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7) ABSTRACT

There are provided systems and methods for performing
mean arterial pressure (MAP) derived prediction of future
hypotension. Such a system includes a hardware unit includ-
ing a hardware processor and a system memory, a hypoten-
sion prediction software code stored in the system memory,
and a sensory alarm. The hardware processor is configured
to execute the hypotension prediction software code to
receive MAP data of the living subject, and to transform the
MAP data to one or more parameters predictive of a future
hypotension event of the living subject. The hardware pro-
cessor is further configured to execute the hypotension
prediction software code to determine a risk score of the
living subject corresponding to the probability of the future
hypotension event based on at least some of the one or more
parameters, and to invoke the sensory alarm if the risk score
of the living subject satisfies a predetermined risk criteria.
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MEAN ARTERIAL PRESSURE (MAP)
DERIVED PREDICTION OF FUTURE
HYPOTENSION

BACKGROUND

[0001] Hypotension, or low blood pressure, can be a
harbinger of serious medical complications, and even mor-
tality, for patients undergoing surgery and those acutely or
critically ill patients receiving treatment in an intensive care
unit (ICU). The dangers associated with the occurrence of
hypotension in a patient are due both to the potential injury
caused by the hypotension itself and to the many serious
underlying medical disorders that the occurrence of
hypotension may signify.

[0002] In and of itself, hypotension in surgical patients or
critically ill patients is a serious medical condition. For
example, in the operating room (OR) setting, hypotension
during surgery is associated with increased mortality and
organ injury. Even short durations of extreme hypotension
during surgery are associated with acute kidney injury and
myocardial injury. Among critically ill patients, in-hospital
mortality may be nearly doubled for patients experiencing
hypotension after emergency intubation. For surgical
patients and seriously ill patients alike, hypotension, if not
corrected, can impair organ perfusion, resulting in irrevers-
ible ischemic damage, neurological deficit, cardiomyopathy,
and renal impairment.

[0003] In addition to posing serious risks to surgical
patients and critically ill patients in its own right, hypoten-
sion can be a symptom of one or more other serious
underlying medical conditions. Examples of underlying
conditions for which hypotension may serve as an acute
symptom include sepsis, myocardial infarction, cardiac
arrhythmia, pulmonary embolism, hemorrhage, dehydra-
tion, anaphylaxis, acute reaction to medication, hypov-
olemia, insufficient cardiac output, and vasodilatory shock.
Due to its association with such a variety of serious medical
conditions, hypotension is relatively common, and is often
seen as one of the first signs of patient deterioration in the
OR and ICU. For instance, hypotension is seen in up to
approximately thirty-three percent of surgeries overall, and
up to eighty-five percent in high risk surgeries. Among ICU
patients, hypotension occurs in from approximately twenty-
four percent to approximately eighty-five percent of all
patients, with the eighty-five percent occurrence being seen
among critically ill patients. Conventional patient monitor-
ing for hypotension in the OR and ICU settings can include
continuous or periodic blood pressure measurement. How-
ever, such monitoring, whether continuous or periodic,
typically provides no more than a real-time assessment. As
a result, hypotension in a surgical patient or critically ill
patient is usually detected only after it begins to occur, so
that remedial measures and interventions cannot be initiated
until the patient has entered a hypotensive state. Although,
as noted above, extreme hypotension can have potentially
devastating medical consequences quite quickly, even rela-
tively mild levels of hypotension can herald or precipitate
cardiac arrest in patients with limited cardiac reserve.
[0004] In view of the frequency with which hypotension is
observed to occur in the OR and ICU settings, and due to the
serious and sometimes immediate medical consequences
that can result when it does occurs, a solution enabling
prediction of a future hypotension event, before its occur-
rence, is highly desirable.
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SUMMARY

[0005] There are provided systems and methods for per-
forming mean arterial pressure (MAP) derived prediction of
future hypotension, substantially as shown in and/or
described in connection with at least one of the figures, and
as set forth more completely in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 shows a diagram of an exemplary system for
performing mean arterial pressure (MAP) derived prediction
of future hypotension, according to one implementation;
[0007] FIG. 2A shows an exemplary implementation for
non-invasively detecting arterial pressure at an extremity of
a living subject;

[0008] FIG. 2B shows an exemplary implementation for
performing minimally invasive detection of arterial pressure
of a living subject;

[0009] FIG. 3 shows an exemplary system and a com-
puter-readable non-transitory medium including instructions
enabling performance of MAP derived prediction of future
hypotension;

[0010] FIG. 4 is a flowchart presenting an exemplary
method for use by a monitoring and evaluation system to
perform MAP derived prediction of future hypotension; and
[0011] FIG. 5 shows a trace of an arterial pressure wave-
form including exemplary is indicia corresponding to the
probability of future hypotension in a living subject.

