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This application is related to Canadian
application Serial No. 328,530 filed by me on May 28, 1979, and
assigned of record to the assignee of record of this applica-
tion.

This invention relates to removable apparatus for
controlling the flow of intravenous fluid from a source to a
patient. The invention particularly relates to apparatus for
providing for precise controls over the rate of fluid flow to a
patient during the operation of the apparatus under normal
circumstnces such as in the room assigned to the patient and for
controls over the rate of fluid flow in accordance with manual
adjustments during such abnormal conditions as the transport of
a patient from one room to another. More particularly, the
invention relates to apparatus for providing for a manual
control over the rate of fluid flow to a patient when removed
from a system, for a setting of rate in a system upon insertion
of the apparatus into the system and an overriding of the manual
control by the system setting under such circumstances and for
the reassertion of the ranual control upon a removal of such
apapratus from the system.

As the practice of medicine becomes increasingly
complex and increasingly refined, the equipment and techniques
used to provide care for a patient have become increasingly
sensitive in order to assure that the patient receives optimum
care. For example, after an operation has been performed on a
patient and the patient is in the recuperative state, intra-
venous fluid often has to be introduced to the patient. The
rate of introduction of fluid to the patient is dependent upon a
number of different factors including the weight, age, sex and
physical state of the patient. As the patient recovers from his
illness, the rate of introduction of the intravenous fluid to

the patient is preferably adjusted to assure that the patient

receives an optimum benefit from the fluid.
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A considerable effort has been devoted over a
substantial period of time to provide a satisfactory system for
controlling the rate at which fluid such as intravenous fluid is
introduced to a patient. Considerable progress has been made in
developing a satisfactory system for certain types of opera-
tions. For example, a system providing for the pumping of fluid
on a precise volumetric basis to a patient has been disclosed
and claimed in United States Patent 3,985,133 issued on October
12, 1976, and assigned of record to the assignee of record of

this application.

A number of fundamental problems have remained until
fairly recently in systems providing for the flow of fluid on a
gravitational basis to a patient. Such problems have existed
until recently even though a considerable effort has been
devoted to the solution of such problems. For example, a
satisfactory system has not existedkuntil recently for providing
for the introduction of fluid to a patient on a gravitational
basis at a precise and predetermined rate. Furthermore, a
system has not existed until recently which could be used on a
sterile and hygienic basis for different patients such that any
céntamination from the use of the system for one patient would

not affect the health or safety of subsequent patients.

United States Patent 4,207,871 issued June 17, 1980,
discloses and claims systems for overcoming the above
difficulties. This patent discloses and claims a system for

providing
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for the flow of intravenous fluid to a patient on a gravita-
tional basis at a precise and predetermined rate and for
providing a sterile and hygienic operation for individual
patients.

Canadian application Serial No. 328,354 has also been
filed by me on May 25, 1979, for a "Cassette for Intravenous
Controller" and has been assigned by me of record to the
assignee of record of this application. This application
discloses and claims a cassette which is disposed in the system
to provide for the flow of fluid on the controlled basis to the
patient and which is easily removable from the system so that a
sterile cassette can be replaced in the system for a previously
used cassette every time that the system is to be used for a
different patient.

Although the system and cassette disclosed and claimed
in the application specified in the previous paragraph provide
for the flow of fluid on a gravitational basis to a patient at
precise rates under sterile conditions, improvements would be
still desirable to enhance the scope of operation of the system.
For example, it would be desirable to provide a system which
could be coupled to a patient even during movement of the
patient and which would provide for a flow of fluid to the
patient at controlled rates during such movement. In this way,
intravenous fluid could be introduced to the patient at such
controlled rates even during the movement of the patient from an
operating room to a recovery room or from the recovery room to a
room of permanent assignment in a hospital. It would also be
desirable to provide such a system with instantaneous
capabilities of controlling precisely and automatically the flow

of fluid on a gravitational basis to the patient after the

~movement of the patient to-a room of
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permanent assignment. As will be seen, a system of such
capabilities would have a considerable flexibility in operation
since it would provide for a controlled flow of fluid to a

patient under all conditions which may be encountered in a

hospital.

