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(57 ABSTRACT

Systems for monitoring blood loss include a display for
simultaneously depicting a current blood loss metric at
different time points or along a time line. In addition,
historical or comparative blood loss information is provided
on the display so that the healthcare provider can see assess
the current blood loss metric relative to other metrics, so that
the healthcare provider can more accurately assess and
manage the patient’s status.
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METHOD FOR PROJECTING BLOOD LOSS
OF A PATIENT DURING A SURGERY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/162,128, filed on May 15, 2015,
which is incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] This invention relates generally to the field of
blood loss, and more specifically to new and useful systems
and methods for tracking patient blood loss and/or managing
patient fluid status.

SUMMARY

[0003] Systems for monitoring blood loss include a dis-
play for simultaneously depicting a current blood loss metric
at different time points or along a time line. In addition,
historical or reference blood loss information is provided on
the display so that the healthcare provider can compare the
current blood loss to other metrics, so that the healthcare
provider can more accurately assess and manage the
patient’s status and alternatively be provided with other
clinical outcome data to better understand clinical implica-
tions of the current surgical procedure.

[0004] In one embodiment, a method of patient monitor-
ing is provided, comprising displaying on an estimate of
real-time blood loss value for a patient corresponding to a
first time point of a current surgical procedure, displaying an
updated estimate of real-time blood loss value for the patient
corresponding to a second time point after the first time
point, and displaying at least one reference blood loss value
corresponding to the first time point, the second time point,
or a third time point after the second time point. The set of
reference blood loss values may be provided by selecting at
least one data set from a database of prior surgical proce-
dures. The estimate of blood loss and the updated estimate
of' blood loss may be displayed simultaneously on a monitor
screen. The estimate of blood loss and the updated estimate
of real-time blood loss may be provided on a two-dimen-
sional plot. The two-dimensional plot may depict estimated
blood loss over time. The set of reference blood loss values
may be provided on the two-dimensional plot. Displaying
the set of reference blood loss values may comprise dis-
playing at least one blood loss tracing over time. Each of the
at least one blood loss tracings may be based upon a single
historical surgical procedure. Displaying the set of reference
blood loss values may comprise displaying a plurality of
database blood loss tracings over time. The set of reference
blood loss values may be provided as at least one band plot
on the two-dimensional plot. The at least one band plot may
comprise a plurality of nested confidence bands on the
two-dimensional plot. The estimate of real-time blood loss
and updated estimate of blood loss may be overlayed on the
set of comparative blood loss values. The method may
further comprise receiving the set of reference blood loss
values from a remote server. The method may further
comprise selecting the set of reference blood loss values
based upon the surgical procedure. The method may further
comprise selecting the set of reference blood loss values
based upon one or more patient factors. The method of claim
15, further comprising selecting the set of reference blood
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loss values based upon one or more health condition or
disease factors, or practice-based factors. The set of refer-
ence blood loss values are an average, median, mode or a
range of historical blood loss values from a plurality of prior
surgical procedures. Each of the plurality of prior surgical
procedures may be the same type as the current surgical
procedure. The plurality of prior surgical procedures may be
surgical procedures selected based upon the N closest blood
loss tracings based upon a curve-of-best-fit to a current
blood loss tracing that includes the estimate of blood loss
and the updated estimate of blood loss. N may be between
1 and 50, or between 1 and 10. The method may further
comprise comparing the updated estimate of blood loss
value to a threshold value, and displaying a message,
different from the estimate of real-time blood loss, the
updated estimate of blood loss and the set of comparative
blood loss values, if the threshold value is met or exceeded.
The threshold value may be a time-dependent threshold
value. The threshold value may be determined by the set of
reference blood loss values. The message may be a clinical
message indicating that a blood transfusion threshold has
been met, or that a blood transfusion threshold is estimated
to be met at a future time point. The at least one reference
blood loss value may be at least one predicted future blood
loss value corresponding to a third time point. The at least
one predicted future blood loss value may comprise provid-
ing at least two predicted future blood loss values, wherein
one of the least two predicted future blood loss values is a
lower limited predicted future blood loss value at the third
time point. The method of claim 28, wherein displaying at
least one reference blood loss value corresponding to the
first time point, comprising displaying at least one predicted
future blood loss tracing that includes the at least one
predicted future blood loss value at the third time point.
Displaying at least one predicted future blood loss value
may comprise displaying a predicted future blood loss area
plot that includes the at least one predicted future blood loss
value at the third time point. The predicted future blood loss
area plot may be bound by the updated estimate of blood loss
value at the second time point.

[0005] In another embodiment, a patient monitoring sys-
tem is provided, comprising a camera configured to generate
blood loss images from a surgical procedure, and one or
more processors configured to display updated estimated
blood loss information for at least two time points on an
information display, wherein the estimated blood loss infor-
mation is generated from the blood loss images, and to
display reference blood loss information on the information
display, wherein the reference blood loss information com-
prises a plurality of blood loss values over different time
points of at least one different surgical procedure. The
patient monitoring system may further comprise a display,
provided in a housing with the camera. The one or more
processors may be further configured to select the plurality
of'blood loss values over different time points of at least one
different surgical procedure from a database of prior surgical
procedures. The one or more processors may be configured
to simultaneously display the updated estimated blood loss
information and the reference blood loss information on a
monitor screen. The updated estimated blood loss informa-
tion and the reference blood loss information may be pro-
vided on a two-dimensional plot, and may depict estimated
blood loss over time. The reference blood loss information
may be at least one blood loss tracing over time. The updated
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estimated blood loss information and the reference blood
loss information are overlayed on a graph. At least one of the
one or more processors may be provided on a remote server
separate from the camera. The one or more processors may
be further configured to select the plurality of blood loss
values over different time points by filtering with one or
more patient factors. The one or more processors may be
further configured to select the plurality of blood loss values
over different time points by further filtering with one or
more health condition or disease factors, or practice-based
factors. The one or more processors may be further config-
ured to compare the updated estimate of blood loss value to
a threshold value, and display a message, different from the
estimate of real-time blood loss, the updated estimate of
blood loss and the set of comparative blood loss values, if
the threshold value is met or exceeded. The message may be
a clinical message indicating that a blood transfusion thresh-
old has been met, or a clinical message indicating that a
blood transfusion threshold is estimated to be met at a future
time point. The patient monitoring system of claim 32,
wherein the reference blood loss information is at least one
predicted future blood loss value corresponding to a third
time point. The at least one predicted future blood loss value
may comprise providing at least two predicted future blood
loss values, wherein one of the least two predicted future
blood loss values is a lower limited predicted future blood
loss value at the third time point. The display of at least one
reference blood loss value corresponding to the first time
point may comprise the display of at least one predicted
future blood loss tracing that includes the at least one
predicted future blood loss value at the third time point. The
patient monitoring system of claim 47, wherein displaying at
least one predicted future blood loss value comprises dis-
playing a predicted future blood loss area plot that includes
the at least one predicted future blood loss value at the third
time point. The predicted future blood loss area plot may be
bound by the updated estimate of blood loss value at the
second time point.

BRIEF DESCRIPTION OF THE FIGURES

[0006] FIG. 1A is a flowchart representation of a method;
FIG. 1B is a schematic illustration of a step of the flowchart
in FIG. 1A; FIG. 1C is a schematic illustration of a step of
the flowchart in FIG. 1A; FIG. 1D is a schematic illustration
of a step of the flowchart in FIG. 1A; FIG. 1E is a schematic
illustration of a step of the flowchart in FIG. 1A.

[0007] FIG. 2A and 2B are graphical representations of
one variation of the method, depicting a surgical procedure
at different points in time; FIGS. 2C and 2D are graphical
representation of average and instantaneous bleeding rates
over time.

[0008] FIGS. 3A and 3B are a flowchart representation of
one variation of the method, before and after smoothing,
respectively

[0009] FIG. 4 is a graphical representation of one variation
of the method;

[0010] FIG.5is a graphical representation of one variation
of the method;

[0011] FIG. 6 is a graphical representation of one variation
of the method;

[0012] FIG. 7 is a graphical representation of one variation
of the method; and

[0013] FIG. 8is a graphical representation of one variation
of the method.
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DESCRIPTION OF THE EMBODIMENTS

[0014] The following description of the embodiments of
the invention 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.