DETAILED DESCRIPTION

[0012] The following description contains specific infor-
mation pertaining to implementations in the present disclo-
sure. One skilled in the art will recognize that the present
disclosure may be implemented in a manner different from
that specifically discussed herein. The drawings in the
present application and their accompanying detailed
description are directed to merely exemplary implementa-
tions. Unless noted otherwise, like or corresponding ele-
ments among the figures may be indicated by like or
corresponding reference numerals. Moreover, the drawings
and illustrations in the present application are generally not
to scale, and are not intended to correspond to actual relative
dimensions.

[0013] The present application discloses systems and
methods for performing mean arterial pressure (hereinafter
“MAP”) derived prediction of future hypotension. By trans-
forming MAP data of a living subject to one or more
parameters predictive of a future hypotension event of the
living subject, the present application discloses a solution
enabling determination of a risk score corresponding to the
probability that the future hypotension event will occur. In
addition, by receiving and transforming the MAP data of the
living subject on an ongoing basis, the solution disclosed by
the present application enables substantially continuous
hypotension risk monitoring of the living subject. Moreover,
by invoking a sensory alarm if the risk score of the living
subject satisfies a predetermined risk criteria, the present
application discloses a solution that provides an early warn-
ing of a future hypotension event of the living subject,
thereby advantageously enabling health care workers to
prepare a timely and effective intervention.

[0014] FIG. 1 shows a diagram of an exemplary system for
performing MAP derived prediction of future hypotension,
according to one implementation. Monitoring and evalua-
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tion system 102 is implemented within patient care envi-
ronment 100, which may be an intensive care unit (ICU) or
operating room (OR), for example. As shown in FIG. 1, in
addition to monitoring and evaluation system 102, patient
care environment 100 includes patient 130 (hereinafter
“living subject 130”), and healthcare worker 150 (hereinaf-
ter “user 150”) trained to utilize monitoring and evaluation
system 102.

[0015] As further shown in FIG. 1, monitoring and evalu-
ation system 102 includes system processor 106, imple-
mented as a hardware processor, and system memory 108
storing hypotension prediction software code 110 for pro-
cessing MAP data 112. Monitoring and evaluation system
102 also includes display 126 providing user interface 120.
As will be discussed in greater detail below, user interface
120 is configured to receive inputs 152 from user 150, and
to provide sensory alarm 128 if a risk score predictive of a
future hypotension event of living subject 130 satisfies a
predetermined risk criteria. Also shown in FIG. 2 are analog-
to-digital converter 122 (hereinafter “ADC 122”) and digi-
tal-to-analog converter 124 (hereinafter “DAC 124”) used
by monitoring and evaluation system 102 to process data
associated with determination and display of the hypoten-
sion risk score of living subject 130.

[0016] Inaddition, FIG. 1 shows exemplary hemodynamic
sensor 140 attached to living subject 130. It is noted that
hemodynamic sensor 140 may be a non-invasive or mini-
mally invasive sensor attached to living subject 130. In one
implementation, as represented in FIG. 1, hemodynamic
sensor 140 may be attached non-invasively at an extremity
of living subject 130, such as a wrist or finger of living
subject 130. Although not explicitly shown in FIG. 1, in
other implementations, hemodynamic sensor 140 may be
attached non-invasively at an ankle or toe of living subject
130. FIG. 1 further shows hemodynamic signals 142
received by monitoring and evaluation system 102, which
may include signals corresponding to the arterial pressure of
living subject 130. Monitoring and evaluation system 102
and hemodynamic sensor 140 may be configured such that
hemodynamic signals 142 may be received by monitoring
and evaluation system 102 wirelessly, or via a wired con-
nection with hemodynamic sensor 140.

