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1
SUCTION COLLECTION SYSTEM

This application is a division of application Ser. No.

2

In operation, the rigid chamber, or cannister, is evac-
uated by the vacuum pump, thus drawing air and fluids
through the suction tip into the suction port and into the
flexible collection bag with the hydrophobic patch

894,731 filed Aug. 8, 1986, now U.S. Pat. No. 4,740,202 5 where the liquids are retained for collection. The air
which is a file wrapper continuation of Ser. No. 660,472 passes through the semiporous material and through the
file Oct. 12, 1984, abandoned. orifice on the end wall of the chamber and into the
vacuum pump where it is exhausted. A check valve is
TECHNICAL FIELD provided between the vacuum pump and the chamber
This invention is in the field of suction apparatus and, 10 to prevent backflow of air and to vent the vacuum
more particularly, relates to suction apparatus for draw-  pump to atmosphere through a solenoid valve when the
ing fluids from a patient area and storing the fluid ina  pump is off. In this manner, the negative pressure in the
disposable receptacle. vacuum pump is relieved so that when the pump starts
again, it does so under no load conditions.
BACKGROUND ART 15  An electronic regulator maintains the required vac-
Suction devices are used in many medical applica-  uum by cycling or periodically energizing and de-ener-
tions to draw various fluids from the patient areaand to ~ 8izing the vacuum pump. In a preferred embodiment,
store the fluids for later use or disposal. Suction devices ~ the device is battery powered. The use of electronic
have been utilized to draw aspirated fluids from a pa- _ regulation of vacuum by cycling the pump instead of
tient during a surgical operation and during the post- 20 conventional mechanical regulation, conserves battery
operative period. Suction devices are also used to drain pﬁwer and extends the useful operating time between
fluids from the gastrointestinal tract, as well as to drain ~ SParges. i
pulmonary mucous in tracheal incisions, and the like. fAddltxonaElﬂy,}txhe battery may l;le rech:;rged by means
Suction sources may be fixed or mobile. The fixed sys- 95 of da?j ext'ell;n h charger o;lyla a photovoltaic z;rra)i pro-
tems comprise wall vacuum outlets connected to a cen- videa dwc;tb t e.sys;em. it 111;1e pn;]set'vactium dg.v.e S a}x;e
tral system. The mobile systems are either relatively =~ Provide yabsmp ‘:.SWl clmec .aansm. Trad dltlont ¢
large capacity devices which are bulky or portable %ﬁuxﬁaylei:ﬁ: gil;lolus ydv:ne or:'t(:r? wi ?rantge.
systems. Portable suction sources operate on power . m eve >played On a CONtrol pane! meter.
. . .. Continuous or intermittent vacuum may be selected
supplied by either electricity, compressed gas or manual . . .
. . 30 from the control panel. The device will operate in any
power and may be used in a hospital, ambulance, home, entati
in the field. A summary of the state-of-the-art in orientation. .
orrtu;bl tion devices i t forth in Health Devi Intermittent suction flow may be preselected for a
K{o b el ;;lg on elvllcesdls sen (1)20_1121 €a evices, period of time “On” and a different period of time
ﬁcemerge’ng‘;g:ondiiaﬁmg asfﬁ:shasinba;tleﬁeld opera <Off”. The intermittent On and Off periods may be
! - . ) 1 adi .
tions, it would be extremely desirable to have a portable 35 varied by internal adjustments
suction device capable of continuous operation in any BRIEF DESCRIPTION OF THE DRAWINGS
orientation. The known prior art suction collection FIG. 1 is a block diagram of a preferred embodiment
systems are incapable of operation if the collection con- ¢ the invention showing the general electromechanical
tainer tlpsA od\;e.r. an;l11 falls in a su'leways or u;:)sllde-do'wn 40 features thereof,
position. ttionally, most prior art portable suction FIG. 1A is a section along lines 1A—1A of FIG. 1.
devices are calibrat.ed for vacuum levels at one locatiop FIG. 2 is a top perspectife view of the suction bag
and must be recalibrated if operated at different alti-  apg integral sealing cap disposable unit of the suction
tudes. Accordingly, a need exists for a relatively light-  gystem of the invention.
weight portable suction system capable of delivering 45 ° FIG. 2A is a partially exploded bottom perspective of
regulated suction of precise vacuum and precise flow  the unit of FIG. 2 with the suction bag folded back on
rate, which is capable of continuous operation in any  jtself,
orientation of the system. FIG. 2B is a sectional view along lines 2B—2B of
URE FIG. 2.
DISCLO.S . OF THE INVENTION . 50 FIG. 3 is a side perspective view of the rigid con-
'I.':; presentt)lmvent_xon relates.to ahic?lml})lact, light- tainer of the inventoon.
weight, portable suction system in which the vacuum FIG. 3A is a side view of the fluid stop tube 17.
f(;f S}lcnl‘lm l;::POSCS is provi:ieq by evacclilati:ng a l’lilgid FIG. 3B is a sectional view of the bottom portion of
plastic chamber or cannister having an end wall withan  container 12 with stop tube 17 in place.
orifice connect'ed to a vacuum pump and an open top 55  FIG. 4 is a side perspective view of the suction sys-
si.aled by a sealing cap. A disposable bag having a patch tem housing showing the vacuum pumps and other
of semi-porous material is affixed to a suction port on  portions of the invention.
the cap. The patch is made of hydrophobic material FIG. §is a top perspective view of the suction system
which has a porosity such that it is permeable to airand ~ showing the control panel.
impermeable to fluids such as blood, as well as most 60  FIG. 6 is a detailed schematic drawing on two sheets
bacterial matter. The suction port in the sealing cap, or of the electro-mechanical portions of tee preferred em-
cover, is fluidly connected to a suction tip. The collec- bodiment of FIG. 1.
tion bag is integrally attached to the sealing cap and this FIG. 7 is a schematic view of an alternate embodi-
unit may be sterilized and handled as a disposable unit. ment of the invention.
Because the hydrophobic patch pores are impermeable 65  FIG. 8 is a perspective view of a further embodiment

