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7) ABSTRACT

Systems and method are provided for monitoring a patient
during surgery. An anesthetic machine includes a ventilator
configured to provide breathable gas to a patient, an oxygen
concentration sensor configured to monitor the concentra-
tion of oxygen in gas inhaled and exhaled by the patient, and
a respiratory monitor configured to monitor a respiratory
rate and a tidal volume of the patient. An uptake rate
estimator is configured to estimate a pulmonary oxygen
uptake rate (ViO2) for the patient from the concentration of
oxygen in gas inhaled and exhaled by the patient and a
minute volume of the patient. A risk score calculator is
configured to determine a risk score for the patient at each
interval as a function of the estimated ViO2 value. An output
device is configured to provide the determined risk score to
a human operator.

15 Claims, 2 Drawing Sheets
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MONITORING OXYGEN UPTAKE OF A
PATIENT UNDER ANESTHESIA

RELATED APPLICATIONS

This application claims priority from U.S. Patent Appli-
cation Ser. No. 62/305,178, filed 8 Mar. 2016, which is
incorporated herein in its entirety.

TECHNICAL FIELD

This invention relates to medical systems, and more
particularly, monitoring oxygen uptake of a patient under
anesthesia.

BACKGROUND

Major advances in anesthetic care over recent decades
have led to a substantial reduction in intraoperative mortal-
ity. In contrast, longer term outcomes following surgery
have remained less favorable, showing 30-day mortality
rates upwards of 1-2% in the U.S. and even greater percent-
ages worldwide. While intensive care unit care is being
credited with having contributed to overall improved post-
operative survival, the identification of those patients most
likely to benefit from more intensive follow-up care (due to
particularly increased risk beyond that of a higher ASA
classification) has remained challenging.

SUMMARY OF THE INVENTION

In accordance with an aspect of the present invention, a
system is provided for monitoring a patient during surgery.
An anesthetic machine includes a ventilator configured to
provide breathable gas to a patient, an oxygen concentration
sensor configured to monitor the concentration of oxygen in
gas inhaled and exhaled by the patient, and a respiratory
monitor configured to monitor a respiratory rate and a tidal
volume of the patient. A non-transitory computer readable
medium is operatively connected to an associated processor
and stores executable instructions for determining a risk
score for a patient. The executable instructions include an
uptake rate estimator configured to estimate a pulmonary
oxygen uptake rate (ViO2) for the patient from the concen-
tration of oxygen in gas inhaled and exhaled by the patient
and a minute volume of the patient and a risk score calcu-
lator configured to determine a risk score for the patient at
each interval as a function of the estimated ViO2 value. An
output device is operatively connected to the non-transitory
computer readable medium and the processor and config-
ured to provide the determined risk score to a human
operator.

In accordance with another aspect of the present inven-
tion, a method 1s provided for assessing a patient’s risk for
postoperative complications and for assigning a patient to
post-surgical care. Each of a respiratory rate, a tidal volume,
a fraction of inspired oxygen, and a fraction of expired
oxygen are monitored for a patient under anesthesia. A
pulmonary oxygen uptake rate (ViO2) is estimated at peri-
odic intervals for the patient from the monitored respiratory
rate, tidal volume, fraction of inspired oxygen, and fraction
of expired oxygen to produce a time series of ViO2 values.
A representative ViO2 value is determined from the time
series of ViO2 values. A risk score for the patient is
determined as a function of the representative ViO2 value.
The patient is assigned to a first post-surgical care option if

10

15

20

25

30

35

40

45

50

55

60

65

2

the risk score meets a threshold value and to a second
post-surgical care option if the risk score fails to meet the
threshold value.

