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ABSTRACT: A one-chamber drainage bottle having a con 
stant level underwater seal formed at the lower end of the tube 
extending from thecollection chamber inlet to an‘opening 
below the surface of the liquid in the collection chamber. The 
tube has a ?oat attached thereto for causing the tube to follow 
the level of the liquid. and thereby keep the tube opening a 
?xed distance below the surface of the liquid. A housing is 
provided to support the bottle, which housing includes a 
vacuum gage, a vacuum pump, and means for connecting the 
collection chamber outlet to the vacuum pump and the 
thoracotomy tube. 
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SINGLE CHAMBER‘ UNDERWATER DRAINAGE 

APPARATUS 

This invention relates to drainage of ?uids, and in particu 
lar, it relates to a new and improved apparatus for draining ex 
traneous ?uids and gases from a cavity. ‘ 

BACKGROUND 7 DESCRIPTION OF THE PRIOR ART 

The basic three-bottle underwater drainage system has been 
known heretofore. The system includes a trap chamber for 
collecting liquids, a seal chamber for preventing atmospheric 

the cavity being drained, and a pressure 
regulator chamber. ‘For a complete understanding of this 
system, especially when used to drain ?uids from the pleural 
cavity, it is helpful to understand both the anatomy of the 
chest cavity and the nature of the breathing function. For pur 
poses of brevity, reference is made to our previous U.S. Pat. 
Nos. 3,363,626 and 3,363,627, both issued Jan. 16, 1968, for 
this background information. 
One disadvantage of the conventional three-bottle set up 

isthat it is difficult to set up cor 
rectly. If the tubes are connected incorrectly, the system may 
be inoperative; or even worse, the system may be capable of 
exploding,‘ owing to the unexpected collection of explosive 
anesthetic gases in one of the bottles during an operation. 
Consequently, to replace the conventional jar and tube 

three-bottle arrangement, ‘a unitary one-piece drainage ap 
developed. Such apparatus is shown in our 

said previous U.S. Pat. Nos. 3,363,626 and 3,363,627. 
Another approach to the problem of providing‘alsimpli?ed 
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drainage apparatus has been to form a single chamber which ‘ 
doubles as a collection chamber and a seal chamber. To ac 
complish this; the tube from the cavity being drained is 
directed to a point beneath the surface of the collected liquid 
in the collection chamber such that this same body of col 
lected liquid forms the underwater seal. ‘ 
However, this arrangement has a major fault in that as the 

level of the collected liquid builds up in the collection 
chamber, the gases from the cavity being drained must work 
against a higher and progressively higher pressure head of 
liquid in order to escape. For example, assume in a given case 
the pressure in a patient’s pleural cavity is varying between +2 
cm. of water —2 cm. of water as the patient exhales and inhales 
respectively. Now assume‘ extraneous ?uids collect in the. 
pleural cavity of the patient and that it is desired to usethe 
natural positive‘ buildup of pressure during expiration of the 
lungs to expel these gases through a tube and into the un 
derwater drainage apparatus. However, as noted above, the 
‘tube from the pleural cavity terminates at a point below the 
surface of the liquid in the‘ trap chamber. If the drainage 
process has been proceeding for sometime, it is very likely that 
the level of the collected liquid has risen to a level greater than 
2 centimeters above the lower 
the pleural cavity. In this case it would be di?icult if not im 
possible to expel excess ?uids from the pleural cavity beyond 
the bottom of the tube which leads into the trap chamber; and 
as result as the patient inhales, these ?uids will be drawn back 
towards the pleural cavity. 

Thus, existing simpli?ed single-chamber underwater 
drainage systems suffer from a major disadvantage. 

SUMMARY OF THE INVENTION 

Thus,it is a purpose of the present invention to provide‘a 

point of the tube leading from ' 
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65 new and improved single-chamber underwater drainage ap- T 
paratus which overcomes disadvantages which have existed in 
single chamber underwater drainage apparatus known hereto 
fore. > v I 

According to the present in vention, there is provided a sin 
gle-chamber drainage apparatus having located, at its upper 
end, an inlet passage for receiving ?uids from the cavity being 

70 

drained and an outlet passage for connection either to at- \ 
mosphere or to a vacuum source, depending upon the in 
tended mode of operation of the device. A tube within the 75 

2 
chamber is connected at one end to the said inlet for receiving 
the fluids which are delivered from the cavity being drained; 
and the tube has an opening at it other end for delivering these 
?uids into the chamber. The tube is long enough to reach to 
the bottom of the chamber and the said tube opening is pro-‘ 
vided at the lowermost point on the tube. The tube itself is 
?exible and includes a ?oating member attached to the end 
remote from the said chamber inlet; the arrangement being 
such that as the level of collected liquid in the chamber rises, 
the opening always remains at a ?xed distance below the sur 

, the pressure which must be overcome 
to expel ?uids from the cavity remains constant. 

