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This invention relates to the parenteral administration 
of liquids, and more particularly, to a ‘device for dispens 
ing an intravenous liquid at a controlled rate, and .for 
visually determining that the flow is proceeding at‘th‘e 
selected rate. The dispensing device or ‘parenteral ad 
ministration set of this invention has its “greatest utility 
when used to dispense substantially transparent aqueous 
solutions, such as saline solutions, glucose and ‘invert 
sugar solutions, and plasma. However, it can also ‘be 
advantageously used for relatively opaque ‘?uids such as 
whole blood. 

_In the design ‘and operation of parenteral administra 
tion sets, it has been found necessary to provide means to 
admit air to the space above the liquid in the container 
as the liquid is dispensed for ‘the purpose of equalizing 
the pressure within and without the container, thereby 
preventing a negative pressure from‘the building up within 
the container and ‘stopping the ?ow of liquid. The usual 
practice is to provide an air tube extending from the air 
inlet opening in the stopper to a point adjacent the bot 
tom of the container so that when the container is inverted 
the free end of the tube will project above the surface of 
the liquid and communicate directly with the airspace 
above the liquid. ‘It is also desired to provide means 
which permit the rate of flow to be selectively ‘varied, 
and which also makes possible a visual determination‘that 
the selected rate is ‘being maintained. In other ‘words, 
one of the ‘desired elements of the administration set is 
some type of ?ow indicator. The customary ?ow ‘indica 
tor takes the form of a ‘\‘drip chamber” interposed in the 
conduit from the container to the point of administra 
tion. The upper portion of the drip chamber is pro 
vided with a nozzle from which the liquid falls a drop 
at a time into the lower portion of the chamber which is 
partially ?lled with the liquid, thus permitting the drops 
to‘ be counted as a measure of the rate of flow for a 
given time. '~ 

The use of air tubes and drip chambers of the type 
described has a number of disadvantages both from opera 
tional and economic standp‘oints, but heretofore no satis 
factory alternative ‘has been developed. 

It is therefore an object of this invention ‘to provide a 
parenteral administration set which eliminates both the 
conventional air tube and drip chamber. More particu 
larly, it is an object of this invention to provide a simpli 
?ed air inlet structure for a container of an intravenous 
liquid which performs the functions of both the conven 
tional air inlet tube and drip chamber, that is, which both 
admits air to the space above the liquid and also provides 
an accurateindication of the rate at which the liquid ‘is 
being dispensed. It is a further object of this invention 
to provide means for admitting air from .the exterior of 
an intravenous solution container to a point ‘beneath the 
surface of the solution when the container is inverted, 
While at the same time preventing the liquid from leaking 
out of the container through the air inlet passage. 'It ‘is 
a stillfurther object of this invention to provide a ‘means 
for admitting air in the manner described which is charac 
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terized by ‘the further fact that the air is admitted in 
discrete increments, i. e., separate bubbles, which are of 
su?iciently large size and su?iciently ‘spaced apart to be 
easily ‘countable, thereby permitting the air bubbles per 
minute toibercou-nted as a direct measure of the rate of 
liquid flow. ‘In this connection, it is another object of 
this invention to provide an air inlet structure of the 
fluid during the administration without any substantial 
variation in the ‘mass of air within each bubble during the 
course of the administration, and which vwill therefore 
compensate for 1the release of an equivalent volume of 
?uid at a uniform ratio, for example, say one air bubble 
per .1 cc. of liquid. Another speci?c object of this in 
vention is to provide a parenteral administration set hav 
ing an air inlet structure of the type described which also 
is adapted to maintain the number of air‘bubbles liberated 

. per minute at .a substantially constant rate during the 
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entire administration, and which is ‘unaffected by the 
decreasing liquid level in the container. Further objects 
and advantages will appear as the speci?cation proceeds. 
Speci?c embodiments of ‘this invention are illustrated 

. in the accompanying drawings, in which— 
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Fig. 1 is an elevational view of a parenteral administra 
tion set embodying the principles ‘of this invention; Fig. 2, 
a cut-away perspective view ‘of the container closure and 
air inlet structure which arelilargely responsible for the 
new results achieved; Fig. 3, a ‘perspective. view of ‘the 
air inlet tube of ‘Figs. 1 and 2; and Fig. 4, a cut-away view 
similar to Fig. 2, but showing a modi?ed form of the 
invention. 

