there is provided with-
in the latter a buoyant ball valve 82 which is intended to
float on the surface of blood drained into lower compart-
ment 67 from upper compartment 66, and the ball valve
82 is dimensioned to close the discharge opening or neck
64, as shown in FIG. 4, when the level of blood nears dis-
charge opening 64 so that foam ﬂoatmg on the blood can-
not exit through the discharge opening.

A check or one-way valve 83 which is similar to each of
the valves 81 is provided on the discharge opemng or neck
64 to perrmt flow through the latter only in the direction
out of lower compartment 67 into a réturn pipe or tube
assembly 84 also preferably formed of polyvinylchloride
and through which the collected blood may be returned to
a pump-oxygenator (not shown) or the like. It will be
apparent that, by reason of the valve 83, blood can drain
from the lower compartment 67 through the return pipe
assembly 84 only when lower compartment 67 of the re-
lated blood collecting chamber 30 is vented to the atmos-
phere. However, when lower compartment 67 is commu-
nicated with vacuum reservoir 23, atmosphrtic pressure
acting on the outside of valve 83 through the return pipe
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or tube assembly 84 positively effects closing of the one-
way valve.

- Referring again to FIG. 2, it will be seen that vacuum
reservoir 23 is provided with vacuum connections 85, pref-
erably located at the bottom of base 21 (FIG. 3), and from
which tubes 96 extend to associated flow metering valves
generally identified by the reference numerals 87. A flexi-
ble tube 88, preferably of a polyvinylchloride, extends
from each flow metering valve 87 to the connecting tube
79 of the related blood collecting chamber 39, and each
flow metering valve 87 further has a tube 89 extending
therefrom to an alternator generally identified by the ref-
erence numeral 99. Flexible tubes 91 also extend from
the alternator 90 to the connecting tubes 78 of the blood
collecting chambers 30. The flow metering valves 87 and
alternator 90 are preferably mounted on base 21, for exam-
ple, on one end wall thereof, as shown in FIG. 3.

The purpose of the alternator 90 is to alternately estab-
lish communication between the lower compartments 67
of collecting ¢chambers 30 and vacuum reservoir 23 and
between the lower compartment 67 and the atmosphere,
while the function of each flow metering valve 87 is to
vary. the rate of flow of air therethrough back to vacuum
reservoir 23 so that, when the related suction tip 33
is immersed in a pool of blood, a high rate of flow is
permitted to effect the removal of large volumes of blood
whereas, when the related suction tip 33 is more or less
open to the atmosphere; the permitted rate of flow is very
substantially reduced, thereby to permit the suction tip
to remove any residue of blood in its immediate vicinity
while avoiding the violent sucking in of such blood to-
gether with large volumes of air which would result in
trauma to the blood as well as in the excessive foaming
thereof.

As shown particularly in FIG. 8, each of the flow
metering valves 87 preferably includes a body 92 having a
generally cylindrical cavity 93 therein which receives
liners 94, 95 and 96 and is closed, at one end, by a cover
97. Sealing rings 98, 99 and 100 of silicone rubber or
the like are positioned by the liners and extend radially
inward therefrom to slidably engage related portions of
a valve spool 101. * Valve spool 101 includes relatively
large diameter portions 102 and 103 with a reduced di-
ameter portion 104 therebetween and a still further re-
duced' diameter end portion 105 extending from portion
103. Sealing rings 99 and 100 continuously engage por-
tions 103 and 105 of the valve spool, while portion 102
‘of the valve spool is axially dimensioned so that sealing
ring 98 engages the surface thereof when portion 103
seats against a radial shoulder 106 formed on liner 96 but
rides off portion 102 when valve spool 101 is axially dis-
placed in the direction of arrow 107 on FIG. 8, that is,
in the direction away from shoulder 106.

The tube 86 extending from vacuum reservoir 23 opens
into the cavity 93 of flow metering valve 87 at the end
of the cavity containing reduced diameter end portion
105 of the valve spool so that the predetermined vacuum
in the reservoir always acts against the relatively small
end surface of portion 105. -A bypass 108 is formed in
body 92 and extends from the end of cavity 93 at which
tube 86 opens into an intermediate portion of the cavity
containing liner 95 between scals 98 and 99. The outer
surface of linéer 95 is formed with a circamferential
groove 109 located to register with bypass 108 and hav-
ing radial bores 110 opening inwardly between seals 98
and 99. An adjustable needle valve 111 is interposed in
bypass 108 so as to define a variable orifice in the latter.

