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FIG. 5

MOTION SENSOR 100 PROVIDES OOPE, TOPE AND
DTDE CUTPUTS TO MINIMUM EXERTION LEVEL
CALCULATOR 110

é

MINIMUM EXERTION LEVEL CALCULATOR 110
PROVIDES OUTPUT TO MDST(-C) CALCULATOR
120 INDICATING THAT AT LEAST A MINIMUM
EXERTION LEVEL HAS BEEN ACHIEVED

é

MDST(--C) CALCULATOR 120 ALSO RECEIVES A
MEASURED TEMPERATURE OQUTPUT FROM
TEMPERATURL SENSOR 102 AND TOPE QUTPUT
FROM MOTION SENSCR 100 TO INITIALLY
ASCERTAIN MEASURED TEMPERATURE AT TIME
POINT €

&

MDST(-C) CALCULATOR 120 ALSO
ASCERTAINS MEASURED TEMPERATURE
AT TIME POINT D

|

MDST(~C) CALCULATOR CALCULATES
DIFFERENCE BETWEEN MEASURED TEMPERATURE

AT TIME PONTS D AND C (MDST(D~C))

:

LVD DETERMINING CIRCUITRY 130 RECEIVES
MDST(D-C) OUTPUT AND PROVIDES AN QUTRUT
INDICATION OF THE PRESENCE OF LYD IN THE
SCREENED PERSON, BASED ON A COMPARISON
OF THE MDST(D-C) WITH MDST(D-C) VALUES

LINKED BY ESTABUSHED CLINICAL DATA 70

PERSONS WHO SUFFER OR DO NOT SUFFER

FROM LVD
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FIG. 6

MOTION SENSOR 100 PROVIDES QOPE, TOPL AND DTDE QUTPUTS TO MINIMUM
EAERTION LEVEL CALCULATOR 110

‘iI

MINMUM EXERTION LEVEL CALCULATOR 110 PROVIDES QUTPUT TO MDST(-C)
CALCULATOR 120 INDICATING THAT AT LEAST A MINIMUM EXERTION LEVEL HAS
BEEN ACHIEVED

Ei;

MDST(-C) CALCULATOR 120 ALSO RECEIVES A MEASURED TEMPERATURE OUTPUT
FROM THE TEMPERATURE SENSOR 102 AND THE TOPE OUTPUT FROM MOTION
SENSCR 100 TO INITIALLY ASCERTAIN THE MEASURED TEMPERATURE AT TIME

POINT €

“i;

MDST(-C} CALCULATOR 120 ALSC ASCERTAINS THE MEASURED TEMPERATURE
AT TIME POINT D

MDST(~C) CALCULATOR CALCULATES THE DIFFERENCE BETWEEN THE
MEASURED TEMPERATURE AT TIME POINTS D AND C {(MDST(D-C))

v
LVD DETERMINING CIRCUITRY 130 RECEIVES MDST(D-C) OUTPUT AND
PROMDES AN OUTPUT INDICATION OF THE PRESENCE OF LVD IN THE
SCREENED PERSON, BASED ON A COMPARISON OF THE MDST(D-C) WiTH
MDST(D-C) VALUES LINKED BY ESTABLISHED CLINICAL DATA TO PERSONS
WHO SUFFER OR DO NOT SUFFER FROM LVD

i
EJECTION FRACTION CALCULATOR 140 RECEIVES DTDE QUTPUT OF MOTION SENSOR
100 AT TiIME C, TOGETHER WITH OGPL AND TOPL QUTPUTS OF MOTION SENSOR,
OUTPUT OF THE MDST(-C) CALCULATOR 120 AND OUTPUT OF LVD DETERMINING

CIRCUITRY, AS WELL AS PERSONAL PARAMETERS OF A PATIENT BEING DIAGNOSED
OR MONITORED, INCLUDING AT LEAST AGE, SEX, HEIGHT, WEIGHT

EJECTION FRACTION CALCULATOR 140 AUTOMATICALLY CALCULATES EJECTION
FRACTION FOR THAT PATENT
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FIG. 13

MOTION SENSOR 200 PROVIDES QOPC, TOPC, CIP QUTPUTS TO POSITION
CHANGE CALCULATOR 210

|

POSITION CHANGE CALCULATOR 210 PROVIDES QUTPUT TO MDST(-G)

CALCULATOR 220 INDICATING THAT AT LEAST A QUALIFYING POSITION

CHANGE HAS BEEN PERFORMED, AS WELL AS TYPC QUTPUT 10 LVD
DETERMINING CURCUITRY 230

|

MDST(~G) CALCULATOR 220 ALSO RECEIVES A MEASURED TEMPERATURE
OUTPUT FROM TEMPERATURE SENSOR 202 AND THE TOPC QUTPUT FROM
MOTION SENSOR 200 TO INITIALLY ASCERTAIN THE MEASURED TEMPERATURE
AT TIME POINT G

|

MOST(-G) CALCULATOR 220 ALSO ASCERTAINS THE MEASURED TEMPERATURE
AT TIME POINTS H1, H2 & H3

|

MDST(-G) CALCULATOR 220 CALCULATES THE DIFFERENCE BETWEEN THE
MEASURED TEMPERATURE AT TIME POINTS Hi, HZ & H3 AND G

(MDST(H1=G), MDST(H2-6) & MDST(H3-6))

|

LVD DETERMINING CIRCUITRY 230 RECEIVES MDST(HI-G), MDST(H2-G) &
MDST(H3~G) QUTPUTS FROM MDST(-G) CALCULATOR 220, TYPC QUTPUT
FROM POSITICN CHANGE CALCULATOR 210 AND PROVIDES AN QUTPUT
INDICATION OF THE PRESENCE OF LVD IN THE SCREENED PERSON, BASED
ON A COMPARISON OF THE MDST(H1-G), MDST(H2-G) & MDST(H3-G)
VALUES QUTPUT FROM MDST(-G) CALCULATOR 220 WITH MDST(H1-G),

MDST(H2-G) & MDST(H3-G) VALUES LINKED BY ESTABLISHED CLINICAL
DATA TO PERSONS WHO SUFFER OR DO NOT SUFFER FROM LVD
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FIG. 14

MOTION SENSOR 200 PROVIDES OOPC, TOPC, CIP OQUTPUTS TO POSITION
CHANGE CALCULATOR 210

é

POSITION CHANGE CALCULATOR 210 PROVDES OUTPUT TO MDST{-G) CALCULATOR 220

INDICATING THAT AT LEAST A QUALIFYING POSITION CHANGE HAS BEEN PERFORMED, AS

WELL AS TYPC QUIPUT 7O LVD DETERMINING CURCUITRY 230 AND EJECTION FRACTION
CALCULATOR 240

!

MDST(~G) CALCULATOR 220 ALSO RECEIVES A MEASURED TEMPERATURE QUTPUT FROM
TEMPERATURE SENSOR 202 AND THE TOPC OUTPUT FROM MOTION SENSOR 200 10
INITIALLY ASCERTAIN THE MEASURED TEMPERATURE AT TIME POINT G

i

MDST(-G) CALCULATOR 220 ALSO ASCERTAINS THE MEASURED TEMPERATURE AT TIME
POINTS HY, HZ & H3

6

MDST(~C) CALCULATOR 220 CALCULATES THE DIFFERENCE BETWEEN THE MEASURED
TEMPERATURE AT TIME POINTS H1, H2 & H3 AND G (MDST{H1~G), MDST(H2-C) &
MDST(H3-G))

¢

LVD DETERMINING CIRCUITRY 230 RECEIVES MDST(H1-G), MDST(H2-G) & MDST(H3-G)
OUTPUTS FROM MDST(-G) CALCULATOR 220, TYPC QUTPUT FROM POSITION CHANGE
CALCULATOR 210 AND PROVIDES AN QUTPUT INDICATION OF THL PRESENCE OF LVD IN
THE SCREENED PERSON, BASED ON A COMPARISON OF THE MDST(H1-G), MDST(H2-G)
& MDST(H3-G) VALUES OUTPUT FROM MDST(-G) CALCULATOR 220 WITH MDST{HI-G),
MDST(H2-G) & MDST(H3-G) VALUES LINKED BY ESTABLISHED CLINICAL DATA 10
PERSONS WHO SUFFER COR DC NOT SUFFER FROM LVD

;

EJECTION FRACTION CALCULATOR 240 RECEIVES THE CQUTPUT OF THE LVD DETERMINING
CIRCUITRY 230, AS WELL AS THE MDST(HI-G), MDST(H2-G) & MDST{H3-G} OUTPUTS

FROM THE MDST(-G) CALCULATOR 220, AS WELL AS THE TYPC QUTPUT FROM POSITION
CHANGE CALCULATOR 210, AS WELL AS THE PERSONAL PARAMEIERS OF A PATENT
BEING DIAGNOSED OR MONITORED, INCLUDING AT LEAST AGE, SEX, HEIGHT, WEIGHT,
SYSTOLIC BLOOD PRESSURE, DIASTOUIC BLOGD PRESSURE AND ORAL TEMPERATURE.

