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SYSTEMS AND METHODS FOR ASSESSING FLUIDS FROM A PATIENT
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No. 62/162,117,
filed on May 15, 2015, entitled “SYSTEMS AND METHODS FOR TRACKING PATIENT
BLOOD LOSS”, which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] Inaccurate estimation of fluid loss (e.g., blood loss) from a patient, such as during a
surgical procedure, may put the patient’s health at risk. For example overestimation of patient
blood loss results in the unnecessary consumption of transfusion-grade blood, and may lead to
shortages of transfusion-grade blood that is needed for other patients. As another example,
underestimation of patient blood loss may lead to delayed resuscitation and transfusion,
increased risk of infections, tissue death, or even patient death, such as in the event of

hemorrhage.

[0003] Furthermore, inaccurate estimation may be a significant contributor to high operating
and surgical costs for hospitals, clinics, and other medical facilities. In particular, unnecessary
blood transfusions, resulting from overestimation of patient blood loss, lead to higher operating
costs for medical institutions. Additionally, delayed blood transfusions, resulting from
underestimation of patient blood loss, have been associated with billions of dollars in avoidable
patient infections and re-hospitalizations annually. Thus, it is desirable to have more accurate

systems and methods for assessing fluids from a patient.
BRIEF SUMMARY OF THE INVENTION

[0004] Described herein are systems and methods for assessing fluids from a patient.
Generally, a system for assessing fluids from a patient may be operated in a fill mode and a flush
mode. The system may include a receptacle including an inlet port, an outlet port, and a third
port; a valve system in fluidic communication with the receptacle; and one or more features in
the receptacle to aid in optical imaging of fluids. In the fill mode, the valve system may direct

suction from a vacuum source through the third port into the receptacle, thereby drawing fluid
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through the inlet port into the receptacle. Additionally, in the flush mode, the valve system may
direct suction from the vacuum source through the outlet port, thereby drawing fluid through the
outlet port out of the receptacle. The receptacle may further include a fourth port, such that in the
fill mode the valve system directs suction from the vacuum source to a fluid retrieval device
coupled to the inlet port and closes the fourth port. Conversely, in the flush mode, the valve

system may open the fourth port.

[0005] The valve system may be configured to be automatically actuated or manually actuated.
For example, in some variations, the system may include a controller configured to actuate the
valve system to toggle between the fill mode and flush mode. The controller may be configured
to actuate the valve system based on a fluid level signal indicating a volume of fluids detected in
the receptacle. The system may include one or more sensors coupled to the receptacle and
configured to detect the volume of fluids in the receptacle, and to generate a fluid level signal
based on the detection of volume of fluids in the receptacle. More specifically, the system may
include a first sensor configured to detect a high threshold volume of fluids in the receptacle,

and/or a second sensor configured to detect a low threshold volume of fluids in the receptacle.

[0006] In some variations, the one or more features in the receptacle to aid optical imaging of
fluids may include an insert that cooperates with a surface of the receptacle to define a region of
substantially uniform thickness. The insert may be coupled to the receptacle or may be integrally
formed with the receptacle. In other variations, the one or more features in the receptacle may
include a surface of the receptacle that at least partially defines a region in which fluid has a

color gradient. Furthermore, the system may include an optical fiducial on the receptacle.

[0007] Generally, a method for assessing fluids from a patient may use a receptacle including
an inlet port, an outlet port, and a third port. The method may include collecting fluids from the
patient in the receptacle by suctioning from a vacuum source through the third port of the
receptacle to draw fluids through the inlet port into the receptacle, obtaining an image of the
collected fluids with the aid of one or more features in the receptacle, and draining the collected
fluids upon reaching a high threshold volume of fluids in the receptacle by suctioning from the
vacuum source through the outlet port, thereby drawing fluids through the outlet port and out of
the receptacle. The method may further include collecting fluids from the patient in the

receptacle upon reaching a low threshold volume of fluids in the receptacle. In some variations,
2
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the receptacle may further include a fourth port, and the method may include closing the fourth

port when collecting fluids and opening the fourth port when draining the collected fluids.

[0008] The method may include actuating a valve system to toggle between collecting fluids
and draining fluids. In some variations, the method may include detecting the volume of fluids in
the receptacle and generating a fluid level signal using one or more sensors based on the
detection of volume of fluids in the receptacle. The valve system may be actuated based on the

level signal indicating a volume of fluids detected in the receptacle.

[0009] The method may further include identifying a receptacle image region in the obtained
image and determining one or more pixel color values of at least a portion of the receptacle
image region. An estimated concentration of a blood component in the receptacle may be based
on the one or more pixel color values. Furthermore, an estimated quantity of the blood
component in the receptacle may be based on the estimated concentration of the blood

component in the receptacle and an estimated volume of fluids in the receptacle.
BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1 is a schematic of one variation of the system for assessing fluids from a patient.

[0011] FIG. 2 is a schematic of another variation of the system for assessing fluids from a

patient.
[0012] FIGS. 3A-3C are schematics of variations of an insert used to aid optical imaging.

[0013] FIG. 4A and 4B is a side view of one example of a receptacle in a system for assessing
fluids from a patient. FIG. 4B is a cross-sectional view along line A-A of the exemplary

receptacle shown in FIG. 4A.

[0014] FIG. 5 is a schematic of a variation of a system with a flow divider for assessing fluids

from a patient.
[0015] FIG. 6 is a schematic of one variation of a method for assessing fluids from a patient.

[0016] FIG. 7 is schematic of one variation of evaluating an image when assessing fluids from

a patient.
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[0017] FIG. 8 is an illustrative schematic of one variation of a method for assessing fluids

from a patient.

[0018] FIGS. 9 and 10 are schematics of a variation of a method using a flow divider for

assessing fluids from a patient.
DETAILED DESCRIPTION OF THE INVENTION

[0019] Examples of various aspects and variations of the invention are described herein and
illustrated in the accompanying drawings. The following description is not intended to limit the
invention to these embodiments, but rather to enable a person skilled in the art to make and use

this invention.

I Systems and methods overview

[0020] Generally, the systems and methods described herein for assessing fluids from a patient
are used to assess fluids that are lost by a patient during a surgical procedure. Images of the
fluids may be intermittently generated and evaluated in order to assess the fluids. For example,
the systems and methods described herein may be used to track or otherwise estimate, based at
least in part on the images of fluid, a quantity of fluid (e.g., blood) lost by the patient during the
surgical procedure and/or quantity of a blood component (e.g., hemoglobin). In other examples,
the systems and methods may additionally or alternatively be used to track or otherwise assess
total mass, total volume, and/or aggregate concentration of red blood cells, platelets, plasma,
and/or other blood components lost by the patient during the surgical procedure. These
assessments, and other fluid-related information described in further detail below, may be
updated and displayed in substantially real-time during the surgical procedure and/or at the

conclusion of the surgical procedure.

[0021] More specifically, during a surgical procedure, fluids lost by the patient may be
collected and passed into a receptacle. In one variation, the system has a valve system that
alternates between a fill mode in which the fluids accumulate in the receptacle and a flush mode
in which accumulated fluids drain out of the receptacle (e.g., to a sealed waste management
system). For example, as shown in FIG. 1, a fluid retrieval device 108 (e.g., suction wand) or

other source of patient fluids may collect patient fluids from a surgical site, a canister, a surgical

4



WO 2016/187071 PCT/US2016/032561

textile, and/or other fluid source containing fluids to be assessed. The collected patient fluids
may be passed via tubing into a receptacle 110, and may continue to flow into a second
receptacle 102 (e.g., canister or waste management system). In other words, the receptacle 110
may be placed in fluidic communication with the fluid retrieval device 108 (or other fluid
source) and the second receptacle 102. In such an arrangement, the receptacle 110 receives and
accumulates patient fluids from the fluid retrieval device 108 or other fluid source, allows the
imaging of the accumulated patient fluids, and drains the patient fluids (e.g., into the second
receptacle 102), in a repeatable cycle. Furthermore, the receptacle 110 and/or fluid retrieval
device 108 may be in fluidic communication with one or more vacuum sources (e.g., a vacuum
pump 104 associated with the second receptacle 102) configured to provide suction to the fluid
retrieval device 108 for collecting fluids. Additionally, a filter for removing clot matter or other
non-fluidic debris may be placed in the fluidic path between the fluid retrieval device and second
receptacle. For example, this filter may, optionally, be included in the fluid retrieval device. In
other examples, the filter may be incorporated in any suitable component in the fluidic path
between the fluid retrieval device and the second receptacle. The one or more vacuum sources
may additionally or alternatively be configured to provide suction for draining the receptacle
110. The systems described herein can be inserted into preexisting setups with waste
management systems that collect patient fluids, without the need for extensive equipment

additions or modifications.

[0022] The systems and methods described herein may be used in a variety of settings,
including in a hospital or clinic setting (e.g., operating or clinic setting), a military setting (e.g.,
battlefield) or other suitable medical treatment settings. This information can be used to improve
medical treatment of patients, as well as reduce costs to medical institutions and patients. For
instance, medical practitioners (e.g., nurses, surgeons) who receive this information during
and/or after a surgical procedure can then make appropriate decisions for treatment of the patient
(such as determining whether to provide a blood transfusion to the patient and how much blood
is necessary) based on more accurate information on patient status. In particular, with more
accurate information on the patient fluid loss, practitioners can, for example, avoid providing
unnecessary blood transfusions (which deplete inventory of blood transfusions and increase
operating costs and medical bills), while also avoiding delayed blood transfusions (which would

risk patient health).
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II.  Systems for assessing fluids from a patient

[0023] Generally, a system for assessing fluids from a patient may have one or more
components enabling a fill mode and a flush mode. In the fill mode, patient fluids are
accumulated in the receptacle, while in the flush mode, the patient fluids are drained out of the
receptacle. For instance, the system may have components that operate in the fill mode to
accumulate patient fluids in the receptacle until the receptacle contains a predetermined
threshold volume of fluid, upon which the components may operate in the flush mode to drain
patient fluids from the receptacle. When another predetermined threshold volume of fluid
remains in the reservoir (or when a predetermined threshold volume of fluid has been drained),
the components again may operate in the fill mode to accumulate more patient fluids in the
reservoir in another fill-flush cycle. In this manner, the components may toggle between the fill
and flush modes to intermittently fill and empty the reservoir while the lost patient fluids
continue to be collected and passed into the reservoir. Additionally, at one or more points in time
while the patient fluids are in the receptacle (e.g., when a threshold volume of fluid has
accumulated in the receptacle, before the system drains the patient fluids), a camera may
generate one or more images of the fluid, which can be evaluated to assess fluid-related

information.