In a preferred embodiment of the invention there is also 
provided a housing unit for holding the drainage unit 
chamber. This housing may include pumping means like that 
shown in the housing illustrated in our previous U.S. Pat. No. 
3,363,626 issued Jan. 16, 1968. This housing may also include 
suitable vacuum gages for determining and regulating the 
vacuum in the trap chamber. ‘ 

Thus, it is an object of this invention to provide a new and 
improved underwater drainage apparatus. 

It is another object of this invention to provide a true three~ 
bottle underwater drainage apparatus with all functions con 
tained within a single chamber. 

It is still another object of this invention to provide a single 
chamber underwater drainage apparatus having a combined 
liquid collection chamber and underwater seal wherein the 
height of the liquid seal itself remains constant notwithstand 
ing the height of liquid in the collection chamber. 

Other objects and the attendant advantages of the present 
invention will become apparent from the detailed description 
to follow with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
There follows a detailed description, together with accom 

panying drawings, of a preferred embodiment of the inven 
tion. However, it is to be understood that the invention is 
capable of numerous modi?cations ‘and variations apparent to 
those skilled in the art within the spirit and scope of the inven 
tion. , ' . 

In the drawings: , 

, FIG. 1 is perspective view of a drainage system according to 
the present invention. ‘ 

FIG. 2 is a front elevation view of the collection chamber of 
the present invention with the front cover plate shown as transparent. 
FIG. 3 is a sectional view 
FIG. 4 is a separate view 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
Referring now to the drawings wherein like numerals are 

used to designate like parts throughout the several views, 
there is shown in FIG. 1 the overall drainage: apparatus 10 in 
cluding the housing member 13. The lower portion of the 
housing may contain a vacuum. pump as shown in the lower 
portion of the housing as shown in our previous U.S. Pat. No. 
3,363,626. The drainage bottle 11 which is shown in detail in 
FIGS. 2 and 3, may be constructed in any convenient manner 
and may be formed of any convenient material. Preferably, 
the drainage bottle 11 would be formed of a relatively stiff, 
transparent, plastic material such as polyethylene or the like. 

Referring now to FIGS. 2 and 3, the drainage bottle 11 in 

taken along line 3-3 of FIG. 2._ 
of an element shown in FIG. 3. 

be drained and an outlet opening 17 adapted to‘ be placed in 
?uid communication either with a vacuum pump or with at 
mosphere (depending upon the intended mode: of operation of 
the apparatus). An elongated tube 18, which’ is shown 
separately in FIG. 4, as an elongated central portion which is 
connected to an upper portion '19 by a ?exible elbow portion 

l 
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20a and which is connected to a lower portion 21 by a lower 
?exible elbow portion 20b. As shown in FIGS. 2 and 3, the 
upper portion 19 is connected directly to the inlet passage 16 
and the lower portion 21 terminates at a lower opening 22.‘ A 
?oating element 23 is rigidly affixed to the lower portion 21 to. 
cause the latter to rise as the level of the liquid in chamber’ 15 
rises. In FIG. 2 the arm 18 and its- associated elements are 
shown in solid lines in the positions 'which they assume when 
the chamber. 15 is empty. As liquid enters and ?lls the 
chamber 15, however,'the ?oat 23 will rise with the liquid. 
The position of tube 18 and its associated elements are shown 
in phantom line at the upper portion of the chamber whichv is 
the position that these elements would assume when liquid in 
the chamber has arisen to the level indicated by the line W. It 