[0015] Accurate estimation of blood loss during surgical
procedures is an important factor in assessing the fluid status
and either avoiding unnecessary blood transfusion, or avoid-
ing delays in blood transfusion that may place patient safety
at risk. The estimation of blood loss has traditionally relied
upon visual estimation by the surgeon and anesthesiologist,
but studies have shown that visual estimation is highly
inaccurate, with significant underestimation of higher levels
of blood loss, and overestimation of lower levels of blood
loss. The accuracy is also impacted by the dilution from
other non-blood fluids in the surgical field, including the use
of intravenous fluids to irrigate and clean the operative field,
as well as patient fluids, such as amniotic fluids, and also
impacted by lighting conditions in the operating room.
[0016] The use of computing imaging systems in the
operating room to perform quantitative estimates of blood
loss has been shown to be substantially more accurate
provider-based visual estimation. In addition to more accu-
rate intra-operative blood loss estimation, the availability of
multiple accurate blood loss estimates in associated with
time information for each estimate provides blood loss trend
information, which can provide additional clinical insights
and information than the individual blood loss estimates
alone. Quantitative systems may facilitate or automate the
collection of blood loss information, which can be stored in
a blood loss information database, along with other health
information related to the specific procedure or surgery. The
blood loss trend information from a completed procedure, in
conjunction with other patient, disease or health condition,
surgery and/or practice-based factors or information from
the patient’s health care records, may provide valuable
clinical insights that can improve future clinical outcomes
and patient safety, and facilitate changes to clinical practice
guidelines.

[0017] For example, the blood trend information from a
completed surgery or procedure may be associated with
patient characteristics (e.g., age, gender, height, weight,
family history, surgical history, cardiac history, history of
hemophilia/platelet disorders, metabolic equivalent status,
pre-operative platelet count, pre-operative hematocrit, pre-
operative hemoglobin, history of autoimmune disorder, anti-
coagulant use), health condition or disease characteristics
(e.g., pregnancy history, cancer stage, cancer grade), treat-
ment and/or surgery information (e.g., fibroidectomy, hys-
terectomy, liver resection, coronary bypass) and practice-
based factors (e.g., selected prior procedures limited to the
surgeon’s or anesthesiologist’s prior procedures, practice
group’s prior procedures, practitioner experience level,
number of prior procedures, insurer’s practitioners, practi-
tioner geographic location, residency training or board spe-
cialty (e.g. family practice, OB/GYN), and combinations
thereof. Information from the selected reference information
of prior procedures may be provided simultaneously on a
display of the current blood loss information in a text and/or
graphical manner, to provide further context to the current
blood loss information so that the practitioner can better
identify potential clinical issues and/or risks during the
course of the procedure or surgery. The selected reference
information may be presented on the display as blood loss
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information from one or more separate or individual proce-
dures, and/or may be displayed as aggregate information
from two or more procedures, and/or clinical practice guide-
line or model procedures not based upon actual or specific
prior procedures.

[0018] Inaddition to provide useful comparative reference
information based upon prior procedures, prior blood loss
information data sets may also be used to predict and/or
provide future blood loss trend information, either based
upon pre-operative factors as listed above, which may also
be updated during the surgery based upon actual quantitative
blood loss estimates during the surgery. For example, one or
more blood loss data sets from the procedure database may
be provided on the display, so that the healthcare provider
can be provided with a range of blood loss trends that may
be expected in the current surgery, based upon one or more
factors listed above used to select the data sets. In some
embodiments, because of the wide variation in blood loss
trends, even after applying one or more selection factors, a
matching process may be applied to further select or limit
the data sets selected from the procedure database, which
may provide more relevant or useful information to the
healthcare provider. For example, parametric or non-para-
metric selection algorithms may be used, such as a curve-
of-best-fit or a k-nearest neighbor algorithm, to select the
reference datasets most similar to the surgery. Then, during
the surgery, as initial blood loss trend information is
obtained, the selection of reference data sets may be further
refined or changed. Using the selected data sets, a predicted
blood loss trend may be generated and displayed for the
expected remainder of the procedure, which can be updated
as additional measured blood loss information is obtained.
The same data sets may be used to determine a predicted
upper limit and/or a predicted lower limit of blood loss over
the future time frame. In addition to the blood loss infor-
mation, the selected data sets may also contain other infor-
mation, such as if or when a blood transfusion occurred,
and/or the rate(s) and/or types of intravenous fluid infused,
occurrences of hypovolemic shock, hypotensive events. The
information on the risk or rate of such events may also
include time information, and displayed on a time line along
with the current and reference blood loss information.
[0019] 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 sys-
tems 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.

[0020] The system may be used in conjunction with one or
more displays, and each display may provide the same or
different information. For example, the anesthesiologist or

Nov. 17,2016

anesthetist may be provided with a separate display with
different information than the display used by the surgeon or
surgical nursing staff. In some variations, the system may
accept information input from other monitoring systems,
e.g. blood pressure, heart rate, respiratory rate, or may be
configured to output information or display signals to other
general or proprietary systems or displays. The system may
comprise one or more processors, one or Mmore memory
banks, and one or more I/O interfaces, and one or more
optical input devices, such as an optical scanner or camera,
for detecting the blood content of one or more blood
retention or containing structures, as described in greater
detail below. In some variations, the optical input devices
may also be used to input or control the system, using
gesture recognition or other methods of optical input. The
system is further configured with image processing hard-
ware and/or software to extract the blood information from
the blood retention or containing structures. Other input
devices, such as a foot pedal, mouse, or wand, may also be
provided. Exemplary hardware and software components for
the system are described in U.S. Pat. No. 8,792,693, U.S.
Pat. No. 8,983,167, and U.S. Patent Publication No. 2015/
0294461, which are each hereby incorporated by reference
in their entirety.

[0021] For example, the evaluation of the images may
include estimating a blood component concentration. 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 tech-
niques, as described below.

[0022] For instance, to convert pixel color values in the
receptacle image region to a blood component concentra-
tion, 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. Gener-
ally, 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 com-
ponent concentration as the closest-matching template
image.

[0023] 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 asso-
ciated with the closest-matching template image.

[0024] In another example, absolute differences in pixel
intensities (e.g., in red, green, and/or blue intensities or color
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values) may be used for the template matching. Such an
absolute difference in pixel intensities may be calculated at
a wavelength of light that correlates with the blood compo-
nent (e.g., at about 400 nm for estimating hemoglobin
concentration). More specifically, a sum of absolute differ-
ences 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 substan-
tially minimal compared to other sums of absolute differ-
ences 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 recep-
tacle image region may be estimated as depicting the same
blood component concentration associated with the closest-
matching template image.

[0025] 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 algo-
rithm 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.

[0026] The image processing component(s) may be pro-
vided in the same or different housing or location as the
optical input device(s) and/or display(s). In some variations,
the images or video from the optical input devices may be
transmitted to a remote server for processing and the
extracted blood loss information is transmitted back to the
local processor(s) for display. Likewise, the database with
the reference data sets may also be contained in the same or
different housing, or provided on a remote server, and
selection instructions may be provided and the data sets may
be selected and/or processed by the remote server and
transmitted back to the local processor(s).

1. Method

[0027] In one embodiment, depicted in FIG. 1A, the
method 2 of assessing blood loss and displaying blood loss
trend information, and optional comparative or reference
information is provided. The method 2 involves the iterative
quantitative estimation or assessment 4 of incremental or
cumulative blood loss at a time point or over a time period,
as disclosed, for example, in U.S. Pat. No. 8,792,693, U.S.
Pat. No. 8,983,167, and U.S. Patent Publication No. 2015/
0294461. The iterative assessment of blood loss over time
permits the generation and display 6 of a blood loss trend.
The blood loss trend may comprise, a text or graphical
indicator of the rate of blood loss over time, and may be
quantitative, such as a 2D time graph or tracing of blood loss
(y-axis) over time (x-axis), or qualitative, such as a red/
yellow/green indicators, and may reflect an absolute value of
blood loss trend or a relative value of blood loss trend,
compared to a reference standard or reference blood loss
data set.