[0024] As shown in FIG. 1, an example of a system 100 for assessing fluid from a patient may
include a receptacle 110 including an inlet port 112, an outlet port 114, and a third port 116; a
valve system 140 in fluidic communication with the receptacle; and one or more features 150 in
the receptacle to aid in optical imaging of fluids. As described above, the system 100 may be
operable in a fill mode and a flush mode. In the fill mode, the valve system 140 directs suction
from a vacuum source 104 (associated with the second receptacle 102) through the third port 116
into the receptacle 110, where suction is communicated into the receptacle and through the inlet
port 112, thereby drawing fluid through the inlet port 112 into the receptacle 110. In the flush
mode, the valve system 140 directs suction from the vacuum source through the outlet port 114,
thereby drawing fluid through the outlet port out of the receptacle. In some variations, as further
described below, the valve system may be automatically actuated to toggle between the fill and
flush modes, such as with a controller and sensor system, while in some variations the valve

system may be additionally or alternatively manually actuated. Additionally, the system may
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further include a camera 172 configured to intermittently generate images of the fluid
accumulated in the reservoir 110 (e.g., periodically or whenever the receptacle is sufficiently
full) and/or a processor 176 configured to evaluate images of the fluid to estimate fluid-related
information or other characterization of the fluid (e.g., estimate fluid volume, estimate
concentration of a blood component, estimate quantity of the blood component, etc.).
Furthermore, the system may include a display 174 configured to display the images of the fluid

and/or at least some of the fluid-related information estimated by evaluation of the images.

[0025] The system may include one or more filters to remove clots, solids, and/or other non-
fluidic debris out of the patient fluids. For instance, at least one filter may be placed in the fluidic
path before the receptacle 110 (e.g., in the fluid retrieval device or in tubing between the fluid
retrieval device and the receptacle), in the receptacle (e.g., coupled to the inlet port or outlet
port), before one or more components of the valve system 140 (e.g., in tubing between the
receptacle and the valve system), and/or before or in the second receptacle 102. However, one or
more filters may be placed in any suitable location in the fluidic path between the fluid retrieval

device and the second receptacle.

[0026] At least some of the electronic components of the system may be in an integrated
device and placed near the patient during the surgical procedure (e.g., in the operating room) to
assess patient fluids that are collected and passed through the receptacle. For instance, at least the
camera, processor, and/or display may be combined in a handheld or mobile electronic
computing device 170 (e.g., that executes a native fluid analysis application program). Such a
handheld or mobile device may, for example, be a tablet computer, laptop computer, mobile
smartphone, etc. which may include a camera 172, processor 176, and a display 174. However,
in other variations some or all of these components may be separated as discrete interconnected
devices. For example, the camera and display may be located substantially near the receptacle
during the surgical procedure (e.g., in the operating room) while the processor may be located at
a remote location (e.g., in the operating room separate from the camera and/or display, or outside
the operating room), communicating with the camera and display through a wired or wireless

connection or other network.
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Receptacle

[0027] The receptacle is configured to receive and accumulate patient fluids (e.g., from a fluid
retrieval device, as well as to allow the accumulated patient fluids to drain. Generally, as shown
in FIG. 2, the receptacle may include a body 220 defining an internal volume 222 that
accumulates fluids, a top 224, and a plurality of ports in fluid communication with the internal

volume 222.

[0028] Generally, at least the body of the receptacle may be substantially transparent or
translucent to white light. For example, the receptacle may be made of blow-molded
polyethylene terephthalate (PET) or injection-molded Poly(methyl methacrylate) (PMMA),
though other plastics, glass, or other materials permitting visible light transmission may be used.
In some variations, the receptacle material may be rigid or semi-rigid so as to withstand suction
forces without collapsing. An anti-glare coating, anti-glare finish, or an anti-glare strip (e.g.,

sticker or decal) may be arranged on a surface of the receptacle.

[0029] The internal volume 222 may be generally frustoconical. Alternatively, the internal
volume may be generally prismatic (e.g., generally rectangular prismatic as in FIG. 1,
cylindrical, etc.), generally bulbous, or have other suitable general shapes. In some examples, the
internal volume 222 may have a capacity of between about 1.0 L and about 3.0 L (e.g., 1.0 mL,
1.5 mL, 3 mL), but it may have any suitable capacity. Furthermore, in some variations the
receptacle may include multiple internal volumes or compartments, which may or may not be
fluidically coupled. For example, as shown in FIGS. 4A and 4B, the receptacle 400 may include
a first internal volume 422a and a second internal volume 422b that are adjacent to and

fluidically coupled to one another.

[0030] The receptacle 110 may include one or more slopes that direct fluid volumes to pool in
a particular region of the internal volume 122, which may help to more completely drain the

receptacle during the flush mode and/or accumulate smaller volumes of fluids together for more
accurate analysis of the receptacle contents. The fluids may pool where a lower end of the slope
encounters a receptacle wall or where the lower ends of multiple slopes intersect. For instance, a
first slope in the receptacle may generally encourage fluid to pool near one side of the bottom of

the slope (e.g., toward sump 126 and sump pickup 128, against the receptacle wall as shown in
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FIG. 1). As another example, a second additional slope in the receptacle may generally
encourage fluid to pool where the first and second slopes generally intersect (e.g., at central
sump 426 near sump pickup 428, as shown in FIG. 4A). The slope may include a smooth taper as

shown in FIG. 4A, or include a series of discrete, stepped sections.

[0031] The receptacle may further include one or more internal baffles or other features to help
prevent incoming fluids (e.g., entering through inlet port 112) from moving directly into the third

port 116 during the fill mode.

[0032] The top 224 may provide a substantially fluid-tight seal for the internal volume. The
top 224 may be integral with the body 220 of the receptacle, or alternatively may be coupled to
the body 220 of the receptacle 210. For instance, the lid may be threaded for mating with the
body 220, or include locking tabs or other locking features that allow the lid to be snapped or
otherwise sealed onto the body 220. The top 224 may include additional sealing features such as
a gasket. Furthermore, the top 224 may include caps or other covers to seal one or more of the
ports before and/or after the receptacle is used during the surgical procedure (e.g., during storage

or disposal of the receptacle 210).

[0033] The system may further include a holder configured to receive the receptacle. In these
variations, the receptacle may be a liner that is placed inside the holder, and, in some instances,
the receptacle may be designed to be single-use or disposable while the holder may be designed
to be reusable. The holder may be substantially rigid or semi rigid, while the receptacle may be
more flexible than the holder. In some variations, the holder may include a canister, cup, or other
outer container with an internal recess that receives and holds the receptacle. In other variations,
the holder may additionally or alternatively include a framework (e.g., lattice, one or more rings,
etc.) creating an internal space that receives and holds the receptacle. Like the receptacle, the

holder may include a material that is substantially transparent or translucent to white light.
Ports

[0034] As shown in FIG. 1, the receptacle 100 may include a plurality of ports, including an
inlet port 112, outlet port 114, third port 116, and/or fourth port 118 or more. One or more of the
ports may include a fitting that is configured to fluidically couple to tubing. For example, the

fitting may include a member with a lumen, where tubing may telescopically and frictionally
9
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engage with the member such that contents of the tubing pass into the lumen of the fitting and
vice versa. Some or all of the ports may be located at or near the top of the receptacle, while
additionally or alternatively at least one port may be located elsewhere in the receptacle. For
instance, as shown in FIG. 2, the inlet port 112 and third port 116 are located in the top 224 of

the receptacle, while the outlet port 114 is located near the bottom of the receptacle body 220.

[0035] The inlet port functions to pass fluids into the receptacle. In particular, as shown in
FIG. 1, the inlet port 112 may be fluidically coupled via tubing to a fluid retrieval device 108 or
other fluid source, and allow transfer of fluids from the fluid retrieval device 108 or other fluid
source into the receptacle. The inlet port may include a valve that opens and closes to regulate
flow through the inlet port, and/or substantially prevents fluids from traveling in a reverse
direction out of the receptacle through the inlet port (e.g., a one-way valve). Furthermore, the
receptacle may include multiple inlet ports, which may, for example, enable faster accumulation

of fluids in the receptacle, performed in parallel.

[0036] The outlet port functions to drain fluids from the receptacle when the system is
operating in the flush mode. In particular, the outlet port may be fluidically coupled via tubing to
a second receptacle, such as for disposal of the fluids, and allow transfer of fluids from the first
receptacle to the second receptacle. In one variation, as shown in FIG. 1, the outlet port 114 may
be located at or near the top of the receptacle 110. In this variation, the receptacle may include a
sump 126 in a lower region of the internal volume 122 where fluid tends to pool, and a sump
pickup 128 that places the sump 126 in fluidic communication with the outlet 114. The sump
pickup 128 may be tubing or other member with a lumen, having one end located adjacent to the
sump 126 and another end coupled to the outlet port 114. Upon application of suction to the
outlet port 114, fluid in the sump 126 may be drawn up the sump pickup 128, and through the
outlet port 114 out of the receptacle 110.

[0037] In another variation, as shown in FIG. 2, the outlet port 214 may be located at or near
the bottom of the receptacle 210. Fluid collected in a lower region of the internal volume 222
may drain directly out the outlet port 214 out of the receptacle as a result of gravity and/or

suction during the flush mode.

10
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[0038] The outlet port may include a valve that opens and closes to regulate flow through the
outlet port, and/or substantially prevent fluids from traveling in a reverse direction back into the
receptacle through the outlet port (e.g., a one-way valve). Furthermore, it should be appreciated
that the receptacle may include multiple outlet ports. For instance, the outlet port arrangements
shown in FIGS. 1 and 2 may be combined, such as with a first outlet port arranged in
combination with a sump pickup as shown in FIG. 1 and a second outlet port arranged as shown
in FIG. 2. Multiple outlet ports may, for example, facilitate faster draining performed in parallel,
provide redundancy in case of a clog, or provide different options that may be better for different

kinds of fluids (e.g., fluids with different viscosities).

[0039] The third port functions to pass suction from a vacuum source into the receptacle when
the system is operating in the fill mode, where suction can thereby be communicated within the
receptacle to draw fluids through the inlet port into the receptacle. For instance, as shown in FIG.
1, when the system is operating in the fill mode, suction from vacuum source 106 (which may be
communicated through second receptacle 102) is communicated via tubing through the third port
116 and into the receptacle 110. Because the receptacle 110 may be a substantially fluid-tight
volume, the suction in receptacle 110 is also communicated through inlet port 112, such that
fluid is drawn from fluid retrieval device 108 (or other fluid source) through the inlet port 112

and into the receptacle 110.

[0040] The receptacle may further include a fourth port, which functions as a vent to facilitate
draining of the fluid through the outlet port when the system is operating in the flush mode. The
fourth port may be located on the receptacle such that it is substantially opposite to the
accumulated volume of fluid in the receptacle, in order to provide a pressure differential
facilitating the draining of the fluid. For instance, as shown in FIG. 1, the fourth port 118 may be
located at or near the top of the receptacle, while the fluid accumulates in the sump 126.
Similarly, as shown in FIG. 2, the fourth port 218 may be located at or near the top of the
receptacle, while the fluid accumulates in the body 220.

