
Jan. 16, 1968 R. E. BIDWELL ETAL 3,363,626 
UNDERWATER DRAINAGE APPARATUS 

Filed March 17, 1966 3 Sheets-Sheet 

INVENTORS 
AoAAAp7 a. as/dward. 
AAWAPDA. AaSVW. 

S/AM1 YsyAAW 

74-6, 6 (G2a. 
a770AAway.S. 

  



Jan. 16, 1968 R. E. BOWELL ETAL 3,363,626 
UNDERWATER DRAINAGE APPARATUS 

Filed March 17, 1966 3. Sheets-Sheet 2 

sere 

7% s N& 
Mef. N NS 302 

ra aasdair 
Waalwa. 

INVENTORS 
Aa2a3AAA. As/AWAAA. 
advaAA M. Ayal AS7A/W. BY Swapway A7ASA/AW. 

/4-2, -6-4-6- 
477aawa YS 

  

  

  

  

  



Jan. 16, 1968 R. E. BioWELL ETAL 3,363,626 
UNDERWATER DRAINAGE APPARATUS 

Filed March 17, 1966 3. Sheets-Sheet 5 

INVENTORS: 
aaaaapval. As/AWAZA. 
admapo Maasay. 
saway Awasaya/M. 

A-6, Q- /64-e- 
a772AAMAFYS, 

  



United States Patent Office 3,363,626 
Patented Jan. 16, 1968 

3,363,626 
UNDERWATER DRAINAGE APPARATUS 

Robert E. Bidwell, Wantagh, Edward J. Hallstein, Smith 
town, and Sidney Mishkin, Roslyn, N.Y., assignors to 
J. A. Deknafel, Inc., Queens Vitage, N.Y. 

Filed Mar. 17, 1966, Ser. No. 535,178 
23 Cairns. (C. 128-276) 

ABSTRACT OF THE DESCLOSURE 
A drainage apparatus for evacuating fluids from cavi. 

ties including a one-piece container having a trap cham 
ber, a seal chamber, and a pressure regulator chamber. 
The chambers are arranged to include a continuous pas 
Sage from Said trap chamber through said seal chamber 
to Said pressure regulator chamber. The trap chamber 
has an opening for connection to the cavity and the seal 
chamber includes an opening for connection to a vacuum 
Source. A Stand for holding the container and including 
a light Source, a vacuum source, and controls therefor. 

wrotein-a- 

This invention relates to a drainage apparatus, and 
Inore particularly, to improved and disposable equipment 
for safely evacuating a cavity of extraneous fluids. 

Current developments in many scientific areas have 
led to an increasing need for purification techniques of all 
kinds. In this regard, many related fields have developed 
a common need to provide clean and antiseptic environ 
ments to insure proper control conditions. Thus, these 
requirements are applicable to many phases of medicine, 
biological research, space technology, physics, chemistry, 
etc. 

One specific area where this problem has become espe 
cially acute is that of medicine, and particularly the aspect 
of medicine which deals with maintaining clear passages 
and cavities under operation and post-operative condi 
tions. For example, to treat potentially dangerous condi 
tions of the lung, a prime consideration is the removal 
of excess fluids (liquids such as water and blood, and 
gases Such as air) from the pleural cavity between a lung 
and the surrounding rib cage. Circumstances which create 
these dangerous conditions include any introduction of 
fluid into the pleural cavity. This could occur following a 
Surgical incision through the ribcage in order to perform 
Surgery on the lung itself, or following stab or bullet 
wounds which pierce the ribcage, or as a result of pleurisy, 
etc. It is critical to a patient's survival in such instances to 
keep the pleural cavity relatively free of fluids in order 
to allow normal pressure changes in the cavity to restore 
or at least maintain normal breathing. 
To obtain a more complete understanding of this in 

vention, there follows a brief explanation of the lung 
structure and the manner in which the general "breath 
ing' function is accomplished. During all aspects of 
breathing, the chest may be considered like a bellows. 
That is, the chest wall or ribcage and the diaphragm 
muscles which separate the chest from the abdomen, 
expand and contract to respectively enlarge and contract 
the pleural cavity. This alternate expansion and contrac 
tion create pressure changes within the cavity which 
operate on the lung itself to maintain the breathing proc 
ess. Specifically, as the pleural cavity expands, a relatively 
negative pressure is created in the cavity tending to ex 
pand the lungs and thereby to allow air to be drawn 
into the lungs. This aspect of breathing is known as in 
spiration. Similarly, when the rib cage and diaphragm 
contract, a relatively positive pressure in the pleural cavity 
forces air out of the lungs. This is known as expiration. 
It can therefore be seen that the breathing process is es 
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Sentially passive in nature, being responsive to pressure 
changes in the pleural cavity. 