Valve spool 101 is further formed with an axial blind
bore 112 opening at the large diameter end of the valve
spool defined by portion 102, and a small radial orifice
113 opens from blind bore 112 at the reduced diameter
portion 104 between portions 102 and 103.

The tubes 88 and 89 extending from flow metering
valve 87 directly to the associated chamber 30 and to the
latter through the alternator 90, respectively, open
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through passages 114 in the cover 97 into the end of the
cavity 93 containing sleeve or liner 84. Finally, valve
body 92 is provided with a vent 115 to the atmosphere in
alignment with an annular groove 116 in the outer sur-
face of liner 96 which further has one or more radial pas-
sages 117 extending from groove 116 and opening at the
inner surface of liner 96 between shoulder 186 and
seal 109,

The operatlon of the above described flow metermg
valve 87 is as follows:

When the associated suction tip 33 is open to the atmos-
phere, atmospheric pressure acts upon the relatively large
diameter end of spool 161 through suction tip 33, tubes
31 and 76, upper compartment 66 of the related blood
collecting chamber 38, and tubes 79 and 88, so that the
force due to atmospheric pressure acting on the large
diameter end of spool 101 moves the latter until portion
183 of the spool engages shoulder 106, as shown in FIG.
8. In the illustrated position of valve spool 161, air can
flow from tubes 88 and 89 through metering valve 87
only at the slow rate of flow determined by the size of
the fixed orifice 113. Thus, if the associated suction tip
33 is more or less open to the atmosphere, that is, not
immersed in a pool of blood, air is drawn into the suc-
tion tip only at the low rate of flow determined by fixed
orifice 113, so that although suction continues to be
available at the suction tip for drawing in any residual
blood in the vicinity thereof; there is no danger that large
volumes of air will be sucked in through the tip 33 to
either- substantially reduce the value of the vacuum in
reservoir 23 or to produce traumatic conditions in the
handling of the blood. -

On the other hand, when the associated suction tip 33
is immersed in a pool of blood, which thereby provides
a liquid seal from the atmosphere at the tip 33, the
vacuum in reservoir 23 then also acts at the large diameter
end of spool 101 through bypass 108, variable orifice 111
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and fixed orifice 113. Since the predetermined vacuum -

or sub-atmospheric pressure is then acting at both the
large and small diameter ends of spool 101, there is a
resulting force in the direction of the arrow 167 moving
the valve spool 161 away from shoulder 106 until seal 98
rides off large diameter portion 162 of the valve spool,
whereupon a substantial annular space is created between
seal 98 and the reduced diameter portion 164 of the value
spool so that a high rate of flow can occur through such
annular space, with the high rate of flow being limited only
by the adjustment of the variable orifice 111. According-
Iy, when the associated suction tip 33 is immersed in a pool
of blood, a high rate of flow is available for drawing in
large volumes of blood through the suction tip. It is'to
be noted that the change between the high and low rates
of flow permitted through each suction tip 33 is effected
automatically by the metering flow valve 87 and thus does
not require any attention from the surgeon or a531stmg
personnel,

The alternator 96 is driven by a synchronous capacitor
electric motor 118 which, as shown in FIG. 2, is also
energized from the usual power supply lines through the
conductors 39 so that the motor 118 is contmuously oper-
ated so long as the manually actuated switch 40 i is in its
closed position.

As shown part1cu1arly in FIG. 5, the alternator 90
includes a body 119 and a ported cover block 120 which
are secured together in face-to-face relation and jointly
mounted on the upper portion of an end wall of base 21
by bolts 121 screwed into tapped holes in the base. The
outer surface of body 119, that is, the surface confront-
ing block 120, is formed with a circular recess 122, and
body 119 further has a bore 123 which is coaxial with
recess 122 and extends from the latter to the inner face
of body 119. As shown particularly in FIG. 6, cover
block 129 is formed with a-pair of relatively widely
spaced apart, parallel passages 124 extending upwardly
from the lower edge of block 120 to the center of the
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Jatter and there terminating in ports 125 opening at the

inner surface of block 120 at diametrically .opposed lo-
cations ‘within the recess 122 of body 119. Block 120
is further formed with a pair of parallel passages 126

spaced apart by a distance substantially less than that

between the passages 124 and extending downwardly from
the upper edge of block 120 to the center of the latter

where the passages 126 terminate in ports 127 also open-

ing at the inner surface of the cover block between ports
125 at diametrically opposed locations within recess 122.
Finally, block 129 is provided with a bore 128 extending
therethrough and being centered with respect. to recess
122 and also with respect to ports-125 and 127 to con-
stitute a vent opening.