[0017] System processor 106 is configured to execute
hypotension prediction software code 110 to receive MAP
data 112 of living subject 130. System processor 106 is
further configured to execute hypotension prediction soft-
ware code 110 to transform MAP data 112 to one or more
parameters predictive of a future hypotension event by
living subject 130. For example, hypotension prediction
software code 110 may transform MAP data 112 to one or
more parameters predictive of a hypotension event by living
subject 130 occurring in the next approximately one to five
minutes, or up to approximately thirty minutes in the future.
[0018] System processor 106 is also configured to execute
hypotension prediction software code 110 to determine a
risk score of living subject 130 corresponding to the prob-
ability of the future hypotension event based on at least
some, i.e., at least a subset, of the one or more parameters
derived from MAP data 112. In addition, system processor
106 is configured to execute hypotension prediction soft-
ware code 110 to invoke sensory alarm 128 if the risk score
of living subject 130 satisfies a predetermined risk criteria.
[0019] In various implementations, sensory alarm 128
may be implemented as one or more of a visual alarm, an
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audible alarm, and a haptic alarm. For example, when
implemented to provide a visual alarm, sensory alarm 128
may be invoked as flashing and/or colored graphics shown
by user interface 120 on display 126, and/or may include
displaying the risk score via user interface 120 on display
126. When implemented to provide an audible alarm, sen-
sory alarm 128 may be invoked as any suitable warning
sound, such as a siren or repeated tone. Moreover, when
implemented to provide a haptic alarm, sensory alarm 128
may cause hardware unit 104 to vibrate or otherwise deliver
a physical impulse perceptible to user 150.

[0020] It is noted that the risk score of living subject 130
is determined based on parameters derived from MAP data
112 of living subject 130, which in turn is determined based
on hemodynamic signals 142 of living subject 130 received
from hemodynamic sensor 140. Consequently, according to
the inventive concepts disclosed by the present application,
hardware processor 106 of monitoring and evaluation sys-
tem 102 is configured to execute hypotension prediction
software code 110 to determine the risk score of living
subject 130 without comparison with data corresponding to
hypotension in other living subjects. In other words,
hypotension prediction software code 110 determines the
risk score of living subject 130 based on parameters derived
from MAP data 112 without reference to a hypotension
patient database storing information regarding hypotension
in patients other than living subject 130.

[0021] In addition to the functionality described above, in
some implementations, hardware processor 106 may be
configured to execute hypotension prediction software code
110 to identify a most probable cause of the future hypoten-
sion event of living subject 130. For example, based on
indicia included in hemodynamic signals 142, hypotension
prediction software code 110 may be able to identify poor
vascular tone, low blood volume, or reduced cardiac con-
tractility, to name a few exemplary causes, as a most
probable cause of a predicted future hypotension event.
Furthermore, in some implementations, hardware processor
106 may be configured to execute hypotension prediction
software code 110 to recommend a medical intervention for
preventing the future hypotension event of living subject
130. With respect to the first and second example causes of
hypotension identified above, administration of a vasocon-
strictor may be recommended if poor vascular tone is
detected, while administration of saline or whole blood may
be recommend if low blood volume is identified as a most
probable cause of the predicted future hypotension event. In
one implementation, system 102 may automatically admin-
ister the medical intervention for preventing the future
hypotension event of living subject 130. For example, in
response to detecting a future hypotension event, system 102
may transmit a signal causing an administration of a vaso-
constrictor if poor vascular tone is detected ort causing an
administration of saline or whole blood if low blood volume
is identified as the issue.

[0022] Referring to FIG. 2A, FIG. 2A shows an exemplary
implementation for sensing arterial pressure non-invasively
at an extremity of a living subject. Patient care environment
2004, in FIG. 2A, shows system 202 including hypotension
prediction software code 210 receiving MAP data 212 of
living subject 230. As further shown by FIG. 2A, the arterial
pressure of living subject 230 is detected non-invasively at
finger 232 of living subject 230 using hemodynamic sensing
cuff 240a.
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[0023] Also shown in FIG. 2A are ADC 222 of system
202, and hemodynamic signals 242 received by system 202
from hemodynamic sensing cuff 240a.

[0024] Living subject 230, hemodynamic signals 242, and
hemodynamic sensing cuff 2404 correspond respectively in
general to living subject 130, hemodynamic signals 142, and
hemodynamic sensor 140, in FIG. 1, and may share any of
the characteristics attributed to those corresponding features
in the present application. Moreover, system 202 including
ADC 222 and hypotension prediction software code 210
receiving MAP data 212, in FIG. 2A, corresponds in general
to monitoring and evaluation system 102 including ADC
122 and hypotension prediction software code 110 receiving
MAP data 112, in FIG. 1, and may share any of the
characteristics attributed to that corresponding feature in the
present application.