Breathing problems develop, in general, when the nor 
mal steps of inspiration and expiration are interfered 
with. Thus, should fluid be introduced into any part of the 
pleural cavity, the normally passive pressure changes 
within the pleural cavity will be disturbed and normal 
breathing is thereby hampered. The presence of such ex 
traneous fluid generally leads to greater-than-normal cav 
ity pressure, which seriously impairs both inspiration 
and expiration, and can ultimately result in death. 
The Surgical and medical treatment for such pleural 

cavity imbalance is generally known as “underwater drain 
age,” and involves the removal of fluids from the cavity 
and the simultaneous prevention of the further intro 
duction of any additional fluids therein. Clearly, unless 
fluid removal is successfully achieved and normal breath 
ing restored, death of the patient is a strong possibility. 
The prior art techniques which was developed to take 

care of this problem utilizes three basic elements to achieve 
the desired result: a first container connected to the 
patient to trap liquids removed from the pleural cavity 
and to pass therethrough gases similarly evacuated; a 
liquid Seal which permits the evacuated gases to bubble 
out from the trap container, but which prevents the re 
verse passage of fluids back into the pleural cavity; and 
a source of Suction to create the necessary negative pres 
sures to draw out the accumulated fluids. 

This principle has been embodied in the prior art in a 
complex interconnected tube and bottle arrangement 
which is generally denominated as the “three-bottle' sys 
tem. In such a system, one bottle is utilized to establish 
the requisite negative pressure (e.g., it is connected to a 
suction or vacuum pump), a second bottle contains a 
small amount of water or other suitable liquid to pro 
vide the underwater seal, and a third bottle fulfills the 
trapping function. While the three-bottle system can 
generally operate in a fairly satisfactory manner if cor 
rectly used, innumerable problems have been associated 
with its application. Initially, there has been a widespread 
lack of uniformity in the equipment which is manufac 
tured for use in that system. Depending on the manufac 
turer involved and in some cases on which hospital or 
laboratory is responsible for the drainage of a patient's 
pleural cavity, the bottles and their associated intercon 
necting apparatus have been totally non-uniform. Thus, 
differences exist in bottle size, tube length and diameter, 
stopper material, etc. Due in part to this lack of uniform 
ity and to the great expenses involved in the prior art 
system, many hospitals are now using their own set-ups 
of bottles, stoppers and tubing. This "amateur' approach 
has led to many dangerous situations whereby despite 
alleged precautions taken by Supervisory personnel, great 
confusion has arisen as to the proper manner in which to 
operate the system. Unfortunately, haphazard set-ups and 
incorrect interconnections can lead to malfunctions and 
even an occasional explosion due to the improper ac 
cumulation of explosive anaesthesia gases in the system. 
If the drainage principle were properly applied, of course 
no such intolerable results would result. 

It can be noted that even without such disasters, funda 
mental errors and an unfortunate lack of antiseptic condi 
tions seem to occur all too often, due to the breakage of 
system components and to leaks in the system. In addi 
tion to the great expense and complexity of the present 
drainage system, the apparatus currently used must be 
disassembled and sterilized after each use. Moreover, at 
least partial disassembling is required merely to withdraw 
a small sample of the accumulating liquid from the trap 
ping container for medical analysis. In addition, the lim 
ited capacity of even the largest bottle which can be used 
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in the system has hampered medical personnel in many 
CaSeS. 

Very little emphasis has been placed on the need for 
cavity drainage under "emergency' conditions, such as 
the field of battle, scenes of accidents, etc. Due in large 
measure to their bulk and complex associated machinery, 
prior art draining systems have had little or no applica 
tion to such situations. 

It is therefore an object of this invention to furnish an 
improved underwater drainage system to obviate one or 
more of the aforesaid difficulties. 

It is another object of this invention to provide a dis 
posable underwater drainage unit to safely and efficiently 
evacuate a body cavity of excess fluids. 

It is a further object of this invention to provide a dis 
posable, sterile and one-piece underwater drainage unit 
which can be installed and labeled to avoid confusion and 
conditions harmful to health. 

In one particular illustrative embodiment of the prin 
ciples of this invention, a transparent plastic, vacuum 
formed underwater drainage unit is contemplated. It is of 
course understood that any suitable material can be uti 
lized to comprise the apparatus of the present invention, 
depending upon the particular application involved, and 
that correspondingly suitable methods of manufacture 
(e.g., blow molding, pressure forming, injection molding, 
slush molding, etc.) are possible. The present invention 
successfully carries out the steps of the underwater drain 
age principle with a plastic “bottle' of unitary construc 
tion with a plurality of internally formed chambers. In 
cluded are a trap chamber, an underwater seal chamber, 
and a liquid manometer, one end of which is open to at 
mospheric pressure. 