In accordance with yet another aspect of the present
invention, a method is provided for monitoring a patient
during surgery. Each of a respiratory rate, a tidal volume, a
fraction of inspired oxygen, and a fraction of expired oxygen
is monitored for a patient under anesthesia. A pulmonary
oxygen uptake rate (ViO2) for the patient is estimated at
periodic intervals from the monitored respiratory rate, tidal
volume, fraction of inspired oxygen, and fraction of expired
oxygen. A risk score for the patient at each interval is
determined as a function of the estimated ViO2 value. One
of a visible alert, an audible alert, and a tactile alert is
provided if the determined risk score meets a threshold
value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates one example of system for monitoring
anesthesia delivered to a patient during surgery;

FIG. 2 illustrates a method for assessing a patient’s risk
for postoperative complications and for assigning a patient
to post-surgical care;

FIG. 3 illustrates a method for monitoring a patient during
surgery; and

FIG. 4 is a schematic block diagram illustrating an
exemplary system of hardware components capable of
implementing examples of the systems and methods

DETAILED DESCRIPTION

The inventor has provided systems and methods for
monitoring the status of a patient during a surgical procedure
and assigning the patient to post-surgical care. To this end,
each of an arterial blood pressure, an inhaled anesthetic
depth, and an estimated pulmonary oxygen uptake rate can
be monitored and utilized to calculate a risk score. The risk
score can be calculated during surgery from these factors
and used to assist in decision making both during and after
the surgical procedure. The inventor has found, contrary to
accepted practice, that the risk of adverse outcomes for the
patient actually increases with pulmonary oxygen uptake
and decreases, within reasonable parameters, with the
inhaled anesthetic depth. Accordingly, it is believed that the
use of this risk score in surgical decision making can
decrease the risk of adverse outcomes for patients.

FIG. 1 illustrates one example of system 10 for monitor-
ing anesthesia delivered to a patient during surgery. The
system 10 includes an anesthetic machine 20 configured to
deliver anesthetic to the patient to induce and maintain an
anesthetized state. In the illustrated example, that includes a
ventilator 22 configured to provide breathable gas to the
patient. The ventilator 22 can be operatively connected to a
respiratory monitor 24 configured to monitor a respiratory
rate and tidal volume of the patient. The anesthetic gas
analyzer 25 provides end-tidal anesthetic gas concentrations
that are used to determine and track inhaled anesthetic depth
of the patient from the provided gas. In the illustrated
implementation, the inhaled anesthetic depth is represented
as a ratio of the inhaled concentration to an age-adjusted
minimum alveolar concentration (MAC) for the anesthetic,
such that the inhaled anesthetic depth is expressed as mul-
tiples of the MAC. It will be appreciated, however, that an
independent respiratory monitor can be used to monitor the
respiratory rate and tidal volume of a patient breathing
spontaneously and the inhaled anesthetic depth. An oxygen
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concentration sensor 26 is configured to monitor the con-
centration of oxygen in gas inhaled and exhaled by the
patient. A sphygmomanometer 28 or invasive pressure trans-
ducer (not shown) monitors and tracks arterial blood pres-
sure of the patient.

The data collected at the respirator monitor 24, the oxygen
concentration sensor 26, the anesthetic gas analyzer 25 and
the sphygmomanometer 28 can be provided to an assembly
30 for determining a risk score for the patient. The assembly
30 includes a processor 32 and a non-transitory computer
readable medium 40, operatively connected to the processor
32, that stores executable instructions for determining the
risk score. An uptake rate estimator 42 is configured to
estimate a pulmonary oxygen uptake rate (ViO2) for the
patient from the concentration of oxygen in gas inhaled and
exhaled by the patient and a minute volume of the patient.
It will be appreciated that the minute volume can be esti-
mated from the measured respiratory rate and tidal volume
of the patient. A risk score calculator 44 is configured to
determine a risk score for the patient at each interval as a
function of the estimated ViO2 value.