[0028] The method 2 may optionally comprise a database
search and identification 8 of one or more representative
data sets, based optionally upon the one or more exemplary
patient, health condition or disease state, treatment or prac-
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tice-based factors previously described. One or more factors
may be optionally weighted to select the desired data set(s).
[0029] The selected data set(s) may be further analyzed
and processed to provide one or more predictions of future
blood loss 10, based upon pre-operative factors described
above, and optionally during the surgery, based upon one or
more time points or time segments of the current blood loss
trend. For example, at the start of a surgical procedure, a
representative maximum and/or minimum blood loss trend
may be displayed, based upon one or more factors or
characteristics previously described. As the surgical proce-
dure progresses and a current blood loss trend is generated,
the selected data set(s) may be further sub selected or
re-selected based upon one or more data points or ranges of
the current blood loss trend to provide a predicted future
trend. This may be depicted as an upper and/or lower limit
extrapolated from the current blood loss value on a 2D
graph, and may be in the form of tracings, or an area/band
plot, for example. The area/band plot may have a generally
conical or otherwise widening shape from the current blood
loss value and time point, toward the later future time points.
[0030] In other examples, one or more selected compara-
tive data set(s) may be directly provided on the display 12
on a graph, either simultaneously with the current blood loss
trend, or alternating on the display in an automated fashion
or as selected by the user. Further details of the method are
provided below.

[0031] As shown in FIGS. 1B to 1E, a method S100 for
projecting blood loss of a patient during a surgery includes:
collecting a series of digital photographic images of a set of
bloodied containers or blood retention structures during the
surgery in Block S110; for each bloodied container in the set
of bloodied containers, estimating a quantity of a blood
component in a bloodied container based on color values of
pixels in the corresponding digital photographic image of
the bloodied container in Block S120; rendering a plot of
blood component loss by the patient within a user interface
based on blood component quantity estimates for the set
bloodied containers in Block S130 of FIG. 1C; matching the
plot of blood component loss by the patient with an historic
blood component loss period of a reference surgery in Block
S140 of FIG. 1D; extending the plot of blood component
loss by the patient in the user interface into a future time with
blood component loss data from the reference surgery in
Block S150 of FIG. 1E; and rendering markers for an action
and an event occurring during the reference surgery with the
plot of blood component loss by the patient in the user
interface in Block S160.

2. Applications

[0032] As noted previously, generally, the method S100
can be implemented by a local computing device or by a
remote computer system to merge real-time patient blood
loss data during a surgery with historic blood loss data from
reference surgeries to predict future blood loss of the patient
and to identify actions that may positively or negatively
impact patient blood loss and the overall success of the
procedure. The blood loss data for a current operation can
thus be shown with a future blood projection extracted from
blood loss data of a similar past surgery or group of
surgeries, as well as with relevant actions and projected
outcome data for the surgery based on results of the past
surgery. In particular, the method S100 can be executed
locally or remotely during a surgery: to extract blood com-
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ponent loss information from images of various blood
containers or blood retention structures, such as one or more
surgical suction canisters and one or more surgical textiles
(e.g., surgical gauze sponges, surgical dressings, surgical
towels); to aggregate blood component loss data for the
patient into total changes in the patient’s circulatory system
throughout the surgery; to match changes in the patient’s
circulatory system during the surgery to circulatory changes
occurring in patients during reference surgeries; to forecast
future changes in the patient’s circulatory system and the
effect of various actions on the patient’s circulatory system
during the surgery based on data from the matched reference
surgeries (e.g., rather than based solely on a trajectory or
slope of current changes in the patient’s circulatory system);
and to present these forecast and action data to a user (e.g.,
a nurse, surgeon, anesthesiologist) in real-time during the
surgery, such as by rendering these data on a tablet or on a
standalone digital display arranged within the operating
room.

[0033] One or more blocks of the method S100 can be
executed by a cloud-based computer system, a mainframe
computer system, a grid-computer system, or any other
suitable computer system. In one implementation, Blocks of
the method S100 are implemented by a handheld (e.g.,
mobile) computing device, such as by a smartphone or tablet
computer executing a native blood component analysis
application and installed within an operating room or other
surgical setting. In this implementation, a camera integrated
into the computing device captures images of a bloodied
surgical suction canister and/or bloodied surgical textiles
(hereinafter “bloodied containers™), and a processor inte-
grated into the computing device executes Blocks S110 and
S120 of the method S100 to transform these images into
blood component concentration values, fluid volume values,
and/or blood component amounts (e.g., masses, volumes) in
each blooded container. Additionally or alternatively, the
computing device can communicate with a remote server,
such as over the Internet via a wireless connection, and the
remote server can perform various Blocks of the method
S100—including accessing a remote database of blood
component loss data from reference surgeries—before trans-
mitting blood component loss plots, blood component loss
projections, surgical action markers, and surgical event
markers back to the computing device for visual and/or
audible presentation to a user. For example, the local com-
puting device can also include or can be coupled to a digital
display and can render a user interface—including blood
component loss plots, blood component loss projections,
surgical action markers, and/or surgical event markers—for
review by a user throughout the surgery. Alternatively,
Blocks of the method S100 can be executed by a standalone
blood management system, such as a standalone blood
management system including a surgical suction canister
stand, a camera, a camera stand supporting the camera
adjacent the surgical suction canister, a digital display, local
memory, and/or a processor executing various

[0034] Blocks of the method S100.

[0035] The method S100 is described generally for track-
ing and projecting future loss of red bloods cells (RBCs) by
a patient. However, the method S100 can additionally or
alternatively track and project loss of whole blood, hemo-
globin, platelets, plasma, and/or other components of blood.
Furthermore, the method S100 is described generally as
matching RBC loss by the patient to RBC losses in reference
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surgeries to project future RBC loss by the patient. However,
as described below, the method S100 can additionally or
alternatively track and project the patient’s total estimated
blood loss (“EBL”), deviation from euvolemia, and/or
changes in the patient’s intracirculatory hematocrit, etc.

3. Image Processing

[0036] Block S110 of the method S100 recites collecting
a series of digital photographic images of a set of bloodied
containers during the surgery; and Block S120 of the method
S100 recites, for each bloodied container in the set of
bloodied containers, estimating a quantity of a blood com-
ponent in a bloodied container based on color values of
pixels in the corresponding digital photographic image of
the bloodied container. Generally, a local or remote com-
puter system executing Block S110 and S120 of the method
S100 can implement methods and techniques described in
U.S. Pat. Nos. 8,792,693 and 8,983,167, which are each
incorporated in their entirety by this reference, to capture
and transform images of surgical textiles and surgical suc-
tion canisters, respectively, into RBC content (e.g., mass,
volume) estimates. For example, in Block S120, a computer
system can collect an image of a surgical textile from an
integrated or external camera and can then implement tem-
plate matching techniques to match a portion the image
corresponding to the surgical textile to a template image of
a surgical textile of known RBC content. Similarly, in Block
S120, the computer system can implement template match-
ing techniques to match a color of a pixel cluster in a portion
of an image corresponding to a surgical suction canister to
a template color corresponding to known RBC concentra-
tion, and the computer system can then implement edge
detection techniques to identify the fluid level in the canister,
transform this fluid level into a fluid volume, and then
combine this fluid volume with the RBC concentration to
estimate the RBC content of the canister. Alternatively, the
computer system can apply parametric models to images of
surgical textiles and/or to images of surgical suction canis-
ters to transform color values of pixels or pixel clusters in
such images into RBC content and/or concentration values.
[0037] InBlock S120, the computer system can store both
the RBC content estimate and a time of the blood component
content estimate in local or remote memory. For example,
the computer system can tag an RBC content estimate with
a time that an image of the corresponding bloodied container
was captured. The computer system can also tag the blood
component content estimate with a type of the bloodied
container, such as with a “suction canister,” “surgical
towel,” “surgical sponge,” or “surgical drape” tag.

4. Patient RBC Loss Plot

[0038] Block S130 of the method S100 recites rendering a
plot of blood component loss by the patient within a user
interface based on blood component quantity estimates for
the set bloodied containers. Generally, in Block S 130, the
computer system aggregates RBC content estimates calcu-
lated from a series of images of various bloodied containers
captured during the surgery (i.e., “discrete Blood loss
events”) and generates a digital plot (e.g., two-dimensional
plot) of patient RBC loss during the surgery from these
discrete Blood loss events. In particular, the computer sys-
tem sum total RBC counts from blooded surgical textiles and
can update an RBC count for a surgical suction canister as
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the canister fills will fluid and is reimages throughout the
surgery to calculate total RBC to maintain a current estimate
of total RBC loss by the patient.

