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IVFLOW MANAGEMENT SYSTEMS AND METHODS

BACKGROUND

{0001] The present invention is generally directed to systems and methods for
intravenous (“TV”) delivery, by which fluids can be administered directly to a patient. More
particularly, the present invention is directed systems and methods for monitoring and/or
managing the flow of a liquid to a patient in the context of a gravity-fed inravenous delivery
system. An intravenous delivery system according to the invention is used broadly herein to
describe components used to deliver the fhid o the patient, for use in arterial, infravenous,
intravascular, peritoneal, and/or non-vascular administration of fluid. Of course, one of skill
in the art may use an intravenous delivery system to admunister fluids to other locations
within a patient's body.

{0062] One common method of administering fhnds o a patent’s blood flow is
through an intravenous delivery system. In many comumon implementations, an infravenous
delivery system may include a liquid source such as a liquid bag, a drip unit with a drip
chamber used to moderate the flow rate of fluid from the liquid bag, tubing for providing a
connection between the Hguid bag and the patient, and an intravenous access unit, such as a
catheter that may be positioned intravenously in a patient. An intravenous delivery system
may also include a Y-connector that allows for the piggvbacking of intravenous delivery

ystems and for the administration of medicine from a syringe into the wbing of the

73]

intravenous delivery system.

{6003] Such intravenous delivery systems often function via “gravity feed.” In a
gravity feed system, the liquid source may be elevated above the patient, so that a “head” or
pressure differential exists between the liquid in the liquid source, and the location at which
the higuid 1s delivered to the patient. The pressure differential may enable pumps or other
fluid transfer mechanisms to be eliminated, thereby reducing the cost and bulk of the
intravenous delivery systen.

[0004] Unfortunately, many such intravenous delivery systems have difficulties
matnfaining a constant flow of the liguid to the patent. The level of the liquid in the liguid
source will recede over time, and the patient may move, resulting in variations in the pressure
differential that determines the flow rate of the liquid. Adduionally, tubing and/or other
components of the infravenous delivery system may become pinched, blocked, or otherwise

occhuded, resulting in unexpected changes in the flow rate of the liguid.
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[00685] Currently, clinicians often measure the flow rate of the liguid by counting the
drops entering the drip chamber over a set period of time. The clinician must then calculate
the resulting flow rate and compare it to the desired flow rate to determine the necessary flow
rate adjustment. This flow rate adjustment may then be made by manually adjusting a device
such as a clamp on the tubing. The clinician may then count the drops entering the drip
chamber again to determine whether the desired flow rate has been achieved. This procedure
is time-consuming for the clinician, and subject to human error.

[0046] Accordingly, a less time-consuming and more reliable method is needed for
controlling the flow rate of liquid delivered via an intravenous delivery system. Further, in
order to reduce the cost of medical care delivery, there exists a need for such methods to be
simple and cost-cffective, and preferably to avoid the necessity for complicated equipment.

BRIEF SUMMARY OF THE INVENTION

{0007] Embodiments of the present invention are generally directed to systems and
methods for controlling the flow rate of liquid through an intravenous delivery system. The
intravenous delivery system may have a liquid source containing a Hquid to be delivered to a
patient, a drip onit, and tubing. The tubing may have a {irst end connectable to the hguid
source, and a second end connectable o a vent cap and/or an intravenous delivery unit that
provides the liquid intravenously to the patient.

[0008] The intravenous delivery system may have a flow rate control system that
controls the flow rate of the Hquid to the patient. The flow rate control system may have a
flow rate sensor, a flow rate regulator, and a controlier. The flow rate sensor may detect the
flow rate of the liquid flowing through the intravenous delivery system and transmit a flow
rate signal indicative of the flow rate to the controller. The controller may compare the flow
rate to a desired flow rate, and if needed, transmit a control signal to the flow rate regulator to
cause the flow rate regulator to move to a different state, in which a larger or smaller flow
rate of the liquid is provided.

{0069] The flow rate sensor may be coupled to the drip unit to measure the rate at
which the Liquid flows through the drip unit. This may be accompiished by counting the
drops of the liquid that enter the drip chamber within a predetermined period of time,
measuring the differential mass of the liguid over a predetermined period of time, measvring
the differential volume of the liquid over a predetermined period of time, measuring a
difference in liquid temperature upstream and downstream of a heat source, and/or through

the use of other methods.
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[60146] In one embodiment, the flow rate sensor may have an interior cavity that
receives the lower portion of the drip unit, with arms that extend vpward toward the top of the
drip unit. One arm may have a light source, and the other arm may bave a light sensor that
detects the light from the light source. Drops of the liguid entering the diip chamber may
block the light, and may thus be detected and counted through the use of the light sensor.
The flow ratc sensor may have a key featurc receiver that receives a key feature on the drip
unit to provide information pertinent to the drip unit to the flow rate sensor, such as the size
of the orifice through which drops of the Hguid enter the drip chamber. Thus, the number of
drops may be counted to determine the flow rate of the liquid into the drip chamber.

{0011] The flow rate regulator may be coupled to the tubing to control the rate of
liguid flow through the wmbing by compressing the tubing to varving degrees. The flow
regulator may have a pinching member that shdes along a slot oriented at an angle relative to
the tubing, such that the pinching member pinches the tubing closed at the end of the slot that
is nearest to the tuhing, and allows the tubing to be completely open at the end of the slot that
is furthest from the tubing.  Alternatively, the flow vate regulator may have a cam member
with a variable radius curved rim that votates to different orientanons to variably pinch the
tubing between the variable radius curved rim and an opposing memnber.

{0012] The flow rate sensor may transmit a flow rate signal indicative of the flow rate
to the controller. The controller may compare the flow rate with the desired flow vate, and
may a control signal to the flow rate regulator, if needed. The flow rate signal and the control
signal may be sent and received via wired and/or wireless transmission. The controller may
have a user input device and a display screen that facilitates veceipt of data from a user such
as a clinician, and facilitates display of other information, such as the flow rate, to the
clinician.

{0013] These and other features and advantages of the present invention may be
incorporated into certain embodiments of the invention and will become more fully apparent
from the following description and appended claims, or may be learned by the practice of the
invention as set forth hereinafier. The present invention does not require that all the
advantagcous featurcs and all the advantages described hercin be incorporated into cvery
embodiment of the invention.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[6014] In order that the manner in which the above-recited and other features and
advantages of the invention are obtained will be readily understood, a more particular

description of the invention briefly described above will be rendered by reference to specific
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embodiments thercof that are ilustrated in the appended drawings. These drawings depict
only typical cmbodiments of the invention and arc not therefore to be considered to limit the
scope of the invention.