Optical fiducial

[0041] As shown in FIG. 2, the receptacle may include one or more optical fiducials 238. The

optical fiducial may be coupled to or integral with the receptacle or the packaging of the

11
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receptacle, and be associated with receptacle-related information. For example, the optical
fiducial may be adhered to a surface of the receptacle or packaging, printed onto a surface of the
receptacle or packaging, molded or etched into the receptacle or packaging, or associated with
the receptacle or packaging in any suitable manner. The fiducial can, for example, include a
quick-response (QR) code, a barcode, alphanumerical code, symbolic marker, or other optical
identification marker suitable for identifying or communicating a receptacle type and/or
receptacle-related information. Receptacle-related information, which may be accessed by
scanning or looking up the fiducial in a database, may include, for instance, a type of the

receptacle, geometry and/or dimensions of an internal volume of the receptacle, etc.

[0042] The optical fiducial may include a color fiducial. The color fiducial may be coupled to
or integral with the receptacle or its packaging, and be associated with color-related information
to enable color normalization of the images of the fluid in the receptacle, such as to compensate
for variations in lighting conditions. In one variation, the color fiducial may display one or more
red hues, each of which has an assigned or known color value. For example, different hues may
be displayed and arranged in different boxes or segments in a grid, strip, ring, color wheel, or
any suitable shape for displaying color-normalizing information. Furthermore, the color fiducial
may be in the form of a decal, sticker, ring or other component configured to couple to the
receptacle or receptacle packaging, or any component suitable for associating the color fiducial
with the receptacle or its packaging. The images of fluid in the receptacle can be color-adjusted
(e.g., adjustment of exposure, contrast, saturation, temperature, tint, etc.) until an imaged color

fiducial has a color value matching the assigned or known color value of the color fiducial.
Valve system

[0043] The valve system functions to toggle the system between the fill mode and the flush
mode. The valve system includes at least one valve that redirects suction from a vacuum source
such that the suction may be used to alternately draw fluid into the receptacle during the fill

mode, and to draw fluid out of the receptacle during the flush mode.

Fill and flush modes

[0044] Generally in the fill mode, the valve system directs suction from a vacuum source

through the third port of the receptacle into the internal volume of the receptacle, thereby
12
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drawing fluid through the inlet port of the receptacle into the internal volume of the receptacle.
Furthermore, generally in the flush mode, the valve system directs suction from the vacuum
source through the outlet port of the receptacle, thereby drawing fluid through the outlet port out

of the internal volume of the receptacle.

[0045] For example, as shown in FIG. 1, the valve system 140 may include a valve 142 to
direct suction from a vacuum source. Valve 142 may be a three-port valve that has a first valve
port 142a coupled to a vacuum source 104 (providing a vacuum communicated through second
receptacle 102 and controlled by vacuum regulator 106), a second valve port 142b regulating a
fluidic path to port 116 of the receptacle, and a third valve port 142¢ regulating a fluidic path to
the outlet port 114 of the receptacle. The valve 142 selectively fluidically connects the first valve
port 142a with either the second valve port 142b or the third valve port 142¢ (to join with either
the fluidic path to port 116 or the fluidic path to outlet port 114), depending on which mode the
valve system is operating in. Furthermore, the valve system may include additional valves
coupled to inlet 112, outlet 114 and/or fourth port 118, which are either closed or open,

depending on which mode the valve system is operating in.

[0046] In this example, when the valve system is operating in the fill mode (shown in FIG. 1),
the valve 142 fluidically connects the first valve port 142a with the second valve port 142b,
thereby directing suction from the vacuum source 104 through port 116 of the receptacle. The
valve coupled to the inlet port 112, if present, is open to enable the fluid retrieval device, while
the valve coupled to the outlet port 114, if present, is closed. Additionally, the valve coupled to
the fourth port 118 is closed, such that the suction is communicated through the internal volume
122 to inlet port 112, which draws fluid from fluid retrieval device 108 (or other fluid source)
into the internal volume 122 of the receptacle. Conversely, when the valve system is operating in
the flush mode, the valve 142 is adjusted so as to fluidically connect the first valve port 142a
with the third valve port 142c, thereby directing suction from the vacuum source 104 through the
outlet port 114 of the receptacle. The valve coupled to the inlet 112, if present, is closed to
disable the fluid retrieval device, while the valve coupled to the outlet 114, if present, is open.
Additionally, the valve coupled to the fourth port 118 is open, such that the internal volume 122
is vented open to ambient pressure and there is a pressure differential facilitating the draining of

the fluid through outlet port 114.
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[0047] In another example, as shown in FIG. 2, the valve system 240 may include more than
one valve to direct suction from a vacuum source. In particular, valve system 240 may include a
flow divider 242 that is coupled to a vacuum source 204 (through second receptacle 202). The
flow divider 242 divides into one flow branch toward valve 244 regulating a fluidic path to port
216 of the receptacle, and another flow branch toward valve 246 regulating a fluidic path to
outlet port 214 of the receptacle. Either one of the valve 244 or valve 246 may be open,
depending on which mode the valve system is operating in. Furthermore, the valve system may
further include additional valves coupled to inlet 212, outlet 214 and/or fourth port 218, which

are either closed or open, depending on which mode the valve system is operating in.

[0048] In this example, when the valve system is operating in the fill mode, the valve 244 is
open and the valve 246 is closed, thereby directing suction from the vacuum source 204 through
valve 244 and port 216 of the receptacle. The valve coupled to the inlet 212, if present, is open to
enable the fluid retrieval device, while the valve coupled to the outlet 214, if present, is closed.
Additionally, the valve coupled to the fourth port 218 is closed, such that the suction is
communicated through the internal volume 222 to inlet port 212, which draws fluid from fluid
retrieval device (or other fluid source) into the internal volume 222 of the receptacle.
Conversely, when the valve system is operating in the flush mode, the valve 244 is closed and
the valve 246 is open, thereby directing suction from the vacuum source 204 through valve 246
and the outlet port 214 of the receptacle. The valve coupled to the inlet 212, if present, is closed
to disable the fluid retrieval device, while the valve coupled to the outlet 214, if present, is open.
Additionally, the valve coupled to the fourth port 218 is open, such that the internal volume 222
is vented open to ambient pressure and there is a pressure differential facilitating the draining of
the fluid through outlet port 214. Furthermore, in some variations, both valves 244 and 246 may
be closed to suspend the communication of suction into the receptacle (e.g., during image

capture of fluid in the receptacle).

[0049] In other variations, the valve system may include other suitable combinations of valves

that enable rerouting of suction from the vacuum source to fill and empty the receptacle.

Actuation

14
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[0050] In one variation, at least part of the valve system may be automatically controlled (e.g.,
by a controller as further described below). For example, the valve system may include an
electromagnetic actuator (e.g., solenoid) that selectively opens and closes one or more valves
between valve configurations for the fill and flush modes. As another example, the valve system
may include a passive, automatic mechanical or magnetic actuator. Such automatically
controlled valve systems may be based on sensor signals that trigger the fill and/or flush modes,
as further described below. However, any suitable actuating device may be used to automatically

actuate one or more of the valves in the valve system.

[0051] In another variation, at least part of the valve system may additionally or alternatively
be manually controlled by a user. For instance, the valve system may include a manual actuator
(e.g., lever, handle, wheel, button, plunger, switch, etc.) in order to adjust one or more valves
between valve configurations for the fill and flush modes. The particular kind of manual
actuation may vary, for example, on the type of valve (e.g., ball valve, butterfly valve, gate
valve, diaphragm valve, etc.), though the valve system may include any suitable interface for
actuating one or valves in the valve system based on user input. In these variations, the system
may provide audible and/or visual instructions or warnings that prompt a user to actuate the

valve system between the fill and flush modes.
Camera

[0052] As shown in FIG. 1, the system may include a camera 174 that generates images of the
fluid in the receptacle. The camera may be configured to automatically generate images on a
predetermined schedule (e.g., periodically or every time a predetermined volume of fluid has
been added or accumulated in the receptacle), and/or generate images based on user input (e.g.,
whenever a user provides manual instructions for an image to be generated of the fluid, such by

input on a user interface display).

[0053] The camera may include at least one optical image sensor (e.g., CCD, CMOS, etc.) that
captures a color optical digital image with red, green, and blue (RGB) color components for the
pixels, and/or other suitable optical components. For example, the camera may include a single
image sensor paired with suitable corresponding optics and/or filters (e.g., color filter arrays such

as a Bayer pattern filter). As another example, the camera may include multiple image sensors
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paired with suitable corresponding optics, such as at least one prism or diffractive surface to
divide white light into separate color channels (e.g., RGB), each of which is detected by a
respective image sensor. However, the camera 174 may include any suitable image sensors and

other optics components to enable the camera to generate images of the fluid in the receptacle.

[0054] The camera may be configured to transmit the images to a processor for analysis,
and/or to a database that stores the images, through a wired or wireless connection. As shown in
FIG. 1, the camera 174 may be part of a handheld or mobile device (e.g., tablet, mobile
smartphone, etc.), though in other variations the camera may a standalone device that
communicates images to other separate computing devices or database using a wired or wireless

connection.

Sensors

[0055] The system may further include one or more sensors configured to detect the volume of
fluids in the receptacle and to generate a fluid level signal based on the detection of fluid volume
or fluid level in the receptacle. The fluid level signal may be used to trigger the actuation or
toggling between the fill and flush modes of the valve system, and/or to estimate fluid volume in
the receptacle (e.g., for estimation of current or cumulative quantity of blood volume and/or
quantity of blood component lost by the patient). The sensors may include fluid level sensors
coupled to the receptacle or near the receptacle. Additionally or alternatively, the camera
generating images of the fluids in the receptacle may be treated as a sensor, in that the images

may be analyzed to detect fluid level.

Fluid level sensors

[0056] The system may include one or more point-level sensors that indicate whether the fluid
level in the receptacle is above or below a particular threshold sensing point. For example, one or
more fluid level sensors may include a binary fluid level sensor that outputs a fluid level signal
(e.g., voltage) of one value when the sensor detects a fluid volume not satisfying a threshold, and
outputs a fluid level signal of another value when the sensor detects a fluid volume satisfying the

threshold.
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[0057] In one variation with point-level sensors, the system may include one or more sensors
configured to detect at a high threshold volume of fluids in the receptacle and generate a fluid
level signal indicating the high threshold fluid volume. For instance, as shown in FIG. 2, the
system may include a fluid level sensor 262a coupled to the receptacle 210 near or at the top of
internal volume 222, and configured to detect a fluid volume above the high threshold fluid
volume (e.g., a fluid level above the location of the sensor 262a). A fluid level signal indicating
the high threshold fluid volume may be used to trigger the flush mode of the valve system and/or
trigger the camera to generate an image of the fluid in the receptacle. The high threshold fluid
volume can be about full capacity of the receptacle or near full capacity, such as about 3 L, or

any suitable value.