[0025] According to the implementation shown in FIG.
2A, hemodynamic sensing cuff 240q is designed to sense an
arterial pressure of living subject 230 non-invasively at
finger 232 of living subject 230. Moreover, as shown in FIG.
2A, hemodynamic sensing cuff 240a may take the form of
a small, lightweight, and comfortable hemodynamic sensor
suitable for extended wear by living subject 230. It is noted
that although hemodynamic sensing cuff 240q is shown as a
finger cuff, in FIG. 2A, in other implementations, hemody-
namic sensing cuff 240a may be suitably adapted as a wrist,
ankle, or toe cuff for attachment to living subject 230.
[0026] It is further noted that the advantageous extended
wear capability described above for hemodynamic sensing
cuff 240 when implemented as a finger cuff may also be
attributed to wrist, ankle, and toe cuff implementations. As
a result, hemodynamic sensing cuff 240a may be configured
to provide substantially continuous beat-to-beat monitoring
of the arterial pressure of living subject 230 over an
extended period of time, such as minutes or hours, for
example.

[0027] Continuing to FIG. 2B, FIG. 2B shows an exem-
plary implementation for performing minimally invasive
detection of arterial pressure of a living subject. Patient care
environment 200B, in FIG. 2B, shows system 202 including
hypotension prediction software code 210 receiving MAP
data 212 of living subject 230. As further shown by FIG. 2B,
the arterial pressure of living subject 230 is detected via
minimally invasive hemodynamic sensor 2405. Also shown
in FIG. 2B are ADC 222 of system 202, and hemodynamic
signals 242 received by system 202 from hemodynamic
sensing cuff 2405

[0028] It is noted that the features shown in FI1G. 2B and
identified by reference numbers identical to those shown in
FIG. 2A correspond respectively to those previously
described features, and may share any of the characteristics
attributed to them above. It is further noted that hemody-
namic sensor 2405 corresponds in general to hemodynamic
sensor 140, in FIG. 1, and may share any of the character-
istics attributed to that corresponding feature in the present
application.

[0029] According to the implementation shown in FIG.
2B, hemodynamic sensor 2405 is designed to sense an
arterial pressure of living subject 230 in a minimally inva-
sive manner. For example, hemodynamic sensor 2405 may
be attached to living subject 230 via a radial arterial catheter
inserted into an arm of living subject 230.

[0030] Alternatively, and although not explicitly repre-
sented in FIG. 2B, in another implementation, hemodynamic
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sensor 240b may be attached to living subject 230 via a
femoral arterial catheter inserted into a leg of living subject
230. Like non-invasive hemodynamic sensing cuff 240q, in
FIG. 2A, minimally invasive hemodynamic sensor 2405, in
FIG. 2B, may be configured to provide substantially con-
tinuous beat-to-beat monitoring of the arterial pressure of
living subject 230 over an extended period of time, such as
minutes or hours, for example.

[0031] Moving now to FIG. 3, FIG. 3 shows an exemplary
system and a computer-readable non-transitory medium
including instructions enabling performance of MAP
derived prediction of future hypotension. System 302, in
FIG. 3, includes hardware unit 304 including processor 304,
memory 306, and display 326. Display 326 may take the
form of a liquid crystal display (LCD), a light-emitting diode
(LED) display, an organic light-emitting diode (OLED)
display, or another suitable display screen that performs a
physical transformation of signals to light. System 302
including hardware unit 304 having processor 306 and
memory 308 corresponds in general to monitoring and
evaluation system 102 including hardware unit 104 having
system processor 106 and system memory 108, and may
share any of the characteristics attributed to that correspond-
ing feature in the present application. That is to say, system
302 may be configured to provide user interface 120 and/or
sensory alarm 128 using display 326.

[0032] Also shown in FIG. 3 is computer-readable non-
transitory medium 314 having hypotension prediction soft-
ware code 310 stored thereon. The expression “computer-
readable non-transitory medium,” as used in the present
application, refers to any medium, excluding a carrier wave
or other transitory signal, that provides instructions to pro-
cessor 306 of system 302. Thus, a computer-readable non-
transitory medium may correspond to various types of
media, such as volatile media and non-volatile media, for
example. Volatile media may include dynamic memory,
such as dynamic random access memory (dynamic RAM),
while non-volatile memory may include optical, magnetic,
or electrostatic storage devices. Common forms of com-
puter-readable non-transitory media include, for example,
optical discs, RAM, programmable read-only memory
(PROM), erasable PROM (EPROM), and FLASH memory.