[0039] The computer system can update the total patient
RBC loss estimate in response to generation of a RBC
content estimate from each subsequent image of a bloodied
canister captured during the surgery (i.e., “blood loss
event”). The computer system can store each new total
patient RBC loss with a time of the corresponding Blood
loss event and then generate a point cloud of total patient
RBC loss during the surgery up to the current time, wherein
each point in the point cloud defines a total estimated patient
RBC loss at a particular time. (The computer system can
additionally or alternatively collect patient RBC loss data
entered manually by a user, by interfacing with volume
and/or fluid quality sensors integrated into a surgical textile
cell salvage centrifuge, and/or by interfacing with volume
and/or fluid quality sensors integrated into a surgical suction
canister.)

[0040] In one implementation, the computer system also
accounts for intravenous RBC infusions into the patient
during the surgery. In particular the computer system can
track volumes or masses RBCs infused back into the patient
and subtract these masses or volumes of RBCs from the total
estimated patient RBC loss. In one example, a user (e.g., a
nurse, an anesthesiologist) enters infusion information—
such as infusion rate, infusion start time, and total infusion
volume—for an allogeneic blood transfusion in the user
interface. In this example, the computer system combines
these infusion data with a default hematocrit (Ht) (e.g.,
42.5%) for the infusion volume, reads a Ht value from a
barcode or other symbol(s) on a blood infusion bag con-
taining the infusion volume, or prompts the user to enter a
result of a Ht spin down test of a sample from the infusion
volume. In another example, the computer system prompts
the user to enter into the user interface a volume or mass of
salvaged RBCs and a volume of saline (or plasma, etc.)
mixed with the salvaged RBCs prior to infusion back into
the patient and calculate a Ht of the infusion volume
accordingly. In this example, the computer system can also
prompt the user to enter a start time and an infusion rate of
the salvaged RBCs; alternatively, the computer system can
sample a flow sensor coupled to an infusion bag to determine
a flow rate of the infusion.

[0041] The computer system can then combine the flow
rate, Ht, infusion start time, total fluid volume, and/or total
RBC mass or volume for the infusion to track a mass or
volume of RBCs infused into the patient’s circulatory sys-
tem over time and can subtract a mass of volume of infused
RBCs from RBC estimates for sequential Blood loss events
to calculate a total RBC loss for the patient. For example,
during an infusion of a volume containing RBCs, the com-
puter system can: integrate the infusion rate over a period of
time between a preceding Blood loss event and a new Blood
loss event to estimate the infused volume for the period of
time; transform the infused volume into a RBC volume for
the period of time based on the Ht of the infused volume; and
subtract the RBC volume from new the blood loss event to
calculate a total RBC loss for the patient up to the current
time.

[0042] When generating a plot of RBC In Block S130, the
computer system can also shift a discrete blood loss events
in time to compensate for lag between collection of blood in
the corresponding container and estimation of the corre-
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sponding image to estimate the RBC content of the corre-
sponding container. In one implementation, the computer
system can apply a static default lag for particular types of
bloodied containers. For example, an average delay of two
minutes may occur between initial use of a surgical textile
to collect blood from within or around a patient processing
of an image of the surgical textile to estimate its RBC
content; the computer system can therefore compensate for
this delay by shifting blood loss events for surgical textiles
back in time by two minutes from the time a corresponding
image is processed. Alternatively, the computer system can
apply a dynamic lag time for each type of bloodied con-
tainer, such as based on: historical lags times for a type of
the current surgery; a lag time history of a surgeon, nurse,
and/or anesthesiologist on duty in the operating room; etc.
Yet alternatively, the computer system can prompt a user to
enter lag time for each bloodied container imaged during a
surgery and then apply these manual lag estimates to each
corresponding blood loss event to generate a plot of patient
RBC loss.

[0043] In Block S130, the computer system can therefore
plot total estimated RBC change in the patient’s circulatory
system by summing RBC losses and additions for each
blood loss event during the surgery. The computer system
can also interpolate blood loss values between adjacent
points in the RBC loss plot to generate a smooth (e.g.,
contiguous) RBC loss curve, as shown in FIGS. 3A and 3B,
for example. The computer system can smooth the raw RBC
loss plot in FIG. 3A by applying a moving average, locally
weighted linear regression, spline smoothing, a Kalman
filter, a Gaussian kernel, or any other smoothing method
technique, to generate the smoothed or processed RBC loss
plot depicted in FIG. 3B.

4. Matching

[0044] Block S140 of the method S100 recites matching
the plot of blood component loss by the patient with an
historic blood component loss period of a reference surgery.
Generally, the computer system can execute Block S140 to
match the trajectory of the patient’s RBC loss to a trajectory
of RBC loss by a patient in a reference surgery of known
outcome. In particular, the computing device accesses a
database of historic RBC loss periods generated as described
above during historic surgeries (or “reference surgeries”)
and compares these reference surgeries to all or a portion of
the current patient RBC loss plot to identify one or a limited
number of similar historic blood loss periods. For example,
in Block S140, the computer system can compare the whole
RBC loss plot of the current surgery to whole reference
surgeries stored in a surgical database. Alternatively, the
computer system can compare only a portion of the refer-
ence surgery of the current surgery, such as the previous five
minutes of the current surgery, to sections of reference
surgeries of similar length stored in the surgical database.

[0045] In one implementation, the computer system
executes template matching techniques to match the current
patient RBC loss plot to a reference surgery. In this imple-
mentation, the computer system can translate a segment
(e.g., the most-recent five minutes) of the current patient
RBC loss plot into a virtual image on a standard time and
RBC volume (or mass) scale. The computer system can then
execute template matching techniques to identify a portion
of a virtual image of a reference surgery that substantially
matches the virtual image of the segment of the current RBC
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loss plot. For example, the computer system can scan the
virtual image of the segment of the current RBC loss plot in
time across virtual images of reference surgeries until one or
a threshold number of matches are identified.

[0046] In another implementation, the computer system
calculates a linear, quadratic, exponential, logarithmic, or
other best-fit trend line for a segment (e.g., a most-recent
five minutes) of the current RBC loss plot and compares this
best-fit trend line to best-fit trend lines of segments of
reference surgeries to identify one or more reference surgery
matches. In this implementation, the computer system can
shift or scale the trend line for current RBC loss plot in time
or in magnitude to map the current RBC loss plot to a
reference surgery (or vice versa), such as by a maximum
shift of two minutes, by a time scaling factor between 90%
and 110%, and by a magnitude scaling factor between 95%
and 105%.

[0047] In another implementation, in Block S 140, the
computer system calculates distances between the current
RBC loss plot and reference surgeries of reference surgeries
to select one or more matches. In one example, if thirty
minutes have elapsed in the current surgery and with a
current cumulative RBC loss of 100 mL and 90 mL of RBC
volume was lost during a thirty-minute period in a reference
surgery, then the computer system can calculate an absolute
difference distance metric of 10 mL for the current and
reference surgeries. In another example in which the com-
puter system compares RBC volume per unit of surgical
textile, if three surgical textiles containing 10 ml, 20 mL,
and 40 mL of RBC volume were used during the current
surgery and if three surgical textiles containing 10mlL,
30ml, and 35mL of RBC volume were used during a
reference surgery, then the computer system can calculate an
absolute difference distance metric of 15 mLL RBC loss for
the current and reference surgeries. In this example, the
computer system can also weight the sum of differences in
RBC loss between the current and reference surgeries based
on a timestamp and/or measurement index. In this imple-
mentation, in Block S140, the computer system can also
compare one or many approximate derivatives of the cumu-
lative RBC loss, such as based on locally-weighted regres-
sion or convolution with a linear filter, to calculate a
difference between the current surgery and a reference
surgery. In another example, in Block S140, the computer
system can calculate an Earth Mover’s Distance between
blood loss events in the current surgery and blood loss
events in a reference surgery. Similarly, the computer system
can apply a Needleman-Wunsch algorithm and/or a
Dynamic-Time-Warping algorithm to match the RBC loss
plot from current surgery to a RBC loss period of a reference
surgery. In this example, the computer system can align a
RBC loss period of a reference surgery to the RBC loss plot
of the current surgery by adding gaps to one or both
sequences and then calculate a weighted Euclidean distance
(or a l-norm distance, a p-norm distance, or a cosine
distance) between parameter vectors for the current and
reference surgeries. In this implementation, in Block S140,
the computer system can then select one or a limited number
of reference surgeries exhibiting a minimal distance from
the current surgery. In Block S140, the computer system can
additionally or alternatively weight reference surgeries
based on corresponding distances from the current RBC loss
plot, such as by plugging reference surgery distances into a
Gaussian kernel.
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[0048] In the foregoing implementation in which the com-
puter system implements a Needleman-Wunsch-based algo-
rithm to match the current surgery to a reference surgery in
Block S140, the computer system can insert gap into blood
loss sequences for the current and/or reference surgeries to
account for asynchronicity between the current and refer-
ence surgeries, such as to account for paused or delays in
blood loss data collection during a reference surgery. The
computer system can then manipulate such gaps to choose a
point in a matched reference surgery at which the “future”
begins and then apply an x-offset to this “future” point of the
reference surgery before rendering blood loss data from the
reference surgery with blood loss data from the current
surgery in Block S150. The computer system can similarly
apply a y-offset to blood loss data from the reference surgery
to match a RBC loss volume of the matched reference
surgery to the RBC loss volume of the current surgery in
Block S150. For example, for a reference surgery exhibiting
a low distance metric due to a curve shape very similar to
that of the current surgery but exhibiting a y-intercept that
differs significantly from that of the current surgery, the
computer system can implement curve-fitting parameters to
add a y-offset to blood loss data from the reference case to
better match the current RBC loss volume of the current
surgery prior to displaying blood loss data from both the
current and the matched reference surgeries in Block S150.