In one implementation, the system 10 is configured to
monitor a patient during surgery to alert a user of situations
that might represent an increased risk of adverse outcomes
for the patient. In one example of this implementation, each
of the ViO2 value, the blood pressure, and the inhaled
anesthetic depth is measured or calculated from appropriate
measurements every fifteen seconds, and representative val-
ues for these parameters are calculated each minute. For
example, the representative value can be a measure of
central tendency, such as an arithmetic mean, a geometric
mean, or a median of the values. In another implementation,
the representative values are weighted linear combinations
of the individual values. The risk score is calculated every
minute from these values. In the illustrated example, the risk
score, Ry, is calculated from an arithmetic mean of the
arterial blood pressure, MAP, an arithmetic mean of the
inhaled anesthetic depth, MAC, measured in multiples of an
age-adjusted minimum alveolar concentration, and an arith-
metic mean of the estimated pulmonary oxygen uptake rate,
Vi02, such that:

Viod Eq. L

Ry = ———=
MAP«MAC

In another implementation, the system 10 includes a
pattern recognition classifier 46 configured to classify a
patient into one of a plurality of classes representing need for
different levels of post-surgical care. In a simplified
example, the classes can include a first class of patients who
can be released after a recovery period on the day of the
operation, a second class requiring observation overnight, a
third class requiring an enhanced level of care, and a fourth
class requiring intensive care. In one example of this imple-
mentation, each of the ViO2 value, the blood pressure, and
the inhaled anesthetic depth is measured or calculated from
appropriate measurements every fifteen seconds, and repre-
sentative values for these parameters are calculated at the
end of the surgery, with a risk score calculated for each
interval as well as from the representative values at the end
of surgery. For example, the representative value can be a
measure of central tendency, such as an arithmetic mean, a
geometric mean, or a median of the values. In other imple-
mentation, representative values are determined each minute
of the surgery, for example, as an arithmetic mean of the
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measured values, with the risk score calculated each minute,
and a final representative value for each parameter can be
calculated as weighted linear combinations of the represen-
tative values for each minute.

Accordingly, during surgery, an operator, such as an
anesthesiologist, can be made aware of the patient’s risk
score meeting a threshold value, for example, via an output
device 48 such as a display, audible alert, or similar measure,
that is operatively connected to the non-transitory computer
readable medium 40 and the processor 32. In one imple-
mentation, the output device 48 is a display configured to
provide the risk score to the human operator as it updates. In
response to an increase in the risk score, the anesthesiologist
can take measures to decrease the risk score, for example, by
increasing an anesthetic gas concentration provided to the
patient to increase the inhaled anesthetic depth or by choos-
ing another means such as the additional administration of
an intravenous anesthetic agent to deepen anesthetic depth
and reduce oxygen consumption and uptake and/or the
administration of a vasoactive agent to restore mean arterial
blood pressure lowered by the anesthetic agents.

The risk score at the end of the surgery is calculated from
the representative values, and the patient is classified into an
appropriate post-surgical care class according to the risk
score. Optionally, other features, drawn from biometric
parameters of the patient or the patient’s medical history, can
be used in this decision, using an appropriate classification
or regression model to combine the features for a final
classification. In one example, these features can include one
or more of an ASA classification of the patient, an emer-
gency status of the patient (i.e., pre-scheduled vs. emergency
surgery), the risk score, an age of the patient, a heart rate of
the patient, and an amount (e.g., in liters) of red blood cell
transfusion given to the patient.

The pattern recognition classifier 46 can utilize one or
more pattern recognition algorithms, each of which analyze
the calculated features or a subset of the extracted features
to determine a level of post-surgical care suitable for the
patient and provide this information to the output device 48.
Where multiple classification algorithms are used, an arbi-
tration element can be utilized to provide a coherent result
from the plurality of classifiers. Each classifier is trained on
a plurality of training samples representing the classes of
interest, for example, drawn from medical records from
previous surgical procedures. The training process of a given
classifier will vary with its implementation, but the training
generally involves a statistical aggregation of training data
from the training data into one or more parameters associ-
ated with the output class. Any of a variety of optimization
techniques can be utilized for the classification algorithm,
including support vector machines, self-organized maps,
fuzzy logic systems, data fusion processes, ensemble meth-
ods, rule based systems, or artificial neural networks.