The tubes 89 extending from flow metering valves 87
engage connecting tubes or nipples 129 screwed into the
lower ends of passages 124, while the tubes 91 which

extend fo the blood collecting chambers 30 engage con-

necting tubes or nipples 130 screwed into the upper ends
of passages 126.

The alternator 99 further includes a circular rotor 231
(FIGS. 5.and 7) which is preferably formed of nylon
and is freely rotatable within recess 122 of body 119.
The motor 118 is suitably mounted within the upper
compartment 24 of base 21 in axial alignment with rotor
131 and is preferably provided with reduction gearing
so that, when rotor 131 is rotatably coupled to motor
118 as hereinafter described in detail, the rotor is ro-
tated at a suitable slow speed, for example, 10 revolu-
tions per minute. As shown in FIG. 5, the output shaft
of the reduction gearing in motor 118 has a drive mem-
ber 132 secured thereon and extending into the bore 123
of body 119. Drive member 133 has a diametrically
extending key 133 projecting from its outer end surface
and slidably engaging in a similar diametrically extend-
ing groove 134 formed in a hub 135 on the inner side
of rotor 131 so that the latter is rotated through the
engagement of key 133 in slot 134. Drive -member 132
is' further formed with an outwardly extending flange
136 providing a seat for one end of a helical compression
spring 137 which bears, at its other-end, against rotor
131 around hub 135 so that spring 137 continuously urges
rotor 131 axially against the inner surface of the ported
cover block 120 for sealing engagement with the latter.

As shown in FIG. 7, the outer surface 138 of rotor
131, that is, the surface thereof in slidable sealing en-
gagement with cover block 120, is formed with an arcuate
groove 139 concentric with the rotor and having a radius
of curvature equal to the distance between each port
127 and the central vent opening 128 of block 120. The
arcuate groove 139 has an angular extent of slightly less
than 180°, A radial groove 140 in surface 138 extends
from the arcuate groove 132 to the center of rotor 131
so that the inner end of radial groove 140 registers con-
tinuously with vent opening 128 and:thereby maintains
communication between groove 139 and the atmosphere.
Surface 138 of rotor 131 further has an arcuate groove
141 of the same curvature and angular extent as groove
139, but diametrically opposed to the latter, and an
arcuate groove 142 of larger radius of curvature for reg-
istration with the ports 125 of cover block 120 and be-
ing connected through a radial groove 143 with the arcuate
groove 141.

It will be apparent that, as rotor 131 is rotated in
recess 122, for example, at the previously mentioned
speed of 10 revolutions per minute so that 6 seconds is
required for each complete revolution, grooves 139 and
140 establish communication between the vent opening
128 and one of the ports 127 of block 120 during one-
half of each revolution so that the lower compartment
67 of the associated blood collecting chamber 30.is then
vented to the atmosphere, while grooves 141, 142 and
143 establish communication between the other port 127
and the adjacent port 125 so -that the lower compartment
67 of the other blood collecting chamber is then con-
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nected or communicated with vacuum reservoir 23 through
the associated flow metering valve 87. During the re-
maining half of the complete revolution of rotor 131,
the conpections to vacuum and atmosphere. are reversed
so that the blood collecting chamber 30 having its lower
compartment 67 previously vented to atmosphere is then
communicated with the vacuum reservoir 30, while the
Jower compartment of the blood collecting chamber pre-
viously communicated with the vacuum reservoir is then
vented to the atmosphere.
partments 67 of the-two blood collecting chambers 30

are alternately communicated with the vacuum reservoir -

and vented to atmosphere during each revolution of rotor
131. As previously described herein, blood drains from
the upper compartment 66 of each blood collecting ¢cham-
ber 30 into the lower compartment 67 when the lafter
is communicated with the vacuum reservoir 23, and the
blood drains from the lower compartment 67 into the
return pipe assembly 84 when the lower compartment
67 is vented to the atmosphere during each revolution of
rotor 131.