There are only three external openings to the one-piece 
bottle unit, one which attaches to a simple vacuum pump 
(the prior art system involved a bulky and very expensive 
floor unit in this regard), a second which is attached to a 
tube inserted into the patient's pleural cavity and a third 
which is open to the atmosphere. This contrasts with at 
east six openings in the prior art. All the necessary inter 
connections in the system are achieved internally within 
the formed one-piece unit. The external connection to 
the pleural cavity is from the trap chamber, while a com 
mon internal connection of the liquid manometer and 
the underwater seal chamber provides an outlet to the 
vacuum pump. For the purposes of removing a small 
sample of the gradually accumulating trapped liquid, an 
other problem of the prior art is avoided by the inclusion 
in the lower end of the trap chamber of a simple self 
Sealing entry, such as a rubber grommet or the like. Simi 
lar entries into the System can be made by furnishing ad 
ditional grommets wherever desired. 
The "activating” equipment to operate this system can 

be simply housed in a multi-purpose base stand which is 
adapted to include a drive motor, a vacuum pump, vari 
ous adjusting equipment and instrumentation as may be 
desired, and a source of upwardly directed illumination 
which allows for use of the invention at night or in poorly 
lighted environments. The one-piece unit can be arranged 
to rest in a vertical plane in a depression in the base 
stand, allowing for convenient removal and installation 
of the bottle. The only connection between the base stand 
and the bottle is that from the vacuum pump output tube 
to the previously mentioned aperture common to the 
manometer and the underwater seal. 
The system is made operative merely by setting it up 

beneath the level of the patient (to insure proper fluid 
flow) and by making the appropriate connection from the 
trap chamber to the pleural cavity. When the power and 
the vacuum pump are activated, appropriate graduations 
on the main tube of the liquid manometer chamber allow 
for the establishment of the correct or desired liquid pres 
Sure head. This permits variation in exhaust pressure de 
pending upon the situation involved, the condition and 
age of the patient, etc. 
When the drainage commences, liquids and gases which 
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have accumulated in the pleural cavity are drawn initially 
into the trap chamber, where withdrawn liquid begins 
to collect; gases which have been evacuated from the 
pleural cavity pass through the trap chamber and bubble 
up through the underwater seal until they ultimately reach 
the source of suction which removes them from the sys 
tem. This process continues until the normal breathing 
pressure changes previously described are re-established, 
at which time the lung will have once again assumed its 
relatively normal shape proximate to the rib cage. 

Termination of cavity drainage is indicated when there 
is no longer any bubbling through the underwater seal, 
and when no additional liquid is seen to be dripping into 
the trap chamber. When it has been determined that 
drainage has been completed, the two connections from 
the bottle (to suction and to the pleural cavity) are 
removed and the entire unit is simply lifted and discarded. 
Additional drainage can be subsequently accomplished 
by the installation of a fresh and similarly disposable un 
derwater drainage bottle as described above. 

It is therefore a feature of this invention that the drain 
age of the pleural cavity is achieved by means of a one 
piece drainage apparatus which can be discarded after 
Se. 
It is a further feature of this invention that an under 

water drainage system comprises a disposable bottle of 
unitary construction which includes a self-contained ma 
nometer, an underwater seal and a trap chamber to pro 
vide full underwater drainage capacity, all of which are 
internally formed within said bottle. 

It is still another feature of this invention that means 
are included in an underwater drainage system to rest a 
one-piece drainage bottle thereon and to also provide 
all the necessary mechanical and electrical apparatus 
therein. 

Still another feature of this invention is an inexpensive 
underwater drainage bottle simply constructed in one 
piece of transparent material, thereby permitting ready 
observation of the chambers thereof to aid a clinician 
in determining pressure changes occurring within the 
pleural cavity. 
The above brief description, as well as further objects, 

features and advantages of the present invention, will be 
more fully appreciated by reference to the following de 
tailed description of a presently preferred but nonetheless 
illustrative embodiment demonstrating objects and fea 
tures of the invention, when taken in conjunction with 
the accompanying drawing, wherein: 

FIG. 1 is a perspective view of one illustrative embodi 
ment of an underwater drainage system in accordance 
with the principles of this invention, showing a one-piece 
drainage bottle resting on a support stand with a con 
nection to a pleural cavity; 

FIG. 2 is a front sectional view of an underwater 
drainage system, taken along a vertical plane which in 
cludes line 2-2 of FIG. 1, showing the various cham 
bers having different water and fluid levels for different 
modes of operation of the invention; 

FIG. 3 is an end sectional view of an underwater drain 
age system along the line 3-3 of FIG. 2; 

FIG. 4 is a horizontal section, partly broken away for 
clarity, of an underwater drainage unit taken along the 
line 4-4 of FIG. 2; and 

FIG. 5 is another horizontal section, partly broken 
away for clarity, of an underwater drainage systern taken 
along the line 5-5 of FIG. 2. 
A general underwater drainage system 10 in accord 

ance with the present invention is illustrated in perspec 
tive in FIG. 1. The system 10 comprises, generally, an 
upper one-piece disposable plastic bottle 12, also referred 
to as a drainage device or as a container, which rests in 
a depression 62 in the upper surface of a base housing 
14. The invention contemplates the drainage of excess 
and extraneous fluids from a cavity in a human body, 
for example. Such fluids can accumulate to the detriment 
of a patient in a pleural cavity 40 located between a rib 
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cage or chest wall 38 and a lung 42. Drainage of the 
harmful fluids is achieved through tube element 36 in 
serted in the rib cage 38 and into the pleural cavity 40, 
and through interconnecting apparatus 34 into the drain 
age bottle 12. 