A SVM classifier can utilize a plurality of functions,
referred to as hyperplanes, to conceptually divide boundar-
ies in the N-dimensional feature space, where each of the N
dimensions represents one associated feature of the plurality
of features. The boundaries define a range of feature values
associated with each class. Accordingly, an output class and
an associated confidence value can be determined for a
given set of input features according to its position in feature
space relative to the boundaries. A rule-based classifier
applies a set of logical rules to the extracted features to select
an output class. Generally, the rules are applied in order,
with the logical result at each step influencing the analysis
at later steps. A regression model can be configured to
calculate a parameter representing a likelihood of post-
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surgical complications based on a set of predetermined
weights applied to the features, with the post-surgical care
determined from the calculated likelihood.

An ANN classifier comprises a plurality of nodes having
a plurality of interconnections. The feature values are pro-
vided to a plurality of input nodes. The input nodes each
provide these input values to layers of one or more inter-
mediate nodes. A given intermediate node receives one or
more output values from previous nodes. The received
values are weighted according to a series of weights estab-
lished during the training of the classifier. An intermediate
node translates its received values into a single output
according to a transfer function at the node. For example, the
intermediate node can sum the received values and subject
the sum to a binary step function. A final layer of nodes
provides the confidence values for the output classes of the
ANN, with each node having an associated value represent-
ing a confidence for one of the associated output classes of
the classifier. In a binary classification, for example, classi-
fying patients into “complication” and “no complications”
classes, the final layer of nodes can include only a single
node, which can be translated to a confidence value that
post-surgical complications will occur.

In view of the foregoing structural and functional features
described above in FIG. 1, example methods will be better
appreciated with reference to FIGS. 2 and 3. While, for
purposes of simplicity of explanation, the methods of FIGS.
2 and 3 are shown and described as executing serially, it is
to be understood and appreciated that the present invention
is not limited by the illustrated order, as some actions could
in other examples occur in different orders and/or concur-
rently from that shown and described herein.

FIG. 2 illustrates a method 50 for assessing a patient’s risk
for postoperative complications and for assigning a patient
to post-surgical care. At 52, each of a respiratory rate, a tidal
volume, a fraction of inspired oxygen, and a fraction of
expired oxygen are monitored for a patient under anesthesia.
It will be appreciated that these values can be determined at
a respirator monitor and the oxygen concentration sensor
either associated with a ventilation system for the patient or
independent of any ventilation system that might be used for
the patient. At 54, a pulmonary oxygen uptake rate (ViO2)
is estimated for the patient from the monitored respiratory
rate, tidal volume, fraction of inspired oxygen, and fraction
of expired oxygen, at periodic intervals to produce a time
series of ViO2 values. In one implementation, the periodic
interval is approximately fifteen seconds.

At 56, a representative ViO2 value is determined from the
time series of ViO2 values. For example, the representative
Vi02 value can be a measure of central tenderncy, such as a
mean or median, or a weighted linear combination of the
estimated values. At 58, a risk score is determined for the
patient as a function of the representative ViO2 value. In one
implementation, the risk score for the patient as a ratio of the
representative ViO2 value to a product of a mean arterial
blood pressure value for the patient and an inhaled anes-
thetic depth, measured in multiples of an age-adjusted MAC
for the patient. At 60, the patient is assigned to a first
post-surgical care option if the risk score meets a threshold
value and to a second post-surgical care option if the risk
score fails to meet the threshold value. For example, the
patient can be assigned to an intensive care unit if the risk
score exceeds the threshold and to a normal hospital floor if
the risk score does not exceed the threshold. It will be
appreciated, however, that in other implementations, more
than two levels of care can be distinguished among or other
factors may be incorporated into the assignment of the
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patient. For example, the risk score and other factors can be
utilized as features in a classification process.