Referring now to FIGS. 10 and 11, it will be seen
that the combined handle and shut-off valve 32 provided

Accordingly, the lower com-~
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for each of the suction tips 33 preferably includes an .

elongated metal body 144 having an axial bore 145 ex-
tending therethrough and being diametrically enlarged,
at one end, as at 146 (FIG. 11). Each suction tip 33
is in the form of a length of suitably bent stainless steel
tubing having an adapter 147 at one end fitting into the
enlarged end portion 146 of bore 145 and being re-
movably secured therein by a set screw 148 extending
through body 144 and engaging in.an annular groove
149 in adapter 147. Adapter 147 further has a nipple
150 extending therefrom to tightly receive the end of the
associated blood inlet tube 31 thereon.

Body 144 is further formed with a laterally extending
bore 151 opening at one side of the body to closely re-
ceive a pinch valve member 152. = As shown in FIG. 12,
pinch valve member 152 includes a pair of parallel spaced
apart end disks 153 joined together by a connecting por-
tion 154 having the configuration of a segment of a cylin-
der with a Iug 155 projecting radially from the connecting
portion 154 adjacent one edge of the latter.
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Body 144 further has a laterally opening cutout 156

FIG. 10) contiguous to the bore 151 so that pinch valve
member 152 can be inserted into, and removed from bore
151 only when the valve member is turned to a position
in which its lug 155 is received in cutout 156. The top
of body 144 also has a longitudinally extending slot 157
therein formed with rabbetted side edges and opening, at
its back end, into a relatively wider opening 158 (FIG.
11). A finger operated actuating. member- 159 is pro-
vided with a slide 160 at its underside which is formed
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with rabbetted side edges slidably engageable with the

rabbetted. side edges of slot 157 so that the actiating
member is movable along the top of body 144 between
the positions illustrated in FIGS. 10 and 11, respectively,
and is disengageable from slot 157 by movement rear-
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wardly beyond the position of FIG. 10 so that its slide .

169 moves into the opening 158.

In assembling together the several elements. of the com-
bined handle and shut-off valve 32, the slide 160 of actu-
ating member 159 is first engaged in, and moved for-
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wardly ualong slot 157, and valve member 152 is then

inserted in bore 151 with its lug 155 1 passmg through cut-
out 156. When valve member 152 is fully disposed in
bore 151, it is turned to the position shown in FIG. 11
with its Iug 155 projecting upwardly in opening 158. In
that position of valve member 152, the connecting portion
154 thereof is disposed at the.top so that the space be-
tween end disks 153 is substantially aligned with bore 145
and the flexible tube 31 can then be extended through the
unobstructed bore 145 of body 144.: ‘With the free end
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of tube 31 projecting from body 144, such free end can

be easily engaged on the nipple 159 of adapter 147, and
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the tube 31 is thereafter drawn back into body 144 50
that the adapter 147 enters the enlarged end 146 of bore
145 and is secured-therein by tightening of set screw 148.
The tube 131 thus positioned within bore 145 between
the end disks 153 of valve member 152 prevents removal
of the valve member from dits bore 151 and, so long as
valve member 152 is disposed in its bore 151, the lug 155
of the valve member prevents inadvertent removal of the

slide 160 of actuating member 159 from the slot 157.

However, it will be obvious that the various elements mak-
ing up the combined handle and shut-off valve 32 can be
conveniently disassembled. by reversing the steps of as-
sembly described above, whereby such elements can be
easily and thoroughly cleaned and sterilized.

When the actuating member 159 is in its forward posi-

tion illustrated in FIG. 11, tube 31 is unobstructed or fully
open so that blood can flow freely therethrough from the
associated suction tip 33." However, when actuating mem-
ber 159 is moved rearwardly, that is, away from the end
of body 144 in which adapter 147 is secured, for exam-
ple, to the position shown on FIG. 10, the actuating mem-
ber 159 acts against the lug 155 of valve member 152 to
turn the latter within bore 151 and thereby cause the con-
necting portion 154 of the valve member to pinch tube 31
against the bottom of bore 145. When the tube 31 is
thus pinched shut, the associated suction tip 33 is ren-
dered inoperative.
. 'The action of actuating member 159 on valve member
152 is irreversible so that valve member 152 remains in
its closed position shown on FIG. 10 until member 159
is again mannally displaced to the position of FIG. 11,