¢

EJECTION FRACTION CALCULATOR 240 AUTOMATICALLY CALCULATES THE EJECTION
FRACTION FOR THIS PATIENT
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CARDIOVASCULAR SCREENING
DIAGNOSTIC AND MONITORING SYSTEM
AND METHOD

REFERENCE TO RELATED APPLICATIONS

[0001] Reference is hereby madeto U.S. Provisional Patent
Application Ser. No. 61/747,716, filed Dec. 31, 2012 and
entitled SYSTEM AND METHOD FOR DETERMINING
CARDIOVASCULAR CONDITION, the disclosure of
which is hereby incorporated by reference and priority of
which is hereby claimed pursuant to 37 CFR 1.78(a) (4) and

(3)Q).
FIELD OF THE INVENTION

[0002] The present invention relates to medical diagnostic
systems and methods generally and more particularly to diag-
nosis of LVD (Left Ventricular Dysfunction).

BACKGROUND OF THE INVENTION

[0003] Various types of systems and methods for cardiac
function diagnosis are known in the art.

SUMMARY OF THE INVENTION

[0004] The present invention seeks to provide improved
medical diagnostic systems for the diagnosis of LVD (Left
Ventricular Dysfunction).

[0005] There is thus provided in accordance with a pre-
ferred embodiment of the present invention a system for
providing an indication of at least LVD (Left Ventricular
Dysfunction), the system including at least one temperature
sensor providing an output indication based on skin tempera-
ture at at least one location on a person at a plurality of given
times, at least one body activity sensor providing an output
indication of at least termination of body activity, a time/
temperature ascertainer operative to receive inputs from the at
least one temperature sensor and from the at least one body
activity sensor to provide output indications of the skin tem-
perature at termination of body activity and thereafter and a
correlator operative to correlate the output indications of the
skin temperature at termination of body activity and thereaf-
ter with established clinical data relating changes in skin
temperature at termination of body activity and thereafter to
existence of at least LVD, the correlator providing at least an
output indication of at least LVD.

[0006] Preferably, the at least one temperature sensor and
the at least one body activity sensor respectively measure
temperature and body activity at two distinct regions of a
person’s body. Alternatively, the at least one temperature
sensor and the at least one body activity sensor respectively
measure temperature and body activity at a single region of a
person’s body.

[0007] In accordance with a preferred embodiment of the
present invention the at least one temperature sensor and the
at least one body activity sensor respectively measure tem-
perature and body activity such that the temperature repre-
sents skin temperature at a body region which is less active
than a region which is principally undergoing body activity.
[0008] Preferably, the at least one body activity sensor is
embodied in a treadmill. Additionally of alternatively, the
temperature sensor measures skin temperature on a person’s
wrist.

[0009] In accordance with a preferred embodiment of the
present invention body activity sensor is mounted on a portion

Nov. 5, 2015

of the person’s body which is undergoing physical exertion
while the temperature sensor is mounted on a portion of the
person’s body other than that portion undergoing physical
exertion.
[0010] Preferably, physical exertion of the person is mea-
sured from a starting point in time designated time A at which
the person is standing and at rest, the onset of physical exer-
tion begins at a point in time designated B and the physical
exertion is terminated at a point in time designated C. Addi-
tionally, a time separation between points A and B is approxi-
mately 2 minutes, a time separation between time points B
and C is approximately 4 minutes and a further measuring
point in time, designated time point D, is established at
approximately 2.3 minutes following time point C.
[0011] In accordance with a preferred embodiment of the
present invention measured differential skin temperature
relative to point C (MDST(-C)) increases from time point C
to time point D for a non-LVD person. Additionally or alter-
natively, measured differential skin temperature relative to
point C (MDST(-C)) decreases from time point C to time
point D for an LVD person.
[0012] Preferably, the systemalso includes an ejection frac-
tion calculator operative to ascertain the ejection fraction
(EF) for the person.
[0013] In accordance with a preferred embodiment of the
present invention physical exertion of the person is measured
from a starting point in time designated time A at which the
person is standing and at rest, the onset of physical exertion
begins at a point in time designated B, the physical exertion is
terminated at a point in time designated C, a time separation
between points A and B is approximately 2 minutes, a time
separation between time points B and C is approximately 4
minutes, a further measuring point in time, designated time
point D, is established at approximately 2.3 minutes follow-
ing time point C, measured differential skin temperature rela-
tive to point C (MDST(-C)) increases from time point C to
time point D for a non-LVD person, measured differential
skin temperature relative to point C (MDST(-C)) decreases
from time point C to time point D for an LVD person, and the
ejection fraction calculator employs an algorithm of the fol-
lowing general form:
Ejection Fraction(EF)(%)=K,+K,xMDST(D- C)+K3x
A+K xMF4K sx WK gxHT+Kx DTDE+K;x
DPEM+KxLVD

[0014] Where K,-K, are constants, MDST(D-C) is the
Measured Differential Skin Temperature relative to point C at
point D, A is Age in Years, MF is 0 for males and 1 for females,
W is Weight in Kilograms, HT is Height in Centimeters,
DTDE is Distance in meters Traveled during Physical Exer-
tion, DPEM is Duration of Physical Exertion in Minutes and
LVDis 0 for non-LVD and 1 for LVD.

[0015] Preferably, K, is approximately 26, K, is approxi-
mately -1.5, K, is approximately -0.1, K, is approximately
1.93, K, is approximately —0.3, K is approximately 0.3, K is
approximately -0.03, K, is approximately 2.6 and K, is
approximately -30.

[0016] In accordance with a preferred embodiment of the
present invention physical exertion of the person is measured
from a starting point in time designated time A at which the
person is standing and at rest, the onset of physical exertion
begins at a point in time designated B, the physical exertion is
terminated at a point in time designated C, a time separation
between points A and B is approximately 2 minutes, a time
separation between time points B and C is approximately 4
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minutes, a further measuring point in time, designated time
point D, is established at approximately 2.3 minutes follow-
ing time point C, measured differential skin temperature rela-
tive to point C (MDST(-C)) increases from time point C to
time point D for a non-LVD person,

[0017] measured differential skin temperature relative to
point C (MDST(-C)) decreases from time point C to time
point D for an LVD person and the ejection fraction calculator
employs an algorithm of the following general form:

Ejection Fraction(EF)(%)=K,+K,xMDST(D-C)+K3x
A+K X MF+K sx WK gx HT+K x DTDE+K gx

DPEM+KxLVD+K,gxSBP+K | ;xDBP+K ;%
TEMP

[0018] Where K,-K,, are constants, MDST(D-C) is the
Measured differential skin temperature relative to point C at
point D, A is Age in Years, MF is O for males and 1 for females,
W is Weight in Kilograms, HT is Height in Centimeters,
DTDE is Distance in meters traveled during Physical Exer-
tion, DPEM is Duration of Physical Exertion in Minutes,
LVD s 0 for non-LVD and 1 for LVD, SBP is Systolic Blood
Pressure in mm HG, DBP is Diastolic Blood Pressure in mm
HG and TEMP is Oral Temperature in ° C.
[0019] Preferably, K, is approximately -26, K, is approxi-
mately -7, K, is approximately -0.05, K, is approximately
1.3, K, is approximately -0.2, K is approximately 0.2, K, is
approximately -0.05, K, is approximately 3.6, K, is approxi-
mately -32, K, is approximately 0.05, K, , is approximately
0.1 and K, is approximately 1.3.
[0020] In accordance with a preferred embodiment of the
present invention physical exertion of the person is measured
from a starting point in time designated time A at which the
person is standing and at rest, the onset of physical exertion
begins at a point in time designated B, the physical exertion is
terminated at a point in time designated C, a time separation
between points A and B is approximately 2 minutes, a time
separation between time points B and C is approximately 4
minutes, a further measuring point in time, designated time
point D, is established at approximately 2.3 minutes follow-
ing time point C, measured differential skin temperature rela-
tive to point C (MDST(-C)) increases from time point C to
time point D for a non-LVD person, measured differential
skin temperature relative to point C (MDST(-C)) decreases
from time point C to time point D for an LVD person and the
ejection fraction calculator employs an algorithm of the fol-
lowing general form:

Ejection Fraction(EF)(%)=K, +KoxMDST(D-C)+K 3x

A+K )X MF+K sx WK ) HT+K x DTDE+K g%

DPEMA4K xLVD+K oxSBP+K | xDBP+K %
TEMP+K ;xHRC/HRD

[0021] Where K,-K 5 are constants, MDST(D-C) is the
Measured Differential skin temperature relative to point C at
point D, Ais Agein Years, MF is 0 for males and 1 for females,
W is Weight in Kilograms, HT is Height in Centimeters,
DTDE is Distance in meters Traveled during physical Exer-
tion, DPEM is Duration of Physical Exertion in Minutes,
LVD s 0 for non-LVD and 1 for LVD, SBP is Systolic Blood
Pressure in mm HG, DBP is Diastolic Blood Pressure in mm
HG, TEMP is Oral Temperature in ° C., HRC is Heart Rate at
time point C in Beats Per Minute (BPM) and HRD is Heart
Rate at time point D in BPM.

[0022] Preferably, K, is approximately 10, K, is approxi-
mately -3, K; is approximately -0.1, K, is approximately
-0.2,K is approximately -0.2, K is approximately 0.2, K, is
approximately -0.05, K is approximately 3.3, K, is approxi-
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mately =31, K, is approximately 0.1, K, is approximately
0.01, K, is approximately 0.4 and K 5 is approximately -1.
[0023] 1In accordance with a preferred embodiment of the
present invention the body activity sensor provides outputs
indicating ONSET OF PHYSICAL EXERTION (DOPE)
(Time Point B), TERMINATION OF PHYSICAL EXER-
TION (TOPE) (Time Point C) and DISTANCE TRAVELED
DURING PHYSICAL EXERTION (DTDE). Additionally,
the system also includes a minimum exertion level calculator
receiving the outputs of the body activity sensor and provid-
ing an output indicating whether a minimum threshold for
physical exertion has been exceeded between the OOPE and
the TOPE.
[0024] In accordance with a preferred embodiment of the
present invention body activity of the person is measured
from a starting point in time designated time E at which the
person is sitting and at rest and the body activity terminates at
a point in time designated time F. Additionally, a time sepa-
ration between points E and F is approximately 2 minutes, a
time separation between time point F and a reference time
point G is approximately 3 minutes and at least one of three
further measuring points in time, designated time points H1,
H2 & H3, is established at approximately 2 minutes, 3 min-
utes and 6 minutes following time point G.
[0025] Preferably, at least two of three further measuring
points in time, designated time points H1, H2 & H3, are
established at approximately 2 minutes, 3 minutes and 6
minutes following time point G. Additionally, three further
measuring points in time, designated time points H1, H2 &
H3, are established at approximately 2 minutes, 3 minutes
and 6 minutes following time point G.
[0026] In accordance with a preferred embodiment of the
present invention a measured differential skin temperature
(MDST(-G)) decreases more significantly following time
point G for an LVD person than for a non-LVD person.
[0027] Preferably, the systemalso includes an ejection frac-
tion calculator operative to ascertain the ejection fraction
(EF) for the person.
[0028] In accordance with a preferred embodiment of the
present invention body activity of the person is measured
from a starting point in time designated time E at which the
person is sitting and at rest, the body activity terminates at a
point in time designated time F, a time separation between
points E and F is approximately 2 minutes, a time separation
between time point F and a reference time point G is approxi-
mately 3 minutes, at least one of three further measuring
points in time, designated time points H1, H2 & H3, is estab-
lished at approximately 2 minutes, 3 minutes and 6 minutes
following time point G, a measured differential skin tempera-
ture relative to point G (MDST(-QG)) is calculated and the
ejection fraction calculator employs an algorithm of the fol-
lowing general form:
Ejection Fraction(EF)(%)=K +K>xMDST(H2-G)+
Kyx A+Kyx MF+Ksx WK x HT+KxSEP+Kgx
DBP+Kyx TEMP

[0029] Where K,-K, are constants, MDST(H2-G) is the
Measured Differential skin temperature relative to point G at
point H2, A is Age in Years, MF is O for males and 1 for
females, W is Weight in Kilograms, HT is Height in Centi-
meters, SBP is Systolic Blood Pressure in mm HG, DBP is
Diastolic Blood Pressure in mm HG and TEMP is Oral Tem-
perature in ° C.

[0030] Preferably, K, is approximately -1694, K, is
approximately 100, K is approximately 0.59, K, is approxi-
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mately 44.2, K is approximately —=1.71, K is approximately
2.22, K, is approximately -1.41, Ky is approximately —0.05
and K, is approximately 44.3.

[0031] In accordance with a preferred embodiment of the
present invention body activity of the person is measured
from a starting point in time designated time E at which the
person is sitting and at rest, the body activity terminates at a
point in time designated time F, a time separation between
points E and F is approximately 2 minutes, a time separation
between time point F and a reference time point G is approxi-
mately 3 minutes, at least one of three further measuring
points in time, designated time points H1, H2 & H3, is estab-
lished at approximately 2 minutes, 3 minutes and 6 minutes
following time point G, a measured differential skin tempera-
ture relative to point G (MDST(-G)) is calculated and the
ejection fraction calculator employs an algorithm of the fol-
lowing general form:
Ejection Fraction(EF)(%)=K, +KoxMDST(H3-G)+
Kaxd+K )xMF+Ksx WK X HT+K % SBP+K5x
DBP+KoxTEMP

[0032] Where K,-K, are constants, MDST(H3-G) is the
Measured Differential skin temperature relative to point G at
point H3, A is Age in Years, MF is O for males and 1 for
females, W is Weight in Kilograms, HT is Height in Centi-
meters, LVD is 0 for non-LVD and 1 for LVD, SBP is Systolic
Blood Pressure in mm HG, DBP is Diastolic Blood Pressure
in mm HG and TEMP is Oral Temperature in ° C.

[0033] Preferably, K, is approximately -1065, K, is
approximately 55.6, K, is approximately 0.36, K, is approxi-
mately 34.1, K, is approximately 1.37, K is approximately
1.58, K, is approximately -1.10, K, is approximately -0.07
and K, is approximately 29.0.

[0034] In accordance with a preferred embodiment of the
present invention body activity of the person is measured
from a starting point in time designated time E at which the
person is sitting and at rest, the body activity terminates at a
point in time designated time F, a time separation between
points E and F is approximately 2 minutes, a time separation
between time point F and a reference time point G is approxi-
mately 3 minutes, at least one of three further measuring
points in time, designated time points H1, H2 & H3, is estab-
lished at approximately 2 minutes, 3 minutes and 6 minutes
following time point G, a measured differential skin tempera-
ture relative to point G (MDST(-G)) decreases more signifi-
cantly following time point G for an LVD person than for a
non-LVD person and the ejection fraction calculator employs
an algorithm of the following general form:
Ejection Fraction(EF)(%)=K,+K,xMDST(H1-G)+
Kaxd+K xMF+Ksx WK gt HT+K % SBP+Kgx
DBP+KoxTEMP+K oxLVD

[0035] Where K,-K; are constants, MDST(H1-G) is the
Measured Differential skin temperature relative to point G at
point H1, A is Age in Years, MF is 0 for males and 1 for
females, W is Weight in Kilograms, HT is Height in Centi-
meters, SBP is Systolic Blood Pressure in mm HG. DBP is
Diastolic Blood Pressure in mm HG, TEMP is Oral Tempera-
ture in ° C. and LVD is 0 for non-LVD and 1 for LVD.