FIG. 3 illustrates a method 100 for monitoring a patient
during surgery. At 102, each of a respiratory rate, a tidal
volume, a fraction of inspired oxygen, and a fraction of
expired oxygen are monitored for a patient under anesthesia.
Tt will be appreciated that these values can be determined at
a respirator monitor and the oxygen concentration sensor
either associated with a ventilation system for the patient or
independent of any ventilation system that might be used for
the patient. At 104, a pulmonary oxygen uptake rate (ViO2)
is estimated for the patient from the monitored respiratory
rate, tidal volume, fraction of inspired oxygen, and fraction
of expired oxygen, at periodic intervals to produce a time
series of ViO2 values. In one implementation, a new value
is estimated every minute. It will be appreciated that, in one
implementation, the ViO2 values can be measured at sub-
intervals more frequent than the time series would require,
with the value at each interval determined as a mean value
from its associated subintervals. For example, a value can be
estimated every fifteen seconds and every four values can be
averaged to produce the estimate for the time series.

At 106, a risk score is calculated for the patient at each
interval as a function of the estimated ViO2 value. In one
implementation, the risk score for the patient is calculated as
a ratio of the representative ViO2 value to a product of a
mean arterial blood pressure value for the patient and an
inhaled anesthetic depth, measured in multiples of an age-
adjusted MAC for the patient. At 108, one of a visible alert,
an audible alert, and a tactile alert is provided if the
determined risk score meets a threshold value. When an alert
is received, an anesthesiologist can take appropriate mea-
sures to decrease the risk score or minimize any further
increase.

FIG. 4 is a schematic block diagram illustrating an
exemplary system 200 of hardware components capable of
implementing examples of the systems and methods dis-
closed in FIGS. 1-3, such as the assembly 30 for determining
a risk score for the patient illustrated in FIG. 1. The system
200 can include various systems and subsystems. The sys-
tem 200 can be a personal computer, a laptop computer, a
workstation, a computer system, an appliance, an applica-
tion-specific integrated circuit (ASIC), a server, a server
blade center, a server farm, etc.

The system 200 can includes a system bus 202, a pro-
cessing unit 204, a system memory 206, memory devices
208 and 210, a communication interface 212 (e.g., a network
interface), a communication link 214, a display 216 (e.g., a
video screen), and an input device 218 (e.g., a keyboard
and/or a mouse). The system bus 202 can be in communi-
cation with the processing unit 204 and the system memory
206. The additional memory devices 208 and 210, such as a
hard disk drive, server, stand alone database, or other
non-volatile memory, can also be in communication with the
system bus 202. The system bus 202 interconnects the
processing unit 204, the memory devices 206-210, the
communication interface 212, the display 216, and the input
device 218. In some examples, the system bus 202 also
interconnects an additional port (not shown), such as a
universal serial bus (USB) port.

The processing unit 204 can be a computing device and
can include an application-specific integrated circuit
(ASIC). The processing unit 204 executes a set of instruc-
tions to implement the operations of examples disclosed
herein. The processing unit can include a processing core.

The additional memory devices 206, 208, and 210 can
store data, programs, instructions, database queries in text or
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compiled form, and any other information that can be
needed to operate a computer. The memories 206, 208 and
210 can be implemented as computer-readable media (inte-
grated or removable) such as a memory card, disk drive,
compact disk (CD), or server accessible over a network. In
certain examples, the memories 206, 208 and 210 can
comprise text, images, video, and/or audio, portions of
which can be available in formats comprehensible to human
beings.

Additionally or alternatively, the system 200 can access
an external data source or query source through the com-
munication interface 212, which can communicate with the
system bus 202 and the communication link 214.

In operation, the system 200 can be used to implement
one or more parts of an anesthesia monitoring system in
accordance with the present invention. Computer executable
logic for implementing the monitoring system resides on one
or more of the system memory 206, and the memory devices
208, 210 in accordance with certain examples. The process-
ing unit 204 executes one or more computer executable
instructions originating from the system memory 206 and
the memory devices 208 and 210. The term “computer
readable medium” as used herein refers to a medium that
participates in providing instructions to the processing unit
204 for execution, and can, in practice, refer to multiple,
operatively connected apparatuses for storing machine
executable instructions.