The end of suction tip 33 remote from adapter 147
may be merely provided with a central axial opening, or
with both a central axial opening and a series of radially
opening slots extending longitudinally in the end portion
of the suction tip for permitting the entry of blood into
the latter. However, as shown in FIG. 13, the end por-
tion of suction tip 33 having an axial opening 161 there-
in is preferably surrounded by a bullet-shaped sleeve or
jacket 162 which is screwed onto threads 163 provided
on tip 33 at a location spaced from its axially opening
end. Jacket 162 is formed with ‘a plurality of circum-
ferentially spaced apart longitudinal slots or elongated
openings 164 extending into the nose of jacket 162 and
also with longitudinally extending grooves 165 interspersed
between slots 164. It has been found that, with the par-
ticular tip construction shown in FIG. 13, the slots 164
and grooves 165 cooperate to maintain an open path for
blood into the axial opemng 161 of the tube or tip 33
even when the latter ds inserted into relatively confined
spaces, for example, a chamber of the heart, or is other-
wise in contact with flesh at the surgical field from which
blood is to be withdrawn.

It is further to be noted that the one-way valves 81
and 83 associated with each of the blood collecting cham-
bers 30 are preferably shaped or formed in a particular
manner so as to be extremely sensitive and reliable in op-
eration. In forming each of the valves, a suitably shaped
hot form is dipped into polyvinylchloride so as to de-
posit ‘a. removable hollow body 166 (FIG. 14) on the
form which can be stripped from the latter., The body
166 includes a cylindrical portion 167 of relatively large
wall thickness and an outlet portion 168 which increases
in diameter, and tapers or decreases in thickness toward
its free end edge. The large diameter end of flaring por-
tion 168 of the preformed body is then squeezed together
or flattened by a split circular spring 169 (FIG. 15) and
suspended by the latter in an oven for a sufficient period
of time to permit the polyvinylchloride to set in this al-
tered shape. -In order to avoid sticking together of the
edge portions of body 166 which are squeezed together by
spring 169, a thin. film of silicone is preferably applied
at the inside of the edge of outlet portion 168. The com-
pleted valve 166a illustrated in FIG. 16 thus includes a
¢ylindrical mounting portion 167¢ having a relatively thick
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wall, and an outlet portion 168a changing gradually from
the circular cross-section at mounting portion 1674 to the
flat configuration at the end edge of portion ¥684. Since
the wall thickness of outlet portion 168a decreases in the
direction toward its free edge, the outlet portion has suffi-
cient flexibility to ensure its opening and closing in re-
sponse to minimum. pressure differentials. [Further, the
side surfaces of outlet portion 168a have relatively large
areas for exposure to the pressures at the inside and out-
side of the valve and thereby further ensure extreme sen-
sitivity of the valve to even small differential pressures.
Since the free edge of outlet portion 1684 is set in its closed
position by the spring 169 acting thereon during the heat
setting of the valve, the latter has a spring-like action at
its squeezed together edges tending to maintain the valve
in its closed condition.

It will be noted that, in the described blood suction
apparatus, the blood contacts only the suction tips 33,
blood: inlet tubes 31, blood collecting chambers 39 and
return tube assembly 84. As previously described herein,
the suction tips 33 and associated combined handles and
shut-off valves 32 may be easily disassembled for thorough
cleaning and sterilization. - The blood collecting cham-
bers 30 are also capable of being disassembled conven-
iently for sterilization of the various parts thereof, where-
as the blood inlet tubes 31, return tube assembly 84, and
the valves 81 and 83 may be disposable and replace-
ments therefor sold in sterile condition.

It is further to be noted that described blood suction
apparatus 20 does not require priming with blood or
plasma, and thereby reduces the cost of heart surgery or
the like in that blood need not be obtained from a blood
bank or donors for the purpose of priming the suction
apparatus. - Further, the various tubes ‘and “openings
through which the blood passes between the suction tips
33 and the return tube assembly 84 are all designed with
uniformly large cross-sectional areas so that large volumes
of blood can be drawn from the surgical field and re-
turned to the associated pump-oxygenator or the like
without requiring a relatively great vacuum, thereby to
avoid haemolysis or other trauma of the blood. Since
blood drains from the lower compartment 67 of each
blood collecting chamber 30 only when that lower com-
partment is vented to the atmosphere, and since each
cycle of venting of the lower compartments to the at-
mosphere and of communication with the vacuum res-
ervoir is’ determined by the operation of the alternator