[0033] According to the implementation shown in FIG. 3,
computer-readable non-transitory medium 314 provides
hypotension prediction software code 310 for execution by
processor 306 of system 302. Hypotension prediction soft-
ware code 310, when executed by processor 306, instantiates
a hypotension prediction software code corresponding to
hypotension prediction software code 110/210, in FIG. 1/2,
and capable of performing all of the operations performed
by that corresponding feature and described in the present
application.

[0034] Example implementations of the present inventive
concepts will be further described below with reference to
FIG. 4 and FIG. 5. FIG. 4 presents flowchart 460 outlining
an exemplary method for use by a monitoring and evaluation
system to perform MAP derived prediction of future
hypotension, while FIG. 5 shows a trace of an arterial
pressure waveform including exemplary indicia correspond-
ing to the probability of future hypotension in a living
subject. The method outlined in flowchart 400 can be
performed using hypotension prediction software code 110/
210/310 described above.
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[0035] Flowchart 460 begins with receiving, by hypoten-
sion prediction sofiware code 110/210/310 executed by
processor 106/306, MAP data 112/212 of living subject
130/230 (action 462). As used herein, the expression “MAP
data” refers to data utilized to determine the mean arterial
pressure or MAP of a living subject, as well as data derived
from predictive indicia and enabling prediction of future
hypotension in the living subject based on the MAP of the
living subject. For example, MAP data 112/212 may be
extracted and/or processed from hemodynamic signals 142/
242 received by system 102/202/302 from hemodynamic
sensor 140/2404/2405.

[0036] Inoneimplementation, for example, hemodynamic
sensor 140/240a/2406 may be used to sense an arterial
pressure of living subject 130/230 at an extremity of living
subject 130/230, and to determine a central arterial pressure
of living subject 130/230 based on the sensed arterial
pressure. System 102/202/302 may be configured to receive
the determined central arterial pressure of living subject
130/230 as hemodynamic signals 142/242, which, in various
implementations, may be received as analog signals or
digital signals. In implementations in which hemodynamic
signals 142/242 are received as analog signals, system
102/202/302 utilizes ADC 122 to convert hemodynamic
signals 142/242 into digital data including MAP data 112/
212. Tt is noted that in other implementations, system
102/202/302 can be configured to determine the central
arterial pressure of living subject 130/230 based on the
arterial pressure sensed by hemodynamic sensor 140/240a/
2405.

[0037] Referring to diagram 500, in FIG. 5, MAP data
112/212 may include various indicia predictive of future
hypotension in living subject 130/230 and derived from
arterial pressure waveform 580, which may be a central
arterial pressure waveform of living subject 130/230, for
example. Diagram 500 shows exemplary indicia 582, 584,
586, and 588, corresponding respectively to the start of a
heartbeat, the maximum systolic pressure marking the end
of systolic rise, the presence of the dicrotic notch marking
the end of systolic decay, and the diastole of the heartbeat of
living subject 130/230. Also shown by diagram 500 is
exemplary slope 590 of arterial pressure waveform 580. It is
noted that slope 590 is merely representative of multiple
slopes that may be measured at multiple locations along
arterial pressure waveform 580.

[0038] In addition to the indicia 582, 584, 586, and 588 of
arterial pressure waveform 580 per se, the behavior of
arterial pressure waveform 580 during the intervals between
those indicia may also be used as indicia predictive of future
hypotension for living subject 130/240. For example, the
interval between the start of the heartbeat at indicia 582 and
the maximum systolic pressure at indicia 584 marks the
duration of the systolic rise (hereinafter “systolic rise 582-
584”). The systolic decay of arterial pressure waveform 580
is marked by the interval between the maximum systolic
pressure at indicia 584 and the dicrotic notch at indicia 586
(hereinafter “systolic decay 584-5867). Together, systolic
rise 582-584 and systolic decay 584-586 mark the entire
systolic phase (hereinafter “systolic phase 582-586”), while
the interval between the dicrotic notch at indicia 586 and the
diastole at indicia 588 mark the diastolic phase of arterial
pressure waveform 580 (hereinafter “diastolic phase 586-
588”).
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[0039] Also of potential diagnostic interest is the behavior
of arterial pressure waveform 580 in the interval from the
maximum systolic pressure at indicia 584 to the diastole at
indicia 588 (hereinafter “interval 584-5887), as well as the
behavior of arterial pressure waveform 580 from the start of
the heartbeat at indicia 582 to the diastole at indicia 588
(hereinafter “heartbeat interval 582-588""). The behavior of
arterial pressure waveform 580 during intervals: 1) systolic
rise 582-584, 2) systolic decay 584-586, 3) systolic phase
582-586, 4) diastolic phase 586-588, 5) interval 584-588,
and 6) heartbeat interval 582-588 may be determined by
measuring the area under the curve of arterial pressure
waveform 580 and the standard deviation of arterial pressure
waveform 580 in each of those intervals, for example. The
respective areas and standard deviations measured for inter-
vals 1, 2, 3, 4, 5, and 6 above (hereinafter “intervals 1-6”)
may serve as additional indicia predictive of future hypoten-
sion for living subject 130/240.