[0049] The computer system can thus select a single
reference surgery or a minimum number of (e.g., two)
reference surgeries that best match(es) the selected segment
of the current reference surgery, such as shown in FIG. 1.
Similarly, the computer system can select all reference
surgeries that deviate from the current RBC loss plot by less
than a threshold degree (e.g., 5%) over the duration of the
processed segment of the current RBC loss plot.

[0050] In one implementation, in Block S140, the com-
puter system flags one or more trigger events in the current
RBC loss plot and compares the time, magnitude and/or type
of the trigger event to trigger events of reference surgeries
to identify one or more matches for the current RBC loss
plot. For example, the computer system can flag: a time in
the current RBC loss plot at which an RBC volume greater
than a threshold RBC volume is lost by the patient; a time
at which the patient exhibits greater than a threshold rate or
RBC loss or exhibits a rapid increase or decrease in rate of
RBC loss; a time at which the patient’s intracirculatory Ht
drops below a threshold Ht, as described below; a time at
which the patient’s volemic status deviates from euvolemia
by more than a threshold deviation, as described below); a
time at which an autologous or allogeneic blood infusion is
initiated); a time at which a saline infusion is initiated; time
of identification of a further patient complication; a time at
which the patient enters cardiac arrest; at time at which the
surgery is completed; and/or a time of any other measurable
or identified surgical event.

[0051] In the foregoing implementation, the computer
system can then match the current reference surgery to one
or a limited number of reference surgeries by comparing
trigger events between the current RBC loss plot and refer-
ence surgeries. For example, the computer system can
identify a set of reference surgeries characterized by a
similar set, order, and/or magnitude of trigger events and can
then match the current RBC loss plot to one or a subset of
the set of reference surgeries by implementing template
matching or parametric techniques, as described above. The
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computer system can additionally or alternatively identify a
primary trigger event in the current RBC loss plot and
process only a segment of the current RBC loss plot suc-
ceeding the trigger event (inclusive or exclusive) for match-
ing to reference surgeries. The computer system can also
limit comparisons of the segment of the current RBC loss
plot to segments of reference surgeries preceded by similar
trigger events (e.g., trigger events of similar types and/or
magnitudes).

[0052] In Block S140, the computer system can also filter
out historic RBC loss periods—such as from a database of
reference surgeries—to remove from consideration refer-
ence surgeries that may be substantially unrelated to the
current RBC loss plot and to prioritize reference surgeries
for comparison to the current RBC loss plot. For example,
the computer system can filter reference surgeries by patient
demographic, such as age, gender, weight, and/or medical
history of the patient. The computer system can filter refer-
ence surgeries by surgery type, surgeon, hospital, operating
room, time of day, location or region, and/or any other
parameter.

[0053] The computer system can also normalize the cur-
rent RBC loss plot to similarly-normalized reference sur-
geries. For example, prior to comparing a segment of the
current RBC loss plot to reference surgeries, the computer
system can shift RBC loss magnitudes, relative timings of
blood loss events, and/or thresholds definitions for trigger
events, etc. based on patient demographic and/or other
surgical parameters

5. Blood Loss Projection

[0054] Block S150 of the method S100 recites extending
the plot of blood component loss by the patient in the user
interface into a future time with blood component loss data
from the reference surgery; and Block S160 of the method
S100 recites rendering markers for an action and an event
occurring during the reference surgery with the plot of blood
component loss by the patient in the user interface. Gener-
ally, the computer system can execute Blocks S150 and
S160 to project future RBC loss of patient, subsequent
trigger events, and an outcome of the surgery based on one
or more matched reference surgeries and to present these
projections in real-time through a user interface for review
by a user (e.g., a nurse, a surgeon, an anesthesiologist).

[0055] In one implementation, the computer system plots
RBC loss data for the patient during the current surgery up
to a most-recent blood loss event (i.e., the “current RBC loss
plot”) in Block S140 and then extends the current RBC loss
plot with RBC loss data from a matched reference surgery
(hereinafter “plot extension™) in Block S150. The computer
system can also insert—into the plot extension—markers for
significant actions and events recorded during the corre-
sponding reference surgery in Block S160. For example, the
computer system can retrieve intravenous infusion data for
the reference surgery associated with the plot extension,
such as: infusion volume flow rates; infusion start and stop
times; total infusion volume; infused fluid type including
colloids (e.g., allogeneic or autologous blood or blood
components), crystalloids (e.g., saline, an anti-clotting
agent, lactated Ringer’s solution), and/or volume expanders;
cell salvage start time, preparation time, and salvaged vol-
ume; and/or infused fluid quality (e.g., Ht, chemical com-
position), etc. In this example, the computer system can then
add to the plot extension—extending from the current RBC
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loss plot for the current surgery—markers for infusion
events that occurred during the reference surgery. In another
example, the computer system can retrieve data for surgical
events that occurred during the reference surgery, such as
rapid changes in patient RBC loss rate, identification of
other patient complications, cardiac arrest, or completion of
the surgery; and the computer system can add markers for
such surgical events into the plot extension for the current
surgery. In yet another example, the computer system can
add a marker or a note to the tail of the plot extension based
on a final outcome and/or post-operative data from reference
surgery, such as: the success of the reference surgery (e.g.,
whether a repeat surgery was necessary, whether the patient
died or developed further complications); patient recovery
time after the reference surgery (e.g., inpatient or outpatient
recovery duration); total cost of the reference surgery; total
time of the reference surgery; total volume of infused
allogeneic blood during the reference surgery; the total
amount (e.g., mass, volume) of salvaged RBCs or ratio of
salvaged to abandoned RBCs during the reference surgery;
etc.

[0056] Therefore, as in the previous examples, the com-
puter system can augment real patient RBC loss data from
the current surgery with RBC loss data from a reference
surgery, including the time and magnitude of blood loss
events, infusion-related actions, and other actions and events
that occurred during the reference surgery.

[0057] As shown in FIG. 1, the computer system can also
render multiple plot extensions—from RBC loss periods
from multiple reference surgeries—with the RBC loss plot
for the current surgery in Block S150, and the computer
system can add one or more event markers, action markers,
and/or final outcome markers to each plot extension, as
described above, in Block S160. For example, the computer
system can add four plot extensions corresponding to four
distinct reference surgeries, wherein the four plot extensions
(approximately) intersect the final point in RBC loss plot for
the current surgery but divert into distinct outcomes. In this
example, the computer system can add action, event, and
outcome markers to each of the four plot extensions to
provide dynamic and real-time insight into the effect that
various types and times of actions may affect the type and
times of surgical events during the current surgery and the
final outcome of the surgery. A surgeon, nurse, or anesthe-
siologist can therefore review the current RBC loss plot, the
various plot extensions, and the markers inserted into the
plot extensions to predict future patient RBC losses of the
patient, to determine which actions to take and which to
avoid, and when to take various actions (cell salvage, saline
infusion) during the surgery.