Suction and other suitable instrumentation for the sys 
tem is controlled from a front panel 50 of the housing 
14, and the suction connection to the bottle 12 occurs 
from the exhaust tube 64 through interconnecting tube 
24. Supporting canopy 66 provides for stabilization of 
the supported bottle 12 by virtue of retaining the integral 
ly formed handle 44 of the bottle 12 within the canopy 
Structure. 
The underwater drainage bottle 12 is formed with a 

plurality of internal chambers best described with refer 
ence to FIG. 2. A liquid manometer is formed by the rel 
ative levels of liquid in chambers 16 and 18. As will be 
more fully described below, the equilibrium between 
liquid levels 16A and 18A in chambers 16 and 18 respec 
tively is the "idle' condition of the system; when the 
system vacuum pump initially applies suction, a liquid 
pressure head such as that indicated between liquid levels 
16B, 18B (shown in phantom) is established to measure 
the relatively negative pressure (or vacuum) created by 
the applied suction, 
An underwater seal chamber 20 is linked at the upper 

end thereof to the main liquid manometer chamber 18 
through a connecting opening, and a first outlet port 22 
is formed in the top of the common junction of these 
chambers. A relatively small amount of liquid, such as 
water or other suitable density liquid, is placed into the 
seal chamber 20 to approximately the level indicated at 
meniscus line 20A in FIG. 2. Based on well-known 
principles, the level 26A of liquid in interconnecting 
chamber 26 is at the same level as liquid level 20A dur 
ing periods of equilibrium in the system. 

Internally formed chamber 26 includes a connecting 
opening for passage of gases evacuated from the pleural 
cavity 40 and through the trap chamber 28 to the under 
water seal chamber 20 from which the gases pass out 
of the system through the aperture 22. As previously 
described, the function of the trap chamber 28 is to 
collect drained liquids from the pleural cavity 40. For 
purposes of convenience, which in no way limits the in 
vention, the trap chamber 28 is illustrated as formed in 
three general sections, a left section 28A, a middle sec 
tion 28B and a right section 28C. In actuality, as can be 
Seen by comparing FIGS. 4 and 5, these divisions may 
exist merely at the central level of trap chamber 28, with 
FIGS. 3 and 5 indicating that the chamber 28 is un 
divided at both the upper and lower portions 28U and 
28L respectively. This is advantageous with respect to 
the lower collecting area 28L where drained liquids can 
collect at level 28D in FIG. 2. Since it would be some 
what undesirable for drained liquids to pass along the 
upper Surface of the chamber 28 and through the internal 
passage 26 into the underwater seal chamber 20, a simply 
formed drip ledge 30 is included adjacent to trap cham 
ber sections 28B and 28C. The presence of this drip ledge 
30 promotes the dripping or flowing of drained liquids 
31 directly downward from the drip ledge to where it 
can collect at level 28D in trap chamber 28; the quantity 
of collected liquid can be readily determined by reference 
to the graduations on the trap chamber section 28C (see 
FIG. 1). 
A typical although by no means all-inclusive set of 

instrumentation and driving means is shown included 
within base housing unit 14 in FIGS. 1 and 2. For ex 
ample, cover plate 50, which can include printed or 
etched instructions for the simplified operation of the 
underwater drainage system of the invention, can have 
apertures through which may be seen in FIG. 1 a power 
indicator 52, pump-activating switch 54, light switch 56, 
vacuum gauge 58, and vacuum-controlling bleeder valve 
60. Vents 48 in the end walls of the housing 14 provide 
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ventillation for the various heat-producing instruments 
within the chamber 68 enclosed by the housing 14. The 
overall system is governed by the driving motor 70, which 
energizes a vacuum pump 72 to provide a suction output 
in tube 64 which ultimately is connected through inter 
connecting tube 24 to the aperture 22. The amount of 
suction provided by vacuum pump 72 can be controlled 
by the tap 74 from the output pump 72, the tap being 
mechanically coupled to the bleeder walve 60. The suc 
tion applied to the system can be read by referring to 
the vacuum gauge 58 which is connected to the suction 
tube 64 at tap 78. Other suitable instrumentation, such as 
illustrative moisture trap 76, can be included in the 
vacuum-producing portion of the system as may be de 
sired and as will be recognized as desirable by those 
skilled in the art. Advantageously, all electrical devices 
and connections are appropriately enclosed and rated "ex 
plosion-proof.' 