[0040] As noted above, MAP data 112/212 may include
any or all of indicia 582, 584, 586, 588, and 590, as well as
the respective areas and standard deviations measured for
intervals 1-6 of arterial pressure waveform 580, and may be
utilized to determine MAP itself, or to enable prediction of
future hypotension in living subject 130/230 based on MAP.
With respect to determination of MAP itself, as known in the
art, MAP may be determined from the following equation:

MAP=(CO*SVR)+CVP (Equation 1)
where CO is cardiac output, SVR is systemic vascular
resistance, and CVP is central venous pressure. However,
MAP may also be approximately determined using systolic
pressure (SP) and diastolic pressure (DP), corresponding
respectively to maximum systolic pressure 584 and pressure
at diastole 588. According to such an approximate determi-
nation, MAP may be expressed as:

MAP(approximately)=DP+14(SP-DP) (Equation 2)
[0041] Thus, in one implementation, MAP data 112/212
may include at least data corresponding to indicia 584 and
588 for generating an approximate determination of MAP.
However, in other implementations, MAP data 112/212 may
include data extracted and/or processed from hemodynamic
signals 142/242 and corresponding to the cardiac output
(CO), systemic vascular resistance (SVR), and central
venous pressure (CVP) of living subject 130/230.

[0042] Flowchart 460 continues with transforming, by
hypotension prediction software code 110/210/310 executed
by processor 106/306, MAP data 112/212 to at least one
parameter predictive of a future hypotension event of living
subject 130/230 (action 464). For example, in one imple-
mentation, MAP itself may be a single parameter sufficient
to predict a future hypotension event of living subject
130/230. Specifically, in one implementation, a future
hypotension event by living subject 130/230 may be pre-
dicted based on MAP by the following equation:

Risk Score=1/(1+e (@ MAP)* b)) (Equaticn 3)
where Risk Score corresponds to the probability of a future
hypotension event of living subject 130/230, and “a”, MAP
itself, and “b”, are parameters predictive of such a hypoten-
sive event. It is noted that in some implementations, the
parameters “a” and “b” may be predetermined and fixed,
while in other implementations. “a” and “b” may be vari-
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ables that are determined on a case-by-case basis and may be
obtained from the transformation of MAP data 112/212
performed as action 464.

[0043] Flowchart 460 continues with determining, by
hypotension prediction software code 110/210/310 executed
by processor 106/306, the risk score for living subject
130/230, e.g., Risk Score above (action 466). As noted
above, the risk score for living subject 130/230 may be
determined using Equation 3. In some implementations, the
risk score may be expressed as a fraction, as represented by
Equation 3. However, in some implementations, the risk
score may be converted to a percentage risk score between
zero percent and one hundred percent.

[0044] Itis emphasized that the risk score of living subject
130/230 is determined based on parameters derived from
MAP data 112/212 of living subject 130/230, which in turn
is determined based on hemodynamic signals 142/242 of
living subject 130/230 received from hemodynamic sensor
140/240a/2405. Consequently, according to the inventive
concepts disclosed by the present application, hardware
processor 106/306 is configured to execute hypotension
prediction software code 110/210/310 to determine the risk
score of living subject 130/230 without comparison with
data corresponding to hypotension in other living subjects.
That is to say, hypotension prediction software code 110/
210/310 determines the risk score of living subject 130/230
based on parameters derived from MAP data 112/212 with-
out reference to a hypotension patient database storing
information regarding hypotension in patients other than
living subject 130/230.