9@, for example, with a complete cycle occurring each:

six seconds, there is no possibility of a siphon being
formed from the blood collecting chambers which would
result in the return of ait or foam as well as blood. As
previously indicated herein, the arrangement of each of
the blood collecting chambers 30 is such as to ensure the
removal of air bubbles from the returned blood and the
trapping of foam within the blood collecting chambers
so that only liquid blood is returned to the associated
pump-oxygenator or the like through the return tube as-
sembly 84.
. Although an illustrative embodiment of the invention
has been described in detail herein with reference to.the
accompanying drawings, it is to be noted that the inven-
tion is not limited to that precise embodiment, and that
various changes and modifications may be effected therein
by one skilled in the art without departing from the scope
or spirit of the invention, which is intended to be defined
by the appended claims.

What is claimed is:

1. In a blood suction apparatus, the combination of
~ (A) a-source of vacuum having means tending to

maintain the vacuum at a substantially constant
value, )

(B) a plurality of suction tips for immersion in pools
of blood,

(C) means connecting said suction tips with said
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source so that vacuum is available at said suction tips
for drawing blood into the latter, and

(D) pressure iesponsive flow metering means inter-
posed in said connecting means between each of said
suction tips and said source of vacuum, each of said
flow metering means including a valve body having

a cavity therein with ports communicating with said

source of vacuum and the related suction tip, respec-

tively, a valve spool moved in said cavity by differen-
tial ‘pressures acting thereon through said ports be-
tween a first position occupied by said valve spool
when the related suction tip is immersed in blood
and a second position occupied by said valve spool
-when the related suction tip is substantially open to

the atmosphere, and cooperative means in said valve

body and spool defining a passage of relatively large
cross-section between said ports when said spool is
in said first position and defining a restricted passage
between said ports when the spool is in said second
position, thereby to permit a relatively high rate of
flow into the related suction tip when the latter is
immersed in blood and to substantially restrict the
rate of flow into said related suction tip when the
latter is open to the.atmosphere, for avoiding sub-
stantial loss of vacuum at said source and the draw-
ing in of large volumies of air with blood into said
suction tips. ’
2. A pressure responsive flow metering device for reg-
ulating the rate of flow into a suction tip intended to be
immersed in a body of liquid, said flow metering device
comprising:

(a) a valve body having a cavity therein with a port
at one of its ends adapted for connection to a source
of vacuum and a port at its other end for connec-
tion to the suction tip, . .

(b) a valve spool movable axially in said cavity and

_having opposite ends of relatively small and large
areas, respectively, facing toward said one end and
said other end, respectively, of said cavity,

(c) means for bleeding vacuum from said one end
to said other end of said cavity so that said spool is
moved toward said one end of the cavity, when the
related suction tip is open to the atmosphere, and said
spool is moved toward said other end of the cavity,

"~ when both of said ends of the spool are exposed to
vacuum by sealing of the related suction tip through
immersion of the latter in a liquid, and .

(d). cooperative means in said body and spool defining
a passage therethrough of small cross-section to pro-
vide a resiricted rate of flow into the suction tip,
when said spool is moved toward said one .end: of
the cavity, and defining a passage therethrough of
relatively large cross-section to provide a high rate
of flow into the suction tip, when said spool is moved
toward said other end of the cavity.

3. In a blood suction apparatus, the combination of

(A) atank having a continuously driven vacuum pump
with an inlet connected to said tank so that the latter
constitutes a vacuum reservoir, ,

(B) adjustable pressure regulating valve means con-

" nected to said vacuum reservoir for maintaining an

) adjustably predetermined vacuum. in the latter,

- {C) a plurality of suction tips for withdrawing blood
from a surgical field,

(D) means connecting said suction tips with said
vacuum reservoir so that vacuum is available at said
tips for drawing.blood into the latter, and

(E) pressure responsive flow metering means inter-
posed in said connection means between each of said
suction tips and said vacuum reservoir, each of said
flow metering means including a valve body having a
cavity therein with ports communicating with said
vacuum reservoir and the related suction tip, respec-
tively, a valve spool moved in said cavity by differen-
tial pressures. acting thereon through said ports be-
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tween a first position occupled by sa1d valve spool
when the related suction tip is immersed in blood
and a second position occupied by said valve spool
when the related suction tip is substantially open to
the atmosphere, and cooperating means in said valve
body and spool defining a passage of relatively large
cross-section between said ports when said spool is
in said first position and defining a restricted passage
between said ports when the spool is in said second
position, thereby to permit a relatively high rate of
flow into the related suction tip when the latter is
immersed in blood and to substantially restrict the
rate of flow into said related suction tip when the
latter is open to the atmosphere, for avoiding sub-
stantial loss of vacuum from said reservoir and the
drawing in of large volumes. of air with blood into
said suction tips.