[0058] In one variation, the computer system also selects
a preferred plot extension (or a preferred subset of the
rendered plot extension) from a matched reference surgery,
such as based on total RBC loss across the plot extension or
based on a final outcome of the corresponding surgery (e.g.,
success, total transfused blood volume, and/or total time of
the reference surgery, etc.). In this variation, the computer
system can highlight the preferred plot extension in the user
interface and/or trigger (audible and/or visual) prompts
during the surgery to execute actions to maintain (or better)
the pace of the preferred plot extension. In particular, the
computer system can correlate an action in the reference
surgery with a positive event occurring during the reference
surgery or a positive outcome of the reference surgery, and
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the computer system can serve—to the operating room
during the current surgery—a prompt for an action exhib-
iting a strong correlation to a positive event or to a positive
outcome in the reference surgery. In various examples, the
computer system can serve and audible and vision prompt to
the operating room to initiate a saline infusion, to prepare for
cell salvage, to retrieve allogeneic blood, and to initiate a
blood infusion at a particular infusion rate, etc. based on
times of similar action markers noted in the preferred plot
extension.

[0059] In this variation, the computer system can similarly
identify an undesirable plot extension for a matched refer-
ence surgery and can deliver a prompt during the current
surgery to avoid a particular action (or to avoid a particular
action at a particular time or within a particular time
window) for an action exhibiting a strong correlation to a
negative event during the reference surgery or to a negative
outcome of the reference surgery.

[0060] In Block S150, the computer system can addition-
ally or alternatively plot RBC loss data from matched
reference surgeries over a duration of the plot between the
start time of the current surgery to the current time, as shown
in FIG. 5. In one implementation, the computer system
renders the RBC loss plot for the current surgery with RBC
loss data from reference surgeries up to a reference time
(corresponding to the current time in the current surgery),
such as to provide a real-time visual comparison between the
current surgery and previous surgeries. For example, the
computer system can render RBC loss data from one or more
reference surgeries on the same plot as RBC loss data from
the current surgery. The computer system can also render
both a vertical “lane plot” including an estimated current
cumulative total RBC loss for the current surgery and a
histogram of cumulative RBC loss at the current time or at
a current container index (i.e., a count of used surgical
textiles, as described below) for the current surgery. Fur-
thermore, the computer system can compute and display a
“bleeding index” metric, such as a percentile of the current
cumulative RBC loss of the patient relative to a cumulative
RBC loss at the same time and/or at the same container
index for one or more reference surgeries. In this imple-
mentation, the computer system can also align RBC loss
data in the time domain or in the container index domain
such that RBC loss data at a particular time in the current
surgery is compared to RBC loss data from a different time
in a reference surgery, such as by implementing a Needle-
man-Wunsch or Dynamic Time Warping algorithm.

[0061] In Block S150, the computer system can addition-
ally or alternatively render a bleeding rate metric, such as to
provide additional visual feedback related to the rate of
blood loss (or RBC mass or volume) by the patient. For
example, the computer system can render an instantaneous
bleeding rate (i.e., a derivative), an overall average bleeding
rate (i.e., a current cumulative RBC loss volume (or mass)
divided by a time duration or container index sum for the
current surgery), an average bleeding rate over the last n
seconds or over the last n container indexes, etc. In this
implementation, the computer system can apply locally
weighted linear regression, fit a linear trend line to the last
n points, apply a Sobel filter to the smoothed RBC loss plot,
and/or implement a Kalman filter including a bleeding rate
in its hidden state, etc.
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6. Volemic Status Projection

[0062] In one variation, the computer system implements
similar methods and techniques to: track a volemic status
(e.g., deviations from euvolemia) of the patient; generate a
patient volemic status plot for the current surgery based on
blood loss events and infusion events during the surgery;
match the volemic status plot for the current surgery to a
volemic status plot from a reference surgery; and extend the
volemic status plot for the current surgery with volemic
status data from the matched reference surgery.

[0063] Inthis variation, the computer system can track the
patient’s volemic status over time by transforming blood
loss and transfusion events into deviations from euvolemia.
For example, before or at the beginning of the surgery, the
computer system can estimate the initial circulatory volume
of the patient based on the patient’s age, weight, gender, or
other demographic. In this example, the computer system
can also estimate the total circulatory fluid loss for each
blood loss event by combining a measured or estimated Ht
value of the patient at or around the time of the blood loss
event with the RBC volume (or mass) estimate for the
bloodied container corresponding to the blood loss event and
then update the estimate circulatory volume of the patient by
subtracting the circulatory fluid loss estimate for each sub-
sequent blood loss event from a last patient circulatory
volume estimate (beginning with the initial circulatory vol-
ume). The computer system can also estimate a volume of
the total circulatory volume of the patient that is naturally
absorbed out of the patient’s circulatory system between a
previous blood loss event and a current blood loss event—
such as based on a static circulatory absorption rate and a
duration between the blood loss events—and then subtract
this volume from the total estimated patient circulatory
volume for the current blood loss event. The computer
system can also track volumes of fluids infused into the
patient during the surgery and update the estimated circu-
latory volume of the patient accordingly.

[0064] The computer system can then calculate a differ-
ence between the initial circulatory volume (or the preferred
circulatory volume of the patient) and the estimated circu-
latory volume of the patient after each blood loss event to
calculate a volemic status of the patient for each blood loss
event. In this variation, the computer system: plots these
volemic statuses throughout the surgery; implements tem-
plate matching and/or parametric techniques to identify one
or more reference surgeries characterized by similar volemic
status changes over time, as described above; extends the
patient volemic status plot for the current surgery with
volemic status data from the reference surgery; adds markers
to the volemic status plot extension; and renders these data
substantially in real-time during the current surgery, such as
described above.

7. Hematocrit Projection

[0065] In one variation, the computer system implements
similar methods and techniques to: track the patient’s hema-
tocrit (Ht) based on blood loss events and infusion events
during the surgery; generate a patient Ht plot for the current
surgery; match the Ht plot for the current surgery to a Ht plot
from a reference surgery; and extend the Ht plot for the
current surgery with Ht data from the matched reference

surgery.
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[0066] In this variation, the computing device can trans-
form the RBC loss plot for the current surgery into a
hematocrit (Ht) plot for the patient based: on an initial Ht of
the patient at the start of the surgery; infusion volumes, rates,
and fluid qualities; and/or estimated circulatory absorption
rate of the patient. For example, the computer system can
retrieve an initial Ht measurement for the patient manually
entered by a nurse at the start of the surgery, or the computer
system can predict an initial Ht of the patient based on the
patient’s demographic (e.g., 40% Ht for a female patient,
45% Ht for a male patient). The computer system can then
estimate the patient’s Ht for each subsequent blood loss
event based on: the preceding Ht estimate; an estimated
change in the patient’s circulatory volume since the last
blood loss event, including saline infusions, which may
reduce Ht, and allogeneic and autologous blood infusions,
which may increase or decrease patient Ht depending on
relative Ht of the infused volume. In this example, the
computer system can apply a default estimated Ht for
volumes of transfused allogeneic blood (e.g., 42.5%) or read
an Ht value from a barcode applied to the blood infusion
bag. For autologous blood infusions, the computer system
can prompt a user to enter a volume or mass of recycled
RBCs and a volume of saline (or other fluid) mixed with the
recycled RBCs in preparation for infusion. From these data,
the computer system can calculate the patient’s Ht at dis-
crete blood loss events throughout the surgery.

[0067] In this variation, the computer system then: plots
these Ht values over time; implements template matching
and/or parametric techniques to identify one or more refer-
ence surgeries characterized by similar Ht changes over
time, as described above; extends the patient Ht plot for the
current surgery with Ht data from the reference surgery;
adds markers to the Ht plot extension; and renders these data
substantially in real-time during the current surgery, such as
described above.

[0068] In the foregoing variations, the computer system
can present various distinct plots to a user during the surgery,
such as one RBC loss plot, one volemic status plot, one Ht
loss plot, and/or one cumulative blood volume loss plot. The
computer system can also combine two data types (e.g.,
RBC loss data and volemic status data) into a single virtual
graphic and then render this virtual graphic on a display
within the operating room for review by a user. The com-
puter system can also the current surgery to a reference
surgery based on multiple distinct data types, such as
volemic status and Ht.