[0036] Preferably, K, is approximately -192, K, is
approximately 35.5, K, is approximately 0.11, K, is approxi-
mately 4.05, K is approximately 0.33, K is approximately
0.30, K, is approximately -0.11, K is approximately 0.03,
K, 1s approximately 6.32 and K, is approximately —26.0.
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[0037] 1In accordance with a preferred embodiment of the
present invention body activity of the person is measured
from a starting point in time designated time E at which the
person is sitting and at rest, the body activity terminates at a
point in time designated time F, a time separation between
points E and F is approximately 2 minutes, a time separation
between time point F and a reference time point G is approxi-
mately 3 minutes, at least one of three further measuring
points in time, designated time points H1, H2 & H3, is estab-
lished at approximately 2 minutes, 3 minutes and 6 minutes
following time point G and a measured differential skin tem-
perature relative to point G (MDST(-G)) decreases more
significantly following time point G for an LVD person than
for a non-LVD person and the ejection fraction calculator
employs an algorithm of the following general form:
Ejection Fraction(EF)(%)=K,+K,xMDST(H3-G)+
Kox A+Kyx MF+Ksx WK x HT+KxSEP+Kgx
DBP+Kyx TEMP+K o xLVD

[0038] Where K,-K, are constants, MDST(H3-G) is the
Measured Differential skin temperature relative to point G at
point H3, A is Age in Years, MF is O for males and 1 for
females, W is Weight in Kilograms, HT is Height in Centi-
meters, SBP is Systolic Blood Pressure in mm HG, DBP is
Diastolic Blood Pressure in mm HG, TEMP is Oral Tempera-
ture in ° C. and LVD is 0 for non-LVD and 1 for LVD.

[0039] Preferably, K, is approximately -85.3, K, is
approximately 14.4, K, is approximately 0.07, K, is approxi-
mately 3.04, K, is approximately -0.24, K is approximately
0.19, K, is approximately -0.10, Ky is approximately 0.05,
K, is approximately 3.77 and K, is approximately -24.7.

[0040] In accordance with a preferred embodiment of the
present invention the body activity sensor provides outputs
indicating ONSET OF POSITION CHANGE (OOPC), TER-
MINATION OF POSITION CHANGE (TOPC) (Time Point
F) and CHANGE IN POSITION (CIP). Additionally, the
system also includes a body position change calculator
receiving the outputs of the body activity sensor and provid-
ing an output indicating whether a qualifying position change
has been performed between the OOPC and the TOPC as well
as the TYPE OF POSITION CHANGE (TYPC).

[0041] There is also provided in accordance with another
preferred embodiment of the present invention a method for
providing an indication of at least LVD (Left Ventricular
Dysfunction), the method including sensing a skin tempera-
ture of a subject at at least one location on a person at a
plurality of given times, providing a plurality of skin tempera-
ture output indications based on the sensing, sensing body
activity of the subject and providing an output indication of at
least termination of the body activity, ascertaining skin tem-
perature of the subject at the termination of body activity and
thereafter based on the plurality of skin temperature output
indications and the output indication of at least termination of
the body activity, correlating the skin temperature of the
subject at the termination of body activity and thereafter with
established clinical data relating changes in skin temperature
at the termination of body activity and thereafter to existence
of at least LVD and providing at least an output indication of
at least LVD.

[0042] Preferably, the sensing a skin temperature and the
sensing body activity respectively include sensing skin tem-
perature and sensing body activity at two distinct regions of a
person’s body. Alternatively, the sensing a skin temperature
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and the sensing body activity respectively include sensing
skin temperature and sensing body activity at a single region
of a person’s body.
[0043] In accordance with a preferred embodiment of the
present invention the sensing a skin temperature and the sens-
ing body activity respectively include sensing skin tempera-
ture at a body region which is less active than a region which
is principally undergoing body activity.
[0044] In accordance with a preferred embodiment of the
present invention physical exertion of the person is measured
from a starting point in time designated time A at which the
person is standing and at rest, the onset of physical exertion
begins at a point in time designated B, the physical exertion is
terminated at a point in time designated C, a time separation
between points A and B is approximately 2 minutes, a time
separation between time points B and C is approximately 4
minutes and a further measuring point in time, designated
time point D, is established at approximately 2.3 minutes
following time point C.
[0045] Preferably, the output indication of at least LVD
indicates the absence of LVD when measured differential
skin temperature relative to point C (MDST(-C)) increases
from time point C to time point D. Additionally or alterna-
tively, the output indication of at least LVD indicates the
presence of LVD when measured differential skin tempera-
ture relative to point C (MDST(-C)) decreases from time
point C to time point D.
[0046] In accordance with a preferred embodiment of the
present invention the method also includes ascertaining an
ejection fraction (EF) for the subject.
[0047] In accordance with a preferred embodiment of the
present invention physical exertion of the person is measured
from a starting point in time designated time A at which the
person is standing and at rest, the onset of physical exertion
begins at a point in time designated B, the physical exertion is
terminated at a point in time designated C, a time separation
between points A and B is approximately 2 minutes, a time
separation between time points B and C is approximately 4
minutes, a further measuring point in time, designated time
point D, is established at approximately 2.3 minutes follow-
ing time point C, measured differential skin temperature rela-
tive to point C (MDST(-C)) increases from time point C to
time point D for a non-LVD person, measured differential
skin temperature relative to point C (MDST(-C)) decreases
from time point C to time point D for an LVD person and the
ascertaining an ejection fraction includes employing an algo-
rithm of the following general form:
Ejection Fraction(EF)(%)=K,+K,xMDST(D-C)+K3x
A+K X MF+K sx WK x HT+K x DTDE+K g
DPEM+KgxLVD

[0048] Where K,-K, are constants, MDST(D-C) is the
Measured Differential skin temperature relative to point C at
point D, A is Age in Years, MF is O for males and 1 for females,
W is Weight in Kilograms, HT is Height in Centimeters,
DTDE is Distance in meters Traveled during Physical Exer-
tion, DPEM is Duration of Physical Exertion in Minutes and
LVD is 0 for non-ILVD and 1 for LVD.

[0049] Preferably, K, is approximately 26, K, is approxi-
mately -1.5, K, is approximately -0.1, K, is approximately
1.93, K, is approximately -0.3, K, is approximately 0.3, K, is
approximately -0.03, K, is approximately 2.6 and K, is
approximately -30.

[0050] In accordance with a preferred embodiment of the
present invention physical exertion of the person is measured
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from a starting point in time designated time A at which the
person is standing and at rest, the onset of physical exertion
begins at a point in time designated B, the physical exertion is
terminated at a point in time designated C, a time separation
between points A and B is approximately 2 minutes, a time
separation between time points B and C is approximately 4
minutes, a further measuring point in time, designated time
point D, is established at approximately 2.3 minutes follow-
ing time point C, measured differential skin temperature rela-
tive to point C (MDST(-C)) increases from time point C to
time point D for a non-LVD person, measured differential
skin temperature relative to point C (MDST(-C)) decreases
from time point C to time point D for an LVD person and the
ascertaining an ejection fraction includes employing an algo-
rithm of the following general form:
Ejection Fraction(EF)(%)=K,+K,xMDST(D- C)+K3x
A+K xMF4K sx WK gxHT+Kx DTDE+K;x

DPEM+KxLVD+K | oxSBP+K,| xDBP+K
TEMP

[0051] Where K,-K,, are constants, MDST(D-C) is the
Measured differential skin temperature relative to point C at
point D, Ais Agein Years, MF is 0 for males and 1 for females,
W is Weight in Kilograms, HT is Height in Centimeters,
DTDE is Distance in meters traveled during Physical Exer-
tion, DPEM is Duration of Physical Exertion in Minutes,
LVD s 0 for non-LVD and 1 for LVD, SBP is Systolic Blood
Pressure in mm HG, DBP is Diastolic Blood Pressure in mm
HG and TEMP is Oral Temperature in ° C.

[0052] Preferably, K, is approximately -26, K, is approxi-
mately -7, K, is approximately —0.05, K, is approximately
1.3, K is approximately -0.2, K, is approximately 0.2, K is
approximately -0.05, K, is approximately 3.6, K, is approxi-
mately -32, K, , is approximately 0.05, K, is approximately
0.1 and K, is approximately 1.3.