‘Looking ?rst mainly at ‘Fig. 1, there is shown an ap 
paratus for the parenteral administration of an aqueous 
base liquid including a liquid supply container or bottle 
A and a conduit means or ‘assembly B, providing a com 
municating passage extending from container A to the 
point of administration of the liquid, which, for example, 
could be at C. ‘By way of speci?c example, container A 
contains an intravenous saline solution which flows down 
wardly through conduit assembly B into the vein ‘of the 
patient at C. 

In the speci?c illustration given, in. order to provide 
. for the supporting of container A in an inverted position, 
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as shown, it is provided with a recessed ring 10 having a 
support bail 11 pivotally connected thereto. Container 
A is also provided with a neck portion 12 ‘enclosing an 
open month which is covered by a closure or cap assem 

‘ bly 13 having a retaining ring 14 which holds ‘plug or 
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stopper member 15 in place. . 
Stopper 15 ‘is preferably constructed of a resilient ?exi 

ble material such as soft rubber and is provided with an 
air inlet opening 16 and a liquid outlet opening 17, as 
shown more clearly in Fig. 2. When openings 16 and 17 
are of the type illustrated, it is customary to provide a 
diaphragm or seal (not shown) on the outside of the 
stopper 15, which is removed to prepare the container 
for the administration. Usually a hollow plug-in con 
nection 18 is inserted in opening 17 with its lower end 
secured to a ?exible hose 19. The other end of hose 19 
can be connected through an adaptor 20 to an adminis 
tration needle 21. It is preferable to‘ provide hose 19 
with an adjustable clamp for constricting the ‘hose to 
regulate the rate of ‘flow, for example, a control clamp‘ 22 
of malleable metal can be disposed about a portion of 
hose 19. " 

Air inlet passage 16 is shaped or provided with a 
passage-shaping member which provides means for ad 
mitting air to container A beneath the surface of the 
liquid therein when the container is inverted, while at 
the same time preventing the leaking of liquid through 
the air inlet passage. To accomplish these results, as 
well as other of the objects set out above, it has been 
found desirable to provide the air inlet passage with a 
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restricted capillary portion and an enlarged portion in 
wardly thereof providing a collection chamber for the 
air passing through the capillary portions. Preferably, 
this is accomplished by providing an air inlet tube 23 
which is insertable, at least part way, into passage 16, 
as illustrated in Fig. 2. In the illustration given, and 
preferably, air inlet tube 23 provides a capillary portion 
24 and inwardly therefrom an air collection chamber 
portion 25. For proper operation, it has been found de- ' 
sirable to have the air inlet passage through tube 23 
gradually enlarge in cross-sectional area above capillary 
portion 24 into air collection chamber 25. Preferably, 
the enlarging passage portion is of conical shape. When 
the structure is assembled as illustrated in Fig. 2, air in 
let tube 23 provides the entire air collection chamber 25. 
Alternatively, the modi?ed structure shown in Fig. 4- can 
be employed, in which the inner end portion of stopper 
passage 16’ provides an extension of air collection cham 
ber 25’, and thereby can be considered as part of the 
air collection chamber. However, it is preferable to 
have the air collection chamber, whether it is provided 
in part by stopper passage 16' or entirely by tube 23, 
terminate at approximately the level of the inside surface 
of stopper 15 so that the air collection chamber will be 
below the surface of the liquid throughout the entire 
course of the administration. 

Air inlet tube 23 and stopper 15, where the stopper 
provides part or all of the air inlet passage, can be 
formed of a wide variety of different materials, including 
plastics, glass, rubber, metals, wood, etc. In other words, 
the material of construction is not especially critical. 
However, for simplicity of manufacture it is convenient 
to mold the air inlet tubes from a suitable plastic. 
Stopper 15 is preferably made of soft rubber. It is de 
sirable to have the interior walls of inlet tube 23 rela 
tively smooth to minimize the pressure drop across the 
inlet tube. This may be done in practice if a molded 
?nish is too rough by coating with an oil or silicone ?lm. 
It is also desirable to minimize the attraction between 
the walls of air collection chamber 25 and the aqueous 
parenteral solution. The less the liquid to surface at 
traction within chamber 25, the more rapid is the re 
covery of flow rate in the event the bubble ?ow is acci 
dentally disrupted by bumping or shaking container A. 
Also, the harder it is to disrupt the ?ow. Therefore, it 
is preferred to have at least the walls of the air collec 
tion chamber substantially hydrophobic. 