This application provides a system with the
capabilities discussed in the previous paragraph. The system
includes apparatus which is free-standing and which is manually
adjustable at such times to vary the rate at which intravenous
fluid flows to a patient. Such manual adjustments may be
operative to control the rate of fluid flow during the time
that a patient is being moved from an operating room to a

recovery room or from the recovery room to his assigned room.

The apparatus may also be inserted easily and
conveniently into a system when the patient is recuperating in
his assigned room. At such times, desired rates of fluid flow
may be set in such system, which then overrides any previous
manual adjustment of such apparatus and adjusts the rate of
fluid flow in accordance with any such setting. This provides
for a precise control of the flow of fluid in accordance with
such settings during thé time that the patient is in his

assigned room.

In this way, the precise controls can become
operative when the patient has been moved to his assigned room
and=«the system is operative on a semipermanent basis in the
assigned room. When a desired rate of fluid flow has begn

preset into the system, the system then operates in a servo
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loop to adjust the rate of fluid flow on an instantaneous
basis so that the desired rate of fluid flow is precisely

maintained.

The apparatus is removably disposed in the system
for controlling the flow of fluid to the patient. As a
result, the manual adjustment may be provided when the
apparatus is removed from the system and the system control
of the rate of fluid flow may be provided when the apparatus
has been coupled into the system. The removal of the
apparatus from the system or the coupling of the apparatus
into the system may be provided easily on an instantaneous

basis.

The apparatus includes a plug member defining a
passage which communicates at a first position with an input
or inlet line and, at a displaced position in a particular
direction, with an output or outlet line. A resilient member
such as a diaphragm may be disposed in the particular direc-
tion in the passage and may be displaced in a transverse
direction from the inlet and outlet lines. A rod may extend
into the passage to constrain the diaphragm in the transverse
direction. A button may be disposed between the inlet and
outlet lines to cooperate with the diaphragm in providing a
barrier against the flow of fluid through the passage between
the inlet and outlet lines in accordance with the stretching
of the diaphragm in the transverse direction. A knob may
be adjustably threaded on the plug member to press the rod

against the diaphragm.
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One of the button, the diaphragm or the rod may
have a channel to facilitate the flow of fluid through the
passage at the desired rate. 1In a preferred embodiment, the
button may be disposed laterally across the passage at a
position between the inlet and outlet‘lines and at least two
channels may be disposed in the button. Each of the channels
may be provided with a different cross-sectional area than.the
other channels. Individual ones of the channels are
progressively closed as the knob is progressively rotated in

a direction to increase the force of the rod on the diaphragm.

The knob may be manually adjusted, during the movement

of the patient from the operating room to the recovery room
or from the recovery room to his assigned room, to control
the rate at which fluid flows to the patient. The knob may
be coupled to a driving member when the apparatus is inserted

into the system. At such times, a motor drives the driving

. member through an angle dependent upon a rate which is preset

into the system. In this way, the diaphragm is constrained,
such as by compression, in the transverse direction in
accordance with theboperation of the motor. The motor may

be servo-controlled to adjust the constraint of the diaphragm
at eéach instant in the transverse direction in accordance
with the rate at which drops of the fluid are actually
flowing to the patient. ‘This servo-control insures that

the actual rate of flow of fluid to the patient corresponds
to the rate preset into the system when the apparatus is

insérted into the system.

In another embodiment, the button may be in the

form of a closed loop enveloping one of the inlet and outlet
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lines. A channel or notch may be provided in the button at a
position between the inlet and outlet lines. 1In still other
embodiments, the channel may be provided in the diaphragm,
preferably at the surface facing the notch. 1In other emobdi-
ments, the channel may be provided in the rod, preferably at the

surface facing the diaphragm.