to bacteria, the disposable unit, once internally steril-
ized, remains aseptically isolated from the outside envi-
ronment.

of the disposable unit of the invention.
FIG. 9 is a perspective view of another embodiment
of the disposable unit of the invention.
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3

BEST MODE OF CARRYING OUT THE
INVENTION GENERAL DESCRIPTION

Referring now to the block diagram of FIG. 1, an
overall general description of the suction system will be
provided in connection therewith prior to a detailed
description of specific items. As may be seen in FIG. 1,
a suction tip 15 is connected by a fluid conduit 14 to a
suction port 74 on a plastic sealing top cover 24. Con-
duit 14 is affixed to a nipple on the external side of
suction port 74, such as by well-known heat sealing
means; or a press fit connection may be made.

The interior side of port 74 extending through the
bottom of cap 24 is coupled to an input port or opening
on one side of flexible container bag 10. Bag 10 is par-
tially formed of hydrophobic material 115 which is
impervious to fluids such as blood yet permits air to pass
through its pores. Bag 10 is affixed to port 74 in such a
manner as to be readily folded about itself, as shown in
FIG. 1A, so as to fit inside circular container 12. This
enables a large volume of liquid to be accumulated in
the bag which expands to almost fill the relatively small
cylindrical container. A continuous airway is formed by
the vacuum sensor tube 20 and a second small cap inlet
25 (See FIG. 2B) which extends through cover 24 into
chamber 12.

The cap 24, collector bag 10, port 74 and tube 20
form an integral disposable unit which may be capped
and sterilized and provided in an aseptic package for
disposable usage. The inner periphery 24b of cap 24 is
adapted to form a vacuum tight fit with the outer cylin-
drical wall 12a of chamber 12.

Chamber 12 is a rigid plastic light transparent cannis-
ter of cylindrical shape having an exterior wall surface
124 and a bottom wall 12 with a projecting portion 12¢
to which is affixed on O-ring seal 22. the cylindrical
shape is preferred since it is desired to seal the top and
a circular cover 24 over the circular opening forms a
self-sealing structure unlike other possible shapes.
Chamber 12 is adapted to be removably mounted on
block 16 by inserting the projecting portion 12¢ into a
corresponding opening 162 in block 16 whereby the
O-ring 22 forms a vacuum seal against opening 16a.