Although it is not essential for the operation of the 
structure, it is preferred to provide outwardly of capil 
lary passage 24 a ?lter chamber 26. The purpose of 
?lter chamber 26 is to receive a Wad or ball 27 of air 
permeable ?brous material such as loosely intermeshed 
?bers of cotton, etc. In other words, the air entering 
?lter chamber 26 must pass through ?lter plug 27 before 
entering container A, thereby removing particles of dirt 
or other solid contaminants in the air which might other 
wise enter the solution. To prevent ?lter plug 27 from 
being forced into the outer end of capillary passage 24, 
it is preferable to provide a reduced passage portion 28 
between capillary portion 24 and ?lter chamber 26 so 
that ?lter plug 27 is held at a spaced distance from capil 
lary portion 24. In actual practice, it has been found 
desirable to have ?lter plug 27 formed so that there is 
substantially no pressure drop across the ?lter plug, while 
at the same time achieving a satisfactory ?ltering action. 
This can readily be accomplished with a loosely packed 
cotton ball. 

It is desirable to provide the outer end of tube 
23 with a removable cap or closure. In the illus 
tration given, the outer end of tube 23 is provided 
with an attached cap 29 of ?exible resilient material hav 
ing a hinge portion 30 which permits cap 29 to be seated 
and unseated without separating it from tube 23. This 
cap structure forms the subject matter of co-pending 
application United States Serial No. 326,702, ?led De 
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cember 18, 1952, now Patent Number 2,705,955 granted 
April 12, 1955. 

Air inlet tube 23 can be adapted to- cooperate with 
stopper 15 in positioning the tube relative to the stopper. 
For example, air inlet tube 23 is shown provided with 
laterally-extending arms 31 and 32, which abut the outer 
end of stopper 15 when the tube 23 is correctly posi 
tioned, as shown more clearly in Fig. 2. In the modi?ed 
structure shown in Fig. 4, tube 23' is provided with an 
abutment shoulder 33' for the same purpose. 

Operation 
In practicing this invention, the parenteral administra 

tion set is assembled in the manner indicated in Fig. 1. 
The container A is suspended in inverted position, as 
shown, except that cap 29 is seated on the outer end of 
tube 23. Before the introduction of needle 21 to the 
vein of the patient, it is desirable to clear the set of air 
by passing a portion of the liquid downwardly through 
conduit assembly B. Usually this can be accomplished 
while cap 29 is seated on the outer end of air inlet 
tube 23 by opening clamp 22. The liquid will drain out 
through hose 19 until su?icient vacuum is built up in 

> the air space above the liquid in container A to hold up 
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the column of liquid in the conduit assembly B. After 
this preliminary step, the needle is inserted in the vein 
of the patient, and cap 29 is removed from the air inlet 
tube to start the administration. At ?rst, bubbles will 
rise rapidly and close together from the air inlet tube 
until the pressure within the container air space plus the 
hydrostatic head of liquid in the container is sufficient 
to balance the atmospheric pressure in tube 23. Then 
at this equilibrium condition, for each increment of liquid 
passing out through needle 21, there will be a de?nite 
mass of air transferred to the air space above the liquid 
in the form of relatively large bubbles and the bubbles 
will be spaced ‘apart, thus making them easily countablej 
The number of air bubbles per minute can be selectively 
controlled by adjusting clamp 22, since the number of air 
bubbles are in direct proportion to the quantity of out 
?owing liquid. Moreover, air inlet tube 23 can be con 
structed so that each air bubble is equivalent to a con 
venient amount of liquid for the purpose of determining 
the rate of ?ow, say one bubble for each .1 cc. of liquid. 
In actual operation, it has been observed that the air 
collects within chamber portion 25 of the air tube, and 
that the liquid is normally prevented from entering this 
space. 