[0053] In accordance with a preferred embodiment of the
present invention physical exertion of the person is measured
from a starting point in time designated time A at which the
person is standing and at rest, the onset of physical exertion
begins at a point in time designated B, the physical exertion is
terminated at a point in time designated C, a time separation
between points A and B is approximately 2 minutes, a time
separation between time points B and C is approximately 4
minutes, a further measuring point in time, designated time
point D, is established at approximately 2.3 minutes follow-
ing time point C, measured differential skin temperature rela-
tive to point C (MDST(-C)) increases from time point C to
time point D for a non-LVD person, measured differential
skin temperature relative to point C (MDST(=C)) decreases
from time point C to time point D for an LVD person, and the
ascertaining an ejection fraction includes employing an algo-
rithm of the following general form:
Ejection Fraction(EF)(%)=K+K>oxMDST(D-C)+K3x
AK XMPK sx WK gxHT+Kx DTDE+K

DPEM+KxLVD+K gxSBP+K | ;xDBP+K %
TEMP+K, 3xHRC/HRD

[0054] Where K,-K ; are constants, MDST(D-C) is the
Measured Differential skin temperature relative to point C at
point D, Ais Agein Years, MF is O for males and 1 for females,
W is Weight in Kilograms, HT is Height in Centimeters,
DTDE is Distance in meters Traveled during physical Exer-
tion, DPEM is Duration of Physical Exertion in Minutes,
LVD s 0 for non-LVD and 1 for LVD, SBP is Systolic Blood
Pressure in mm HG, DBP is Diastolic Blood Pressure in mm
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HG, TEMP is Oral Temperature in ° C., HRC is Heart Rate at
time point C in Beats Per Minute (BPM) and HRD is Heart
Rate at time point D in BPM.

[0055] Preferably, K, is approximately 10, K, is approxi-
mately -3, K, is approximately -0.1, K, is approximately
-0.2, K isapproximately -0.2, K is approximately 0.2, K, is
approximately —0.05, K is approximately 3.3, K, is approxi-
mately -31, K, is approximately 0.1, K, is approximately
0.01, K, is approximately 0.4 and K 5 is approximately -1.

[0056] In accordance with a preferred embodiment of the
present invention the body activity of the person is measured
from a starting point in time designated time E at which the
person is sitting and at rest, the body activity terminates at a
point in time designated time F, a time separation between
points E and F is approximately 2 minutes, a time separation
between time point F and a later reference time point G is
approximately 3 minutes, and at least one of three further
measuring points in time, designated time points H1, H2 &
H3, is established at approximately 2 minutes, 3 minutes and
6 minutes following time point G.

[0057] Preferably, a measured differential skin temperature
relative to point G (MDST(-G)) decreases more significantly
following time point G for an LVD person than fora non-LVD
person.

[0058] In accordance with a preferred embodiment of the
present invention the output indication of at least LVD indi-
cates absence of LVD when measured differential skin tem-
perature relative to point G (MDST(-G)) between time point
G and at least one of time points H1, H2 and H3 is higher than
a respective predetermined threshold. Additionally or alter-
natively, the output indication of at least LVD indicates
absence of LVD when measured differential skin temperature
relative to point G (MDST(-G)) decreases at a lower rate than
a respective predetermined threshold from time point G to at
least one of time points H1, H2 and H3.

[0059] Preferably, the output indication of at least LVD
indicates presence of LVD when measured differential skin
temperature relative to point G (MDST(-G)) decreases at a
higher rate than a respective predetermined threshold from
time point G to at least one of time points H1, H2 and H3.
Additionally or alternatively, the output indication of at least
LVD indicates presence of LVD when measured differential
skin temperature relative to point G (MDST(-G)) between
time point G and at least one of time points H1, H2 and H3 is
lower than a respective predetermined threshold.

[0060] In accordance with a preferred embodiment of the
present invention the method also includes ascertaining an
ejection fraction (EF) for the subject.

[0061] In accordance with a preferred embodiment of the
present invention body activity of the person is measured
from a starting point in time designated time E at which the
person is sitting and at rest, the body activity terminates at a
point in time designated time F, a time separation between
points E and F is approximately 2 minutes, a time separation
between time point F and a reference time point G is approxi-
mately 3 minutes, at least one of three further measuring
points in time, designated time points H1, H2 & H3, is estab-
lished at approximately 2 minutes, 3 minutes and 6 minutes
following time point G, a measured differential skin tempera-
ture relative to point G (MDST(-G)) is calculated and the
ascertaining an ejection fraction includes employing an algo-
rithm of the following general form:
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Ejection Fraction(EF)(%)=K +K,xMDST(H2-G)+
Kax A+ K xMF+Ksx WK x HT+K7x.SBP+Kgx
DBP+KoxTEMP

[0062] Where K,-K, are constants, MDST(H2-G) is the
Measured Differential skin temperature relative to point G at
point H2, A is Age in Years, MF is O for males and 1 for
females, W is Weight in Kilograms, HT is Height in Centi-
meters, SBP is Systolic Blood Pressure in mm HG, DBP is
Diastolic Blood Pressure in mm HG and TEMP is Oral Tem-
perature in ° C.

[0063] Preferably, K, is approximately -1694, K, is
approximately 100, K, is approximately 0.59, K, is approxi-
mately 44.2, K is approximately 1.71, K is approximately
2.22, K, is approximately -1.41, K is approximately —0.05
and K, 1s approximately 44.3.

[0064] In accordance with a preferred embodiment of the
present invention body activity of the person is measured
from a starting point in time designated time E at which the
person is sitting and at rest, the body activity terminates at a
point in time designated time F, a time separation between
points E and F is approximately 2 minutes, a time separation
between time point F and a reference time point G is approxi-
mately 3 minutes, at least one of three further measuring
points in time, designated time points H1, H2 & H3, is estab-
lished at approximately 2 minutes, 3 minutes and 6 minutes
following time point G, a measured differential skin tempera-
ture relative to point G (MDST(-Q)) is calculated and the
ascertaining an ejection fraction includes employing an algo-
rithm of the following general form:
Ejection Fraction(ZF)(%)=K,+K-,xMDST(H3-G)+

Kox A+KyxMEF+Ksx WK x HT+KxSEP+Kgx
DBP+KoxTEMP

[0065] Where K,-K, are constants, MDST(H3-G) is the
Measured Differential skin temperature relative to point G at
point H3, A is Age in Years, MF is O for males and 1 for
females, W is Weight in Kilograms, HT is Height in Centi-
meters, SBP is Systolic Blood Pressure in mm HG, DBP is
Diastolic Blood Pressure in mm HG and TEMP is Oral Tem-
perature in ° C.

[0066] Preferably, K, is approximately -1065, K, is
approximately 55.6, K, is approximately 0.36, K, is approxi-
mately 34.1, K, is approximately 1.37, K is approximately
1.58, K, is approximately -1.10, K is approximately —0.07
and K, is approximately 29.0.

[0067] In accordance with a preferred embodiment of the
present invention body activity of the person is measured
from a starting point in time designated time E at which the
person is sitting and at rest, the body activity terminates at a
point in time designated time F, a time separation between
points E and F is approximately 2 minutes, a time separation
between time point F and a reference time point G is approxi-
mately 3 minutes, at least one of three further measuring
points in time, designated time points H1, H2 & H3, is estab-
lished at approximately 2 minutes, 3 minutes and 6 minutes
following time point G, a measured differential skin tempera-
ture relative to point G (MDST(-G)) decreases more signifi-
cantly following time point G for an LVD person than for a
non-LVD person and the ascertaining an ejection fraction
includes employing an algorithm of the following general
form:
Ejection Fraction(EF)(%)=K,+KoxMDST(H1-G)+
Koxd+K xMF+Kx WK x HT+K ;. SBP+Kgx
DBP+EoxTEMP+K oxLVD
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[0068] Where K,-K, are constants, MDST(H1-G) is the
Measured Differential skin temperature relative to point G at
point H1, A is Age in Years, MF is 0 for males and 1 for
females, W is Weight in Kilograms, HT is Height in Centi-
meters, SBP is Systolic Blood Pressure in mm HG, DBP is
Diastolic Blood Pressure in mm HG, TEMP is Oral Tempera-
ture in ° C. and VD is 0 for non-LVD and 1 for LVD.