The apparatus included in this invention is adapted to
be used in the system disclosed and claimed in United States
Patent 4,207,871. It is also adapted to be included in the
cassette disclosed and claimed in Canadian application Serial
No. 328,354 or to be used as a separate item in the system

without including the cassette in the system.
In the drawings:

Figure 1 is a schematic diagram, partly in block form,
of a system for controlling the flow of intravenous fluid to a

patient on a gravitational basis;

Figure 2 is a sectional view of control apparatus,
including a cassette, capable of being included in the system of
Figure 1 and shows the positioning relative to such control
apparatus of aldrop sensor included in the system shown in

Figure 1;

Figure 3 is a sectional view of the apparatus,
including the cassette, shown in Figure 2 when the apparatus is
removed from the system in Figure 1 and is in a position to

provide for the flow of fluid at a very low rate;
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Figure 4 is an enlarged fragmentary sectional view

of certain elements of the cassette shown in Figures 2 and 3;

(7

Figure 5 is an exploded perspective view of the
system shown in Figure 1 and of the apparatus of Figures 2 and

3 in a position removed from the system;

Figure 6 is a schematic view of a cassette which may

be constructed to include the apparatus of Figures 2 and 3;

Figure 7 is a perspective view of a preferred embodiment

of a cassette for use in the apparatus shown in Figures 1, 5 and 6;

Figure 8 is a fragmentary sectional view of the cassette
shown in Figure 6 and is taken substantially on the line 8-8

of Figure 7;

Figure 9 is a fragmentary sectional view of the
cassette shown in Figures 7 and 8 and is taken substantially on

the line 9-9 of Figure 7;

Figure 10 is a fragmentary sectional view of another
embodliment of a cassette for use in the apparatus in Figures

1, 5 and 6;

Figure 1l is a fragmentary sectional view of another
embodiment of a cassette for use in the apparatus of Figures

1, 5%and 6;

Figure 12 is an enlarged fragmentary sectional view
of certain elements of the cassette shown in Figure 11 and is

taken substantially on the line 12-12 of Figure 1l1;
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Figure 13 is a fragmentary sectional view of a
further embodiment of a cassette for use in the apparatus

of Figures 1, 5 and 6;

Figure 14 is an enlarged fragmentary sectional view
of certain elements of the cassette shown in Figure 13 and is

taken substantially on the line 14-14 of Figure 13;

Figure 15 is a fragmentary sectional view of a still
further embodiment of a cassette for use in the apparatus shown

in Figures 1, 5 and 6;

Figure 16 is an enlarged fragmentary sectional view
of certain elements of the cassette shown in Figure 15 and is

taken substantially on the line 16~16 of Figure 15;

Figure 17 is a fragmentary sectional view of still
aﬁother embodiment of a cassette for use in the apparatus shown

in Figures 1, 5 and 6; and

Figure 18 is an enlarged fragmentary sectional view of

certain elements of the cassette shown in Figure 17 and is taken

' substantially on the line 18-18 of Figure 17.

Figure 3 illustrates equipment which forms a part
of this invention and which provides for a flow of intravenous

fluid to a patient at a rate dependent upon a manual

adjﬁstment of such apparatus. The equipment includes a source

10 S¥ intravenous fluid and a conduit 12 extending from such

source to apparatus generally indicated at 14 and forming a

~part of this invention and constituting a cassette. An output

conduit 16 extends from the apparatus 14 to a patient

schematically illustrated at 20.
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The apparatus 14 includes a plug member 22 formed
from a suitable material such as a plastic material. The
plug member 22 is provided with an input line 24 constructed
to receive the input conduit 12 and with an output line 26
constructed to receive the output conduit 16. A cavity or
passage 28 is disposed between, and in communication with,
the input line 24 and the output line 26. Button 30 is
disposed in the passage 28 in a closed loop around one of
the lines such as the output line 26 and is preferably
provided with an annular configuration. The button 30 is
preferably provided with a channel or notch at one position
as at 31 (Figure 4) to facilitate the flow of fluid on a
controlled basis. The notch 31 may be V-shaped to provide

a progressive control over the rate of fluid flow.