[0045] Flowchart 460 can conclude with invoking, by
hypotension prediction software code 110/210/310 executed
by processor 106/306, sensory alarm 128 if the risk score of
living subject 130/230 satisfies a predetermined risk criteria
(action 468). As shown in FIG. 1, for example, hypotension
prediction software code 110/210/310 may be configured to
provide an output to user interface 120 on display 126/326
for displaying the risk score of living subject 130/230,
and/or for invoking sensory alarm 128. As further shown in
FIG. 1, in some implementations, the output of hypotension
prediction software code 110/210/310 may be processed
using DAC 124 to convert digital signals into analog signals
for presentation via user interface 120.

[0046] The predetermined risk criteria may be based on
the value of the risk score, on the trend of the risk score over
a time interval, or both. For example, where the risk score
is expressed as a percentage between zero and one hundred,
having the risk score exceed a threshold of eighty-five
percent, for instance, may cause sensory alarm 128 to be
invoked immediately. Alternatively, or in addition, a lower
risk score may cause sensory alarm 128 to be invoked if it
exceeds a predetermined threshold over the entirety of a
predetermined time period.

[0047] Thus, for example, while a risk score of eighty five
percent may cause sensory alarm 128 to be invoked imme-
diately, a risk score of eighty percent may cause sensory
alarm 128 to be invoked after several seconds at that level,
such as ten to thirty seconds in which the risk score is
continuously between eighty and eighty five percent, for
example. By analogy, a still lower risk score may cause
sensory alarm 128 to be invoked if that risk score is
maintained continuously for one or more minutes. In yet
another implementation, the risk score may cause sensory
alarm 128 to be invoked if it meets or exceeds a predeter-
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mined value a predetermined number of times over a pre-
determined time period. For example, having the risk score
exceed seventy five percent three times over a five minute
interval may cause sensory alarm 128 to be invoked.
[0048] As noted above by reference to FIG. 1, sensory
alarm 128 may be implemented as one or more of a visual
alarm, an audible alarm, and a haptic alarm. For example,
when implemented to provide a visual alarm, sensory alarm
128 may be invoked as flashing and/or colored graphics
shown by user interface 120 on display 126, and/or may
include displaying the risk score via user interface 120 on
display 126/326. When implemented to provide an audible
alarm, sensory alarm 128 may be invoked as any suitable
warning sound, such as a siren or repeated tone. Moreover,
when implemented to provide a haptic alarm, sensory alarm
128 may cause hardware unit 104/304 to vibrate or other-
wise deliver a physical impulse perceptible to user 150.
[0049] Although not included among the actions outlined
by flowchart 460, in some implementations, the present
method may include identifying, by hypotension prediction
software code 110/210/310 executed by processor 106/306,
a most probable cause of the future hypotension event of
living subject 130/230. For example, and as noted above,
based on indicia included in hemodynamic signals 142,
hypotension prediction software code 110/210/310 may be
used to identify poor vascular tone, low blood volume, or
reduced cardiac contractility, to name a few exemplary
causes, as a most probable cause of a predicted future
hypotension event.

[0050] In addition, in some implementations, the present
method may include recommending, by hypotension pre-
diction software code 110/210/310 executed by processor
106/306, a medical intervention for preventing the future
hypotension event of living subject 130/230. With respect to
poor vascular tone or low blood volume, for example,
administration of a vasoconstrictor may be recommended if
poor vascular tone is detected, while administration of saline
or whole blood may be recommend if low blood volume is
identified as a most probable cause of the predicted future
hypotension event.

[0051] Thus, by transforming MAP data of a living subject
to one or more parameters predictive of a future hypotension
event of the living subject, the present application discloses
a solution enabling determination of a risk score correspond-
ing to the probability that the future hypotension event will
occur. In addition, by receiving and transforming the MAP
data of the living subject on an ongoing basis, the solution
disclosed by the present application enables substantially
continuous hypotension risk monitoring of the living sub-
ject. Moreover, by invoking a sensory alarm if the risk score
of the living subject satisfies a predetermined risk criteria,
the present application discloses a solution that provides an
early warning of a future hypotension event of the living
subject, thereby advantageously enabling health care work-
ers to prepare a timely and effective intervention.