{0015] Figuve | is a front elevation view of an intravenous delivery system with a flow
rate control system according to one embodiment;

{0016] Figure 2 is a flowchart diagram tlustrating a method of controlling the flow
rate of liquid delivered with an intravenous delivery syster, according to one embodiment;
[6017] Figure 3 is a front elevation view of a drip unit and flow rate sensor according
to one embodiment;

{0018] Figure 4 is a front elevation, section view of a flow rate regulator according to
one ernhodiment;

{0019] Figure 5 is a front elevauon view of a flow rate regulator according to another
embodiment; and

{00261 Figure & is a flowchart diagram tllustrating a method of controlling the flow
rate of lquid delivered with an intravenous delivery system, according to an alternative
embodiment.

BETAILED DESCRIPTION OF THE INVENTION

{0021] The presently preferred embodiments of the present invention can be
understood by reference to the drawings, wherein like reference numbers indicate identical or
functionally similar elements. It will be readily understood that the components of the
present invention, as generally described and ilustrated in the figures bherein, could be
arranged and designed in a wide variety of different configurations. Thus, the following
more detatled description, as represented in the figures, is not intended to himit the scope of
the invention as claimed, but is merely representative of presently preferred embodiments of
the invention.

[0022] Moreover, the Figires may show simplified or partial views, and the
dimensions of slements in the Figures may be exaggerated or otherwise not in proportion for
clarity. In addition, the singular forms “a,” “an,” and “the” include plural refercnts unless the
context clearly dictates otherwise. Thus, for example, reference to a terminal includes
reference to one or more terminals. In addition, where reference 1s made to a hist of elements
{e.g., clements a, b, ¢), such reference is intended o include any one of the listed elements by
itself, any combination of less than all of the listed elements, and/or a combination of all of

the listed elements.
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[0023] The term “substantially” means that the recited characteristic, parameter, or
value need not be achieved exactly, but that deviations or variations, including for example,
tolerances, measurement error, measurcment accuracy limitations and other factors known to
those of skill in the art, may occur in amounts that do not preclude the effect the characteristic
was intended to provide.

{00241 As used herein, the term "proximal”, "top”, "up” or "upwardly" refers to a
location on the device that is closest to the clinician using the device and farthest from the
patient in connection with whom the device s used when the device is used in 8 pormal
operation. Conversely, the term “distal”, "bottom", "down” or "downwardly” refers to a
tocation on the device that is farthest from the clinician using the device and closest to the
patient in connection with whom the device is used when the device is used in its normal
operation.

{6025 As used herein, the term "in” or "inwardly” refers to a location with respect o
the device that, during normal use, is toward the inside of the device. Conversely, as used

herein, the term "out" or "outwardly” refers to a location with respect to the device that,
during normal use, is toward the outside of the device.

{0026] Referring to Figure 1, a front elevation view illustrates an intravenous delivery
systern 100 according to one embodiment.  As shown, the intravenous delivery systern 100
may have a number of components, which may inchide a liquid source 102, a drip unit 104,
tabing 106 a retention unit 108, a vent cap 110, and an intravenous access unit 112. The
manner in which these components are illustrated in Figure 1 is merely exemplary; those of
skill in the art will recognize that a wide variety of intravenous delivery systerns exist. Thus,
the various components the intravenous delivery system 100 may be omitted, replaced, and/or
supplemented with components different from those illustrated.

{0027] The lquid source 102 may have a container containing a liquid 122 to be
delivered intravenously fo a patient. The liquid source 102 may, for example, have a
membrane 120, which may be formed of a wranshucent, flexible polymer or the like. The
membrane 120 may thus have a baglike configuration. The membrane 120 may be shaped to
contain the liquid 122.

{00281 The drip uwnit 104 may be designed to receive the liquid 122 from the
membrane 120 in a measured rate, for exampie, as a series of drips occurring at a predictable,
consistent rate. The drip unit 104 may be positioned below the membrane 120 so as to
receive the liquid 122 via gravity feed. The drip vnit 104 may have a receiving device 130

that receives the liquid 122 from the liquid source 102, a drip feature 132 that determines the
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rate at which the liquid 122 is received by the drip unit 104, and an exterior wall 133 that
defines a drip chamber 134 in which the liquid 122 is collected. The drip feature 132 may
bave an orifice 136 through which the liquid 122 passes to reach the drip chamber 134; the
size (for example, diameter) of the oritice 136 may determine the size of the drops 138, and
hence, the volume of the liquid 122 in each of the drops 138.

{00291 The tubing 106 may be standard medical grade tubing. The wbing 106 may be
formed of a flexible, translucent material such as a silicone rabber. The tubing 106 may have
a first end 144 and a second end i42. The first end 140 may be coupled to the drip unit 104,
and the second end 142 may be coupled to the vent cap 110, such that the liquid 122 flows
from the drip unit 104 to the vent cap 110, through the tubing 106.

{00306] The retention unit 108 may be used to retain various other components of the
intravenous delivery system 100. As shown, the retention unit 108 may have a main body
156 and an extension 152. Generally, the tubing 106 may be connected to the main body 156
proximate the first end 140, and to the extension 152 proximate the second end 142, Various
racks, brackets, and/or other features may be used in addition to or in place of the retention
anit 108.

{0031] The vent cap 110 may be coupled to the second end 142 of the tubing 106, The
vent cap 110 may bhave a vent, such as a hydrophilic membrane that is substantially
permeable to air, but not to the Hagnd 1220 Thus, air from within the vent cap 110 can be
vented from the inravenous delivery system 100, with limited leakage of the liquid 122 from
the intravenous delivery system 100.

{0032] The intravenous access unit 112 may be ased to supply the liaqud 122 to the
vascular system of the patient. The intravenous access unit {12 may have a first end 160 and
an access end 162 with a cannula or other feature configured to deliver the liquid 122
internally to the patient. The first end 160 may be connectable to the second end 142 of the
tubing 106 in place of the vent cap 110. Thus, when the mtravenous delivery system 100 is
fully primed, the intravenous access unit 112 may be coupled to the second end 142 of the
tubing 106 in place of the vent cap 118, In alternative embodiments {not shown), various
connectors such as Y-adapters may be used to connect the first end 160 of the intravenous
access unit 112 to the tubing 106 without detaching the vent cap 110 from the second end 142
of the tubing 106.

{0033] The intravenous delivery systemr 100 may be primed by connecting the
}

components (except for the intravenous access unit 112) together as illustrated in Figure 1,

and then allowing the liquid 122 to gravity feed through the drip unit 104 and the tubing 106
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into the vent cap 110. If desired, the drip unit 104 may be squeezed or otherwise pressurized
to expedite flow of the liquid 122 through the tubing 106,

{0034] As the liguid 122 flows through the twbing 106, air may become entrained in
the liquid 122. This air may move from the first end 140 of the wbing 106, toward the
second end 142 of the mbing 106, along with the column of hiquid 122. This entrained air
may gather into bubbles proximate the second end 142 of the tubing 106. The vent cap 110
may be designed to receive the liquid 122 to permit such air bubbles to be vented from the
intravenous delivery system 100 through the vent cap 110. Once air has been vented from
within the intravenous delivery system 100, the intravenous access unit 112 may be coupled
to the second end 142 of the tubing 106 and used to deliver the Hquid 122 to the patient.
[0035] The intravenous delivery system 100 may also include a flow rate control
system 170 that monitors and controls the flow rate of the liquid 122 to the patient. The flow
rate control system 170 may have a flow rate sensor 180, a flow rate regulator 182, and a
controller 184, The flow rate sensor 180, the flow rate regulator 182, and the controller 184
may be connected together in a manner that perroits signals to pass between them, for
example, via wires 186.