‘ will be noted that when the elements are in the raised position, 
the opening 22 is‘located at ‘a distance H beneath the surface 
level W'of the liquid. It is to be understood this distance H 
between the opening 22*and th'e‘level of the liquid is main 
tained whatever be the level ‘of liquid in the chamber except, 
of course, when the opening 22 rests von the bottom and the 
total level of liquid in the’ chamber ‘is less than H. Before 
operation the device is ?lled with water to a level equal to the 
height H. ‘ v ' 

Referring again to FIG. 1, the housing 13 is intended not 
only to support the drainage bottle 11 ‘but also to house vari 
ous control elements. As indicated, the lower portion of this 
housing may-contain -a vacuum pump as illustrated in our said 
previous U.S. Pat. No. 3,363,626‘. The pump would include a 
passage rising upwardly in the rear portion of the housing to 
opening 29 whereat the passagewould be connected to tube 
17 leading from the collection chamber 15. ' 

In addition, a vacuum gage ‘25 could be mounted on the 
> housing; and this gage could connect with the tube 17 to read 
the vacuum intrap 15 to indicate the pressure in the collection 
chamber 15. The housing could also‘ include a compliance 
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pressure gage 28 which would be connected either to the ‘ 
chamber 15 through suitable tubing to an opening in the tube 
of the chamber (not shown) or to the inlet passage 16 or the 
tube 18 in order to ascertain a rapid increase in the negativity 
of the. pressure in the cavity being drained. As explained in our 
said earlier U.S. Pat. No. 3,363,627, “compliance," which is a 
rapid increase in the negativity of the pressure in the patient's I 
pleural cavity, is a condition‘ about which the physician should 
be informed. The compliance pressure at any given moment in 
the cavity being ‘drained. The other dial could be a “maximum 
reading”- dial which moves with the ?rst dial and then remains 
at the maximum point. This, of course, would provide a per 
manent maximum reading which could be observed by the 
‘physician at a time'after the ‘maximum had been reached. 

The housing would include a reset dial 27 for resetting the 
“maximum reading” needle of the compliance pressure gage 
26. . . 

When this drainage system is operated with the tube 17 con 
nected to the opening 29 and hence to the vacuum pump, it is 
necessary. at ?rst to have this passage opened to the at 
mosphere through a bleeder valve. The pump is turned on 
while the bleeder valve is wide open. Then, the bleeder valve 
is gradually controlled thereby accurately controlling within 
?ne limits the magnitude of the vacuum drawn through open 
ing 17.,For' this purpose a bleeder‘ valve control valve 28 may 
conveniently be provided on the housing 13. The housing may 
also include a simple off-on switch for the pump. 
The operation of the invention is as follows: The chamber 

15 is ?rst ?lled with a quantity of ‘water sufficient to place the 
opening 22 at adistance H beneath the surface of the liquid. In 
a typical situation thislmay be 2 cm. The inlet passage 16 is 
then connected to the cavity being drained. In this example it 
will be assumed that the cavity being drained is the pleural 
cavity of the patient."The outlet passage 17 will then be con 
nected directly to the atmosphere or to a vacuum source, de 
pending upon the, intended mode of operation of the system. 
For example, if the patient's lung is working normally, the 

?uctuations in the pressure of the'pleural cavity which accom 
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pany normal breathing may be sufficient to expel ‘extraneous 
fluids from the pleural cavity. Assume for example, thatthe 
normal ?uctuations are between a pressure of +2 cm. of ‘water 
(when the patient inhales). If no extraneous liquids havevcol 
lected in the patient’s pleural cavity, then asth'e patient in 
hales and exhales, the level of the liquid in thej'tube 18 will 
?uctuate between a first level 2 cm. above the lev‘el'of the 
liquid in the chamber, respectively. The latter level will cor 
respond with the opening 22. ' ' ' 

.Assume now that extraneous ?uid collect in'theT'pleural 
cavity of the patient. As the patient exhales, the pressure in 
the pleural cavity will push the 2 cm. of water out of tube 18 
and it will also push any excess gases which have collected in 
the pleural cavity out of the opening 22 andthese excess gases . 
will rise upwardly in the body of liquid in the chamber 15, 
while extraneous liquids in the body of liquid in the chamber 
15 will simply collect and raise the level of liquid in the 
chamber l5._ ' 