An orifice 19 is provided through projecting portion
12¢. Orifice 19 mates with conduit 13 extending through
block 16. A fluid stop tube 17 mates with orifice 19 to
prevent flow of fluid into the system in the event bag 10
should rupture.

Thus, when chamber 12 is mated with block 16 and
bag 10 inserted in chamber 12 and sealing cap 24 covers
the chamber, a complete air suction/vacuum path is
provided from tip 15 to conduit 13 in block 16.

Conduit 13 is coupled through access viewing tube 18
to check valve 26 which in turn is coupled to the output
port of vacuum pump 30 and solenoid valve 34. Sole-
noid valve 34, which is operated by transistor switch 36,
vents vacuum pump 30 to atmosphere via port 33 dur-
ing time intervals when the pump is off for the purpose
of removing negative pressure to allow the pump to
re-start under no load conditions.

Suction is generated by vacuum pump 30 which is
energized and de-energized by transistor 36. The vac-
uum may thus be electrically controlled by operation of
transistor 36, as will be described below.

The vacuum in chamber 12 is sensed by vacuum
transducer 44 via port 46 which is coupled to tube 20 on
cap 24. Vacuum transducer 44 converts actual vacuum
from chamber 12 to an analog voltage signal which is
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coupled via lead 44a to one input terminal of voltage
comparator 38. The other input terminal of voltage
comparator 38 is normally coupled to a vacuum control
voltag signal from rotary switch 42 via lead 42a. -

If the control voltage signat differs from the vacuum
voltage signal at the input leads to the comparator 38 an
output signal appears on lead 38a which biases transis-
tor switch 36 ON causing a current path to be com-
pleted to ground through the solenoid of valve 34 and
the motor windings of vacuum pump 30 via lead 37 until
such time as the voltages at the input to comparator 38
are equalized in which case the vacuum in the chamber
is at the level commanded by the setting of switch 42.

The control voltage signal is set by the operator’s
selection of one of many positions of switch 42 which is
tied to the center taps of a plurality of multi-ganged
potentiometers 50 fed a reference voltage V 4by voltage
regulator 58. In one position of switch 42, a continu-
ously variable potentiometer may be selected whereby
the operator may continuously vary the vacuum setting.

Voltage regulator 58 regulates the voltage Vg from
the battery or other power supply used by the unit to
provide a regulated reference voltage V4 of 5.0 volts
D.C. which is coupled to potentiometers 50 and addi-
tionally through a resistor to an input lead of amplifier
39 wherein the reference voltage may be summed with
the vacuum voltage signal from transducer 44 and the
summed signal displayed on ammeter 41 as a measure of
the actual vacuum in chamber 12.

An intermittent circuit 40 comprising a transistor
switch controlled by a multivibrator oscillator may be
connected to the output lead 424 of switch 42 to period-
ically ground one of the inputs io comparator 38
thereby periodically interrupting the operation of pump
30.

Disposable Unit

Referring now to FIGS. 2, 2A and 2B, the details of
the disposable bag/cap unit will be explained. FIG. 2 is
a top perspective view with the bag 10 lying flat and the
top external surfaces of sealing cap 24 shown in detail.
FIG. 2A is a bottom perspective view of the bag/cap
unit with bag 10 folded back on itself to show the details
of the pressure sensor port 23. FIG. 2B is a section
through lines 2B—2B of FIG. 2.

Bag 10 consists of a first planar sheet 11a of polyethe-
lene plastic. The plastic sheet 222 on the side away from
the viewer in FIG. 2. A second planar sheet 115 of
semi-porous material is provided on the opposite side.
Sheet 11b is a laminate of porous polytetrafluoroethyl-
ene and polyester fabric having a suitable pore size to
enable passage of air but prevent passage of liquid and-
/or most bacteria. Sheet 115 is heat sealed along its
borders to a third sheet 11c of non-porous polyethelene
centrally cut out to conform to the outer border of
semi-porous sheet 115. Sheet 11c is in turn heat sealed to
the outer border of bottom sheet 11a; and forms an air
and liquid impervious sealed frame around semi-porous
patch 11b. Air can pass through sheet 115 but not
through the remaining bag surfaces and because of the
porosity of sheet 115, liquids such as blood will not pass
through any of the bag surfaces. The pore size for sheet
115 depends upon the surface tension which the mate-
rial generates on the liquid and the desired break-
through pressure. A pore size of 0.1 micron to 0.2 mi-
crons is suitable for a polytetrafluoroethylene/polyester
laminate at breakthrough pressures of 20 psi to 7 psi.
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It is important to note that while bag 10 may be en-
tirely fabricated of hydrophobic material 115, as shown
in FIG. 9, the embodiment shown herein in FIGS. 2 and
2A is preferred for cost reasons since such material is
much more expensive than the non-porous material 11a
or 1ic. It will be realized that since the bag and cap unit
is intended to be provided as a disposable unit, which is
used once and then discarded, cost is an important fac-
tor.