[0052] From the above description it is manifest that
various techniques can be used for implementing the con-
cepts described in the present application without departing
from the scope of those concepts. Moreover, while the
concepts have been described with specific reference to
certain implementations, a person of ordinary skill in the art
would recognize that changes can be made in form and detail
without departing from the scope of those concepts. As such,
the described implementations are to be considered in all
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respects as illustrative and not restrictive. It should also be
understood that the present application is not limited to the
particular implementations described herein, but many rear-
rangements, modifications, and substitutions are possible
without departing from the scope of the present disclosure.
What is claimed is:
1. A system for monitoring and evaluation of a living
subject, the system comprising:
a hemodynamic sensor configured to be attached to the
living subject, sense an arterial pressure of the living
subject, and generate a hemodynamic signal based on
the arterial pressure of the living subject;
an analog-to-digital converter configured to receive the
hemodynamic signal and convert the hemodynamic
signal to hemodynamic data in digital form;
a display;
a system memory storing a hypotension prediction soft-
ware code; and
a hardware processor configured to execute the hypoten-
sion prediction software code to:
determine a mean arterial pressure (MAP) data of the
living subject based on the hemodynamic data;

transform the MAP data to one or more parameters
predictive of a future hypotension event of the living
subject;

determine a risk score of the living subject correspond-
ing to a probability of the future hypotension event
based on at least a subset of the one or more
parameters; and

display the risk score of the living subject on the
display.

2. The system of claim 1 further comprising:

a sensory alarm;

wherein the hardware processor is configured to execute
the hypotension prediction software code to invoke the
sensory alarm if the risk score of the living subject
satisfies a predetermined risk criteria.

3. The system of claim 2, wherein the sensory alarm is one

of visual alarm, an audible alarm, and a haptic alarm.

4. The system of claim 3, wherein the visual alarm causes
the risk score to be displayed on the display.

5. The system of claim 1, wherein the hardware processor
is configured to execute the hypotension prediction software
code to determine the risk score of the living subject without
comparison with data corresponding to hypotension in other
living subjects.

6. The system of claim 1, wherein the hardware processor
is configured to execute the hypotension prediction software
code to determine the risk score of the living subject without
comparison with data corresponding to hypotension in other
living subjects.

7. The system of claim 1, wherein the hardware processor
is further configured to execute the hypotension prediction
software code to identify a most probable cause of the future
hypotension event.
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8. The system of claim 7, wherein the hardware processor
is further configured to execute the hypotension prediction
software code to recommend a medical intervention for
preventing the future hypotension event based on the most
probable cause of the future hypotension event.

9. The system of claim 8, wherein the most probable cause
includes one or more of identification of a poor vascular
tone, a low blood volume, and a reduced cardiac contrac-
tility.

10. The system of claim 9, wherein the hardware proces-
sor is further configured to execute the hypotension predic-
tion software code to recommend an administration of a
vasoconstrictor to the living subject if the poor vascular tone
is detected.

11. The system of claim 9, wherein the hardware proces-
sor is further configured to execute the hypotension predic-
tion software code to recommend an administration of saline
or whole blood to the living subject if low blood volume is
detected.

12. The system of claim 1, wherein the hardware proces-
sor is further configured to execute the hypotension predic-
tion software code to cause the system to administer a
vasoconstrictor to the living subject if a poor vascular tone
is detected as the most probable cause.

13. The system of claim 1, wherein the hardware proces-
sor is further configured to execute the hypotension predic-
tion software code to cause the system to administer a saline
or whole blood if low blood volume to the living subject if
a poor vascular tone is detected as the most probable cause.

14. The system of claim 1, wherein the risk score is
calculated using 1/(1+e 4P+ where a and b are
numbers.

15. The system of claim 12, wherein a and b are fixed
numbers.

16. The system of claim 12, wherein a and b are variable
numbers.

17. The system of claim 1, wherein the hemodynamic
signal is obtained non-invasively from the living subject.

18. The system of claim 17, wherein the hemodynamic
signal is obtained non-invasively at an extremity of the
living subject.

19. The system of claim 1, wherein a cardiac output (CO),
a systemic vascular resistance (SVR), and a central venous
pressure (CVP) are calculated using the hemodynamic data,
and wherein the MAP is determined in accordance with
(CO*SVR)+CVP.

20. The system of claim 1, wherein a systolic pressure
(SP), and a diastolic pressure (DP) are calculated using the
hemodynamic data, and wherein the MAP is determined in
accordance with (DP+/4(SP-DP).

* #* * #* #®
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