[0058] In another variation with point-level sensors, the system may additionally or
alternatively include one or more sensors configured to detect a low threshold volume of fluids
in the receptacle and generate a fluid level signal indicating the low threshold fluid volume. For
instance, as shown in FIG. 2, the system may include a second fluid level sensor 262b coupled to
the receptacle 210 near or at the bottom of internal volume 222, and configured to detect a low
threshold volume of fluids in the receptacle below a low threshold volume of fluids in the
receptacle (e.g., a fluid level below the location of the sensor 262b). A fluid level signal
indicating the low threshold fluid volume may be used to trigger the fill mode of the valve

system. The low threshold fluid volume can be about zero or near zero, or any suitable value.

[0059] Similarly, the system may include additional point-level sensors at discrete fluid level
locations to provide additional information, such as regarding one or more intermediate fluid
levels between a low threshold and a high threshold. Fluid level signals indicating intermediate
fluid volumes may be used to trigger the camera to generate an image of the fluid in the
receptacle as the receptacle fills with fluid. Additionally or alternatively, fluid level signals
indicating intermediate fluid volumes may provide more frequent updates for estimates of the

volume of fluid in the receptacle.

[0060] The system may include one or more continuous-level sensors that measure the fluid
level in the receptacle and indicate a numerical value corresponding to fluid volume. For
instance, a continuous-level sensor may output a fluid level signal (e.g., voltage) within a range

corresponding to a measurable range of fluid volumes. As the receptacle is filled or drained, the
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particular value for the fluid level signal may be continually compared to a high threshold fluid
volume and/or a low threshold fluid volume to determine whether the fluid volume in the
receptacle satisfies either threshold. Furthermore, the particular value for the fluid level signal
may be compared to other thresholds to trigger the camera to generate an image of the fluid in
the receptacle, as the receptacle fills with fluid (e.g., every SmL added to the receptacle may

trigger the camera).

[0061] Any suitable fluid level sensor may be used to detect fluid volume in the receptacle and
generate a fluid level signal that indicates the detected fluid volume. For example, capacitance
level sensors, conductive level sensors, ultrasonic level sensors, and/or optical sensors, etc. may
be appropriate as point-level and/or continuous-level sensors. Furthermore, the system may
additionally or alternatively include a magnetic float having a magnet sealed within. As fluid
accumulates in the receptacle, the float may rise relative to one or more magnetic sensing points
corresponding to threshold fluid volumes, which may, for example automatically trigger via a
magnetic “signal” that automatically (e.g., mechanically) triggers toggling of fill and flush
modes. Similarly, the system may additionally or alternatively include a mechanical sensor, such
as a float mechanically coupled (e.g., with a lever) to the valve system such that as the float rises
relative to one or more predetermined points corresponding to threshold fluid volumes, the float
may automatically trigger via a mechanical “signal” that automatically triggers toggling of fill

and flush modes.

Image analysis for fluid level detection

[0062] In another variation, fluid level may be detected by analyzing images of the fluid in the
receptacle. For example, the camera can repeatedly capture images of the receptacle (e.g., every
two seconds) and a processor may employ machine vision techniques, such as edge detection, to
estimate fluid volume (e.g., determine whether the fluid volume depicted in each image satisfies
a particular high or low threshold volume of fluids, and/or absolute quantity of fluid). In this
variation, the fluid level signal may be generated by a processor embodied in, for example, a

handheld or mobile device 170 that is separate from the receptacle.

[0063] Furthermore, the system may detect the volume of fluids in the receptacle based on any

suitable combination of the above-described techniques. For example, the system can include a
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float having a color (e.g., green) generally contrasting to the color of patient fluids, which may
enable identification of the float in an image using machine vision techniques. The identified
position of the float in the images can be used, such as by comparing the float to optical
fiducials, to estimate fluid volume and determine whether there is a high threshold fluid volume

or low threshold volume fluid volume in the receptacle.
Controller

[0064] Particularly in variations in which the valve system is automatically actuated, the
system may further include a controller configured to actuate the valve system to toggle between
the fill mode and the flush mode. More specifically, the controller may be configured to actuate
the valve system based on the fluid level signal generated by the one or more sensors in the

sensor system.

[0065] For example, as shown in FIG. 2, the system may include a controller 260 coupled to
the valve system 240, such that the controller 260 may receive fluid level signals wirelessly
and/or through a wired connection. Controller 260 may be configured to receive at least one fluid
level signal from sensor 262a, sensor 262b, and/or from mobile device 270, and actuate the valve
system as described above based on a fluid level signal indicating a volume of fluids detected in
the receptacle. In particular, upon receiving a fluid level signal indicating a high threshold fluid
volume in the receptacle, the controller 260 may actuate the valve system 240 such that the
system is operating in the flush mode. In one variation, the controller 260 may maintain the
system in the flush mode for a predetermined period of time (e.g., 30 seconds). In another
variation, the controller 260 may maintain the system in the flush mode until the controller 260
receives at least one fluid level signal indicating a low threshold volume of fluids in the
receptacle (e.g., zero or close to zero). Upon receiving a fluid level signal indicating a low
threshold fluid volume in the receptacle, the controller 260 may actuate the valve system 240
such that the system is again operating in the fill mode. The controller 260 may similarly

continue to toggle between the fill and flush modes based on the fluid level signals it receives.

[0066] The controller may additionally or alternatively be configured to control when the
camera generates images of the fluid in the receptacle. In one variation, the controller 260 may

trigger the camera to generate images whenever the receptacle is sufficiently full of fluid. For
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example, upon receiving a fluid level signal indicating a high threshold volume of fluid, the
controller 260 may trigger the camera to generate images of the fluids in the receptacle. In
another variation, the controller 260 may trigger the camera to periodically or intermittently
generate images (e.g., every two seconds, every SmL of fluid added to the receptacle). In one or
both of these variations, prior to triggering the camera, the controller 260 may additionally
actuate part of the valve system 240 (e.g., close a valve coupled to inlet port 212 to disable the
fluid retrieval device, open a valve coupled to the port 218 to open the internal volume 222 to
ambient pressure, etc.) and/or wait a predetermined period of time (e.g., five seconds) to allow

fluids in the receptacle to settle before generating the image of the fluids.
Imaging aid

[0067] The system may include one or more features in or around the receptacle to aid in
optical imaging of fluids. For example, one feature to aid in optical imaging may include an
insert or light source arranged within the internal volume of the receptacle. As another example,

the receptacle may define one or more slopes that further define the internal volume.
Insert

[0068] The system may include an insert arranged within the internal volume of receptacle,
such as at or near a bottom of the internal volume. The insert may, for example, backscatter light
through the fluid and improve the quality of images from which fluid-related information may be
derived. In some variations, the insert and a surface of the receptacle may cooperate to define a
first region with substantially uniform thickness such that fluid in the first region exhibits
substantially uniform color. Pixel color values in image portions depicting the first region may,
for example, be correlated to a blood component concentration (e.g., with template matching
techniques, parametric modeling techniques described in further detail below). In particular, the
insert may include a first feature that is substantially parallel to and offset from a surface of the
receptacle, such that the first feature cooperates with the surface of the receptacle to form the
first region of substantially uniform thickness. For example, the first feature may include an
arcuate surface (e.g., the insert may be circular, semi-circular, or otherwise curved) in instances
in which the receptacle surface is similarly arcuate (e.g., generally cylindrical). As another

example, the first feature may include a generally planar wall (e.g., the insert may be at least a
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segment of a polygonal prism) in instances in which the receptacle surface is planar (e.g.,
rectangular tank). However, the insert may include any suitable features that generally track a
surface of the receptacle so as to define a region of substantially uniform thickness between the

insert and the surface of the receptacle.

[0069] The insert and a surface of the receptacle may additionally or alternatively cooperate to
define a second region in which fluid exhibits a color gradient. Pixel color values in image
portions depicting the second region may, for example, be correlated to a hemolysis level in the
blood (e.g., with template matching techniques, parametric modeling techniques). To
compensate for the effect of hemolysis on perceived pixel color value in images (e.g., due to
different light scattering characteristics of whole red blood cells and free hemoglobin),
algorithms and processes for evaluating images may be adjusted based on the known hemolysis
concentration. In particular, the insert may include a second feature that generally tapers away
from a surface of the receptacle, such that the second feature cooperates with the surface of the
receptacle to form the second region in which fluid has a color gradient. For example, the second
feature may have a surface with a linear profile, a non-linear profile, a stepwise function profile,
etc. that generally angles away from the surface of the receptacle. However, the insert may
include any suitable features that generally taper or angle away from a surface of the receptacle
so as to define a region in which fluid has a color gradient between the insert and the surface of

the receptacle.

[0070] For instance, as shown in FIG. 2, the system may include an insert 250 that is
proximate to a wall of the receptacle 210. As shown in FIG. 3A, one variation of the insert 300a
(similar to insert 250) may cooperate with a wall of the receptacle to define a region of
substantially uniform thickness. In particular, the insert 300a may include an insert surface 310
offset from a receptacle surface 320, such that a region of substantially uniform thickness is
formed between the insert surface 310a and the receptacle surface 320. Fluids accumulated in the
receptacle may generally surround the insert 300a (e.g., through gaps 314), including in the
region of substantially uniform thickness, where fluids exhibit a substantially uniform color.
Images of the fluid in the receptacle include an image region corresponding to the region of

substantially uniform thickness, and the pixel color values in the image region may then be
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correlated to a blood component concentration estimate (e.g., using template techniques,

parametric modeling techniques, etc. as further described below).

[0071] The insert 300a may be coupled to the receptacle. For example, the members 312a and
312b (and/or other portions of the insert) may be coupled to the receptacle wall 320 with
fasteners (e.g., epoxy, magnets, etc.). As another example, the members 312a and 312b (and/or
other portions of the insert) may be coupled to the receptacle wall 320 without fasteners, such as
by press-fit or snap-fit. Additionally or alternatively, the members 312a and 312b (and/or other
portions of the insert) may include features that interlock with complementary features on the
receptacle surface 320 (e.g., splines and notches, dovetails, etc.). Such coupling may be
substantially permanent or removable. For instance, in some variations, the insert may be
removable from the receptacle for reuse. Alternatively, the insert 300a may be integrally formed

with the receptacle (e.g., by injection molding or blow molding techniques).