However, as will be explained in detail in connection
with FIG. 8, when fabricating the bag 10 with porous
and non-porous portions, it is vital that the porous por-
tions be of adequate length and breadth and located
such that when disposed in the container 23, the porous
portion is positioned so that in any orientation of the
container, a surface of the porous material will not be
covered by collected liquid until the desired liquid level
is reached. Otherwise, suction will be lost in when the
porous portion is completely covered by liquid.

Thus, in the preferred embodiment shown herein, the
bag 10 is configured with respect to the inner diameter
of container 12 so that in order to insert the bag into the
container, the bag must be folded into a generally cylin-
drical shape with the porous patch on the exterior, as
shown in FIGS. 1 and 1A. Also, the patch extends in
height and width along substantially the entire surface
of one side of bag 10.

An inlet opening 500 is provided in sheet 11 on the
porous patch 115. The bag 10 is affixed to inlet port 74
by centering opening 500 on the port opening 74a and
gluing or heat sealing a portion of sheet 11 about the
periphery of the opening 500 to a planar flange portion
74b of port 74. This method of affixing bag 10 to cap 24
enables one to form a low-cost planar bag using current
machinery. The precise location of opening 500, either
on the porous patch or non-porous surfaces, is not criti-
cal since the bag is operable in any position. Port 74
extends through an oval opening 24¢ in a planar top
surface 24¢ of cap 24 from which external reinforcing
ribs 244 extend externally in a plane normal to surface
24c. An inner sealing surface 24b of cap 24 extends
downwardly from the top surface 24¢ about the circular
periphery of cap 24.

A nipple portion 74¢ of port 74 extends outwardly
from cap surface 24¢ through the oval opening in 24¢ in
cap surface 24c. A cylindrical wall 24f extends from
opening 24¢ to bottom surface 74b of port 74. Bottom
surface 74b intersects the plane of cylindrical wall 241 at
an angle forming a circular opening 74a at the base of
port 24.

An optional cover 25 for the nipple portion 74c of
port 74 is provided with the disposable unit. Cover 25
forms a press fit over the nipple portion of port 24 and,
of course, is removed prior to operation of the unit.

As shown in FIG. 2B pressure sensor tube 20 extends
into a circular opening 234 formed at one end of cylin-
drical tube 23 integral with cup 24. Tube 20 is affixed at
the bottom to a nipple 2 having an opening 31 at the
bottom wall 23a of tube 23. A disk 29 of porous plastic
material is affixed by adhesive or heat bonding to the
bottom of tube 23 covering opening 31.

Disk 29 is preferably formed of porous polyethelene,
a material having pores of sufficient porosity to be per-
meable to air but which clog when contacted by fluids.
A suitable pore size is in the order of 20 microns. The
function of disk 29 is therefore to prevent backflow of
fluid from bag 10 into vacuum transducer 44 (FIG. 1)
which is connected to chamber 12 via tube 20. Such
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6
backflow may occur if bag 10 should break with fluid in
it during pump operation.

Chamber

The details of chamber 12 are shown more clearly in
FIGS. 3, 3A, and 3B. Chamber 12 is formed of rigid
plastic material such as polycarbonate and has an outer
cylindrical wall 124, an end wall 125, and an open top
adapted to be sealed by cap 24 (previously mentioned in
connection with FIG. 2).

A tubular orifice 19 extends through a projecting
portion 12¢ of end wall 125. Orifice 19 extends along the
length of fluid stop tube 17.until terminated at top wall
17a of tube 17.