{0036] The flow rate sensor 180 may sense the flow rate of the liquid 122 passing
through the drip unit 104, and transmit a flow raie signal to the controlier 184 indicative of
the flow rate. The controller 184 may determine whether the flow rate is too large or oo
small, and may transmit a corresponding coutrol signal to the flow rate regulator 182, The
flow rate regulator 182 may then operate to reduce or increase the flow rate of the liquid 122
through the intravenous delivery system 100. This method will be show and deseribed in
greater detail in connection with Figure 2.

{0037] The flow rate sensor 180 is shown in generalized form, and may thus have a
variety of configurations. As shown, the flow rate sensor 180 may be secured ¢o the drip unit
104 to measure the flow rate of the liquid 122 through the drip unit 104, In alternative
embodiments, the flow rvate sensor 180 may be secured to and/or positioned proximate other
components, such as the liquid source 102, the tubing 106, the retention unit 108, and/or the
intravenous access unit 112, in order to measure the flow rate of the liquid 122 through those
components.

[0038] The flow rate sensor 180 may include any of a wide variety of sensor types.
According to some cmbodiments, the flow rate sensor 180 may function by counting the
number of drops 138 received within the drip chamber 134 within a predetermined peried of

timne, in a manner similar to that followed by clinicians when manually assessing flow rates of
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existing intravenous delivery systems. For example, the flow rate sensor 180 may have a
light source (not shown) and an optical sensor (not shown) positioned on opposite sides of the
drip unit 104. The optical sensor may detect occlusion of the light source due to the existence
of the one of the drops 138 between the optical sensor and the light source, and may thus
register the presence of the drop 138, The flow rate sensor 180 may increment a count each
time a new occlusion is measured to count the number of the drops 138, One example of
such a flow rate sensor 180 will be shown and described in connection with Figure 3.

[0339] As another exemplary embodiment in which the flow rate sensor 180 counts
the drops 138, electrodes {not shown) may be positioned in the interior of the drip chamber
134 such that each drop 138 completes and electrical circuit to indicate the presence of the
drop 138. The flow rate sensor 180 may count the number of times the civeait is closed to
count the mumber of the drops 138. Other exemplary methods of counting the drops 138
include the use of an acoustic sensor (not shown) within the drip chamber 134 to count the
nuraber of times a drop 138 strikes the Hguid 122 within the drip chamber 134 based on the
resulting acoustic energy, and the use of a floater {not shown} with an accelerometer or other
motion sensor (not shown) that detects the resulting vipples to count the drops 138.

[G040] In other embodiments, the flow rate sensor 180 may measure different values
to determine the flow rate of the liquid 122 through the intravenous delivery systern 100. For
example, a scale (not shown) may be used to measure the weight of one or more components
of the intravenous delivery system 100. For example, the liquid source 102 may hang from a
hook or other implement (not shown) connected to a strain gauge-based load cell or the like
(not shown) to measure the weight of the liquid source 102, the drip onit 104, and/or the
portion of the tubing 106 that is supported by the hook. Weight measurements may be taken
before and after a predetermined time period. The differential weight may be the weight of
the lquid 122 that has flowed from the hanging components to the patient during the
predetermined period of time. If desired, the liguid 122 to be administered to the patient may
be gravimetrically prepared so that the desired flow rate (by weight) of the liquid 122 will be
known.

{00411 In still other embodiments, the flow rate sensor 180 may measure changes in
the volume of the liguid 122 to determine the flow rate of the liquid 122 through the
intravenous delivery system 100. For example. the volume of the liquid 122 remaining in the
liquid source 102 may be measured before and after passage of a predetermined period of
time. The differential volume may be the volume of the liquid 122 that has flowed through

the intravenous delivery system 100 during the predetermined period of time. Volame may
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be measured, for example, by measuring the pressure of the Hauid 122 in the bottom of the
liguid source 102 with a pressure sensor (not shown) or the like. The pressure of the liquid
122 within the lguid source 102 may provide the height of the column of the liguid 122
{above the pressure sensor), and this, in combination with the horizontal cross-sectional area
of the liquid source 102 may be used to obtain the volume of the liguid 122 within the liguid
source 102.

{00421 The volume of the liquid 122 may additionally or alternatively be measured by
measuring the height of the ligmid 122 within the hquid source 102 through the use of
clectrodes {not shown) in the wall of the liguid source 102. Inductance and/or capacitance
between electrodes may be measured (o determine the height of the columm of the liquid 122
Again, the horizontal cross-sectional area of the liquid sowrce 102 may be used, in
combination with the change in height of the column of the liguid 122, to ascertain the
volume of the liquid 122 that has flowed through the intravenous delivery system 100. The
resolution of height measurcments that can be made via this method may be limited to the
spacing between adjacent electrodes. The accuracy of the measurernent may be enhanced by
using many electrodes and positioning them close together, and/or selecting a longer
predetermined time period for measurement.

{0043] In yet other embodiments, the flow rate sensor 180 may measure still other
aspects of the liguid 122, For example, the flow rate seusor 180 may include a heat source
{not shown} such as a resistive heater, and two temperatore sensors (not shown) such as
thermocouples, which may be positioned upstream and downstrcam of the heat source. The
temperature differential between the two temperature sensors may be proportional to the flow
rate of the liquid, as more rapid flow may expedite heat transfer by convection from the heat
source to the downstream temperature sensor. Some such flow rate sensors are marketed by
Sensirion, AG of Switzerland. The temperature sensors and heat source may bencficially be
positioned in a relatively narrow fluid pathway, such as that of the bottom portion of the drip
unit 104 and/or the tubing 106, so as to minimize twbulence and other factors that may
otherwise cause unpredictable flow of the heat from the heat source.

{00441 These are just some examples of flow rate sensors that may be used within the
scope of the present disclosure. A wide variety of sensors and methods are known for
detection of Hauid flow rates; those of skill in the art will recognize that a flow rate control
system, such as the flow rate control system 170, may utilize any known sensor and method.
[0045] The flow rate regulator 182 is also shown in generslized form and may also

have a variety of configurations. The flow rate regulator 182 may be coupled to the tubing
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106 between the first end 140 and the second end 142. If desired, the flow rate regulator 182
may act as a valve, and may only have an open state that permits relatively free flow of the
tiguid 122 through the intravenous delivery systern 100, and a closed state in which such flow
is not permitted. Additionally or alternatively, the flow rate regulator 182 may have multiple
open states that provide varying rates of flow (for example, a more open state and a less open
state). The flow rate regulator 182 may have only a limited number of discrete states, or may
provide continvous adjustability between two end states, such as a fully open state and a fully
closed state.