[0072] In another variation as shown in FIG. 3B, the insert 300b includes a first insert surface
310b and second insert surface 311b (on frustoconical portion of 300b). The first insert surface
310b is offset from a receptacle wall such that a first ring-shaped region of substantially uniform
thickness is formed between the first insert surface 310b and the receptacle wall. In this first
region, the fluid may have a substantially uniform color. The second insert surface 311b is
tapered (e.g., with a linear or non-linear profile) toward a central axis of the receptacle, such that
the second insert surface 311b cooperates with the receptacle wall to provide a second region in
which fluid exhibits a visual color gradient. In the second region, fluid appears progressively

darker in a color gradient pattern as the thickness in the second region increases.

[0073] In another variation as shown in FIG. 3C, the insert 300c includes a first insert surface
310c offset from a receptacle surface, such that a first region of substantially uniform thickness
is formed between the insert surface 310c and the receptacle wall. In this first region, fluid may
have a substantially uniform color. The insert 300c also includes one or more second surfaces
311c that cooperate with the receptacle wall to provide a second region in which fluid exhibits a
visual color gradient. As with insert 300b, in the second region, fluid appears progressively

darker in a color gradient pattern as the thickness in the second region increases.
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[0074] The insert (or at least the surfaces 310) may include a material or coating that is white,
substantially opaque, and generally impermeable to fluid. For instance, the insert may be made
of injection-molded white plastic. The insert may alternatively include a color or pattern (e.g.,
grid, matrix barcode, QR code) that is observable (e.g., on surfaces 310) through the fluid. For
instance, a color grid or matrix bar code coupled to the insert and observable through the
receptacle surface 320 and fluid can be used to determine fluid parameters (e.g., fluid component
concentrations) associated with fluid within the receptacle. For example, in one application, a
color grid including a set of regions of color, each region associated with a blood component
concentration value, can be applied to the insert. In this application, when a particular region of
the color grid from the fluid is substantially visually indistinguishable from the fluid within the
canister, the blood component concentration value associated with that region of the color grid
can be taken as an estimated blood component concentration of the fluid. Similarly, a color
pattern exhibiting a gradient in color (e.g., by including a pattern having successively blurrier
edges between regions of the pattern) can be used to assess a level of hemolysis, in relation to a

color gradient within fluid in the receptacle.

Light source

[0075] The system may include a light source 318 configured to transmit light through a
portion of fluid within the canister, which may, for example, help generate an optical image with
a color gradient from which a hemolysis level of the fluid can be estimated. In the variation
shown in FIG. 3, the light source 318 may be coupled to the receptacle so as to direct light
downward toward the bottom of the receptacle. Light incident on the surface of the fluid
penetrates the surface of the fluid and is absorbed by the fluid as a function of both depth and an
absorption coefficient of the fluid, wherein the absorption coefficient of the fluid is affected by
both a concentration of a substance in the fluid and a type or size of the substance (e.g., either a
whole red blood cell or free hemoglobin and ruptured cell matter). Thus, though generally fluid
in the receptacle may be substantially uniform in particulate concentration and distribution, the
illuminated fluid may appear visually lighter at the surface of the fluid and progressively darker
at deeper portions of the fluid in a vertical color gradient pattern. The particular characteristics of
the vertical color gradient pattern may be used to generate a metric of the absorption of light by

the fluid, which can in turn be used to assess a level of hemolysis in the fluid. Similar color
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gradient patterns may be generated elsewhere in the fluid volume, such as a horizontal color
gradient pattern. For instance, the light source 318 may be coupled to the insert described above,
to generate a color gradient pattern along any suitable direction in the fluid. Generally, the color
gradient pattern may be correlated to a level of hemolysis (e.g., percentage) in the fluid using

template matching techniques, parametric modeling techniques, etc.

[0076] The light source (e.g., LED or laser) may emit wavelengths of light spanning or
otherwise associated with one or more absorbance peaks in an absorbance spectrum for one or
more target components of fluid in the receptacle. For instance, the light source 318 may be
configured to provide a broad range, narrower range, or discrete waveband of light
corresponding to absorbance peaks of one or more blood components. For example, in relation to
hemoglobin, the light source 318 may be configured to provide wavelengths of light from about
400 nm to about 700 nm and between about 800 nm to about 950 nm. Additionally or
alternatively, in relation to hemoglobin, the light source 318 can be configured to provide
wavelengths of light associated with absorbance peaks/spectra of one or more forms of
hemoglobin (e.g., oxygenated hemoglobin, sulthemoglobin, methemoglobin, etc.) in order to
enable differentiation in colors of fluid and/or color gradients of fluid associated with different
forms of hemoglobin. However, the light source 318 may additionally or alternatively emit light
of any suitable wavelengths corresponding to other types of blood component absorbance

spectra.

[0077] In other variations, the insert 300 and/or light source 318 may be similar to any of the
variations described in U.S. Patent Pub. 2015/0294461, entitled “METHOD FOR ESTIMATING
A QUANTITY OF A BLOOD COMPONENT IN A FLUID CANISTER,” which is hereby

incorporated in its entirety by this reference.

Internal volume with varying dimensions

[0078] The internal volume of the receptacle may have varying dimensions along one or more
axes, to help improve the analysis of fluids of having high or low concentrations of red blood

cells (RBC) or hemoglobin (or other blood component).

[0079] As shown in FIG. 4B, at least a portion of an internal volume 422a and/or 422b of the

receptacle may include a shallow section (as measured along the camera optical axis 472) so as
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to improve the analysis of fluids having a high concentration of RBCs or hemoglobin. This
feature may be helpful because in instances in which blood has a high RBC concentration, a deep
or thick volume of the blood may be too opaque or optically “dark™ for useful pixel color
visualization in an image of the blood. This is because a deep or thick volume of blood having a
high RBC concentration may scatter and/or absorb nearly all incident light, leading to
insufficient light transmission through the blood. Consequently, such opacity may limit the
amount of blood component concentration information that may be derived from an image of the
blood. Furthermore, blood with higher RBC concentrations must be imaged in shallower or
thinner volumes in order to decrease opacity (i.e., the volume depth or thickness at which opacity
is avoided is generally inversely proportional to the RBC concentration). For example, when
each of two fluids of different high RBC concentrations (e.g., 42% RBC by volume and 31%
RBC by volume) fills a 1.0 inch deep container, both fluids may be opaque and substantially
optically indistinguishable. However, when the same two fluids fill shallower 0.1 inch-deep
containers, the two fluids are visually distinct, as the fluid with higher RBC concentration is
visually darker than the fluid with lower RBC concentration. Therefore, considering the
receptacle 400, to increase the range of high fluid RBC concentrations at which optical images of
the fluid in the receptacle can provide useful blood component concentration information, at
least a portion of an internal volume (e.g., 422a and/or 422b) of the receptacle 400 may include a

shallow section, as measured along the camera optical axis 472 (Z-axis as labeled in FIG. 4B).

[0080] As shown in FIG. 4B, at least a portion of the internal volume 422a and/or 422b of the
receptacle may include a deep section (as measured along the camera optical axis 472) so as to
improve the analysis of fluids having a low concentration of RBCs or hemoglobin. This feature
may be helpful because in instances in which blood has a low RBC concentration, a shallower or
thinner volume may be too optically clear, akin to water or saline, for useful pixel color
visualization in an image of the blood. This is because a shallow or thin volume of blood having
a low RBC concentration may not scatter and/or absorb enough incident light in order for the
blood to be optically distinguishable from water, saline, or other low RBC concentration fluids.
Consequently, such optical clarity may limit the amount of blood component concentration
information that may be derived from an image of the blood. For example, in some instances a
fluid with low RBC concentration may not have optically detectable blood components.

Furthermore, blood with lower RBC concentrations may have to be imaged in deeper or thicker
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volumes in order to decrease optical clarity (i.e., the volume depth or thickness at which optical
clarity is avoided is generally inversely proportional to the RBC concentration). For example,
when each of two fluids of different low RBC concentrations (e.g., 0.1% RBC by volume and
0% RBC by volume) fills a 0.1 inch deep container, both fluids may be substantially clear and
optically indistinguishable. However, when the same two fluids fill deeper 1.0 inch-deep
containers, the two fluids may be visually distinct, as the first fluid with higher RBC
concentration (which requires a deeper depth to appear colored or tinted red) is visually redder
than the second fluid with lower RBC concentration, due to having greater aggregate light
scattering and/or absorption in the deeper container. Therefore, considering the receptacle 400, to
increase the range of low fluid RBC concentrations at which images of the fluid in the receptacle
can provide useful blood component concentration information, at least a portion of the internal
volume of the receptacle 400 may include a deeper section, as measured along the camera optical

axis 472 (Z-axis as labeled in FIG. 4B).

[0081] The transition between the shallower and deeper sections of an internal volume 422a
and/or 422b may be a smooth taper, as shown in FIG. 4B. Additionally or alternatively, at least
part of the transition between the shallower and deeper sections may include discrete, stepped

sections (along the X-axis as labeled in FIG. 4B).

Processor

[0082] The system 100 may include or more processors 176 configured to evaluate images of
fluid in the receptacle and estimate fluid —related information. The one or more processors 176
may be configured to execute instructions that are stored in memory such that, when it executes
the instructions, the processor 176 performs aspects of the methods described herein. The
instructions may be executed by computer-executable components integrated with the
application, applet, host, server, network, website, communication service, communication
interface, hardware/firmware/software elements of a user computer or mobile device, wristband,
smartphone, or any suitable combination thereof. The instructions may be stored on memory or
other computer-readable medium such as RAMs, ROMs, flash memory, EEPROMs, optical
devices (e.g., CD or DVD), hard drives, floppy drives, or any suitable device.
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[0083] Generally, as further described below, the processor may transform the image of the
fluid to a blood component concentration value by correlating the pixel color values of the fluid
in the region to a blood component concentration (e.g., with template matching and/or

parametric modeling techniques).

[0084] As shown in FIG. 1, the one or more processors may be integrated into a handheld or
mobile device 170. In other variations, the one or more processors 176 can be incorporated into a
computing device or system, such as a cloud-based computer system, a mainframe computer
system, a grid-computer system, or other suitable computer system. Additionally or alternatively,
the one or more processors may be incorporated into a remote server that receives the images,
analyzes the images to characterize fluids in the receptacle and provide fluid-related information,
and/or transmit the fluid-related information to another computing device having a display for

displaying the fluid-related information to a user.

Display

[0085] The display functions to display or otherwise communicate to a user (e.g., doctor,
nurse) information that is generated by the system, including but not limited to patient
information, images of the receptacle/fluid, and/or fluid-related information estimated as
described herein. As shown in FIG. 1, the display 174 may include a screen on a handle or
mobile device, a computer monitor, a television screen, a projector screen, or other suitable

display.

[0086] The display 174 may be configured to display a user interface that enables the user to
interact with displayed information. For example, the user interface may enable the user to select
display options (e.g., font, color, language) and/or content (e.g., patient information, fluid-related
information, alerts). The display may be user-interactive and include a resistive or capacitive
touch screen that is responsive to skin, a stylet, or other user contact. In other examples, the
display may be user-interactive via a cursor controlled by a mouse, keyboard, or other suitable

user input device for receiving user commands.