In order to furnish the capability of providing properly 
Supervised underwater drainage even at night or under 
poor lighting conditions, an illuminating source such as 
illustrative fluorescent lamp 80 is enclosed within lamp 
sockets 82 to provide upwardly directed illumination of 
the drainage bottle 12 and the liquid levels therein 
through, for example, frosted glass 84 held by brackets 86. 
To facilitate a complete understanding of the invention, 

a typical drainage cycle will now be described. Initially, 
of course, the insertion of tube 36 into the pleural cavity 
40 through the rib cage 38 is made; in addition, suitable 
liquid levels such as 16A, 18A, 20A and 26A in cham 
bers 16, 18, 20 and 26 respectively have been reached. 
When a source of power (not shown) is energized, the 
drive motor 70 is activated and the vacuum pump 72 com 
mences operation. Depending upon the adjustment of the 
bleeder valve 60, the liquid levels previously mentioned 
will be varied. Assuming that the patient is an adult male 
with a significant accumulation of excess fluids in the 
pleural cavity 40, it would be desired to establish a rela 
tively high pressure head. Typically, such a head could 
measure approximately 20 to 30 centimeters of water, 
and this can be determined by referring to the graduations 
on the main manometer tube 18. Thus, for the sake of 
clarity, it is assumed that the bleeder valve 60 is adjusted 
to allow sufficient pressure to be established in the system 
So that the liquid levels 16B and 18B are established in 
manometer tubes 6 and 18 respectively. The differential 
between these levels represents the established pressure 
head. In response to this establishment of pressure, the 
liquid in the underwater seal chamber 20 and the con 
nected interconnecting tube 26 will assume levels 20B and 
26B (shown in phantom) respectively. (This latter dif 
ferential head is not critical to the operation of the 
invention.) 

Since it has been assumed that the amount of pres 
Sure represented by the differential between the levels 
16B and 18B is sufficient to commence drainage from the 
hypothetical adult male patient, some of the excess fluids 
(gases and liquids together) will begin to pass from the 
pleural cavity 40 and through the tubes 36, 34 into the 
single drainage bottle 12 through the inlet port 32. The 
liquid portions of the drained fluid will strike drip ledge 
30 and be directed downward in droplets 31 whereby the 
drained liquids collect at the bottom 28L of trap cham 
ber 28 at progressively rising level 28D. The evacuated 
gases (predominantly air) are drawn by the applied 
suction from the trap chamber 28 into the internal pas 
Sage 26 which communicates with underwater seal cham 
ber 20. By virtue of the negative pressure or suction ap 
plied as described above, such gases will “bubble up’ as 

70 

75 

indicated by the symbolic bubbles 25 between the liquid 
levels 26B and 20B. The gases are ultimately exhausted 
from the system through outlet port 22 as indicated above 
to the vacuum pump 72. (In actual operation, the applica 
tion of suction at aperture 22 may also cause bubbling 
through the liquid in the manometer tubes 16 and 18. 



3,363,626 
7 

That is, outside air will be drawn downward into manom 
eter tube 6 and will bubble up from liquid level 6B 
through the liquid and out at liquid level i8B. When 
drainage is complete, the bubbling up of evacuated gases 
through the underwater seal will stop, although the bub 
bling up of air through the manometer may continue.) 
When the pleural cavity 40 has been fully drained of 

excess fiuids (as indicated by the cessation of bubbling 
through the underwater seal), the pump 72 can be de 
activated by operation of switch 54. The equilibrium 
liquid levels will now be re-established, whereby manom 
eter tubes 16 and 18 will display equal liquid levels ióA 
and 18A respectively; similarly, underwater seal chamber 
20 and internal passage 26 will have the same levels 
of liquid (20A and 26A respectively) therein. 

After the patient has had the inserted tube 36 removed 
from his rib cage 38, the disposable aspect of the under 
water drainage bottle of the present invention emerges. 
That is, once the connecting tube 34 is simply removed 
from the aperture 32 and the tube 24 is removed from 
the aperture 22, the entire drainage bottle 12 is simply 
raised from the depression 62 in the housing 14 by dis 
engaging the handle 44 from the canopy fixture 66. The 
completely disposable unit, including the collected drained 
liquid at level 28D in the chamber 28, as well as the 
water in chambers 6, 18, 20 and 26, can be discarded 
without any need for cleaning, reassembling, or retaining 
any portions whatsoever. To provide the ultimate in 
cleanliness and safety, it might be desirable to cap the 
apertures 22 and 32, although depending upon the man 
ner of discarding, this might be dispensed with. 