{0046] The flow rate regulator 182 may include any of a wide variety of regulator
types.  According to some embodiments, the flow rate regulator 182 may function by
applying a variable degree of pinching force to the tuhing 106, thereby providing adjustability
in the flow rate of the liquid 122 through the tubing 106. Examples of such embodiments
will be shown and described with reference to Figures 4 and 5.

{00471 In other embodiments, the flow rate regulator 182 may regulate the flow rate of
the liquid 122 through the intravenous delivery systern 100 through the use of other structures
and/or methods. For example, the flow rate regulator 182 may include a vaive (not shown),
which may have a valve seat and a plunger that resides in the valve scat in the closed state,
but permits the liquid 122 to flow between the valve seat and the plunger in the open state.
Such a valve may have multiple open states that provide varying flow rates, for example,
based on the amount of space through which the Hguid 122 can flow between the planger and
the valve scat. A wide varicty of valves exist, including but not limited to ball valves,
butterfly valves, ceramic disc valves, choke valves, diaphragm valves, gate valves, globe
valves, knife valves, needle valves, pinch valves, piston valves, plag valves, poppet valves,
and spool valves. The flow rate regulator 182 may. in various embodiments, incorporate any
one or more such valve designs.

[0048] These are just some examples of flow rate regulators that may be used within
the scope of the present disclosure. A wide varicty of sensors and methods are known for
regulation of liquid flow rates; those of skill in the art will recognize that a flow rate control
system, such as the flow rate control system 170, may utilize any kuown regulator and
method.

{00491 The controlier 184 is illustrated in Figure 1 in a more particular embodiment.
As shown, the controller 184 may be secured to the retention unit 108 for easy access. The
controller 184 may be integrated in a computing device having a tablet-like design, with a

user input device 190 and a display screen 192, The user input device 190 may include
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various buttons and/or switches. The display screen 192 may utilize any of various dispiay
technologics, and may display information for the clinician, in textual and/or graphical form,
that pertains to the operation of the intravenous delivery system 100. If desired, the display
screen 192 may be a touch screen or the like, and may thus also act as a user input device.
{0050] The controlier 184 may be coupled to the flow rate sensor 180 and the flow rate
regulator 182 via the wires 186. Thus, the controller 184 may receive flow rate signals from
the flow rate sensor 180 indicative of the flow rate of the liqud 122, and may transmit control
signals to the flow rate regulator 182 that indicate how the flow rate of the liquid 122 is to be
madified. The conwoller 184 may also have a processor capable of receiving the flow rate
signals, performing any computational steps needed to ascertain which control signals should
be sent, and generating the control signals for transmission to the flow rate regulator 182,
{0051] The controller 184 may optionally be used for functions besides the vegulation
of the flow of the liquid 122 through the intravenous delivery system 100. For example, the
controller 184 may help to track the condition of the patient and/or other treatments
administered to hirn or her. If desived, information from other monitors may he routed to the
controtler 184 and displayed on the display screen 192.

{0052] The controller 184 of Figure 1 is merely exemplary. In other embodiments, a
controller according to the present disclosure may be part of any type of computing device,
including but not limited to desktop computers, computer terminals, tablets, PDA’s
smartphones, and the like. Thus, a controfler may have various hardware and software
components. A controller according to the present disclosure may be designed only for flow
rate regulation, or may be a multi-function device.

[0033] Further, a controller according to the present disclosure may be housed in
various structures. The controller 184 of Figure 1 is in 2 housing independent from the flow
rate sensor 180 and the flow rate regulator 182, However, in alternative embodiments (not
shown), a controller may be integrated with cither or both of a flow rate sensor and a flow
rate regulator. Such a controller may be located in the same housing as the flow rate sensor
or the flow rate regulator. If desired, all three components (flow rate sensor, flow rate
regulator, and controller) may all share a commwon housing, which may, for example, be
coupled to the drip unit 104 and to the tubing 106, adjacent to the drip unit 104.

[0034] A method 200, in generalized form, of controiling the flow of the liguid 122
through the intravenous delivery system 100 will be provided in connection with Figure 2. A

more specific example will be presented in connection with Figure 6.
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[0035] Referring to Figure 2, a flowchart diagram illustrates a method 200 of
controlling the flow of an infusate through an intravenous delivery system, according to one
cmbodiment. The method 200 will be described with reference to the intravenous delivery
system 100 of Figure 1, inciuding the flow rate control system 170. However, those of skili
in the art will recognize that the method 200 may be carried out with different intravenous
delivery systems and/or different flow ratc control systems. Similarly, the intravenous
delivery system 100, including the flow rate control system 170, may be used via methods
other than that of Figure 2.

{0056] The method 200 may start 210 with a step 220 in which the desired flow rate is
received, for example, by the controller 184, This may be done by permitting a user, such as
a clinician, to enter the desired flow rate via the user input device 190 of the controller 184.
The desired flow rate may be a specific volametric or gravimetric flow rate, which may be an
ideal flow rate about which some variation is acceptable. Additionally or alternatively, the
desired flow rate may be a range of volumetric or gravimetric flow rates that are acceptable.
If desired, the desived flow rate may be shown on the display screen 192 of the controller
184. The step 220 may be omitted if the desired flow rate is already present in the controlier
184, for example, from a previous infusion.

{0057] In a step 225, the flow rate of the liquid 122 through the intravenous delivery
system 100 may be measured by the flow rate sensor 180, This may be done in any of a wide
variety of ways, as set forth in the description of Figure 1. In a step 230, the flow rate sensor
180 may generate a flow rate signal indicative of the measured flow rate. The flow rate
signal may be transmitted by the flow rate sensor 130.

[0038] In a step 235, the controller 184 may receive the flow rate signal. In a step
248, the controller 184 may optionally display the tlow rate, for example, on the display
screen 192 of the controller 184, Thus, a clinician may easily glance at the display screen
192 to view the desired flow rate and/or the current flow rate of the liquid 122 through the
intravenous delivery system 100.

{03059] In a step 245, the flow rate measured by the flow rate sensor 180 may be
compared with the desired flow rate. This may entail comparing the flow rate to a single
desired flow rate, or to the upper and lower bounds of a range of desired flow rates. This
comparison may simply entail subtracting the desired flow rate from the flow rate, yvielding a
flow rate differential indicative of {a) whether the flow rate is above or below the desired
flow rate, and (b) the magnitude of the differcnce between the flow rate and the desired flow

rate.
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[0060] The controller 184 may generate a control signal indicative of the correction in
flow rate that needs to be made. The control signal may specity whether to move the flow
rate regulator 182 to an open state or a closed state, and/or the magnitude of flow that should
be permitted through the flow rate regulator 182. In a step 250, the control signal may be
transmitted by the controller 184.