What have been described above are examples of the
present invention. It is, of course, not possible to describe
every conceivable combination of components or method-
ologies for purposes of describing the present invention, but
one of ordinary skill in the art will recognize that many
further combinations and permutations of the present inven-
tion are possible. Accordingly, the present invention is
intended to embrace all such alterations, modifications, and
variations that fall within the scope of the appended claims.

What is claimed is:

1. A method for assessing a patient’s risk for postoperative
complications and for assigning a patient to post-surgical
care, comprising:

monitoring an arterial blood pressure for the patient at a

blood pressure monitor to produce a time series of
arterial blood pressure values;

determining a representative arterial blood pressure value

from the time series of arterial blood pressure values;

monitoring a respiratory rate and a tidal volume at a

respiratory monitor;

monitoring a fraction of inspired oxygen, and a fraction of

expired oxygen for a patient under anesthesia at an
oxXygen concentration sensor;

estimating, via stored instructions executable by a pro-

cessor, a pulmonary oxygen uptake rate (ViO2) for the
patient from the monitored respiratory rate, tidal vol-
ume, fraction of inspired oxygen, and fraction of
expired oxygen, at periodic intervals to produce a time
series of ViO2 values;

determining, via stored instructions executable by the

processor, a representative ViO2 value from the time
series of V102 values;

determining, via stored instructions executable by the

processor, a risk score for the patient as a function of
the representative ViO2 value; and

assigning the patient to a first post-surgical care option if

the risk score meets a threshold value and to a second
post-surgical care option if the risk score fails to meet
the threshold value, via stored instructions executable
by the processor;
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wherein determining the risk score for the patient as the
function of the representative ViO2 value comprises
determining the risk score for the patient as a ratio of
the representative ViO2 value to the representative
arterial blood pressure value.

2. The method of claim 1, wherein the risk score is a linear
function of the representative ViO2 value.

3. The method of claim 1, wherein the representative
ViO2 value is a measure of central tendency of the time
series of ViO2 values.

4. The method of claim 3, wherein the measure of central
tendency of the time series of ViO2 values is a weighted
average.

5. The method of claim 1, further comprising:

monitoring an end-tidal anesthetic gas concentration of

the patient at an anesthetic gas analyzer;
determining, via stored instructions executable by the
processor, an age-adjusted minimum alveolar concen-
tration (MAC) multiple of the anesthetic from the
monitored end-tidal anesthetic gas concentration to
produce a time series of age adjusted MAC multiple
values; and
determining, via stored instructions executable by the
processor, a representative age adjusted MAC multiple
value from the time series of age adjusted MAC values;

wherein determining the risk score for the patient as the
function of the representative ViO2 value comprises
determining the risk score for the patient as a ratio of
the representative ViO2 value to the representative age
adjusted MAC multiple value.

6. The method of claim 1, wherein determining the risk
score for the patient as a function of the estimated ViO2
value, comprises determining the risk score such that the risk
score increases as the estimated ViO2 value increases, and
assigning the patient to the first post-surgical care option if
the risk score meets the threshold value and to the second
post-surgical care option if the risk score fails to meet the
threshold value.

7. A method for monitoring a patient during surgery,
comprising:

monitoring a respiratory rate and a tidal volume at a

respiratory monitor;

monitoring a fraction of inspired oxygen, and a fraction of

expired oxygen for a patient under anesthesia at an
oxXygen concentration sensor;

estimating, via stored instructions executable by a pro-

cessor, a pulmonary oxygen uptake rate (ViO2) for the
patient from the monitored respiratory rate, tidal vol-
ume, fraction of inspired oxygen, and fraction of
expired oxygen, at periodic intervals as a time series of
estimated ViO2 values;

monitoring an end-tidal anesthetic gas concentration of

the patient at an anesthetic gas analyzer;

determining, via stored instructions executable by the

processor, an age-adjusted minimum alveolar concen-
tration (MAC) multiple of the anesthetic from the
monitored end-tidal anesthetic gas concentration to
produce a time series of age adjusted MAC multiple
values;

determining, via stored instructions executable by the

processor, a representative ViO2 value from the time
series of ViO2 values;

determining, via stored instructions executable by the

processor, a risk score for the patient at each interval as
a function of the estimated ViO2 value, wherein deter-
mining the risk score for the patient as the function of
the representative ViO2 value comprises determining
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the risk score for the patient as a ratio of the represen-
tative ViO2 value to the representative age adjusted
MAC multiple value; and

providing one of a visible alert, an audible alert, and a
tactile alert if the determined risk score meets a thresh-
old value.