Subsequent drainage cycles on different patients, or 
even on the same patient at some other time (it will be 
appreciated that the drainage bottle can be used re 
peatedly on the same patient without discarding as long 
as the trap chamber 28 does not become overly full), 
can be achieved through the use of freshly installed 
drainage bottles 12. All that is needed is to attach coll 
necting tubes 24 and 34 through apertures 22 and 32 
respectively in the new bottle, the tube 24 connecting 
into the suction tube 64 and the tube 34 being connected 
through tube 36 to the pleural cavity 40. 
Many possible variations in the embodiments and ap 

plications of the present invention are possible. To men 
tion and briefly describe just one such application, it 
can be noted that an important cause of death in ac 
cidents or on the battlefield is not so much the actual 
penetration caused by a bullet or similar wound (unless 
the heart or a major blood vessel is pierced), but rather 
the accumulation of air and/or blood in the pleural cav 
ity. Such accumulations, as previously discussed, can re 
sult in a breathing imbalance and Subsequent death in 
many cases. In fact, many of these fatalities occur while 
the patient is being transported to the nearest hospital 
facility. The lack of weight and buikiness of a drainage 
bottle fashioned in accordance with the principles of the 
present invention would allow it to be utilized to avoid 
this type of fatality. For example, the activating elements 
such as motor 70 and vacuum pump 72 can be operated 
in response to portable power (not shown) included 
within enclosed chamber 68 of housing 14. The housing 
can be carried in a separate relatively small pack, while 
the drainage bottle 12, connected to the pack to provide 
suction thereto, has its other aperture 32 connected to 
the pleural cavity as indicated in FIG. 1. The drainage 
bottle 12 can conveniently (due to its relatively light 
weight) be strapped to the patient. Fluid drainage could 
then proceed as outlined in the above description, and 
many otherwise hopeless cases could be saved. 

Various temporary expedients can be fashioned in ac 
cordance with the present invention to prolong life under 
conditions normally leading to death either on the battle 
field or between the battlefield and a local hopsital facil 
ity. For example, it would be possible to use a sump or 
“one bottle” system whereby no externally applied suc 
tion is used, and liquid may or may not be added to the 
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3. 
bottle for the underwater seal. (Under drastic emergency 
conditions where speed is essential, filling the seal tube 
with water can be dispensed with, even though this could 
be done quite rapidly.) 
The pleural cavity is again entered by the tubes 34 and 

36 connected to the aperture 32. “Normal' breathing in 
volves changes in pleural cavity pressure from approxi 
mately plus 1 centimeter of water (on expiration) to 
minus 1 centimeter of water (on inspiration). The pres 
ence of any accumulated fluids in the pleural cavity 48 
will generally cause abnorinally high pleural cavity pres 
sures, greater than the plus 1 centimeter of water which 
is normally reached during expiration. Such positive pres 
sures will cause much of the accumulated excess fluids in 
the pleural cavity 49 to be expelled into the drainage 
bottle 12 without the need for applying Suction as above. 
Specifically, accumulated air in the pleural cavity 43 will 
be forced out by the positive pressures therein and will 
either bubble out through the underwater seal previously 
described (where water is put in the seal chamber) or 
will be passed to the atmosphere through outlet port 22 
or open end manometer chamber 6 where no water is 
added). The presence of water in the seal chamber 29 
positively prevents air from returning back into the 
pleural cavity 40. (If there is no water in the seal cham 
ber, the relatively positive pleural cavity pressures will 
prevent most “reverse flow' of air back into the cavity.) 
This relatively slow bubbling process will continue until 
the normal breathing pressures in the pleural cavity have 
been restored. Any drained liquids will again collect in 
the trap chamber 28 as with the normally operated sys 
tem. Various modifications of these emergency techniques 
will be readily apparent to those skilled in the art. 

It is to be understood that the above-described arrange 
ments are illustrative of the application of the principles 
of the invention. Numerous other arrangements may be 
devised by those skilled in the art without departing from 
the spirit and scope of the invention. 
What is claimed is: 
1. An underwater drainage device for draining extrane 

ous fluid from a cavity comprising a one-piece unitary 
container having internally formed therein (a) a manom 
eter open to atmosphere, (b) a seal tube adapted to hold 
liquid and (c) a trap means adapted to collect liquids 
drained from said cavity and to pass to said Seal tube 
gases withdrawn from said cavity; said trap means hav 
ing an inlet port adapted to be connected to said cavity 
for drainage of fluid and an outlet port for passing gases 
from the trap means to the seal tube, and said seal tube 
having at least two connecting openings, a first connect 
ing opening placing the seal tube in fluid communication 
with the trap means outlet port, and a second connecting 
opening placing the seal tube in communication with 
said manometer, the first and second connecting openings 
of said seal tube being disposed on opposite sides of the 
liquid seal which is formed when the seal tube contains 
a sufficient amount of liquid to form said seal, and said 
device having an outlet port adapted to be connected to a 
Source of Suction pressure and formed in the device be 
tween the manometer and the liquid seal which is formed 
when the seal tube contains a sufficient amount of liquid 
to form the seal. 

2. An underwater drainage device for draining extrane 
ous fluid from a cavity comprising a one-piece unitary 
container having internally formed therein, (a) a man 
ometer open to atmosphere, (b) a seal tube adapted to 
hold liquid and (c) a trap means adapted to collect 
liquids drained from said cavity and to pass to said seal 
tube gases withdrawn from said cavity; said trap means 
having an inlet port adapted to be connected to said 
cavity for drainage of fluid and an outlet port for pass 
ing gases from the trap means to the seal tube, and said 
Seal tube having at least two connecting openings, a first 
connecting opening placing the seal tube in fluid com 
munication with the trap means outlet port, and a sec 

75 ond connecting opening placing the seal tube in commu 
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nication with said manometer, the first and second con 
necting openings of said seal tube being disposed on op 
posite sides of the liquid seal which is formed when the 
seal tube contains a sufficient amount of liquid to form 
said seal. 