14

(a) said block further having ﬁrst and second
ports opening at said surface for each blood
collecting chamber, with the ports associated

‘ . with the respective blood collecting chambers
5 being angularly spaced apart about the center
of the rotor,

(b) said first and second ports being disposed dif-
ferent distances from said vent at the center
of the rotor and being connected through said
second conduit means with said source of
vacuum and with said lower compartment of
the related chamber, respectively, and

(3) said rotor having grooves therein opening against
said surface of the ported block and disposed at dia-
metrically opposed portions of the .rotor to commu-
nicate said first and second ports with each other
during . approximately one-half of each revolution
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4. In a blood suction apparatus, the combination of
(A) a plurality of suction tips for withdrawing blood

from a surgical field,

20

of said rotor and to communicate said second port
with said vent to the atmosphere during the remain-
ing half of each revolution.

(B) a blood collecting chamber associated with. each
of said suction tips and having
(1) partition means dividing the interior of the
chamber into upper and lower compartments,
(2) an inlet for blood in said upper compartment
connected with the related suction tip,
(3) an outlet for blood at the bottom of said
lower compartment, and
(4) one-way valve means between said compart-
ments permitting flow only in the direction from
said upper compartment into-said lower com-
partment and at said outlet permitting: flow
through the latter-only in the direction from
said lower compartment,
(C) asource of vacuum,
(D) first conduit means contmuously commumcatmg
said upper compartment of each blood collecting
chamber with said source of vacuum so that vacuum

is continuously- available at the related suction tip .

for drawing blood through the latter into said upper
compartment, o

(B) second conduit means extending- between said
source of vacuum and said lower compartment of
each blood collecting chamber, and

(F) alternator means having a vent to atmosphere and
being interposed -in said second conduit means, said
alternator means being cyclically operative to alter-
nately communicate said lower compartment of each
chamber with said source of vacuum and with the
atmosphere during respective portions of each op-
erating. cycle so that blood drains from said upper
compartment into said lower compartment when the
latter is in communication with said sourcé of

vacuum, and blood drains through said outlet of the - -

lower compartmient when the latter is in communi-
cation with the atmosphere.

7. In"a blood suction apparatus, the combination as
in claim 6;
wherein said first and second ports of the block asso-
ciated with one of the blood collecting chambers are
at one side of said vent and said first and second ports
associated with another of said blood collecting cham-~
bers are at the diametrically opposite side of said
vent so that the lower compariments of said one
chamber and ' said "other chamber are alternately
communicated with said source of vacuum and vented
to.atmosphere.

8 In a blood suctlon apparatus,. the combmatxon as

in claim 4;

. (a) ,wherem each of said blood collecting chambers
further includes a spacer tube.in said upper com-
partment dividing the latter into outer and inner
spaces,

(b) said inlet for blood opens into said outer space near
the top of the latter, and said one-way valve means
between the compartments extends from said inner
space, and

(c) said spacer tube has at least one openmg for blood "~
passage therethrough adjacent said partition means
so that any foam admitted with blood.to said outer
space rises toward the top of the latter and only blood
passes through said opening of the spacer tube into
said inner space for drainage from said upper com-
partment inte said lower compartment.

9. In a blood suction apparatus, the combination as in

claim 8;
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50 wherein each blood collecting chamber further has a
buoyant ball in said lower compartment adapted to
float on blood in the latter and to close said outlet
at the bottom of the lower compartment when the

55 level of blood in the latter decreases below a prede-

termined point, thereby to prevent the drainage of

5. In a blood suction apparatus, the combmatlon as

in claim 4;

further comprising ﬂow metering means interposed in

foam through said outlet.