A resilient member such as a diaphragm 32 is
disposed in the cavity or passage 28. The ends of the
diaphragm 32 are provided with a bulbous construction and
the bulbous ends are disposed in sockets 34 in the plug
member 22 to maintain the diaphragm in a taut relationship.
fhe diaphragm 32 is disposed so that it extends in the same
direction as the distance between the input line 24 and
the-output line 26 at the positions at which these lines

communicate with the passage 22.

A pusher rod 36 is disposed in a socket 38 in the
plug member 22. The pusher rod 36 is disposed against the
diaphragm 32 at a position intermediate the sockets 34 to
stretch the diaphragm in a direction transverse to the
disposition of the diaphragm in the passage 22. A knob 40
is internally threaded on a threaded protuberance 42 extending

from the plug member 22. The knob 40 presses against the

- 10 -
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1 pusher rod 36. The knob 40 may be provided with a frusto-

2  conical external surface which may be knurled or otherwise

3 defeormed to facilitate gripping.

4

5 The knob 40 may be rotatably adjusted on the

6 protuberance 42 to adjust the pressure exerted against the

4 pusher rod 36. This in turn provides for an adjustment of

8 the force exerted by the pusher rod 36 against the diaphragm

9 32. In this way, the position of the diaphragm 32 adjacent
10 the button 30 may be adjusted in accordance with adjustments
11 in the positioning of the knob 40 so as to control the rate
12 at which fluid flows through the passage 28 from the input
13 line 24 to the output line 26. The manual adjustment of the
14 knob 40 accordingly provides for a control of the rate at
15 which fluid flows from the source 10 to the patient 20.
16 )
1w The channel or notch 31 is provided in the button 30
18 to obtain a flow of fluid to the patient at low rates in

19 accordance with the adjustment of the knob 40. This may be
20‘ seen on a schematic basis in Figure 4. At such low rates, the
21 diaphragm 32 tends to be drawn into the notch 31. The posi-
22 Ationing of the diaphragm 32 in the notch 31 is dependent upon
23 ‘the‘adjustmént of the knob 40. As a result, for low settings
24vi of the knob 40, fluid.can flow through the passage to the

25' output line only in the space between the diaphragm 32 and

26 the bottom of the V-shaped notch 31.

a7
28' = The apparatus disclosed above is adapted to be
29 used Qhen the patient is being moved from an operating room
30 to a recovery room or from a recovery room to an assigned
31

32 '

- 11 -
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room. Since the apparatus 14 is relatively small and can
even be held in the palm of a hand, it can be held by a
nurse or even can be disposed in the palm of a patient as
the patient is being moved from one room to another. During
such movement, the rate of flow of fluid to the patient can

be controlled by the adjustment of the knob 40 on the protu-

berance 42.

Figure 1 illustrates a system for providing an
automatic control over the rate of flow of fluid on a
gravitational basis to a patient. The system includes the
apparatus 14 shown in Figures 2 and 3 and described in detail
above. The apparatus 14 is adapted to be supported in fixed
position relative to such system by a housing generally indicated
at 50 in Figure 5. The holder includes a drive member 52
(Figure 5) which is provided with a socket 54. The socket 54
is knurled or otherwise deformed in a manner similar to the
external surface of the knob 40 so as to engage the knob and
rotate the knob as it rotates. The drive member 52 may be
spring loaded to facilitate the driving relationship between
it and the knob 40. The drive member 52 is adapted to be

driven by a stepper motor 56.

The stepper motor 56 is included in an electrical
system which is shown on a schematic basis in Figure 1. The
system includes settings 58 (Figure 5) which are disposed on
the front panel of the housing 50 and which are preferably

prowided with digital capabilities of a plurality of digits

of progressive value. For example, three digits may be

provided to register the values of units, tens and hundreds

- 12 -