3. An underwater drainage device in accordance with 
claim 1 wherein said device is formed of transparent ma 
terial and wherein said trap means includes a drip ledge 
proximate to said inlet port for promoting the accumula 
tion of said liquid in Said trap means. 

4. An underwater drainage in accordance with claim 
1 including in addition a stand having a depression 
adapted to receive the base of said device, said stand 
housing pumping means connected to said outlet port 
for creating a partial vacuum in said seal tube and in 
said trap means, gauge means for measuring said partial 
vacuum, means for varying said partial vacuum, driving 
means for energizing said pumping means, Switching 
means for activating said pumping means and means 
further responsive to said switching means for illuminat 
ing said device. 

5. An underwater drainage system for removing gas 
and liquid from a cavity comprising in combination ex 
haust means for developing a negative pressure and a 
drainage container of unitary construction having as in 
ternal chambers thereof a manometer connected to said 
exhaust means for developing a liquid pressure head, a trap 
chamber connected to said cavity for receiving therein 
accumulations of said liquid as a seal chamber internally 
communicating with both said manometer and said trap 
chamber for transmitting said gas from said trap chamber 
to said exhaust means through liquid enclosed within said 
seal tube, and wherein said container is formed with a 
handle; and including in addition a base for housing said 
exhaust means, means for driving said exhaust means, 
means for providing illumination for said container, and 
means for measuring and controlling the output of said 
exhaust means, said base having a depression formed in 
the upper surface thereof for supporting said container. 

6. An underwater drainage system in accordance with 
claim 5 wherein said manometer includes a first gradu 
ated tube and a coupled second atmosphere-responsive 
tube, and wherein an idle condition for said system is 
defined by the presence of equal liquid levels in said first 
graduated tube and said second atmosphere-responsive 
tube, by the presence of a relatively small amount of 
liquid in said seal tube and by the absence of any fluid 
flow from said cavity to said trap chamber. 

7. An underwater drainage system in accordance with 
claim 6 wherein said system is rendered operative by the 
activation of said exhaust means, whereby an operative 
condition for said system is defined by a differential in 
liquid levels between said first graduated tube and said 
second atmosphere-responsive tube, by the presence of 
said relatively small amount of liquid in said seal tube, 
and by the presence of fluid flow between said cavity and 
said trap chamber. 

8. An underwater drainage system for draining ex 
traneous fluid from a cavity under emergency conditions 
comprising a container of unitary one-piece construction 
having an internally formed collecting chamber with first 
and second ports formed therein, the first port being 
adapted to be connected to said cavity and the second port 
being located at the upper portion of said collecting cham 
ber so that liquids included in the fluid accumulate in 
the collecting chamber while gases may be eliminated 
from said collecting chamber through said second port, a 
seal chamber also formed internally in said container, and 
said seal chamber having first and Second openings, the 
first opening connected to the second port of the collect 
ing chamber for receiving gases therefrom and the sec 
ond opening being adapted to be connected to a vacuum 
source, and a quantity of sealing liquid located in the seal 
chamber between the said first and second openings there 
of and normally located below the level of the first and 
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second openings when the container is mounted in an 
operative position, whereby gases passing through the col 
lecting chamber to the seal chamber bubble through the 
liquid seal and through the said second opening of the 
seal chamber. 

9. A device for draining fluids from a cavity compris 
ing: at least a first chamber, a second chamber and a third 
chamber, said first chamber including an inlet for re 
ceiving gaseous and liquid fluid from the cavity to be 
drained, and an outlet through which gases may be passed 
to the second chamber; said second chamber including a 
first opening for receiving gases from the first chamber, 
a second opening adapted to be connected to a vacuum 
source for expelling gases from said second chamber, said 
second chamber including a means for permitting the 
establishment of a liquid seal between the said first and 
second openings, and the third chamber having a first 
opening connected to the second opening of the second 
chamber and a second opening which is open to atmos 
phere; the said three chambers being formed together 
as a one-piece unitary unit including an integral connect 
ing portion located between and integrally connecting to 
gether the said first and second chambers, and another 
integral connecting portion located between an integrally 
connecting together the second and third chambers. 

10. A drainage device as claimed in claim 9 wherein 
the said chambers are elongated from an upper end to a 
lower end and all of the chambers lie in a common plane. 

11. A drainage device as claimed in claim 10 wherein 
the width of the device in a direction perpendicular to 
said plane is less than six inches. 

12. A drainage device as claimed in claim 10 wherein 
the said openings to the device and between the chambers 
of the device are located near the upper end. 