[0087] The system may additionally or alternatively include an audio system that
communicates fluid-related information to the user. The display and/or the audio system may

provide alerts upon one or more estimations meeting a threshold (e.g., estimated quantity of
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fluids or blood component exceeds a threshold), which may be useful to prompt certain actions

in response, such as providing a blood transfusion.
Other variations

[0088] Other variations of systems for assessing fluids from a patient may be used in
arrangements similar to those depicted in FIG. 1 and FIG. 2 (e.g., in series and in fluidic
communication between a fluid retrieval device or other fluid source, and a waste management

system or other receptacle).

Manifold receptacle

[0089] In one variation, a system for assessing fluids from a patient may include a manifold
receptacle. The manifold receptacle may be generally similar to the receptacle variations
described above, except that the manifold receptacle is configured to be inserted into an inlet
port of a sealed receptacle such as a waste management system. The manifold receptacle may be

configured to be single-use and disposable after use during a surgical procedure.
Flow divider

[0090] As shown in FIG. 5, a system 500 for assessing fluids from a patient may include a
flow divider. The flow divider system 500 receives fluid collected by the fluid retrieval device
(or from another fluid source), and consistently accumulates in a first receptacle a representative
fraction of this fluid for analysis while the rest of the fluid is discarded or otherwise passed to a
second receptacle (e.g., waste management system). In other words, as the second receptacle
receives fluid of a particular composition (e.g., extracorporeal blood, saline, ascites, bile,
irrigant, saliva, gastric fluid, mucus, pleural fluid, urine, etc.), the first receptacle receives a fluid
sample having a substantially similar composition of fluids. Assessments of the representative
fraction of fluid in the first receptacle may be projected or extended to provide assessments of

the total fluid collected by the fluid retrieval device (or from another fluid source).

[0091] Generally, a flow divider system 500 for assessing fluids from a patient may include: a
receptacle 510 having an internal volume 522 for collecting fluids, and a bypass channel 516

extending between an inlet port 512 and an outlet port 514; and a flow divider 530 that diverts a
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first predetermined proportion of flow from the inlet port 512 into the internal volume 522 and a
second predetermined portion of flow from the inlet port 512 into the bypass channel 516.
Generally, the first predetermined proportion of flow into the internal volume 522 is smaller than
the second predetermined portion of flow through the bypass channel 516, but in some variations
the first and second predetermined proportions may be substantially equal or the first
predetermined proportion of flow may be larger than the second predetermined portion of flow.
Furthermore, the flow divider system 500 may include a camera and processor similar to those

described above.

[0092] The internal volume 522 of the receptacle 510 in the system may generally be similar
to any of the variations of internal volumes of receptacles described above (e.g., with reference
to FIGS. 1-4). For example, as shown in FIG. 5, the receptacle 510 may include one or more
slopes to pool fluids toward a particular region of the internal volume 522. Furthermore, like the
receptacles described above, the receptacle 510 may include one or more features to aid in

optical imaging, such as a fluid insert.

[0093] The bypass channel 516 extends between an inlet port 512 configured to be in fluidic
communication with a fluid retrieval device or other fluid source, and an outlet port 514
configured to be in fluidic communication with a second receptacle (e.g., waste management
system). Additionally, the outlet port 514 may be coupled with a vacuum source, such as a
vacuum source associated with a waste management system. Furthermore, in some variations,
the inlet port 512 and/or outlet port 514 may include a valve that can be automatically and/or
manually controlled to regulate flow in and out of the receptacle 510. For instance, the valves in
inlet port 512 and outlet port 514 may be open such that fluid may flow into the internal volume
522 and bypass channel 516. In contrast, the valves may be closed to seal the contents of the
receptacle 510. Such sealing may be useful, for example, before or after the surgical procedure
for connection/disconnection from a fluid retrieval device and second receptacle, or during
transport. As another example, the valves may be closed to allow a user (e.g., a nurse) to safely
shake or agitate the receptacle 510 with lowered contamination risk, in order to achieve a more
uniform mixing of contents of the receptacle prior to imaging the receptacle. Similarly, caps or
other covers may be placed over the inlet port 512 and/or the outlet 514 to seal the contents of

the receptacle 510.
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[0094] The receptacle 520 may further define a first inner port 532 and a second inner port
534. The first inner port 532 is in fluidic communication with inlet port 512 and the internal
volume 522, and functions to pass the first predetermined portion of flow from the inlet port 512
into the internal volume 522. The second inner port 534 is in fluidic communication with the
outlet port 514 and the internal volume 522, and functions to pass suction from a vacuum source
(coupled to the outlet port 514) into internal volume 522, thereby drawing fluids into the
receptacle 510 though the inlet port 512.

[0095] The flow divider 530 may be located in the fluid path between (1) the inlet port 512 and
(ii) the internal volume 522 and the bypass channel 516. The flow divider functions to
consistently divide fluid flowing from inlet port 512 between the internal volume 522 and the
bypass channel 516 according to a predetermined flow division ratio (e.g., about 1:20). In
particular, the flow divider 530 diverts a first predetermined proportion of flow through first
inner port 532 into the internal volume and a second predetermined proportion of flow into the
bypass channel 516. For example, for a division ratio of about 1:20, for every one part of
incoming fluid that the flow divider 530 diverts into the internal volume, the flow divider 530
may divert about twenty parts of incoming fluid into the bypass channel. However, the flow
divider 530 may generally divide flow between the internal volume and the bypass channel

according to any suitable flow division ratio.

[0096] In one variation, the flow divider 530 may accomplish consistently dividing fluids as a
result of the ratio of an effective cross-sectional area of the first inner port 532 relative to the
cross-sectional area of the bypass channel 516 (e.g., dimensionally and/or with use of a flow
resistor). For example, the cross-sectional area of the first inner port 532 may be smaller than the
cross-sectional area of the bypass channel 516, resulting in proportionately less flow diverted
through the first inner port 532. As another example, the cross-sectional areas of the first inner
port 532 and bypass channel 516 may be substantially similar, but the effective cross-sectional
area of the first inner port 532 may be reduced further by a flow resistor (e.g., defining a narrow

neck) placed in the first inner port 532.

[0097] The receptacle may include an anti-clotting agent, such as heparin. Clotted blood and
hemolyzed red blood cells may exhibit different optical characteristics than unclotted blood and

whole red blood cells. In view of this difference, an anti-clotting agent, which preserves the
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integrity of red blood cells collected in the receptacle over time, may help to obtain better quality
images from which fluid-related information may be more accurately derived. For example, the
internal walls of the internal volume may be coated with an anti-clotting agent, such that as fluid
collects in the receptacle and rises up the walls of the internal volume, the fluid is exposed to
additional amounts of anti-clotting agents to reduce hemolysis (and extracorporeal clotting) of
red blood cells collected in the internal volume. As another example, the receptacle may include
a reservoir of anti-clotting agent that can passively drip into the internal volume of the
receptacle, and/or be selectively dispensed based on parameters such as volume or “redness” of
accumulated fluid in the internal volume, volumetric flow rate of fluid accumulation in the
internal volume, etc. Alternatively, the receptacle may include a hemolyzing agent instead of an
anti-clotting agent in these arrangements, so as to fully hemolyze fluid in the internal volume,
and image analysis (e.g., templates) may be adjusted for hemolyzed blood instead of non-

hemolyzed blood.

[0098] Furthermore, the fluid divider system may include one or more components enabling
fill and flush modes as described in detail above, but may alternatively omit any components

operable in such distinct fill and flush modes.

III. Methods for assessing fluids from a patient

[0099] Generally, a method for assessing fluids from a patient may be performed with use of a
receptacle including an inlet port, an outlet port, and a third port. In some variations, as shown in
FIG. 6, a method 600 for assessing fluids from a patient includes: collecting fluids from the
patient in the receptacle 610; obtaining an image of the collected fluids 630 with the aid of one
or more features in the receptacle; and draining the collected fluids 640 upon reaching a high
threshold volume of fluids in the receptacle. The method may further include, upon reaching a
low threshold volume of fluids in the receptacle, collecting fluids from the patient in the
receptacle. The method may involve actuating a valve system to toggle between collecting fluids
and draining fluids which cyclically fills and empties the reservoir, while intermittently obtaining

images of the collected fluids.

[0100] Additionally, for each image obtained, the method 600 may include evaluating the

image 700 to estimate fluid volume and a blood component quantity in the receptacle, updating a
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total estimated volume of lost patient fluids 760, and updating a total estimated quantity of lost
blood component 770. The method may include displaying some or all of the fluid-related

information 780.

Collecting fluids from the patient

[0101] Collecting fluids from the patient into a receptacle 610 functions to accumulate a
volume of lost patient fluids into the receptacle for evaluation. When collecting fluids (“fill”
mode), the valve system may be adjusted to place the vacuum source, the receptacle, and a fluid
retrieval device (or other fluid source) in fluidic communication. As a result, suction from the
vacuum source may be routed throughout the system to draw fluids into the receptacle. For
instance, as illustrated schematically in FIG. 8, collecting fluids 610 may include suctioning
from a vacuum source through the third port of the receptacle to draw fluids through the inlet

port into the receptacle.

Obtaining an image

[0102] Obtaining an image of the collected fluids 630 functions to generate data which may be
transformed into an estimate of blood volume and/or estimate of blood component concentration
in the collected fluids. The image may include the entire receptacle or only a portion of the

receptacle.

[0103] The image may be an optical image that is obtained with the aid of one or more features
in the receptacle. For example, the image may capture a region of fluid having a substantially
uniform thickness located between a fluid insert and a wall of the receptacle. As another
example, the image may capture a region of fluid in which the fluid has a color gradient (e.g.,

due to a tapered surface of a fluid insert, walls of the receptacle, etc.).

[0104] In one variation, as shown in FIG. 6, an image of the collected fluids may be obtained
upon detecting a high threshold volume of fluids in the receptacle 620 with a fluid level sensor.
The high threshold volume may be correlated with the capacity of the receptacle, but need not
be. In one example, upon reaching a high threshold volume of fluids in the receptacle, the

method may include halting collection of fluid in the receptacle (e.g., by disabling suction to the
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fluid retrieval device), and waiting a predetermined period of time (e.g., five seconds) to permit

receptacle contents to settle.