[0069] Preferably, K, is approximately -192, K, is
approximately 35.5, K, is approximately 0.11, K, is approxi-
mately 4.05, K is approximately 0.33, K, is approximately
0.30, K, is approximately -0.11, K is approximately 0.03,
K, is approximately 6.32 and K, is approximately -26.0.
[0070] In accordance with a preferred embodiment of the
present invention body activity of the person is measured
from a starting point in time designated time E at which the
person is sitting and at rest, the body activity terminates at a
point in time designated time F, a time separation between
points E and F is approximately 2 minutes, a time separation
between time point F and a reference time point G is approxi-
mately 3 minutes, at least one of three further measuring
points in time, designated time points H1, H2 & H3, is estab-
lished at approximately 2 minutes, 3 minutes and 6 minutes
following time point G, a measured differential skin tempera-
ture relative to point G (MDST(-G)) decreases more signifi-
cantly following time point G for an LVD person than for a
non-LVD person and the ascertaining an ejection fraction
includes employing an algorithm of the following general
form:
Ejection Fraction(EF)(%)=K, +KoxMDST(H3-G)+
Kaxd+K )xMF+Ksx WK x HT+K 7% SBP+Kgx
DBP+KoxTEMP+K oxLVD

[0071] Where K,-K,, are constants, MDST(H3-G) is the
Measured Differential skin temperature relative to point G at
point H3, A is Age in Years, MF is 0 for males and 1 for
females, W is Weight in Kilograms, HT is Height in Centi-
meters, SBP is Systolic Blood Pressure in mm HG, DBP is
Diastolic Blood Pressure in mm HG, TEMP is Oral Tempera-
ture in © C. and LVD is 0 for non-LVD and 1 for LVD.

[0072] Preferably, K, is approximately -85.3, K, is
approximately 14.4, K, is approximately 0.07, K, is approxi-
mately 3.04, K, is approximately 0.24, K is approximately
0.19, K, is approximately -0.10, K is approximately 0.05,
K, 1s approximately 3.77 and K5 is approximately -24.7.

BRIEF DESCRIPTION OF THE DRAWINGS

[0073] The present invention will be understood and appre-
ciated more fully from the following detailed description,
taken in conjunction with the drawings in which:

[0074] FIG.1 is a simplified illustration of a system which
produces an output indication of change in skin temperature
as atime function of physical exertion for a typical person and
provides an indication of at least LVD (Left Ventricular Dys-
function) in accordance with a preferred embodiment of the
present invention;

[0075] FIG. 2 is a simplified illustration of the value of
Measured Differential Skin Temperature relative to point C at
point D (MDST(D-C)) for a given individual overlaid on a
typical graph of MDST(D-C) vs. ejection fraction derived
from multiple subjects, which is useful for initial screening of
the individual using the system of FIG. 1,

[0076] FIG. 3 is a simplified functional block diagram of
the system of FIG. 1,
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[0077] FIG. 4 is a simplified illustration of the values of
MDST(D-C) for a given individual monitored on multiple
occasions, which is useful for monitoring of the individual
using the system of FIG. 1;

[0078] FIG. 5 is a simplified flowchart illustrating opera-
tion of the system of FIGS. 1-3 for screening;

[0079] FIG. 6 is a simplified flowchart illustrating opera-
tion of the system of FIGS. 1-4 for EF calculation useful in
diagnosis and monitoring;

[0080] FIG. 7is a simplified diagram showing experimen-
tal MDST(-C) data for non-LVD subjects and LVD subjects;
[0081] FIG. 8is a simplified diagram showing experimen-
tal MDST(=C) data for non-LVD subjects and LVD subjects
indicating standard deviations;

[0082] FIG. 9 is a simplified illustration of a system which
produces an output indication of change in skin temperature
as a time function of physical exertion for a typical person and
provides an indication of at least LVD (Left Ventricular Dys-
function) in accordance with another preferred embodiment
of the present invention;

[0083] FIG. 10 is a simplified illustration of the value of
Measured Differential Skin Temperature at points H1, H2 and
H3 (MDST(H1-G), MDST(H2-G), MDST(H3-G), respec-
tively) for a given individual overlaid on a typical graph of
MDST(H1-G), MDST(H2-G), MDST(H3-G) vs. ejection
fraction derived from multiple subjects, which is useful for
initial screening of the individual using the system of FIG. 9;
[0084] FIG. 11 is a simplified functional block diagram of
the system of FIG. 9;

[0085] FIG. 12 is a simplified illustration of the values of
MDST(H1-G) for a given individual monitored on multiple
occasions, which is useful for monitoring of the individual
using the system of FIG. 9;

[0086] FIG. 13 is a simplified flowchart illustrating opera-
tion of the system of FIGS. 9-11 for screening;

[0087] FIG. 14 is a simplified flowchart illustrating opera-
tion of the system of FIGS. 9-12 for EF calculation useful in
diagnosis and monitoring;

[0088] FIG. 15 is asimplified diagram showing experimen-
tal MDST(-G) data for non-LVD subjects and LVD subjects
using the system of FIG. 9; and

[0089] FIG. 16 is asimplified diagram showing experimen-
tal MDST(-G) data for non-LVD subjects and LVD subjects
indicating standard deviations using the system of FIG. 9.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0090] Reference is now madeto FIG. 1, which is a simpli-
fied illustration of a system which produces an output indi-
cation of change in skin temperature as a time function of
physical exertion for a typical person and provides an indica-
tion of at least LVD (Left Ventricular Dysfunction) in accor-
dance with a preferred embodiment of the present invention.
[0091] As seen in FIG. 1, a person, herein sometimes
referred to as an individual, is shown undergoing a regimen of
timed physical exertion, here, for example, running on a
treadmill. The physical exertion of the person is measured by
any suitable motion sensor 100, such as a DRM-4000 motion
sensor commercially available from Honeywell. The skin
temperature of the person is simultaneously measured by a
temperature sensor 102, such as an ADT 7420 temperature
sensor, commercially available from Analog Devices. The
motion sensor 100 is preferably mounted on a portion of the
person’s body which is undergoing physical exertion, such as
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the leg of the person, while the temperature sensor 102 is
preferably mounted on a portion of the person’s body other
than that portion undergoing physical exertion, preferably the
left wrist of the person.

[0092] Considering now the output of the motion sensor
100, it is seen that the physical exertion of the person is
measured from a starting point in time, time 0, designated A
at which the person is standing and at rest and the onset of
physical exertion begins at a point of time designated B and
increases in steps, typically to 2.7 km/hr. The physical exer-
tion is terminated at a time point designated C.

[0093] The time separation between points A and B is typi-
cally and preferably 2 minutes, the time separation between
time points B and C is typically and preferably 4 minutes and
a further measuring point in time, designated time point D, is
established at typically and preferably 2.3 minutes following
time point C.

[0094] Considering now the output of the temperature sen-
sor 102, it is noted that the graph indicates the difference
calculated by subtracting the skin temperature at time point C
from the sensed skin temperature ata given time on the graph.
The graph of the output of temperature sensor 102 is thus
appreciated to be a computed graph which is only provided
following time point C.

[0095] It is seen that for a non-LVD individual, the mea-
sured skin temperature minus the measured skin temperature
at time point C, herein designated by reference MDST(-C)
(Measured differential skin temperature relative to point C) is
typically approximately 0.15° C. between time points A and
B and then falls, approximately one minute after time point B
generally linearly to zero at time point C. For a typical non-
LVD individual, immediately following termination of physi-
cal exertion at time point C, the MDST(-C) increases as
shown to time point D and typically therebeyond. The MDST
(-C) for a non-LVD individual is designated in FIG. 1 by
NLVD.

[0096] Itis seen that for an individual suffering from LVD,
the measured skin temperature minus the measured skin tem-
perature at time point C, herein designated by reference
MDST(-C) (Measured differential skin temperature relative
to point C) is typically approximately 0.05° C. between time
points A and B and then falls after time point B to zero at time
point C. For a typical individual suffering from LVD, follow-
ing termination of physical exertion at time point C, the
MDST(-C) continues to decrease as shown to time point D
and typically therebeyond. The MDST(~C) for an LVD indi-
vidual is designated in FIG. 1 by LVD.

[0097] Appreciation of utilization of the foregoing distinc-
tion between MDST(-C) for non-LVD individuals and for
LVD individuals are particular features of the present inven-
tion.