13. A drainage device as claimed in claim 12 including 
handle means mounted above and integral with the upper 
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end for grasping and carrying the unitary device with 
one hand. 

14. A drainage device as claimed in claim 9 wherein 
the said device includes only three external openings for 
normal operation, one external opening being the said 
first chamber inlet, one external opening being a connec 
tion for expelling gas from said second chamber, the 
other external opening being an opening from said third 
chamber to atmosphere. 

15. A drainage device as claimed in claim 9 including 
a means for removing from the first chamber a sample 
of the liquid trapped therein without interrupting the 
normal operation of the device. 

16. A drainage device as claimed in claim 15 wherein 
the said means for removing includes an openable, but 
normally closed, aperture in the wall of the first chamber 
near the end thereof remote from the said inlet. 

17. A drainage device as claimed in claim 9 wherein 
the interior of said second chamber is generally U-shaped 
and comprises first and second columns in fluid com 
munication with each other through a lower passageway 
at the lower portion of the second chamber, the top of 
the first column forming the said first opening and the 
top of the second column forming the said second open 
ing, and the lower portion of the U adapted to receive 
a quantity of liquid to form an underwater seal in said 
second chamber, whereby when liquid is placed in the 
said second chamber to form a liquid seal, the second 
column of the second chamber is connected to a vacuum 
source, and the inlet of the first chamber is connected 
to a cavity to be drained, the liquids from said cavity 
will collect in the first chamber and the gases from the 
cavity will bubble through the liquid seal and out the 
second opening of the second chamber to the vacuum 
SOCe. 

18. A drainage device as claimed in claim 17 including 
an integral connecting portion located between and in 
tegrally connecting together the said first and second 
columns of the second chamber, the said lower passage 
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way being formed in the last said integral connecting 
portion. 

19. A drainage device as claimed in claim 17 wherein 
the general cross-sectional area of the second column is 
much greater than the cross-sectional area of the first 5 
column. 

20. A drainage device for draining fluids from a cavity 
comprising: at least a first chamber and a second cham 
ber, said first chamber including an inlet for receiving 
gases and liquid fluid from the cavity to be drained, and 
an outlet through which gases may be passed to the sec 
ond chamber; said second chamber including a first open 
ing for receiving gases from the first chamber, a second 
opening adapted to be connected to a vacuum source for 
expelling gases to said second chamber, said second 3 
chamber including a means for permitting the establish 
ment of a liquid seal between the said first and second 
openings; the chambers being formed together as a one 
piece unitary unit including an integral connecting por 
tion located between and integrally connecting together 
the said first and second chambers, the last said integral 
connecting portion having a passageway passing there 
through connecting the said first chamber outlet to the 
Said first opening of the said second chamber, said device 
further including a third chamber forming a manometer 
means adapted to receive a liquid for measuring the 
pressure in the second chamber, said third chamber being 
formed together with said first and second chambers as 
a one-piece unitary unit and including an integral con 
necting portion located between and integrally connect 
ing together the said second and third chambers, the last 
Said integral connecting portion having a passageway lo 
cated therein and passing therethrough connecting the 
interior of the third chamber to the second opening of 
the second chamber, whereby when liquid is placed in 
the third chamber and the second chamber is connected 
to a vacuum source, the level of the liquid in the third 
chamber will indicate the difference between the pressure 
of the Surrounding atmosphere and the pressure in the 
second chamber. 

21. A drainage device as claimed in claim 20 wherein 
the interior of each one of said second and third cham 
bers is generally U-shaped and comprises a first column 
and a Second column in fluid communication with each 
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other through a lower passageway in the lower portion 
of the respective chamber, the top of the first column 
of the second chamber forming the said first opening and 
the top of the second column of the third chamber open 
to atmosphere, and the tops of the second column of the 
second chamber and the first column of the third cham 
ber being in fluid communication with each other to form 
the said passageway between the second and third cham 
bers, and the lower portions of each of the U-shaped 
chambers adapted to receive a quantity of liquid, whereby 
when liquid is placed in the said second chamber to form 
a liquid seal, the second column of the second chamber 
is connected to a cavity to be drained, the liquids from 
said cavity will collect in the first chamber and the gases 
from the cavity will bubble through the liquid seal and 
out the second opening of the second chamber to the 
WaCSOEC. 

22. A drainage device as claimed in claim 21 includ 
ing an integral connecting portion located between and 
integrally connecting together the said first and second 
columns of the second chamber, the said lower passage 
way of the second chamber being formed in the said 
Second integral connecting portions, and including an 
other integral connecting portion located between and 
integrally connecting together the first and second col 
lumns of the third chamber, the said lower portion of the 
third chamber being formed in the last said integral con 
necting portion. 

23. A drainage device as claimed in claim 22 wherein 
the cross-sectional area of the second column of the sec 
ond chamber is much greater than the cross-sectional area 
of the first column of the second chamber and wherein 
the cross-sectional area of the first column of the third 
chamber is much greater than the cross-sectional area 
of the second column of the third chamber. 
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