{00611 In a step 235, the controf signal may be received by the flow rate regulator 182,
In a step 260, the flow rate regulator 182 may modify the flow rate of the liquid 122 through
the intravenous delivery system 100 in accordance with the control signal.  As indicated
previously, this modification may entail moving the flow rate regulator 182 to a position in
which all, part, or none of the flow of the liquid 122 is blocked by the flow rate regulator 182,
In some embodiments, the control signal may direct the flow rate regulator 182 not to alter
the flow rate at all. Additionally or alternatively, a control signal may be sent by the
controlier 184 only if there is to be a change in the flow rate of the liquid 122; in the event
that the flow rate regulator 182 does not receive a flow rate signal at any given point in time,
the flow rate regulator 182 may simply remain at the state corresponding to the last flow rate
signal recetved.

{0062] In a query 2635, the flow rate control system 170 (for example, in the controlier
184} may determine whether delivery of the liquid 122 is complete. For example, if the flow
rate sensor 180 detects that the liguid 122 is no longer flowing through the intravenous
delivery system 100, and the flow rate vegulator 182 is in an open state or a partially open
state, the controller 184 may conclude that the liquid 122 has been depleted. Alternatively, a
user such as a clinician may manually direct the controller 184 to stop infusion, for example,
by entering a stop command on the user input device 190.

{0063] Additionally or alternatively, the controller 184 may be programamed to deliver
a specific gravimetric or volumetric quantity of the lquid 122 to the patient. The controller
184 may maintain a record of the total volume and/or mass of the liquid 122 that has been
delivered to the patient, and may increment this value as needed with every iteration. Once
the specified amount of the liquid 122 has been delivered, the controller 184 may determine
that infusion is complete, providing an affirmative answer to the query 2635.

{00641 It the guery 265 is answered in the affirmative, the method 200 may then end
290, If the query 265 is answered in the negative, additional quantities of the liquid 122 are
to be delivered to the patient. Hence, the method 200 may proceed to a new iteration by
returning to the step 225. Thus, the method 200 may tterate until infusion s complete and the

method 200 ends 290.
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[0065] Referring to Figure 3, a front elevation view illustrates a drip unit 304 and flow
raie sensor 380 according to one embodiment. The flow rate sensor 380 ilustrates one
manner in which the flow rate of the liquid 122 can be measured.

{0066] The drip unit 304 may be designed to receive the hiquid 122 from a liguid
source, such as the liquid source 102 of Figure 1. The drip unit 304 may be positioned beiow
the Hguid source so as to receive the liquid 122 via gravity feed. The drip unit 304 may have
a receiving device 330 that receives the liquid 122 from the liquid source, a drip feanire 332
that determines the rate at which the liquid 122 is received by the drip unit 304, and an
exterior wall 333 that defines a drip chamber 334 in which the liquid 122 is collected. The
drip feature 332 may have an orifice 336 through which the liquid 122 passes to reach the
drip chamber 334 the size (for example, diameter) of the orifice 336 may determine the size
of the drops 338, and hence, the volume of the liquid 122 in each of the drops 338.

{6067] The drip unit 304 may have a key feature 350 that protrudes from the exterior
wall 333 of the drip unit 304, The key feature 350 may be a ridge, polygonal protrusion,
symbol, and/or any other feature. The key feature 350 may indicate the size of the orifice
336 to facilitate calculation of the flow rate of the liquid 122 by counting the number of the
drops that enter the drip chamber 334, Generally, a “key feature” is any feature of an article
that can be used to provide an indication of an attribute of a different feature of the article. In
alternative embodiments (not shown), a drip chamber or other component of an intravenous
delivery system may have a key feature that is a recess or other type of feature different from
the feature types set forth above in connection with the key feature 356 of the drip unit 304,
{00681 The flow rate sensor 380 may be shaped to encase the lower portion of the drip
unit 304, and may thus have an intevior cavity 382 in which the drip anit 304 may be inserted.
The flow rate sensor 380 may have a first arm 384 and a second arm 386 that extend upward
toward the drip feature 332 of the drip vnit 304.

[0069] The flow rate sensor 380 may be designed to count the number of the drops
33§ that enter the drip chamber 334 optically, as described previously. Thus, the first arm
384 may have a light source 388, which may be a coherent light source such as a laser, or an
incoherent light source. The light source 388 may emit light 390, which may pass through
the drip chamber 334. The second arm 386 may have a light sensor 392 that detects the light
390, The light 390 may be of such a wavelength that the light 390 is absorbed, reflected,
and/or refracted the liquid 122, Thus, the light 390 may be occluded when one of the drops
338 is present at the egress from the orifice 336, in alignment with the path followed by the

light 390 as it travels from the light source 388 to the light sensor 392. Thus, the light sensor
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392 may detect the formation of a drop 338 when the light 350 is no longer detected, and the
release of the drop 338 when the light 390 is once again detected.

{0070] As indicated previously, the flow rate sensor 380 may count the number of
times this cycle occurs within a predetermined period of time to determine how many of the
drops 338 enter the drip chamber 334 within the predetermined period of tme. The flow rate
sensor 380 may have interior logic cucuitry {(not shown) capable of performing such
calculations. The key feature 350 may provide the size of the orifice 336, which may be
received by flow rate sensor 380 and used to determine the flow rate of the liquid 122 based
on the number of drop 338 received within the drip chamber 334,

{0071] If desired, the flow rate sensor 380 may bave a key feature receiver 396 that
receives and/or otherwise registers with the key feature 350. The key feature receiver 396
may detect the configuration of the key feature 350 to enable the flow rate sensor 380 o
determine the size of the orifice 336 based on the presence of the key feature 350. If desired,
only one type of drip unit may have the key featmwe 350, In such an embodiment, the key
feature receiver 396 need only detect whether or not the key feature 350 is present. The key
feature receiver 396 need not differentiate between different types of key features. The key
feature receiver 396 may thus have a switch, an electrical contact, or another element that can
be used to electrically detect the presence of the key feature 350,

[0072] If desired, multiple different drip units may be made, with a variety orifice
sizes and key feature types. Thus, the key feature receiver may be designed to determine not
only that the key feature 350 is present, but also to determine which type of key feature 350 is
on the drip unit 304. The key feature 350 may have one or more projecting fingers or other
aspects that are detectable by the key feature receiver 396, for example, through the use of
multiple switches, electrical contacts, or other elements (not shown) within the key feature
receiver 396. Thus, the flow rate sensor 380 may automatically determine the size of the
orifice 336 in response to assembly of the drip unit 304 and the flow rate sensor 380

{6673] The flow rate sensor 3580 may be connected to a controlier (ot shown), which
may be similar to the controller 184 of Figure 1, or may have a different configuration. If
desired, the connection between the flow rate sensor 380 and the controller may be wircless.
Thus, the flow rate sensor 380 may bave a wireless wansmitter 398 that wirelessly transmits
the flow rate signal to the controller. The wireless transmitter 398 may operate based on any
known wircless data transfer protocol, including but not limited to Wi-Fi, Bluetooth,
Bluetooth Smart, ZigBee, NFC, and the like. The controller {not shown} may have a receiver

capable of veceiving the wireless signal ransmitted by the flow rate sensor 380,
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[6074] Referring to Figure 4, a front clevation, section view illustrates a flow rate
regulator 482 according t© one embodiment. The flow rate regulator 482 may be coupled to
the tubing 106 proximate the first end 140 of the tbing 106, like the flow rate regulator 182
of Figare 1. The flow rate regulator 482 may be designed to control the flow rate of the
tiguid 122 through the intravenous delivery system 100 by pinching the tubing 106 to a
variable degree.