[0098] Reference is now madeto FIG. 2, which is a simpli-
fied illustration of the value of MDST(D-C) for a given
individual overlaid on a typical graph of MDST(D-C) vs.
ejection fraction (EF) derived from multiple subjects, which
is useful for initial screening of the individual. FIG. 2 is useful
in understanding the relationship between the MDST(-C)
measured at time point D and ejection fraction, which is a
known indicator of the presence or absence of LVD.

[0099] Itis seen from a consideration of FIGS. 1 and 2 that
the MDST(D-C) for the non-LVD individual at time point D,
here designated as NLVD-D, is typically 0.16, which is well
within the known range of non-LVD patients, while the
MDST(D-C) for the LVD individual at time point D, here
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designated as LVD-D, is typically =0.075, well within the
known range of LVD patients.
[0100] Tt is appreciated that by employing the system of
FIG. 1 and reaching a conclusion which is diagrammed in
FIG. 2, preliminary screening and diagnosis of whether a
person suffers from LVD is generally complete.
[0101] A preferred next step is to ascertain an ejection
fraction (EF) for a person who has been found to suffer from
LVD. The ejection fraction is important for immediate and
longer term treatment and for monitoring.
[0102] In accordance with a preferred embodiment of the
present invention, the ejection fraction is determined by
employing an algorithm of which the following equation is a
current preferred example:

Ejection Fraction(EF)(%)=K+Kox MDST(D-C)+K3x

AK XMPE sx W+K gxHT+Kx DTDE+K

DPEM+K XLVD L
[0103] Where:
[0104] K,-K, are constants;
[0105] MDST(D-C) is the Measured Differential Skin
Temperature at point D;
[0106] A is Age in Years;
[0107] MF is O for males and 1 for females;
[0108] W is Weight in Kilograms;
[0109] HT is Height in Centimeters;
[0110] DTDE is Distance in meters Traveled during Physi-
cal Exertion;
[0111] DPEM is Duration of Physical Exertion in Minutes;
and
[0112] LVD is 0 for non-LVD and 1 for LVD.
[0113] Preferably, K, is approximately 26, K, is approxi-

mately -1.5, K, is approximately -0.1, K, is approximately
1.93, K is approximately —0.3, K is approximately 0.3, K is
approximately -0.03, K, is approximately 2.6, K, is approxi-
mately -30.

[0114] Thus, foran LVD positive patient having the follow-
ing test parameters, the Ejection Fraction (EF) calculated in
accordance with a preferred embodiment of the present
invention is 34.51%. The EF which was measured by a con-
ventional echocardiogram was 35%.

[0115] MDST(D-C)=-0.0625;

[0116] Age=55;

[0117] Sex=I;

[0118] Weight=55;

[0119] Height=157;

[0120] DTDE=419.77;

[0121] DPEM=9.22;and

[0122] LVD-=1.

[0123] Further in accordance with a preferred embodiment

of the present invention, the ejection fraction is determined by
employing an algorithm of which the following equation is a
current preferred example:

Ejection Fraction(EF)(%)=K,+KoxMDST(D-C)+K3x

AKX MF+Esx WK sx HT+K x DIDE+Kgx
DPEM+KoxLVD+K 1oxSBP+K | xDBP+K 15

TEMP 1L
[0124] Where:
[0125] K,-K,, are constants;
[0126] MDST(D-C)is the Measured differential skin tem-
perature at point D;
[0127] Ais Agein Years;
[0128] MF is O for males and 1 for females;
[0129] W is Weight in Kilograms;
[0130] HT is Height in Centimeters;
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[0131] DTDE is Distance in meters traveled during Physi-
cal Exertion;

[0132] DPEM is Duration of Physical Exertion in Minutes;
[0133] LVD is 0 for non-LVD and 1 for LVD;

[0134] SBP is Systolic Blood Pressure in mm HG;

[0135] DBP is Diastolic Blood Pressure in mm HG; and
[0136] TEMP is Oral Temperature in ° C.

[0137] Preferably K, is approximately 26, K, is approxi-

mately -7, K, is approximately -0.05, K, is approximately
1.3, K, is approximately -0.2, K is approximately 0.2, K, is
approximately -0.05, K, is approximately 3.6, K, is approxi-
mately -32, K, is approximately 0.05, K, , is approximately
0.1, K, , is approximately 1.3.

[0138] Thus, in this case for the same LVD positive patient
having the following test parameters, the Ejection Fraction
(EF) calculated in accordance with a preferred embodiment
of the present invention is 34.63%. The EF which was mea-
sured by a conventional echocardiogram was 35%.

[0139] MDST(D-C)=-0.0625;
[0140] Age=55;

[0141] Sex=1;

[0142] Weight=55;

[0143] Height=157,

[0144] DTDE=419.77,
[0145] DPEM=9.22;

[0146] LVD=I,

[0147] SBP=145;

[0148] DBP=90; and

[0149] Oral Temperature=37.
[0150] Additionally, in accordance with a preferred

embodiment of the present invention, the ejection fraction is
determined by employing an algorithm of which the follow-
ing equation is a current preferred example:
Ejection Fraction(EF)(%)=K, +KoxMDST(D- C)+K 3%
A+K X MF+K sx WK ) HT+K x DTDE+K g%
DPEMA4K LVD+K oxSBP+K | xDBP+K 5%

TEMP+K ;xHRC/HRD 1L
[0151] Where:
[0152] K,-K,; are constants;
[0153] MDST(D-C) is the Measured Differential Skin
Temperature at point D;
[0154] A is Age in Years;
[0155] MEF is O for males and 1 for females;
[0156] W is Weight in Kilograms;
[0157] HT is Height in Centimeters;
[0158] DTDE is Distance in meters Traveled during physi-
cal Exertion;
[0159] DPEM is Duration of Physical Exertion in Minutes;
[0160] LVD is 0 for non-LVD and 1 for LVD;
[0161] SBP is Systolic Blood Pressure in mm HG;
[0162] DBP is Diastolic Blood Pressure in mm HG;
[0163] TEMP is Oral Temperature in ° C.;
[0164] HRC is Heart Rate at time point C in Beats Per

Minute (BPM); and

[0165] HRD is Heart Rate at time point D in BPM.

[0166] Preferably, K, is approximately 10, K, is approxi-
mately -3, K, is approximately -0.1, K, is approximately
-0.2, K, is approximately -0.2, K is approximately 0.2, K, is
approximately -0.05, K, is approximately 3.3, K, is approxi-
mately -31, K, is approximately 0.1, K, , is approximately
0.01, K, is approximately 0.4, K, is approximately -1.
[0167] Thus, in this case for the same LVD positive patient
having the following test parameters, the Ejection Fraction
(EF) calculated in accordance with a preferred embodiment
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of the present invention is 34.72%. The EF which was mea-
sured by a conventional echocardiogram was 35%.

[0168] MDST(D-C)=-0.0625,
[0169] Age=55;

[0170] Sex=l;

[0171] Weight=55;

[0172] Height=157;

[0173] DTDE=419.77,

[0174] DPEM=9.22;

[0175] LVD=l;

[0176] SBP=145;

[0177] DBP=90;

[0178] Oral Temperature=37; and
[0179] HRC/HRD=1.35.

[0180] Itisappreciated that algorithm I is the most general

of the three examples presented above and algorithm 1T adds
parameters to algorithm I and thus presumably provides a
more accurate calculation of EF than algorithm 1.

[0181] Similarly, algorithm III adds parameters to algo-
rithm II and thus presumably provides a more accurate cal-
culation of EF than either of algorithms I or II.

[0182] It is further appreciated that the constants which
appear in the examples above are based on a limited sample of
test subjects and may change or have greater resolution as
more subjects are tested.

[0183] Reference is now madeto FIG. 3, which is a simpli-
fied functional block diagram of'the system of FIG. 1 having
the EF calculation functionality described above.

[0184] Preferably, motion sensor 100 provides outputs
indicating ONSET OF PHYSICAL EXERTION (DOPE)
(Time Point B), TERMINATION OF PHYSICAL EXER-
TION (TOPE) (Time Point C) and DISTANCE TRAVELED
DURING PHYSICAL EXERTION (DTDE).