Tube 17 is formed of the same porous polyethelene
material as disk 29 and performs a similar function. In
the event bag 10 ruptures for any reason while within
chamber 12, any fluids within bag 10 will be prevented
from passing through orifice 19 since the fluids will clog
up the pores of tube 17.

Fluid stop tube 17 is removably mounted to bottom
wall 125 of chamber 12 by an O-ring seal 502 within an
annular groove 21 on tube 17. Projection 12¢ with cor-
responding O-ring 22 is used to removably affix cham-
ber 12 to wall 16a (FIG. 4) of base block 16.

Packaging

Referring now to FIG. 4, the packaging of the suc-
tion system of the invention may be shown in detail.
The electronic control circuitry is provided on a panel
450 which may slide into carrying case 400 on rails 452
and 453. The vacuum pumps 30A and 30B are located
below the control panel. Exhaust ports 80 and 82 are
provided to decrease the noise of the pumps. Batteries
64A and 64B are stored below the pump and the D.C.
charger supply 58 is located below the batteries.

The instrument panel is shown in FIG. § to comprise
an ammeter 41 for displaying vacuum levels, a rotary
switch 42 for selecting vacuum levels, battery level
LED 48, power switch 41 and spring illuminating
switch 60. The panel is recessed within a protective
covering plate 72. Handle 70 is provided at the top of
the carrying case.

Electromechanical System

The details of the electromechanical portions of the
invention will be explained in connection with the sche-
matic of FIG. 6. Like numeral references with other
figures are utilized in FIG. 6.

Starting with the voltage supply 64 it may be seen
that two 6-volt batteries 601 and 602 are connected in
series from ground, or the negative side, through 3 amp
circuit breaker 604 to spring return switch 60. When
switch 60 is in the normally on (N.O.) position about 14
volts is applied to two illuminating lamps 48A. and 48B
on the control panel. Battery 601 is coupled in series
through circuit breaker 603 to arm 605A of power
switch 605. In the ON position, switch arm 605A pro-
vides 14 volts to D.C. regulator 58a. A solar cell 606 is
connected in parallel with the two batteries between
ground and the anode side of diode 607. Diode 607
provides unidirectional current from solar cell 606 to
continuously charge batteries 601 and 602 and to pre-
vent reverse current flow to the solar cell.

A battery charging circuit may be supplied from a
conventional A.C. transformer adapter (not shown)
coupled across input jacks 701 and 703. Alternatively, if
a battery supply having a voltage between 14 and 40
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7
volts D.C. is available, it may be coupled across jacks
702 and 703 to supply internal battery charging current.
This voltage is regulated down to the correct voltage
for charging the two batteries by voltage regulator 900.

8
minal D of switch 36 is coupled to the anodes of sup-
pressor diodes 720 and also to one side of the solenoid
coil 342 and one side of the windings of the motor of
pumps 30. Pumps 30 are dual vacuum pumps powered

Diodes 704, 705 and 706 protect the regulator 900 from 5 by a brushless D.C. motor (not shown).
reverse current flow. Adjustable potentiometer 709, in Thus, in normal operation, a voltage difference be-
series connection with resistor 708, is used to adjust the tween the two input signals to comparator 38 means
charging voltage to the correct level. Capacitor 710 is a that the negative pressure in chamber 12 differs from
filter used to reduce noise ripple effects. the desired setting of potentiometers 50. A voltage out-
The voltage from voltage supply 64 is coupled 10 put signal is generated by comparator 38 in response to
through arm 605A of power switch 605 to D.C. regula- this voltage difference and this voltage output signal
tor 58a. D.C. regulator 58 is a commercially available biases FET 36 ON to compiete a current path from the
regulator made by National Semiconductor Company, 6 volt battery supply at 605B labelled V. to ground
Model 1.M2931. Regulator 900 (previously mentioned) through the solenoid 34a of the solenoid valve 34 and
is a Model LM317K, available from the same source. 15 the motor windings (not shown) of vacuum pump(s) 30.
The regulated output voltage from D.C. regulator 58 = The pump(s) 30 are thereby energized. At the same
is labelled V 4 and is supplied throughout the schematic time, current through the solenoid closes valve 34
at various terminals, also labelled V4. The unregulated  (FIG. 1) blocking the fluid vent path 32 to port 33 and
D.C. voltage Vp, provided at the input to regulator 58 atmospheric pressure.
is coupled via lead 720 to voltage test circuit 80 (sheet2) 20  Pump 30 continues to run until the negative pressure
and a number of other places throughout the schematic, in container 12 attains the level indicated by the potenti-
which are also labelled Vp. ometer 50 settings, at which time, the voltage difference
Regulated voltage V4 is coupled to one side of 9  between the two input signals to compacator 38 is
potentiometers,labelled VR1, VRS9, in potentiometer nulled and no output biasing voltage will be coupled to
assembly 50. The center tap of each potentiometer is 25 the gate terminal of FET 36 causing the FET to stop