It has been found that the rate of liquid administration 
can be maintained substantially constant during the en 
tire course of administration, and that if the operation 
of the set is interrupted in any manner, the desired rate 
will be automatically re-established. If the container is 
accidentally disturbed by bumping or shaking, the ?ow 
will only be temporarily disrupted. The disturbing of 
the container may cause the liquid to move downwardly 
within the air collection chamber, but it will usually not 
pass beyond capillary passage 24 unless the movement of 
the container is extremely violent. As soon as the con 
tainer is stabilized, the air readily displaces the liquid 
from collection chamber 25, thereby re-establishing thev 
desired conditions for equilibrium operations of the set. 
This recovery is particularly rapid when the walls of col 
lection chamber 25 are substantially hydrophobic. 

It will be apparent from the described mode of opera 
tion of this invention that container A, or at least the walls 
thereof, should be transparent, and that best results are 
obtained when the liquid within the container is trans 
parent or at least su?‘iciently translucent to permit the air 
bubbles to be viewd as they rise through the solution. 
However, it is possible to use the invention in dispensing 
relatively opaque liquids such as whole blood, since the 
air bubbles can be observed as they break through the 
upper surface of the liquid. Moreover, with liquid sus 
pensions such as blood, the air bubbles perform the addi-: 
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tional function of continuously agitating the liquid. 
Parental solution containers are usually constructed of 
glass. 

While in the foregoing speci?cation speci?c embodi— 
ments of this invention have been described‘in consider 
able detail for purpose of illustration, it will be apparent 
to those skilled in the 'art that many of the details set 
forth can be varied‘widely without departing from the 
spirit of the invention. 
We claim: 
1. In combination with a transparent-walled container 

at least partially ?lled with an intravenous liquid, said 
container being supported in a mouth-downward position, 
a closure mounted in said mouth, a passage-providing 
means extending through said closure for admitting air 
bubbles beneath the surface of said liquid While at the 
same time preventing the escape of liquid through said 
passage, said passage including a capillary portion and 
an enlarged portion inwardly thereof providing a collec 
tion chamber for the air passing through the capillary por 
tion, said passage gradually enlarging in cross-sectional 
area from said capillary passage portion into said collec 
tion chamber portion, said passage-providing means being 
adapted to admit separate air bubbles beneath the surface 
of said liquid, said bubbles being of sui?ciently large size 
and su?iciently spaced as to be readily countable. 

2. An air inlet structure for admitting air bubbles to 
an inverted container of an intravenous liquid, including 
a member providing a passage ‘communicating at its outer 
end with the atmosphere and at its inner end with said 
liquid beneath the surface thereof, said passage including 
a capillary portion and an enlarged portion inwardly 
thereof providing a collection chamber for the air passing 
through the capillary portion, said passage gradually en 
larging in cross-sectional area from said capillary por 
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tion into said collection chamber portion, and wherein 
the walls of said collection chamber are substantially 
hydrophobic. 

3. In combination with a transparent-walled container 
for the parenteral administration of an aqueous solution, 
said container being supported in an inverted position and 
having a mouth at its lower end equipped with a closure, 
said closure having an air inlet opening and a liquid out 
let opening beneath said solution, an air inlet tube re 
ceived in said air inlet opening and terminating at a 
point closely spaced to the inner end of said closure, said 
air inlet tube providing a passage having a capillary por 
tion, and a collection chamber inwardly of said capillary 
passage portion connected thereto by a passage portion of 
gradually increasing cross-sectional area, and wherein the 
walls of said collection chamber portion are substantially 
hydrophobic. 

4..An air inlet tube insertable in the air inlet opening 
of a container of the type described, said air inlet tube 
providing a passage for the admission of air, said passage 
including a capillary portion ‘and an enlarged portion in~ 
wardly thereof providing a collection chamber for the air 
passing through the capillary portion, and wherein at 
least the walls of said collection chamber are substantially 
hydrophobic and said passage gradually enlarges in cross 
sectional area from said capillary passage portion into said 
collection chamber portion. 
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