{00751 The flow rate regulator 482 may have a frame 410, a pinching member 412, a
motor 414, a pinion 416, and a rack 418. The frame 410 may secure the flow rate reguiator
482 to the tubing 106, The frame 410 may be shaped to define an abutting surface 430 and a
siot 432. The abutting surface 430 may extend alongside the tubing 106 such that the tubing
106 resides between the abutting surface 430 and the pinching member 412. The slot 432
may have a first end 434 and a second end 436.

{6076] The motor 414 may be secured to the frame 410, and the pinion 416 may be
coupled to the motor 414 such that the pinion 416 rotates in response (o rotation of the
spindle of the motor 414, The rack 418 may be positioned between the pinion 416 and the
pinching member 412 such that rotation of the pinion 416 causes the rack 418 to move in a
first direction, as indicated by the arrow 440, or in a second direction, as indicated by the
arrow 442, The pinching member 412 may have a shaft or other feature (not shown} that
resides within the slot 432, and enables the pinching member 412 to move along the slot 432,

{0077] Motion of the rack 418 in the first direction may cause the pinching member
412 to move along the slot 432 in a first direction, as indicated by the arrow 450, toward the
first end 434 of the slot 432, Similarly, motion of the vack 418 in the sccond direction may
cause the pinching member 412 to move along the slot 432 in a second direction, as indicated
by the arrow 452, toward the second end 436 of the slot 432. The pinching member 412 may
be rigidly secured to the rack 418 such that the pinching member 412 translates along with
the rack 418. Alternatively, the pinching member 412 may be rolled, in a combination of
translation and rotation, by the motion of the rack 418. Rolling motion of the pinching
member 412 may help to avoid undesired abrasion of the exterior surface of the tubing 106
by the pinching member 412 as the pinching member 412 moves along the slot 432,

{00781 The slot 432 may be oriented at an angle nonparallel and nonperpendicular to
the tubing 106 and the abutting surface 430. The first end 434 of the slot 432 may be further
from the tubing 106 and the abutting surface 430 than the second end 436 of the slot 432.
Hence, motion of the pinching member 412 toward the first end 434 of the slot 432 may bring

the pinching member 412 further from the abutting surface 430. This may causing the
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pinching member 412 and the abutting surface 430 to pinch less, or potentially not at all, on
the mbing 106, thereby permitting a higher rate of flow of the liquid 122 through the tubing
106. On the other hand, motion of the pinching member 412 toward the sccond end 436 of
the slot 432 may bring the pinching member 412 closer to the abutting surface 430. This may
cause the pinching member 412 and the slot 432 to pinch more severely on the tubing 106,
thereby reducing the flow rate of the liquid 122 through the tubing 106.

{00791 If desired, the pinching member 412 may be movable by degrees to various
positions between the first end 434 and the second end 436 of the slot 432, Thus, the flow
rate regulator 482 may provide multipie possible flow rates of the liquid 122. The motor 414
may be stepper motor or other motor that facilitates accurate positioning of the pinching
member 412 by providing relatively precise motion stops. The pinching member 412 may
additionally provide a fully open state when positioned proximate the first end 434, and a
fully closed state when positioned proximate the sccond end 436, Thus, the flow rate
regulator 482 may provide flexible flow rate control with a high degree of simplicity.

{30807 The flow rate regulator 482 may be connected to a controller (not shown),
which may be similar to the controller 184 of Figure 1, or may have a different configuration.
If desired, the connection between the flow rate regulator 482 and the controller may be
wireless. Thus, the flow rate regulator 482 may bave 2 wireless receiver 498 that wirelessly
receives the control signal from the controller. The wireless receiver 498 may operate based
on any known wireless data transfer protocol, tncluding but not limited to Wi-Fi, Bluctooth,
Bluetooth Smart, ZigBee, NFC, and the like. The controller (not shown)} may have a
transmitter capable of sending the control signal wirelessly to the flow rate regulator 482.
[6081] Referring to Figure 5, a front elevation view illustrates a flow rate regulator
582 according to another embodiment. The flow rate regulator 582 may be coupled to the
tubing 106 proximate the first end 140 of the tubing 106, like the flow rate regulator 182 of
Figure 1 and the flow rate regulator 482 of Figure 4. The flow rate regulator 582 may be
designed to control the flow rate of the liquid 122 through the intravenous delivery system
1600 by pinching the tubing 106 to a variable degree.

{00821 The flow rate regulator 5382 may have a frame 510, an opposing member 512, a
cam member 514, and a motor 516. The frame 510 may secuare the flow rate regulator 582 to
the tubing 106, and may also support the opposing member 512, the cam member 514, and
the motor 516. The opposing member 512 may have curved rim 520 that abuts the tubing
106. The opposing merober 512 may be secwrely attached to the framme 510, The cam

member 514 may have a variable radius curved rim 522 that also abuts the tubing 106, The
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cam member 514 may be rotatable relative to the frame 510 about an axis 524 through the
use of the motor 516, which may be a stepper motor or other rotary motor that provides
relatively accurate positional control.

§B083] The vartable radius corved nim 522 of the cam member 514 may have a radiis
that increases relatively continuously along the variable radius curved rim 322, from a
minimurn diaroeter portion 330 to a2 maximum diameter portion 532, The mintmum diameter
portion 530 and the maximum diameter portion 532 may be adjacent to each other; thus, the
variable radius curved rim 522 may have a discontinuity that separates the minimum diameter
portion 530 from the maximum diameter portion 332.

{6084} When the motor 516 rotates to orient the cam member 514 with the mintmum
diameter portion 5330 proxumate the tubing 106, the cam member 514 and the opposing
member 512 may cooperate to exert little or no pinching on the wubing 106, which may cause
little or no restriction to flow of the liquid 122 through the tubing 106. Conversely, when the
motor 516 rotates to orient the cam member 514 with the maximum diargeter portion 532
proximate the tubing 106, the cam member 514 and the opposing member 512 may cooperate
to exert maximum pinching on the tubing 106, which may cause the flow rate regulator 582
to be in a fully closed state.