coupled to separate terminals a-i on rotary switch 42.
The potentiometer resistors are coupled together in
parallel and grounded on one side, thus various volt-
ages, depending on the position of the center tap of each
potentiometer may be coupled to the terminals 42a-i of
10 position rotary non-shorting switch 42.

An additional 100,000 ohm single turn potentiometer
VR10 is coupled in parallel with the other potentiome-
ter to terminal j of rotary selector switch 42. One side of

30

conducting. This opens the circuit path to ground from
Vthrough the pump 30 motor windings, thereby auto-
matically stopping the pump motor(s) 30 when the cor-
rect vacuum level is reached The circuit path from V,
through the solenoid coil 34¢ is also opened and the
solenoid valve is de-energized to vent the pump 30 to
atmosphere to remove the load on the pump when it is
started again. ,

In the intermittent mode of operation which further

this potentiometer, VR10, is coupled through 1,000 35 conserves battery current, switch 41 is placed in the
ohm resistor R3 to the regulated voltage supply 58 and intermittent position, thus connecting the terminals
the other side of VR10 is coupled to ground. Thus, any labelled XB (sheet 2) and XA (sheet 1) together. This
one of the nine pre-set voltages from potentiometers connection provides a coupling path for the intermittent
VR1-VRY, may be coupled through selector switch 42 circuit 40 to short-circuit the control voltage, on lead
to the input side of comparator 38 for setting the vac- 40 715, to ground at intervals of time determined by the
uum level in the chamber 12. Alternatively, the vacuum intermittent circuit 40. Intermittent circuit 40, as may be
level may be continuously varied by potentiometer seen, consists of a multivibrator 725 in which the Off-
'VR10 in the “j” position of selector switch 42. As will time and On-time of the multivibrator are indepen-
be explained, the vacuum level may be varied, in this dently controlled by the setting of the Off-time potenti-
fashion, from 0 to 250 centimeters of water. The output 45 ometer R5 and the On-time potentiometer R6.

of rotary selector switch 42 is coupled through lead 715, Multivibrator 725 may comprise a commercially
as previously mentioned, to the + input of voltage available multivibrator, such as an NE555. Resistor R6
comparator 38 (See sheet 2), where it provides a control is a 1 megohm resistor which is coupled through diode
voltage for setting the vacuum. D1 to an input lead of multivibrator 725.

The minus terminal of voltage comparator 38 is cou- 50 A battery test circuit 80 is provided wherein one-half
pled via lead 716 to the output lead of vacuum trans- of the unregulated battery voltage Vd on line 720 is
ducer 44. Vacuum transducer 44 may be a commer- coupled to the + side of voltage comparator 860. The
cially available device, such as a 142PCOSDL manufac- other — side of voltage comparator 800 is provided
tured by Microswitch Company, a division of Honey- with regulated voltage from D.C. regulator 58 at the
well Company. Vacuum transducer 44, as previously 55 terminal marked V4 through multiturn trimpot potenti-
mentioned, is coupled via port 46 to vacuum sensor port ometer R800. The setting of potentiometer R800 estab-
20 so as to sense the differential vacuum (or negative lishes the low point of suitable operating battery volt-
pressure) within chamber 12 with respect to atmo- age.
spheric pressure sensed by port 45. The vacuum trans- When the battery voltage is above the low battery
ducer 44 generates an electrical voltage signal propor- 60 voltage setting, the output of the comparator 800 is high
tional to the instantaneous value of the differential vac-  and the green LED 54 is illuminated. When the output
uum. This signal is compared in voltage comparator 38 of comparator 800 is high, transistor 804 is biased to
with the control voltage via lead 715 from selector conduct, which holds multivibrator 806 in the reset
switch 42. mode. Multivibrator 806 is an oscillator. When it is held