[0105] In another variation, an image of the fluids may be obtained periodically or based on
detection of intermediate threshold volumes of fluids in the receptacle. For example, an image of
the fluids may be obtained every two seconds or five seconds. As another example, an image of
the fluids may be obtained every time a fluid level sensor detects that an additional 5 mL has
been added to the receptacle. Any suitable time increment and/or volume increment may be used

to trigger image capture.
Draining the collected fluids

[0106] Upon detecting a high threshold volume of fluids in the receptacle 620 and/or obtaining
an image of the collected fluids 630, the method includes draining the collected fluids from the
receptacle 640. When draining fluids (“flush” mode), the valve system may be adjusted to place
the vacuum source and the outlet port in fluidic communication. As a result, suction from the
vacuum source may be routed to draw fluids out of the receptacle. For instance, as illustrated
schematically in FIG. 8, draining fluids 640 may include suctioning from the vacuum source

through the outlet port to draw fluids through the outlet port and out of the receptacle.

[0107] To toggle from collecting fluids to draining fluids, the method may further include
actuating a valve system. After being actuated to drain the collected fluids, the valve system
may, at least in part, suspend fluidic communication between the vacuum source, the inlet port of
the receptacle, and a fluid retrieval device (or other fluid source). Furthermore, after being
actuated to drain the collected fluids, the valve system may open fluidic communication between
the vacuum source and the outlet port of the receptacle. Additionally, actuating the valve system
may involve opening the receptacle to ambient pressure, such as by actuating open a valve

coupled to a fourth port of the receptacle.

[0108] In variations in which the valve system is automatically actuated, the method may
include actuating the valve system based on a fluid level signal indicating a volume of fluids
detected in the receptacle. Such actuation may involve, for example, activating an

electromagnetic actuator such as a solenoid coupled to one or more valves. Alternatively, in
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variations in which the valve system is manually actuated, the method may include alerting a

user to actuate the valve system.

Repeatedly collecting and draining

[0109] Upon detecting a low threshold volume of fluids in the receptacle 650 (or draining a
sufficient amount of fluid from the receptacle), the method includes again collecting fluids from
the patient in the receptacle 610. As shown in FIGS. 7 and 8, the above-described process may
repeat in a cycle, until, for example, the surgical procedure is concluded and the patient is no

longer losing fluids.

[0110] To toggle from draining fluids to collecting fluids, similar to toggling from collecting
fluids to draining fluids, the method may further include actuating a valve system. After being
actuated to collect more fluids, the valve system may, at least in part, restore fluidic
communication between the vacuum source, the inlet port of the receptacle, and the fluid
retrieval device (or other fluid source).Furthermore, after being actuated to collect more fluids,
the valve system may suspend fluidic communication between the vacuum source and the outlet
port of the receptacle. Additionally, actuating the valve system may involve closing the
receptacle to ambient pressure, such as by actuating closed the valve coupled to the fourth port of

the receptacle.

Evaluating the image

[0111] The method may include evaluating each image. As shown in FIG. 7, after each image
is obtained (702), evaluating the image 700 may include processing the image 710, identifying a
receptacle image region in the image 720, estimating a concentration of a blood component in

the receptacle 730, estimating a volume of fluids in the receptacle 740, and estimating a quantity

of the blood component in the receptacle 750.

Processing

[0112] Processing the image may include normalizing the color characteristics of the image
based on one or more optical fiducials (e.g., a color fiducial). Normalization may utilize the color

fiducial to adjust for lighting conditions. For example, normalizing the image may include
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identifying a color fiducial captured in the image, determining an assigned color value associated
with the identified color fiducial, and adjusting the image such that the color value of the color
fiducial in the image substantially matches the assigned color value associated with the color
fiducial. The assigned color value can, for example, be determined by looking up the color
fiducial in a database (e.g., identified by code, position within a set of colored fiducial, position
relative to a known feature of the receptacle, etc.). Adjustments to the image can include, for
example, adjustment of exposure, contrast, saturation, temperature, tint, etc. Evaluating the

image 700 may then proceed using the adjusted image.

[0113] Processing the image may additionally or alternatively include retrieving receptacle-
related information associated with one or more optical fiducials and associating the image with
the receptacle-related information. The optical fiducial may be scanned from the receptacle or
manually entered into settings for the image analysis, and may be used to identify receptacle-
related information. Retrieving receptacle-related information may be performed before, after, or
during the obtaining of the image. Some or all of the receptacle-related information may be used

when proceeding with evaluating the image 700.

Identifying a receptacle image region

[0114] Identifying a receptacle image region 720 functions to identify a portion of the image
whose pixel color values will be transformed into a blood component concentration. The
receptacle image region may include the entire receptacle in the image, or only a portion of the
receptacle corresponding to an identified volume of fluid. For example, the boundaries or outline
of the receptacle image region may be detected using edge detection techniques, such as based
on a pattern of pixels having biased red pixel color values (which suggests presence of blood)
and other pixels without biased red pixel color values (which suggests absence of blood). As
another example, the boundaries of the receptacle image region may be detected based on optical
fiducials (e.g., coupled to the surface of the receptacle). In other examples, the boundaries of the
receptacle image region may be detected using template matching techniques and/or other
machine vision techniques. Once the receptacle image region is detected, all areas other than the

receptacle image region may be cropped out or otherwise disregarded.
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Estimating blood component concentration and quantity

[0115] Evaluation of the images may include estimating a blood component concentration 730.
The blood component may be red blood cells (e.g., by volume) or hemoglobin, but may
additionally or alternatively include other suitable components of blood. The estimation of blood
component concentration may be based on various template matching techniques and/or

parametric modeling techniques, as described below.
Template matching and parametric modeling techniques

[0116] For instance, to convert pixel color values in the receptacle image region to a blood
component concentration, template matching techniques may include comparing a redness
intensity of the receptacle image region against redness intensity from template images (e.g., a
training set, samples analyzed previously). Each template image may be contained within a
library of template images, and may be associated with a known blood, hemoglobin, red blood
cell mass or volume, and/or other fluid characteristics. Generally, where the redness intensity of
the receptacle image region is substantially similar to (and is paired with) a closest-matching
template image, the receptacle image region may be estimated as depicting the same blood

component concentration as the closest-matching template image.

[0117] In one example, K-nearest neighbor methods may be used for the template matching.
More specifically, a K-nearest neighbor method may be used to compare the redness intensity of
the receptacle image region with redness intensity values in the template images. Additionally or
alternatively, a K-nearest neighbor method may be used to compare greenness intensity and/or a
blueness intensity (e.g., in conjunction with a redness intensity) of pixels in the receptacle image
region with greenness and/or blueness intensity values of the template images. Thus, the
receptacle image region may be paired with the closest-matching template image identified with
the K-nearest neighbor method, and the receptacle image region may be estimated as depicting

the same blood component concentration associated with the closest-matching template image.

[0118] In another example, absolute differences in pixel intensities (e.g., in red, green, and/or

blue intensities or color values) may be used for the template matching. Such an absolute
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difference in pixel intensities may be calculated at a wavelength of light that correlates with the
blood component (e.g., at about 400 nm for estimating hemoglobin concentration). More
specifically, a sum of absolute differences in pixel intensities may be used to compare pixel
intensities between the receptacle image region and each template image. The closest-matching
template image is identified when the sum of absolute differences is substantially minimal
compared to other sums of absolute differences calculated for the receptacle image region and
other template images. Thus, the receptacle image region may be paired with the closest-
matching template image identified with the sum of absolute differences method, and the
receptacle image region may be estimated as depicting the same blood component concentration

associated with the closest-matching template image.

[0119] Additionally, parametric models may be used to convert pixel color values in the
receptacle image region to a blood component concentration. Generally, color values of the
template images may be used to train or generate a parametric model (mathematical function,
curve, or algorithm etc.) that correlates a pixel color value to a blood component concentration.
The parametric model may take an input of pixel intensities or color values (e.g., from the
receptacle image region) and converted it into an output of estimated blood component

concentration value.

[0120] Additionally or alternatively, the method may employ techniques such as those
described in U.S. Patent No. 8,792,693 filed July 9, 2012 and entitled “SYSTEM AND
METHOD FOR ESTIMATING EXTRACORPOREAL BLOOD VOLUME IN A PHYSICAL
SAMPLE” and U.S. Patent No. 8,983,167 filed January 10, 2013 and entitled “SYSTEM AND
METHOD FOR ESTIMATING A QUANTITY OF A BLOOD COMPONENT IN A FLUID
CANISTER,” each of which is hereby incorporated in its entirety by this reference. As another

example, a parametric model similar to that depicted in FIG. 9 may be employed.
Variations

[0121] In one variation, the entire receptacle image region may be compared to a set of
template images. The template images may capture exemplary receptacles containing different
known concentrations of the blood component. When a particular template image is identified as

a match (e.g., having pixel color values that are substantially similar to those in the receptacle
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image region), the fluid in the receptacle may be assumed to have a blood component
concentration equal to the known blood component concentration associated with the matched

template image.

[0122] In another variation, the receptacle image region may be divided in multiple subregions
(i.e., pixel or pixel clusters), each of which may be compared to a set of template color values.
Each template color value may be associated with a respective blood component concentration
value or range of values. For instance, estimating the blood component concentration may
include dividing the receptacle image region into multiple subregions (e.g., arranged in a grid),
determining a representative pixel color value for each subregion (e.g., by averaging all pixel
color values for each subregion), correlating each subregion with a blood component
concentration value based on a comparison between the representative pixel color value and a set
of template color values having associated blood component concentration values, and
combining the blood component concentration values for the subregions to generate single
composite blood component concentration representative of the receptacle image region (e.g., by
averaging the subregion blood component concentration values). Another similar variation may
use a parametric model, instead of template images, to correlate the representative pixel color

value with a blood component concentration value for each subregion.

[0123] In another variation, in which the fluid in the receptacle has a color gradient (e.g.,
because the receptacle includes a slope), estimating the blood component concentration may
involve matching the color gradient (i.e., distribution of pixel color values) in the receptacle
image region with a set of template images of known blood component concentration. Similar to
the variation described above, the template images may capture exemplary color gradients in

fluid with known blood component concentrations.

[0124] In another variation, in which the fluid in the receptacle has a color gradient, estimating
the blood component concentration may involve identifying the fluid volume thickness (as
measured along the camera optical axis) corresponding to each subregion in the receptacle image
region, determining a representative pixel color value for each subregion, applying a parametric
model to each subregion to correlate the representative pixel color value and the fluid volume

thickness for the subregion with a blood component concentration, and combining the blood
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component concentrations for the subregions into a single composite blood component

concentration representative of the receptacle image region.

[0125] In yet another variation, the blood component concentration can generally be classified
as high or low by comparing the redness intensity of at least some of the pixels in the receptacle
image region with a threshold value. For example, blood component concentration may be
classified as high if the redness intensity of pixels corresponding to the shallowest or thinnest
region of fluid (as measured along the camera optical axis) in the receptacle exceeds a
predetermined threshold. In contrast, blood component concentration may be classified as low if
the redness intensity of pixels corresponding to the deepest or thickest region of fluid (as
measured along the camera optical axis) in the receptacle less than a predetermined threshold.
Furthermore, in another variations, the redness intensity at the shallowest/thinnest region or the
deepest/thickest region of fluid (as measured along the camera optical axis) may be used as
representative pixel color values for the entire receptacle image region and correlated to a blood

component concentration based on template matching and/or parametric modeling techniques.