{085 When the motor 516 rotates to orient the cam member 514 with a portion of the
variable radius curved rim 522 between the minirawm diameter portion 330 and the maximum
diameter portion 532 adjacent to the tubing 106, as shown in Figure 5, the opposing member
512 and the cam member 514 may cooperate to exert a moderate level of pinching on the
tithing 106, which is sufficient to slow, but not stop, flow of the liguid 122 through the tubing
186. The motor 516 may enable rotation of the cam member 514 to multiple orientations
between the fully open and fully closed states, to permit fine tuning of the flow rate of the
tiguid 122 through the tubing 106. If desired, the variable radius curved rim 522 may have a
velatively smooth surface that avoids catching and/or pulling on the exterior surface of the
tabing 106. As in previous embodiments, the flow rate regulator 582 may receive control
signals from a controller (not shown) via wired or wircless transmission.

{0086] Referring to Figure 6, a flowchart diagram illusitrates a method 600 of
controlling the flow rate of liquid delivered with an intravenous delivery system, according to
an alternative embodiment. The method 600 may be applicable particularly to embodiments
in which the flow rate regulator 182 has an open state and a closed state, without any partially
open state in which flow of the liquid 122 is permitted, but restricted. Further, the method

600 may apply particularly to gravimetric flow rate measurement, using a weight
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measurement (as described previously) of a hiquid source 102 in the form of an IV bag. In
the flowchart, M is the total mass of the iquid 122 to be delivered from the IV bag, T is the

total time over which M is to be delivered, At is the time increment at which the weight of the

Bl

. ) L ) M.
IV bag will be measured, N = is the total number of time increments, Am = i the mass
1z

increment that corresponds to the time increment, 7 is the increment count, m,, is the I'V bag
eight measurement at a given fime increment, and &, is the time at which the weight of the
IV bag i3 measured.
{0087] As shown, the method 600 may start 610 with receipt of input that provides the
necessary starting values, as shown. Some of these values, such as M and T, may be
provided by a clinician based on the needs of the patient.
{0088] in a step 620, the IV bag weight may be measuwred af a time §,. Then, in a
query 630, a determination may be made as to whether the desired total mass M of the liguid
122 has been delivered to the patient. If so, the method 600 may stop 6590, and the flow rate
regulator 182 may be fully closed to prevent further delivery of the liquid 122 1o the patient.
An alarm, light, or other indicator (for example, on the controller 184) may be activated to
indicate, to a clinician, that delivery of the liquid 122 is complete.
{6089 If the desired total mass M of the liquid 122 has not vet been delivered to the
patient, the method 600 may continue to a step 640 in which a determination is made as 1o
whether the flow rate of the liquid 122 to the patient s oo low to achieve delivery of the
desired total mass M of the liquid 122 within the time 7. }f not, the method 600 may proceed
to a step 650 in which the flow rate regulator 182 is actuated to stop flow of the liquid 122 10
the patient for a single time increment AL. If so, the method 600 may proceed to a step 660 in
which the flow rate regulator 182 is actuated to allow flow of the liquid 122 to the patient for
a single ume increment AL,
{00901 After performance of either the step 650 or the step 660, the method 600 may
proceed to a step 670 in which the increment count n is incremented to n + 1. Then, in a step
680, once sufficient time has passed, a determination may be made that it is tfime for the
weight of the IV bag to be measured again. The method 60 may then proceed to the step
620. The method 600 may thus iterate untid the query 630 is satisfied, and delivery of the
ligpd 122 s complete.
{60921] The present invention may be embodied in other specific forms without
departing from its structures, methods, or other essential characteristics as broadly described

herein and claimed hereinafter. The described embodiments are to be considered m all
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respects only as iHustrative, and not restrictive. The scope of the invention is, therefore,
indicated by the appended claims, rather than by the foregoing description. Al changes that
come within the meaning and range of cquivalency of the claims are to be embraced within

their scope.
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CLAIMS
A system for controlling flow of a liquid to a patient through use of an intravenous
delivery system, the system comprising:
a flow rate sensor that:

measures a flow rate of the liquid through the intravenous delivery system; and

generates a flow rate signal indicative of the flow rate;
a controller that:

receives the flow rate signal,

compares the flow rate with a desired flow rate to determine that the flow rate is
different from the desired flow rate; and

in response to determining that the flow rate is different from the desired flow
rate, transmits a control signal; and
a flow rate regulator, comprising:

a fixture comprising a slot configured to be oriented nonparallel and
nonperpendicular to tubing of the system that conveys the liquid;

a pinching member positioned in the slot; and

a motor that urges the pinching member to move along the slot such that the
pinching member exerts a varying degree of compression on the tubing to modify the
flow rate,

wherein in response to receipt of the control signal, the pinching member exerts a

compression on the tubing to modify the flow rate.
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2. The system of claim 1, wherein the flow rate sensor, the controller, and the flow rate
regulator all operate iteratively throughout a plurality of time increments such that, in
each of the plurality of time increments, the flow rate sensor measures the flow rate and
generates the flow rate signal, and the controller receives the flow rate signal and
compares the flow rate with the desired flow rate;
wherein the controller determines that the flow rate is different from the desired flow rate

by determining that the flow rate is greater than the desired flow rate;
wherein, in response to receipt of the control signal, the flow rate regulator:

modifies the flow rate by moving from an open state that permits the liquid to
flow through the intravenous delivery system, to a closed state that substantially prevents
the liquid from flowing through the intravenous delivery system; and

remains in the closed state for a predetermined number of the time increments.

3. The system of claim 1, wherein the flow rate sensor, the controller, and the flow rate
regulator all operate iteratively throughout a plurality of time increments such that, in
each of the plurality of time increments, the flow rate sensor measures the flow rate and
generates the flow rate signal, and the controller receives the flow rate signal and
compares the flow rate with the desired flow rate;
wherein the controller determines that the flow rate is different from the desired flow rate

by determining that the flow rate is less than the desired flow rate;

wherein, in response to receipt of the control signal, the flow rate regulator:
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modifies the flow rate by moving from a closed state that substantially prevents
the liquid from flowing through the intravenous delivery system, to an open state in that
permits the liquid to flow through the intravenous delivery system; and

remains in the open state for a predetermined number of the time increments.

4. The system of claim 1, wherein the controller determines that the flow rate is different
from the desired flow rate by determining that the flow rate is greater than the desired
flow rate by a differential flow rate;
wherein, in response to receipt of the control signal, the flow rate regulator moves, in

proportion to the differential flow rate, to a less open state that permits the liquid to flow through

the intravenous delivery system at a modified flow rate smaller than the flow rate.

5. The system of claim 1, wherein the controller determines that the flow rate is different
from the desired flow rate by determining that the flow rate is less than the desired flow
rate by a differential flow rate;
wherein, in response to receipt of the control signal, the flow rate regulator moves, in

proportion to the differential flow rate, to a more open state that permits the liquid to flow

through the intravenous delivery system at a modified flow rate greater than the flow rate.