8. The method of claim 7, further comprising increasing
an anesthetic gas concentration provided to the patient in
response to the one of a visible alert, an audible alert, and a
tactile alert.

9. The method of claim 7, wherein estimating a ViO2
value for the patient comprises determining a time setries of
estimated ViO2 values, the method further comprising:

monitoring an arterial blood pressure for the patient at a
blood pressure monitor to produce a time series of
arterial blood pressure values;

determining, via stored instructions executable by a pro-
cessor, a representative arterial blood pressure value
from the time series of arterial blood pressure values;
and

determining, via stored instructions executable by the
processor, a representative ViO2 value from the time
series of ViO2 values;

wherein determining the risk score for the patient as the
function of the representative ViO2 value comprises
determining the risk score for the patient as a ratio of
the representative ViO2 value to the representative
arterial blood pressure value.

10. A system, comprising;

a blood pressure monitor that monitors an arterial blood
pressure for the patient to produce an arterial blood
pressure value;

an anesthetic machine, comprising:

a ventilator that provides breathable gas to a patient;

an anesthetic gas analyzer that monitors an end-tidal
anesthetic gas concentration of the patient; and

an oxygen concentration sensor that monitors the con-
centration of oxygen in gas inhaled and exhaled by
the patient;

a respiratory monitor that monitors a respiratory rate
and a tidal volume of the patient;

a non-transitory computer readable medium operatively
connected to an associated processor and storing
executable instructions for determining a risk score for
a patient, the executable instructions comprising;
an uptake rate estimator that estimates a pulmonary

oxygen uptake rate (ViO2) for the patient at periodic
intervals from the concentration of oxygen in gas
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inhaled and exhaled by the patient and a minute
volume of the patient; and

a risk score calculator that determines a risk score for
the patient at each interval as a ratio of the estimated
ViO2 value to a product of the age adjusted MAC
multiple value and the arterial blood pressure value;
and

an output device operatively connected to the non-tran-
sitory computer readable medium and the processor
and that provides the determined risk score to a human
operator.

11. The system of claim 10, further comprising a blood
pressure monitor that monitors an arterial blood pressure for
the patient to produce an arterial blood pressure value, the
risk score calculator determining the risk score for the
patient as a function of the estimated ViO2 value and the
arterial blood pressure value.

12. The system of claim 10, wherein the risk score
calculator determines respective time series of estimated
Vi02 values, age adjusted MAC multiple values, and arterial
blood pressure values across a plurality of intervals, deter-
mines a representative ViO2 value from the time series of
ViO2 values, determines a representative age adjusted MAC
multiple value from the time series of age adjusted MAC
multiple values, determines a representative arterial blood
pressure value from the time series of arterial blood pressure
values, and determines an overall risk score for the patient
as a ratio of the representative ViO2 value to a product of the
representative age adjusted MAC multiple value and the
representative arterial blood pressure value.

13. The system of claim 10, wherein the risk score
calculator determines a time series of estimated ViO2 values
across a plurality of intervals, determines a representative
ViO2 value from the time series of ViO2 values, and
determines an overall risk score for the patient from the
representative ViO2 value.

14. The system of claim 13, further comprising a pattern
recognition classifier that assigns the patient to one of a
plurality of classes representing post-surgical care options
according to a plurality of features, the plurality of features
including the overall risk score.

15. The system of claim 10, wherein the output device
provides one of a visible alert, an audible alert, and a tactile
alert if the risk score meets a threshold value.
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