An output electrical signal is provided from compara- 65 n a reset mode, its output is held low. Therefore, the red

tor 38 as an input to the gate terminal, G, of a field effect
(FET) transistor switch 36. The source terminals of
FET switch 36 is coupled to ground and the drain ter-

LED 52 coupled to its output is “Off”’. When the bat-
tery voltage drops below the low point determined by
the setting of potentiometer R800, it is sensed by com-
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parator 800 and the comparator goes “low”. The green
LED 54 goes “Off”. Transistor 804 stops conducting,.
The reset voltage level to multivibrator 806 goes high
and the multivibrator is no longer in the reset mode.
The multivibrator now oscillates and turns the red LED
“On” and “Off”. Note: The green and re LEDS 52 and
54 are combined into one single package and to the user
appear to be a single light. Vacuum level is displayed on
meter 41. The vacuum signal from transducer 44 is
summe with zero adjust pot 21 with amplifier 39. Poten-
tiometer 23 provides “full scale” gain adjustment. Alter-
nately, battery voltage is displayed on meter 41 when
spring return switch 65 is activated. Potentiometer 22
scales battery voltage VB to amplifier 39’s gain setting.
Meter 41 is a 0-100 pa meter and resistor 24 converts
the output voltage of amplifier 39 into the correct cur-
rent for the proper meter operation.

It is important to note that the vacuum transducer 44
is a differential device. It has one port 45 that is coupled
to atmospheric pressure and a second port 46 which is
coupled to the interior of vacuum chamber 12. So, the
device 44 is continuously comparing the vacuum cham-
ber negative pressure against atmospheric pressure and
providing a voltage signal proportional to the differ-
ence between the two. Thus, the calibration of the de-
vice is not affected by changes in atmospheric pressure
which might come about from either changes in the
weather or, more importantly, changes in altitude dur-
ing use.

Portability, and hence weight, of the apparatus is an
important consideration for the environment in which
the suction collection system may be utilized. It is there-
fore desirable to minimize the weight of the batteries
and to maximize the running time of the pumps. In a
conventional vacuum pump suction system, the pump
runs continuously. A mechanical regulator limits the
amount of maximum negative pressure developed at the
suction tip. The mechanical regulator is a diaphragm
device biased by a spring which opens a passageway
that allows outside air to enter into the pump. The pump
is constantly running at full capacity while the mechani-
cal regulator limits the maximum amount of negative
pressure that is available at the suction tip.

In the present device, the actual vacuum in the cham-
ber is sensed and the pump turned “on” and “off’ elec-
tronically. The dead volume of the pump is very small,
relative to the volume of the collection chamber and the
tubing so the duty cycle of the pump can be regulated to
maintain very precise levels of vacuum. Turning the
pump “on” and “off” has the battery conservation ad-
vantage of not requiring power when the pump is “off.
In low suction flow conditions, such as chest drainage
applications, where a maximum of about 50 to 100 mls
per minute flow is required, the amount of suction re-
quired is very small. So, to maintain a negative pressure
of 30 or 40 centimeters, the pump needs to be “on” only
a very small percentage of the time.

Another important advantage of the system above
described, is the ability to dial in any desired maximum
negative pressure and have the pump operate to that
instantly when the system is turned “on”. With a me-
chanical regulator, there is no absolute calibration. In-
stead, the suction tubing is . occluded and a mechanical
gauge is read and adjustments made to the regulator
until the desired pressure is reached. In the present
device, it is only necessary to set one potentiometer to
the desired vacuum level, which is displayed on meter
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41, turn on the device and that is the instantaneous
maximum negative pressure.

An alternate embodiment of the suction collection
system will now be described in connection with FIG.
7, wherein parts similar to those shown in FIG. 1 will
contain a like numeral designation and modified parts
will carry a like designation with a prime suffix. The
container 12 of FIG. 7, while not shown in detail, is in
all respects substantially the same as the container, as
shown in previous figures. Bag 10’ is a fluid collection
bag having a air permeable, liquid impermeable portion
115 and an impermeable sheet 11ag similar to the con-
struction shown in FIG. 1. However, in the embodi-
ment of FIG. 7, bag 10’ is not formed integral with the
cover cap 24'. Instead, a plastic nipple 700 is affixed to
an opening at the top of bag 10, such as by heat-sealing
or other suitable adhesion techniques.