[0069] The computer system can also store RBC loss data,
volemic status, Ht data, surgical actions surgical activities,
and/or surgery results, etc. of the current surgery in the
database of reference surgeries for matching to a subsequent
surgery, such as according to the method and techniques
described above.

8. Surgical Textiles

[0070] In one variation of the method, the computer sys-
tem tracks RBC (or hemoglobin or whole blood) content in
each of a contiguous sequence of surgical textiles (e.g., five
surgical textiles) used during the current surgery, generates
a plot of cumulative RBC content in the contiguous
sequence of surgical textiles for the current surgery, and
matches the RBC content plot for the current surgery to the
RBC content plot of one or more reference surgeries (i.e.,
reference surgeries), such as by implementing methods and
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techniques described above. The computer system then
incorporates RBC loss data from one or more matched
reference surgeries to the RBC content plot of the current
surgery in Block S150, as shown in exemplary FIGS. 4, 5,
6, 7, and 8.

[0071] FIG. 4, for example, depicts the current cumulative
estimated blood loss over a sponge count, rather than over
time, but could also be depicted over time. The computer
system may provide a display 400 that includes the current
surgical procedure depicted as thickened line 402, while one
or more reference cases may be depicted as thinner lines
404. In this plot, each scanned sponge represents one count,
but in other embodiments, a plurality of different blood
retention structures may be normalized or transformed into
equivalent count values. The display 400 may optionally
include a plot 406 of the moving average or cumulative
average of the current surgical procedures and the references
surgical procedures may also be provided

8. Confidence Interval

[0072] As noted above, in the variation of the methods in
which the computer system processes blood loss events over
time, the computer system can aggregates reference surger-
ies from a set of matched reference surgeries into a range of
RBC loss volumes for each blood loss event—up to a current
time—in the current surgery. The computer system can also
aggregate reference surgeries from the set of matched ref-
erence surgeries into a range of projected RBC loss volumes
for a future period of time during the surgery. For example,
in Block S150, the computer system can generate a confi-
dence interval history for RBC loss data from the reference
surgeries over the current duration of the surgery and into
the future and then plot RBC loss bounds of this confidence
interval history over time for alongside RBC loss data over
time for the current surgery in Block S150.

[0073] The confidence intervals may be calculated in a
number of ways. In one example, if a non-parametric
prediction method used, the confidence interval can be based
on the statistics of known curves or data sets in the database
that are similar to the available curve or data of the current
surgical procedure. For example, if the prediction is an
average of the K nearest neighbors, then the confidence
interval could be an exemplary interval of two standard
deviations, i.e. 1.96 standard deviations around that average,
or it could literally be a confidence interval of the sample
mean of the K neighbors (i.e. based on a t-distribution). In
other variations, a different number of standard deviations
may be used, e.g. +0.55 D, £1 SD, 1.5 SD, for example. In
another example, if the nonparametric method uses a kernel
to get a weighted average, those same kernel weights could
be used to compute the statistics for the confidence interval.
In still another example, if a parametric prediction method
is being used, then the confidence interval of the fitted model
could be used to compute the confidence of the prediction.
For example, if a probabilistic method such as a Kalman
filter is being used, then the probability distribution of the
hidden state could be used to compute a probability distri-
bution over the predictions, and the confidence interval
could be the middle 95% probability mass of that distribu-
tion. In another embodiment, where a formula is being fitted
to past estimated blood loss measurements, then standard
statistical methods could be used to compute a confidence
interval around the fitted line. In addition, for any prediction
method being used, the accuracy of that method could be
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directly evaluated and used to compute a confidence inter-
val. For example, a holdout set could be designed specifi-
cally to measure the bias and standard deviation of the
prediction errors, which in turn could be used to construct an
interval around any prediction. Or during an ongoing case,
prediction errors from the past could be used to compute a
confidence interval for the future (e.g. if N measurements
have been taken, then predict the last K points from the first
N-K points and use those prediction errors for a confidence
interval). Finally, a confidence interval formula could be
explicitly learned from a large amount of data, using stan-
dard machine-learning techniques.

[0074] FIG. 5 depicts another metric or plot that is option-
ally provided. Here, the display 500 simultaneously depicts
the cumulative estimated blood loss and the number of
sponges of the current case 502 and the reference cases 504,
indexed to the current time point of the current case. Thus,
the reference case 504 tracing are revealed over time as the
current time progresses.

[0075] FIG. 6 depicts another example of a display screen
600, which also simultaneously depicts the cumulative esti-
mated blood loss and the number of sponges or other unit
measure of the current surgical procedure 602, but instead of
depicting the corresponding reference case tracings as in
FIG. 5, a shaded region 604 is provided to show the
confidence interval of the predicted future estimated blood
loss, which is described in greater detail below. FIGS. 7 and
8 illustrate display screens 700, 800 also simultaneously
depicting the cumulative estimated blood loss and the num-
ber of sponges, but for different current surgical procedures
702, 802 that have a higher relative blood loss, and a lower
relative blood loss, respectively, with corresponding confi-
dence interval regions 704, 804, but at a different time point
than that depicted in FIG. 6.

[0076] Alternatively, the computer system can generate a
prediction range for RBC loss from a current time in the
surgery into the future based on RBC loss data from multiple
reference surgeries matched to the current surgery. For
example, in FIG. 2A, the computer system can calculate and
provide a display 200 of a 95% limits-of-agreement range
(or other percentage range) according to a weighted standard
deviation for the reference surgeries matched to the current
surgery and then plot this range extending from the RBC
loss at the current time in (or most recent blood event of) the
current surgery, as shown in FIG. 2A. The thickened solid
line 202 depicts the current surgical procedure from the start
of the procedure to the current time, while the dashed
thickened line 204 depicts the predicted blood loss for a
period of time in the future, which is 90 minutes in the
exemplary embodiment, but could be a different size time
period from 5 minutes to 5 hours, or greater, or until the
predicted end of the surgery. Thus, the estimates may
include both the final estimated blood loss, as well as interim
estimates of blood loss. The shaded region 206 in this
example is a 95% limits-of-agreement range using a
weighted standard deviation. The reference cases or data sets
selected from the database are depicted in the lighter dashed
lines 208. FIG. 2B depicts the same surgical procedure and
reference data, but redrawn to reflect the further passage of
time and additional measured blood loss.

[0077] In addition to depicting the cumulative estimated
blood loss over time, the time information associated with
the current and reference surgical procedures may also be
used to depicted, for example, the average bleeding rate over
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time, as shown in FIG. 2C, or the instantaneous bleeding
rate, as shown in FIG. 2D. The instantaneous bleeding rate
may be estimated as the slope from a locally weighted linear
regression.

[0078] Similarly, in the variation of the method in which
the computer system processes RBC losses (or Ht change,
volemic status change, cumulative blood loss, etc.) for each
of a contiguous sequence of surgical textile used during the
surgery, the computer system can aggregates RBC losses
from matched contiguous sequences of surgical textiles used
in reference surgeries into a range of cumulative RBC loss
volumes per surgical textile count up to a total number of
surgical textiles counted as used during the current surgery.
The computer system can also aggregate RBC losses from
the contiguous sequences of surgical textiles from reference
surgeries into a range of projected RBC loss volumes per
additional used surgical textile beyond the current count of
used surgical textiles in the current surgery. For example, in
Block S150, the computer system can generate a confidence
interval history for cumulative RBC loss data per additional
surgical textile from the reference surgeries for up to and
beyond the current number of surgical textiles used in the
current surgery and then plot RBC loss bounds of this
confidence interval history per additional surgical textile
unit alongside RBC loss data per additional surgical textile
unit for the current surgery in Block S150, as shown in
FIGS. 6, 7, and 8.