Estimating volume of fluids in the receptacle

[0126] Evaluation of the images may include estimating a volume of fluids in the receptacle
740. For example, the size of a receptacle image region (which has been cropped to isolate
biased red pixels) may be correlated to an estimated volume. Other edge detection techniques,
template matching techniques, and/or parametric modeling techniques may be used to estimate
fluid volume in the receptacle. Alternatively, in instances in which images are captured when
fluid level sensors indicate the fluid volume in the receptacle has met a high threshold volume
value, estimating a volume of fluids in the receptacle by evaluating the images may not be
necessary, since the fluid volume may be assumed to be equal to the high threshold volume

value.

Estimating quantity of the blood component

[0127] Evaluation of the images may include estimating a quantity of the blood component in
the receptacle 750. The quantity of blood component may be based on the estimated
concentration of the blood component in the receptacle and the estimated volume of fluids in the

receptacle. For example, the volume of the blood component may be estimated by multiplying
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values for the concentration of the blood component and the volume of fluids in the receptacle.
Other quantitative metrics, such as mass or weight, may be derived from the estimated volume of

the blood component.

Updating database

[0128] The method may include updating a total estimated volume of lost patient fluids 750,
by summing the previous intermittent estimated volumes of fluids that have filled and drained
from the receptacle. Similarly, the method may include updating a total estimated volume of lost
blood component 760 by summing the previous intermittent estimated quantities of blood
component lost by the patient. The updated total estimates may, for example, be stored in local
memory on a handheld or mobile device or other computing device, communicated to a server or
database for remote storage, etc. The update may occur during the surgical procedure (e.g., after
each time a volume of fluids is estimated, or periodically such as every five seconds) to provide
an estimate of cumulative or total blood loss and/or of cumulative or total blood component loss.
Additionally or alternatively, the update may occur at the conclusion of the surgical procedure.
For example, as shown in FIG. 8, after evaluating the image 700, one or more of the updated
estimates may be communicated by a processor to a database (e.g., for medical records, hospital

administration purposes, etc.), such as by a wired or a wireless connection.

Displaying

[0129] The method may include displaying some or all of the fluid-related information 780
(e.g., total estimated volume of lost patient fluids, total estimated quantity of lost blood
component, etc.) on a display such as a monitor. The display may reflect, on a substantially real-
time basis, the estimated metrics as they are updated throughout and/or after the surgical
procedure. Additionally, the method may include displaying some or all of the images of the
receptacle/fluid as they are captured, alerts to the user (e.g., when estimated total volume of lost
patient fluids or total estimated quantity of lost blood component exceeds a threshold) and/or

other suitable information.
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Other variations

[0130] As shown in FIG. 9, a method 900 for assessing fluids uses a flow divider system as
described above with reference to FIG. 5. The method 900 may include: directing a first
proportion of patient fluids into a receptacle (e.g., with a flow divider), directing a second
proportion of patient fluids for discard (e.g., to a second receptacle) 920 in which the second
proportion is greater than the first proportion according to a flow division ratio, and obtaining
one or more images of the patient fluids in the receptacle 930. For each image obtained, the
method 900 may include evaluating the image 940 to estimate fluid volume and a blood
component quantity in the receptacle, and estimating total volume of lost fluids and total quantity
of lost blood component 950 based on flow division ratio. Additionally, the method 900 may
include updating a total estimated volume of lost patient fluids 960, and updating a total
estimated quantity of lost blood component 970. The method may include displaying some or all

of the fluid-related information 980.

[0131] Portions of method 900 may be substantially similar to similarly-named processes of
method 600 described above. For example, evaluating the image 940 may be substantially
similar to evaluating the image 700. However, estimating total volume of lost fluids (Vyjood, tot)
and total quantity of lost blood component 950 (Qgc, wc) may be particular to methods using a
flow divider system. Since the patient fluid in the receptacle is a representative sample of all
patient fluid collected, assessments of patient fluid in the receptacle may be projected or
extended to provide assessments of the total patient fluid collected by the fluid retrieval device
(or from another fluid source). More specifically, the method may include estimating fluid
volume that was discarded (Vpiood, discara) by multiplying the flow division ratio and the estimated
fluid volume in the receptacle (Vpiood, rec)- Similarly, the method may include estimating blood
component quantity that was discarded (Qgc, discard) by multiplying the flow division ratio and the
estimated blood component quantity in the receptacle (Qgc, rec). Finally, total volume of lost
fluids (VBiood, o) can be estimated as the sum of estimated fluid volume in the receptacle and
estimated fluid volume that was discarded. Similarly, total quantity of lost blood component
(Qpc, tor) can be estimated as the sum of estimated blood component in the receptacle and

estimated fluid volume that was discarded. This estimation may be summarized as:

VBlood, tot = VBlood, rec + VBlood, discard = VBlood, rec T (ratio)(VBlood, rec) (1)
41



WO 2016/187071 PCT/US2016/032561

QBC, tot = QBC, rec + QBC, discard = QBC, rec + (ratio)(QBC, rec) (2)

[0132] An example of estimating total volume of lost fluids (Vpieod, tor) 18 1llustrated
schematically in the method 1000 in FIG. 10, which shows a flow divider system with an
exemplary flow division ratio meaning that for every twenty given parts of incoming fluid that
are diverted for discard, one part of incoming fluid is directed into the receptacle. For example, if
the estimated fluid volume in the receptacle is about 12 mL, then in accordance with Equation 1,
multiplying the 20:1 flow division ratio and the estimated fluid volume in the receptacle yields
an estimate of about 240 mL of fluid that was discarded. In accordance with Equation 2, the total
volume of lost fluids is the sum of the estimated fluid volume in the receptacle and estimated
fluid volume that was discarded, or about 252 mL. As shown in FIG. 10, some or all of this

fluid-related information may be displayed on a display (e.g., handheld or mobile device) (980).
IV. Kits

[0133] A kit may include any part of the systems described herein. In further aspects, a kit may
additionally or alternatively include a tangible non-transitory computer readable medium having
computer-executable (readable) program code embedded thereon that may provide instructions
for causing one or more processors, when executing the instructions, to perform one or more of
the methods for assessing fluids from a patient as described herein. The kit may include
instructions for use of at least some of its components, including but not limited to: instructions
for installation, use, and/or care of the receptacle, instructions for installing the computer-

executable (readable) program code with instructions embedded thereon, etc.

[0134] As a person skilled in the art will recognize from the previous detailed description and
from the figures and claims, modifications and changes can be made to the described and
illustrated embodiments without departing from the scope of the invention. Furthermore,
different variations of the methods and systems include various combinations and permutations

of the steps and other elements described herein.
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CLAIMS

What is claimed is:

1. A system for assessing fluids from a patient and comprising a fill mode and a flush mode, the
system further comprising:

a receptacle comprising an inlet port, an outlet port, and a third port;

a valve system in fluidic communication with the receptacle; and

one or more features in the receptacle to aid in optical imaging of fluids;

wherein in the fill mode, the valve system directs suction from a vacuum source through
the third port into the receptacle, thereby drawing fluid through the inlet port into the receptacle;
and

wherein in the flush mode, the valve system directs suction from the vacuum source

through the outlet port, thereby drawing fluid through the outlet port out of the receptacle.

2. The system of claim 1, further comprising a controller configured to actuate the valve system

to toggle between the fill mode and the flush mode.

3. The system of claim 2, wherein the controller is configured to actuate the valve system based

on a fluid level signal indicating a volume of fluids detected in the receptacle.

4. The system of claim 3, further comprising one or more sensors coupled to the receptacle and
configured to detect the volume of fluids in the receptacle and generate a fluid level signal based

on the detection of volume of fluids in the receptacle.

5. The system of claim 4, comprising a first sensor configured to detect a high threshold volume

of fluids in the receptacle.

6. The system of claim 5, comprising a second sensor configured to detect a low threshold

volume of fluids in the receptacle.

7. The system of claim 1, wherein the valve system is configured to be automatically actuated.
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8. The system of claim 1, wherein the valve system is configured to be manually actuated.

9. The system of claim 1, wherein the receptacle further comprises a fourth port, wherein in the
fill mode the valve system directs suction from the vacuum source to a fluid retrieval device
coupled to the inlet port and closes the fourth port, and wherein in the flush mode the valve

system opens the fourth port.

10. The system of claim 1, wherein the one or more features in the receptacle comprises an insert
that cooperates with a surface of the receptacle to define a region of substantially uniform

thickness.

11. The system of claim 10, wherein the insert is coupled to the receptacle.

12. The system of claim 10, wherein the insert is integrally formed with the receptacle.

13. The system of claim 10, further comprising a holder configured to receive the receptacle.

14. The system of claim 1, wherein the one or more features in the receptacle comprises a

surface of the receptacle that at least partially defines a region in which fluid has a color

gradient.

15. The system of claim 1, further comprising an optical fiducial on the receptacle.

16. A method for assessing fluids from a patient with a receptacle comprising an inlet port, an

outlet port, and a third port, wherein the method comprises:

collecting fluids from the patient in the receptacle by suctioning from a vacuum source
through the third port of the receptacle to draw fluids through the inlet port into the receptacle;
obtaining an image of the collected fluids with the aid of one or more features in the

receptacle; and
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draining the collected fluids upon reaching a high threshold volume of fluids in the
receptacle by suctioning from the vacuum source through the outlet port, thereby drawing fluids

through the outlet port and out of the receptacle.

17. The method of claim 16, further comprising, upon reaching a low threshold volume of fluids

in the receptacle, collecting fluids from the patient in the receptacle.

18. The method of claim 16, further comprising actuating a valve system to toggle between

collecting fluids and draining fluids.

19. The method of claim 18, wherein the valve system is actuated based on a fluid level signal

indicating a volume of fluids detected in the receptacle.

20. The method of claim 19, further comprising detecting the volume of fluids in the receptacle
and generating the fluid level signal using one or more sensors based on the detection of volume

of fluids in the receptacle.

21. The method of claim 16, wherein the receptacle further comprises a fourth port, and the
method further comprises closing the fourth port when collecting fluids, and opening the fourth

port when draining the collected fluids.

22. The method of claim 16, further comprising identifying a receptacle image region in the
image and determining one or more pixel color values of at least a portion of the receptacle

image region.

23. The method of claim 22, further comprising estimating a concentration of a blood component

in the receptacle based on the one or more pixel color values.

24. The method of claim 23, further comprising estimating a quantity of the blood component in
the receptacle based on the estimated concentration of a blood component and an estimated

volume of fluids in the receptacle.
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