Nipple 700 may then be suitably attached to fluid
coupling port 74’ which is, in turn, affixed to the top of
cap 24'. Conduit 14 is also affixed to the external end of
port 74’ and a suction tip 15 attached to the remaining
end of fluid coupling conduit 14. In all other respects,
the cap 24’ may be similar to cap 24 shown in FIG. 1,
including the vacuum sensing port tubing 20, which is
coupled to the vacuum transducer.

The bag embodiment of FIG. 7 has the advantage of
lower cost manufacture. However, there are certain
disadvantages connected with the problem of providing
an aseptic port 74 if the cap is intended to be reused, as
would be the intent in going to the embodiment shown
in FIG. 7. There are also disadvantages associated with
the ability to provide an adequate seal between the bag
10’ and the nipple portion 700. These disadvantages
make the embodiment shown in FIG. 1 and previously
described, more preferable at the present time.

FIGS. 8 and 9 show alternative embodiments-of the
invention in which the dimensions of the porous portion
11b are varied. In all other respects, the bags are similar
to that shown in FIG. 2, described previously. The bag
10” in FIG. 8 is affixed to the cap 24 in the manner
previously described and is intended to form an integral
disposable unit which may be sterilized and disposed of
after use. The embodiment of FIG. 8 differs from that of
FIG. 2 in that the porous portion 115’ is formed in a
generally H-shaped configuration thereby utilizing less
porous material and therefore resulting in a lower cost
disposable bag. The H-shaped embodiment still retains
sufficient length and breadth when folded about itself
and disposed in a cylindrical container, such that a por-
tion of the porous material will always be exposed
above fluid collected in the bag in any orientation of the
chamber up to the desired vertical height of collection
desired.

In the embodiment of FIG. 9, the entire embodiment
of 10" is made of porous material 11”'b and is otherwise
identical to and intended to be secured to cap 24 in the
manner shown n connection with FIGS. 2 and 2A. This
embodiment has the advantage of simplicity and ease in
manufacture and may be preferred in those applications
where the cost of the porous material is not significant
with respect to the intended usage.

Equivalents

This completes the description of a preferred embodi-
ment of the invention. Those skilled in the art may
recognize other equivalents to the specific embodiment
described herein, which equivalents are intended to be
encompassed by the claims attached hereto.
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We claim the following:

1. A flexible bag for collecting fluids which is adapted
to be disposed in a vacuum chamber; said bag being
formed of two sheets of flexible plastic material sealed
at the peripheral edges forming two planar surfaces, at
least one such surface having a porous portion forming
an air permeable/fluid impermeable path to the interior
of said bag, such that when introduced into said cham-
ber, an air suction path for collecting fluids is estab-
lished, the portion having sufficient surface area in two
directions to provide an air pathway to the chamber
above a predetermined level of fluid collection in any
orientation of the chamber.

2. A disposable liquid collection bag for collecting
liquid from a suction tube and adapted for fluid tight
insertion into a rigid suction chamber; which chamber is
connected to a source of vacuum; said bag comprising:

(a) a flexible plastic container having a liquid collect-

ing port for providing an input port in fluid com-
munication with said suction tube; and
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(b) a substantial portion of said container in propor-
tion to the interior volume of said chamber being
comprised of air permeable, liquid impermeable
material, such that in any orientation of said cham-
ber a surface area of said material will be exposed
to vacuum in the chamber and will be above the
level of the liquid collected in said bag.

3. The bag of claim 1 wherein the material extends in
two dimensions longitudinally and transverse the cen-
tral axis of the bag.

4. The bag of claim 2 wherein the bag is of planar
construction formed of two plastic sheets sealed at their
periphery with said material extending in two directions
across a substantial portion of the length and width of at
least one of said sheets.

5. The bag of claim 2 wherein the material extends in
two dimensions longitudinally and transverse the cen-
tral axis of the bag.

6. The bag of claim 2 wherein the liquid collecting
port is coupled through a sealing cap; which cap seals

the chamber.
* * * * *
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