[0079] The systems and methods of the embodiments can
be embodied and/or implemented at least in part as a
machine configured to receive a computer-readable medium
storing computer-readable instructions. The instructions can
be executed by computer-executable components integrated
with the application, applet, host, server, network, website,
communication service, communication interface, hard-
ware/firmware/software elements of a user computer or
mobile device, wristband, smartphone, or any suitable com-
bination thereof. Other systems and methods of the embodi-
ment can be embodied and/or implemented at least in part as
a machine configured to receive a computer-readable
medium storing computer-readable instructions. The
instructions can be executed by computer-executable com-
ponents integrated by computer-executable components
integrated with apparatuses and networks of the type
described above. The computer-readable medium can be
stored on any suitable computer readable media such as
RAMs, ROMs, flash memory, EEPROMs, optical devices
(CD or DVD), hard drives, floppy drives, or any suitable
device. The computer-executable component can be a pro-
cessor but any suitable dedicated hardware device can
(alternatively or additionally) execute the instructions.
[0080] 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
embodiments of the invention without departing from the
scope of this invention as defined in the following claims.

What is claimed is:
1. A method of patient monitoring, comprising:

displaying on an estimate of real-time blood loss value for
a patient corresponding to a first time point of a current
surgical procedure;

displaying an updated estimate of real-time blood loss
value for the patient corresponding to a second time
point after the first time point; and
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displaying at least one reference blood loss value corre-
sponding to the first time point, the second time point,
or a third time point after the second time point.

2. The method of claim 1, wherein the set of reference
blood loss values is provided by selecting at least one data
set from a database of prior surgical procedures.

3. The method of claim 1, wherein the estimate of blood
loss and the updated estimate of blood loss are displayed
simultaneously on a monitor screen.

4. The method of claim 1, wherein the estimate of blood
loss and the updated estimate of real-time blood loss are
provided on a two-dimensional plot.

5. The method of claim 4, wherein the two-dimensional
plot depicts estimated blood loss over time.

6. The method of claim 4, wherein the set of reference
blood loss values are provided on the two-dimensional plot.

7. The method of claim 3, wherein displaying the set of
reference blood loss values comprises displaying at least one
blood loss tracing over time.

8. The method of claim 7, wherein each of the at least one
blood loss tracings are based upon a single historical surgical
procedure.

9. The method of claim 8, wherein displaying the set of
reference blood loss values comprises displaying a plurality
of database blood loss tracings over time.

10. The method of claim 6, wherein the set of reference
blood loss values are provided as at least one band plot on
the two-dimensional plot.

11. The method of claim 10, wherein the at least one band
plot comprises a plurality of nested confidence bands on the
two-dimensional plot.

12. The method of claim 6, wherein the estimate of
real-time blood loss and updated estimate of blood loss are
overlayed on the set of comparative blood loss values.

13. The method of claim 1, further comprising receiving
the set of reference blood loss values from a remote server.

14. The method of claim 1, further comprising selecting
the set of reference blood loss values based upon the surgical
procedure.

15. The method of claim 1, further comprising selecting
the set of reference blood loss values based upon one or
more patient factors.

16. The method of claim 15, further comprising selecting
the set of reference blood loss values based upon one or
more health condition or disease factors, or practice-based
factors.

17. The method of claim 16, wherein the set of reference
blood loss values are an average, median, mode or a range
of historical blood loss values from a plurality of prior
surgical procedures.

18. The method of claim 17, wherein each of the plurality
of prior surgical procedures are the same as the current
surgical procedure.

19. The method of claim 18, wherein the plurality of prior
surgical procedures are surgical procedures selected based
upon the n closest blood loss tracings based upon a curve-
of-best-fit to a current blood loss tracing that includes the
estimate of blood loss and the updated estimate of blood
loss.

20. The method of claim 19, wherein n is between 1 and
50.

21. The method of claim 19, wherein n is between 1 and
10.
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22. The method of claim 1, further comprising:

comparing the updated estimate of blood loss value to a

threshold value; and

displaying a message, different from the estimate of

real-time blood loss, the updated estimate of blood loss
and the set of comparative blood loss values, if the
threshold value is met or exceeded.

23. The method of claim 22, wherein the threshold value
is a time-dependent threshold value.

24. The method of claim 22, wherein the threshold value
is determined by the set of reference blood loss values.

25. The method of claim 22, wherein the message is a
clinical message indicating that a blood transfusion thresh-
old has been met.

26. The method of claim 22, wherein the message is a
clinical message indicating that a blood transfusion thresh-
old is estimated to be met at a future time point.

27. The method of claim 1, wherein the at least one
reference blood loss value is at least one predicted future
blood loss value corresponding to a third time point.

28. The method of claim 27, wherein the at least one
predicted future blood loss value comprises providing at
least two predicted future blood loss values, wherein one of
the least two predicted future blood loss values is a lower
limited predicted future blood loss value at the third time
point.

29. The method of claim 28, wherein displaying at least
one reference blood loss value corresponding to the first
time point, comprising displaying at least one predicted
future blood loss tracing that includes the at least one
predicted future blood loss value at the third time point.

30. The method of claim 27, wherein displaying at least
one predicted future blood loss value comprises displaying
a predicted future blood loss area plot that includes the at
least one predicted future blood loss value at the third time
point.

31. The method of claim 30, wherein the predicted future
blood loss area plot is bound by the updated estimate of
blood loss value at the second time point.

32. A patient monitoring system, comprising:

a camera configured to generate blood loss images from

a surgical procedure; and

one or more processors configured to:

display updated estimated blood loss information for at
least two time points on an information display,
wherein the estimated blood loss information is
generated from the blood loss images, and to

display reference blood loss information on the infor-
mation display, wherein the reference blood loss
information comprises a plurality of blood loss val-
ues over different time points of at least one different
surgical procedure.

33. The patient monitoring system of claim 32, further
comprising a display, provided in a housing with the camera.

34. The patient monitoring system of claim 33, wherein
the one or more processors are further configured to select
the plurality of blood loss values over different time points
of at least one different surgical procedure from a database
of prior surgical procedures.

35. The patient monitoring system of claim 32, wherein
the one or more processors are configured to simultaneously
display the updated estimated blood loss information and the
reference blood loss information on a monitor screen.
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36. The patient monitoring system of claim 35, wherein
the updated estimated blood loss information and the refer-
ence blood loss information are provided on a two-dimen-
sional plot.

37. The patient monitoring system of claim 36, wherein
the two-dimensional plot depicts estimated blood loss over
time.

38. The patient monitoring system of claim 36, wherein
the reference blood loss information is at least one blood loss
tracing over time.

39. The patient monitoring system of claim 35, wherein
the updated estimated blood loss information and the refer-
ence blood loss information are overlayed on a graph.

40. The patient monitoring system of claim 32, wherein at
least one of the one or more processors is provided on a
remote server separate from the camera.

41. The patient monitoring system of claim 34, wherein
the one or more processors are further configured to select
the plurality of blood loss values over different time points
by filtering with one or more patient factors.

42. The patient monitoring system of claim 41, wherein
the one or more processors are further configured to select
the plurality of blood loss values over different time points
by further filtering with one or more health condition or
disease factors, or practice-based factors.

43. The patient monitoring system of claim 32, wherein
the one or more processors are further configured to:

compare the updated estimate of blood loss value to a

threshold value; and

display a message, different from the estimate of real-time

blood loss, the updated estimate of blood loss and the
set of comparative blood loss values, if the threshold
value is met or exceeded.
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44. The patient monitoring system of claim 43, wherein
the message is a clinical message indicating that a blood
transfusion threshold has been met.

45. The patient monitoring system of claim 43, wherein
the message is a clinical message indicating that a blood
transtfusion threshold is estimated to be met at a future time
point.

46. The patient monitoring system of claim 32, wherein
the reference blood loss information is at least one predicted
future blood loss value corresponding to a third time point.

47. The patient monitoring system of claim 46, wherein
the at least one predicted future blood loss value comprises
providing at least two predicted future blood loss values,
wherein one of the least two predicted future blood loss
values is a lower limited predicted future blood loss value at
the third time point.

48. The patient monitoring system of claim 47, wherein
the display of at least one reference blood loss value
corresponding to the first time point, comprises the display
of at least one predicted future blood loss tracing that
includes the at least one predicted future blood loss value at
the third time point.

49. The patient monitoring system of claim 47, wherein
the display of at least one predicted future blood loss value
comprises the displaying of at least one a predicted future
blood loss area plot that includes the at least one predicted
future blood loss value at the third time point.

50. The patient monitoring system of claim 49, wherein
the predicted future blood loss area plot is bound by the
updated estimate of blood loss value at the second time
point.