6. The system of claim 1, wherein the controller is incorporated into a computing device
comprising a display screen and a user input device, wherein the controller further:
receives the desired flow rate from a user via the user input device; and

initiates display of the flow rate on the display screen.
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The system of claim 1, wherein the flow rate sensor is secured to a drip unit of the

intravenous delivery system, wherein the drip unit comprises a drip chamber and an
orifice that delivers drops of the liquid from a liquid source to the drip chamber via
gravity feed, wherein the flow rate sensor measures the flow rate by counting drops

received by the drip chamber within a predetermined time period.

The system of claim 7, further comprising the drip unit;
wherein the drip unit comprises a key feature indicative of an orifice size of the orifice;

wherein the flow rate sensor comprises a key feature receiver that receives the key feature

in response to securement of the flow rate sensor to the drip unit;

wherein the flow rate sensor uses the orifice size to determine a volume of the liquid in

each of the drops to facilitate measurement of the flow rate.

The system of claim 1, wherein the flow rate sensor measures the flow rate of the liquid
through the system by:
measuring a first weight of a subset of the intravenous delivery system at a first time; and

measuring a second weight of the subset at a second time separated from the first time by

a time increment;

wherein at least one of the flow rate sensor and the controller:
subtracts the second weight from the first weight to obtain a differential weight;
and

obtains the flow rate based on the differential weight and the time increment.
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10.  The system of claim 1, wherein the flow rate sensor measures the flow rate of the liquid

through the system by:

measuring a first volume of the liquid in a subset of the intravenous delivery system at a
first time; and

measuring a second volume of the liquid in the subset at a second time separated from the
first time by a time increment;

wherein at least one of the flow rate sensor and the controller:

subtracts the second volume from the first volume to obtain a differential volume;
and

obtains the flow rate based on the differential volume and the time increment.

11.  The system of claim 10, wherein the flow rate sensor measures the flow rate of the liquid
through the system by:
measuring a first temperature of the liquid at a first location within the intravenous
delivery system; and
measuring a second temperature of the liquid at a second location, downstream of the
first location, within the intravenous delivery system;
wherein at least one of the flow rate sensor and the controller:
subtracts the second temperature from the first temperature to obtain a differential
temperature; and

obtains the flow rate based on the differential temperature.
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12.

and

The system of claim 1, wherein the intravenous delivery system comprises tubing that
conveys the liquid, wherein the flow rate regulator comprises:
an opposing member positioned adjacent to the tubing;

a cam member positioned on an opposite side of the tubing from the opposing member;

a motor that rotates the cam member about an axis;

wherein the cam member comprises a variable radius curved rim that, in response to

rotation of the cam member about the axis, cooperates with the opposing member to exert a

varying degree of compression on the tubing to modify the flow rate.

13.

The system of claim 1, further comprising the intravenous delivery system, wherein the
intravenous delivery system comprises:
a drip unit that receives the liquid from a liquid source via gravity feed;
tubing comprising:

a first end connectable to the drip unit to receive the liquid from the drip unit via
gravity feed; and

a second end; and

an intravenous access unit connectable to the second end of the tubing, wherein the

intravenous access unit is configured to receive the liquid from the second end via gravity feed

and deliver the liquid intravenously to a patient.

14.

A method for controlling flow of a liquid to a patient through use of an intravenous

delivery system, the method comprising:
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with a flow rate sensor:
measuring a flow rate of the liquid through the intravenous delivery system; and
generating a flow rate signal indicative of the flow rate;
with a controller:
receiving the flow rate signal;
comparing the flow rate with a desired flow rate to determine that the flow rate is
different from the desired flow rate; and
in response to determining that the flow rate is different from the desired flow
rate, transmitting a control signal; and
with a flow rate regulator:
receiving the control signal; and
in response to receipt of the control signal, modifying the flow rate to bring the
flow rate closer to the desired flow rate, wherein the flow rate regulator comprises:
a fixture comprising a slot configured to be oriented nonparallel and
nonperpendicular to tubing of the system that conveys the liquid;
a pinching member positioned in the slot; and
a motor that urges the pinching member to move along the slot such that
the pinching member exerts a varying degree of compression on the tubing to

modify the flow rate.

The method of claim 14, wherein measuring the flow rate, generating the flow rate signal,
receiving the flow rate signal, and comparing the flow rate with the desired flow rate are

all carried out iteratively throughout a plurality of time increments such that, in each of
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the plurality of time increments, the flow rate is measured, the flow rate signal is

generated, the flow rate signal is received, and the flow rate is compared with the desired

flow rate;

wherein modifying the flow rate comprises moving the flow rate regulator from one of an
open state that permits the liquid to flow through the intravenous delivery system, and a closed
state that substantially prevents the liquid from flowing through the intravenous delivery system,
to the other of the open state and the closed state;

wherein the method further comprises causing the flow rate regulator to remain in the

other of the open state and the closed state for a predetermined number of the time increments.

16.  The method of claim 14, wherein determining that the flow rate is different from the
desired flow rate comprises determining that the flow rate differs from the desired flow
rate by a differential flow rate;
wherein modifying the flow rate comprises moving the flow rate regulator in proportion

to the differential flow rate to perform one of increasing the flow rate and decreasing the flow

rate.

17.  The method of claim 14, wherein the controller is incorporated into a computing device
comprising a display screen and a user input device, the method further comprising:
via the user input device, and prior to comparing the flow rate with the desired flow rate,
receiving the desired flow rate from a user; and
via the display screen and after generating the flow rate signal, initiating display of the

flow rate.
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18. A system for controlling flow of a liquid to a patient, the system comprising:
a drip unit comprising a drip chamber and an orifice that delivers drops of the liquid from
a liquid source to the drip chamber via gravity feed,;
a flow rate sensor configured to be coupled to the drip unit, wherein the flow rate sensor:
measures a flow rate of the liquid through the drip chamber; and
generates a flow rate signal indicative of the flow rate;
a controller that:
receives the flow rate signal,
compares the flow rate with a desired flow rate to determine that the flow rate is
different from the desired flow rate; and
in response to determining that the flow rate is different from the desired flow
rate, transmits a control signal,
tubing comprising:
a first end connectable to the drip unit to receive the liquid from the drip unit via
gravity feed; and
a second end;
a flow rate regulator configured to be coupled to the tubing, wherein the flow rate
regulator:
receives the control signal; and
in response to receipt of the control signal, adjusts a level of compression applied
to the tubing to modify the flow rate to bring the flow rate closer to the desired flow rate,

wherein the flow rate regulator comprises:
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a fixture comprising a slot configured to be oriented nonparallel and
nonperpendicular to tubing of the system that conveys the liquid;
a pinching member positioned in the slot; and
a motor that urges the pinching member to move along the slot such that
the pinching member exerts a varying degree of compression on the tubing to
modify the flow rate; and
an intravenous access unit connectable to the second end of the tubing, wherein the
intravenous access unit is configured to receive the liquid from the second end via gravity feed

and deliver the liquid intravenously to a patient.

19.  The system of claim 18, wherein the controller is incorporated into a computing device
comprising a display screen and a user input device, wherein the controller further:
receives the desired flow rate from a user via the user input device; and

initiates display of the flow rate on the display screen.
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