If the opening from the tube were located at a point greater 
than 2 cm. below the level of liquid ‘in the chamber, which 
situation would occur if the level of the opening 22 were ?xed 
and the level of the liquid were raised then the pressure in the 
pleural cavity. of the patient would not besuf?cient to expel 
the extraneous gases from the tube 18. Consequently as the 
patient inhaled, these extraneous gases would be drawn back 
into thepleural cavity. ' 
With the present invention, however, since the opening is I 

always located at-a predetermined distance, for example, 2 
cm. below the level of liquid in chamber 15, the +2 cm’, presl 
surebuildup in the pleural cavity of the patient during exhala 
tion will always be sufficient to cause expulsion‘ of the extrane 
ous gases from the tube 18 through the opening 22. ' " V 

_ In other situations, for example, where'the lungs of the pa‘ 
tient are ruptured and are not operating normally, it is neces 
sary to connect the tube 17 to the vacuum source to create a I 
greater negative pressure in chamber 15 for drawing extrane 
ous gases and liquids from the pleural cavity through tube 18. . 
In this case as in case where the tube 17 is connected to at 
mosphere, the negative pressure set by controlling the pump 

_ and the bleeder valve 28 will not be minimized by an increas 
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ing pressure head as the liquid in the chamber 15 risesuRather, 
the initial pressure will ‘be maintained since the opening 22 
will rise with the liquid and remain a ?xed distance below the 

_ surface of the liquid. 
Although the invention has been described‘ in considerable 

detail with respect to apreferred embodiment thereof, it will 
be apparent that the invention is capable of numerous modi?-' 
cations and variations apparent vto those skilled in the art. 
We claim: , . i ' . 

1. An apparatus for draining ?uids from a cavity comprising. 
i a collection chamber having an inlet opening adapted, to be 
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connected to a cavity to be drained and an outlet opening 
adapted to be connected to an environment other thah the 
cavity to be drained, a tube extending from said inlet opening 
in the collection chamber said tube having a tube opening for 
passing ?uids which it receives from the cavity into the collec 
tion chamber and control means for maintaining the said tube 
opening at a substantially ?xed distance below the surface of 
liquid in the collection chamber for any level of said liquid in 
the collection chamber above said ?xed distance. . 

2. An apparatus as claimed in claim -1 wherein said tube in 
cludes at least one ?exible portion permitting the tube open 
ing to rise and fall in the collection chamber. ' _.: ' ‘ 
. 3. An apparatus as claimed in claim 2 wherein the said con 
trol means comprises a ?oating element connected to the: tube 
and arranged to ?oat on the surface of the liquid in the collec 
tionchamber, the location of the said tubular opening being 
?xed relative to said ?oat so that the tube remains said ?xed . _ . 
distance below the surface. 

4. An apparatus as claimed in claim 3 wherein said tube in-A ' 
cludes an upper. portion which engages‘ :said collection 
chamber inletopening, a'main elongated portion and a lower 
portion having the tube opening formed therein and having 
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the ?oat attached thereto. an upper ?exible portion connect 
ing said upper and elongated portions together near the top of 
the collection chamber, and a second ?exible portion con 
necting lower and elongated portions together at a point 
which is near the bottom of the collection chamber when no 
liquid is contained therein, wherein as the tube opening moves 
upwardly with the rising ?oat. the tube bends about the upper 
?exible portion to rise in the chamber, and the tube bends 
about the lower ?exible portion so that the lower portion of 
the tube retains its orientation relative to, as well as its 
distance from the surface of the liquid. 

5. An apparatus as claimed in claim 4 wherein said collec 
tion chamber outlet is adapted to be connected to a vacuum 
source 

6. An apparatus as claimed in claim 5 including means for 
measuring the pressure within said collection chamber. 
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6 
7. A drainage system for draining ?uids from a cavity com 

prising a collection chamber having an inlet opening adapted 
to be connected to a vacuum source, a housing having a 
recessed portion shaped to receive and hold the collection 
chamber, a vacuum pump in said housing, means for connect 
ing said collection chamber outlet to said vacuum pump, a 
tube extending from said inlet opening into the collection 
chamber and control means for maintaining the tube opening 
at a substantially ?xed distance below the surface of the liquid 
in the collection chamber for any level of said liquid above the 
said ?xed distance. 

8. An apparatus as claimed in claim 7 wherein said housing 
includes means for measuring the pressure in the collection 
chamber. 