"10. In a blood suction apparatus, the combindtion

as in claim 8;

said first and second conduit means for each blood
collecting chamber to. permit a relatively high rate
of flow therethrough when the related suction tip
is immersed in blood and operative antomatically
to restrict the rate of flow through said conduit
means when the related suction tip is open to the
atmosphere, thereby to avoid substantial loss of
vacuum at said source and further to avoid the draw-
ing in of large volumes of air into said related suc-
tion tip along with blood.

wherein each blood collecting chamber has a generally

60 hemispherical lower wall portion, and said one-way
valve means open into said lower compartment ad-
jacent the top of said hemispherical lower wall por-
tion so that blood streams smoothly along the latter

a5 from said valve means and turbulent foaming of the

blood in said lower compartment is avoided.
11. In a blood suction apparatus, the combination as
in claim 10;
wherein said inlet for blood into said outer space

6. In a blood suction apparatus, the combination as

in claim 4, wherein said alternator means includes

(1) a ported block and a continuously rotated rotor

engaging against a surface of said block,

(2) said block having said vent to the atmosphere
opening at said surface thereof and being centered

with respect to said rotor,

of the upper compartment is constituted by a metal

70 tube having a terminal portion inclined toward the
side wall of the blood collecting chamber with an
obliquely cut end lying substantially parallel to said
side wall so that the blood introduced into said outer

75 space streams smoothly on said outer wall to avoid
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excessive foaming of the blood and encourage the
release of air bubbles from the latter.

12. In a blood suction apparatus, the combination as
in claim §; .

(a) wherein a flexible blood inlet fube extends from
each suction tip and communicates with said inlet of
the related blood collecting chamber, and

(b) further comprising a combined handle and shut-off
valve at the connection of each suction tip to the
related - inlet tube, so that each suction tip can be
individually rendered operative and inoperative.

13. In a blood suction apparatus, the combination as
in claim 12, wherein said combined handle and shut-off
valve includes :

" (a) an elongated body having a longitudinal bore
through which the inlet tube extends from the re-
lated suction tip,

(b) a pinch valve member turnable in said elongated
body between an open position leaving said bore
unobstructed and a closed position in which said

- valve member pinches shut said inlet tube in said
bore, and

(c)-a finger operated actuating member slidable on
said body and engageable with said pinch valve
member to turn the latter from said open position
to said closed position of the latter. }

14. In a blood suction apparatus, the combination as

in claim 13;

(a) wherein said body further has a lateral bore open-
ing at one side of the body and turnably receiving
said pinch valve member,

(b) said pinch valve member straddles said inlet tube
in said longitudinal bore and therefore is held in said
lateral bore by said inlet tube, and .

(c) said suction tip-has an adapter at one end on which
-said inlet tube fits tightly, and said adapter is remov-
ably secured in one end of said longitudinal bore
for holding said suction tip, inlet tube and combined
handle and shut-off valve in assembled relation.

- 15. In a blood suction apparatus, the combination as

in claim 4, wherein each of said one-way valve means

consists of a one-piece body of plastic material having

(a) a cylindrical portion of relatively large wall thick-
ness and hence substantial rigidity, and

(b) an outlet end portion having a wall thickness de-
creasing from said cylindrical portion to the free
edge of said outlet end portion to render the latter
substantially flexible,

(c) said outlet end portion having increasing circum-
ferences toward said free edge and being flattened
at the latter so that said outlet end portion is closed
at said free edge, when the pressure outside of said
body is greater than the pressure within said body,
and said outlet end portion opens wide at said free
edge when the pressure within said outlet end por-
tion exceeds the pressure acting on the outside of the
latter.

16. In a blood suction apparatus, the combination of
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(A) =2 suction tip having an adapter at one end with
a flexible blood inlet tube fitting tightly on said
adapter for carrying blood from the- associated tip,
and

. (B) a combined handle and shut-off valve comprising
7 (a) an elongated body having a longitudinal bore
through which the ‘inlet tube extends from the

_related suction tip and a lateral bore opening
at one side of the body,

(b) .a pinch valve member turnably received in
said lateral bore and straddling said inlet tube
in the-longitudinal bore so that said pinch valve
member is held in said lateral bore by said inlet
tube, said pinch valve member being turnable
between an open position leaving said longitu-
dinal bore unobstructed and a closed position
in which said valve member pinches shut said
inlet tube in said longitudinal bore,

(c) a finger operated actuating member slidable
on said body and engageable with said pinch
valve member to turn the. latter from said open
position to said closed position of the pinch

. valve member, and

(d) means releasably securing said adapter of the
suction tip in one end of said longitudinal bore
for holding said suction tip, inlet tube and com-
bined handle and- shut-off valve in assembled
relation.
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