[0185] A Minimum Exertion Level Calculator 110 prefer-
ably receives all of the outputs of motion sensor 100 and
provides a binary output to an MDST(-C) Calculator 120,
indicating whether a minimum threshold for physical exer-
tion has been exceeded between the OOPE and the TOPE.
[0186] Preferably, temperature sensor 102 operates con-
tinuously and provides a SKIN TEMPERATURE QUTPUT
(STO) to MDST(-C) Calculator 120, which receives the
TOPE output from motion sensor 100 as well an output from
Minimum Exertion Level Calculator 110 indicating that at
least an acceptable minimum level of Physical Exertion took
place between time points B and C and calculates the differ-
ence in skin temperature between the time point C indicated
by the TOPE output, corresponding to termination of physical
exertion, and time point D a predetermined time thereafter,
typically 140 seconds. It is appreciated that the time duration
separating time points D and C is based on a limited sample of
test subjects and may change or have greater resolution as
more subjects are tested. The MDST(-C) Calculator 120
provides an MDST(D-C) output to LVD Determining Cit-
cuitry 130, which preferably provides a binary output indi-
cating whether there appears to be an LVD condition or not.
Additionally or alternatively, the LVD Determining Circuitry
130 may provide an analog output indicating a degree of
certainty and/or degree of severity of an LVD condition.
[0187] An Ejection Fraction Calculator 140 receives the
MDST(D-C) output from MDST(-C) calculator 120, the
output of the LVD determining circuitry 130 as well as the
OOPE, TOPE and DTDE outputs of motion sensor 100. The
OOPE, TOPE and DTDE outputs of motion sensor 100 are
provided to the Ejection Fraction Calculator 140 and enable
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the Ejection Fraction Calculator 140 to calculate the DPEM
parameter appearing in algorithm examples I, IT and I11. The
Ejection Fraction Calculator 140 also preferably receives data
regarding the person undergoing testing including the follow-
ing parameters, which appear in algorithm examples I, IT and
1II: Age in Years; Sex, Weight in Kilograms & Height in
Centimeters.

[0188] Further in accordance with a preferred embodiment
of the present invention, the Ejection Fraction Calculator 140
also receives data regarding the person undergoing testing
including the following parameters, which appear in algo-
rithm examples II and III: Systolic and Diastolic Blood Pres-
sure & oral temperature.

[0189] Additionally, in accordance with a preferred
embodiment of the present invention, the FEjection Fraction
Calculator 140 also receives data regarding the person under-
going testing including the following parameters, which
appear in algorithm example II1: Heart Rate. Heart rate data
may be provided by any suitable heart rate sensing device.
[0190] Reference is now madeto FIG. 4, which is a simpli-
fied illustration of the values of MDST(D-C) for a given
individual monitored on multiple occasions, which is useful
for monitoring of the individual. In the example shown in
FIG. 4, it is seen that although the MDST(D-C) for the
individual remains stable and constant at measuring points in
July, August, September and October, 2013, it falls precipi-
tously in November, 2013, indicating the probability of a
condition which requires clinical intervention.

[0191] Reference is now madeto FIG. 5, which is a simpli-
fied flowchart illustrating operation of the system of FIGS.
1-3 for screening. As seen in FIG. 5, the motion sensor 100
provides the OOPE, TOPE and DTDE outputs to Minimum
Exertion Level Calculator 110, which provides an output to
MDST(-C) Calculator 120 indicating that at least a minimum
exertion level has been achieved. It is appreciated that DTDE
is a cumulative metric which increases over the time duration
of physical exertion. It is further appreciated that alternatively
physical exertion may not consist of walking or running,
wherein a cumulative distance metric is appropriate, and may
instead consist of a different type of physical exertion, having
a different cumulative metric, which may be used instead of
DTDE.

[0192] This output is used by the MDST(-C) Calculator
120, which receives a measured temperature output from the
temperature sensor 102 and the TOPE output from motion
sensor 100 to initially ascertain the measured temperature at
time point C and the measured temperature at time point D
thereafter. MDST(-C) calculator 120 calculates the differ-
ence between the measured temperature at time points D and
C, also referred to as MDST(D-C).

[0193] The MDST(D-C) output is received by the LVD
Determining Circuitry 130, which provides an output indica-
tion of the presence of LVD in the screened person, based on
a comparison of the MDST(D-C) with MDST(D-C) values
linked by established clinical data to persons who suffer or do
not suffer from LVD.

[0194] Theestablished clinical data used in the LVD Deter-
mining Circuitry 130 may represent an undifferentiated
sample population or may be grouped specifically by param-
eters such as age, sex and weight and matched to screened
persons having similar parameters.

[0195] Reference is now madeto FIG. 6, which is a simpli-
fied flowchart illustrating operation of the system of FIGS. 1
& 4 for EF calculation useful in diagnosis and monitoring. As
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seen in FIG. 6, the motion sensor 100 provides the OOPE,
TOPE and DTDE outputs to Minimum Exertion Level Cal-
culator 110, which provides an output to MDST(-C) Calcu-
lator 120 indicating that at least a minimum exertion level has
been achieved.

[0196] This output is used by the MDST(-C) Calculator
120, which receives a measured temperature output from the
temperature sensor 102 and the TOPE output from motion
sensor 100 to initially ascertain the measured temperature at
time point C and the measured temperature at time point D
thereafter. MDST(-C) calculator 120 calculates the differ-
ence between the measured temperature at time points D and
C, also referred to as MDST(D-C).

[0197] The MDST(D-C) output is received by the LVD
Determining Circuitry 130, which provides an output indica-
tion of the presence of LVD in the screened person, based on
a comparison of the MDST(D-C) with MDST(D-C) values
linked by established clinical data to persons who suffer or do
not suffer from LVD. The established clinical data used in the
LVD Determining Circuitry 130 may represent an undiffer-
entiated sample population or may be grouped specifically by
parameters such as age, sex and weight and matched to
screened persons having similar parameters.

[0198] In accordance with a preferred embodiment of the
present invention, Ejection Fraction Calculator 140 receives
the DTDE output of the motion sensor 100 at time C, together
with the OOPE and TOPE outputs of the motion sensor, the
output of the MDST(-C) calculator 120 and the output of the
LVD Determining Circuitry, as well as personal parameters of
apatientbeing diagnosed or monitored, including at least age,
sex, height and weight, and automatically calculates the Ejec-
tion Fraction for that patient based on Algorithm Example 1
hereinabove, wherein the OOPE and TOPE outputs are used
by the Ejection Fraction Calculator 140 to calculate DPEM.
[0199] Further in accordance with a preferred embodiment
of the present invention, Ejection Fraction Calculator 140
additionally receives additional personal parameters includ-
ing systolic blood pressure, diastolic blood pressure and oral
temperature and automatically calculates the Ejection Frac-
tion for that patient based on Algorithm Example IT herein-
above.

[0200] Still further in accordance with a preferred embodi-
ment of the present invention, Ejection Fraction Calculator
140 additionally receives additional personal parameters
including heart rate at time points C and D, systolic blood
pressure, diastolic blood pressure and oral temperature and
automatically calculates the Ejection Fraction for that patient
based on Algorithm Example I1T hereinabove.

[0201] Reference is now madeto FIG. 7, which is a simpli-
fied diagram showing average experimental MDST(-C) data
for non-LVD subjects, indicated by solid dots, and LVD sub-
jects, indicated by triangles. It is seen that in accordance with
a preferred embodiment of the present invention, LVD and
non-LVD subjects may be readily and automatically distin-
guished by the increase or decrease in MDST values follow-
ing time point C.

[0202] Reference is now madeto FIG. 8, which is a simpli-
fied diagram showing experimental MDST(-C) data for non-
LVD subjects, indicated by solid dots, and LVD subjects,
indicated by triangles, from time point C through time point D
and therebeyond indicating standard deviations, which are
indicated respectively by small solid dots and small triangles.
[0203] Reference is now madeto FIG.9, which is a simpli-
fied illustration of a system which produces an output indi-
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cation of measured difference in skin temperature (MDST) as
a time function of position change for a typical person and
provides an indication of at least LVD (Left Ventricular Dys-
function) in accordance with a preferred embodiment of the
present invention.

[0204] As seen in FIG. 9, a person, herein sometimes
referred to as an individual, is shown undergoing a position
change, here, for example, standing up after sitting on a chair.
The position change of the person is measured by any suitable
motion sensor 200, such as a DRM-4000 motion sensor com-
mercially available from Honeywell. The skin temperature of
the person is simultaneously measured by a temperatre sen-
sor 202, such as an ADT 7420 temperature sensor, commer-
cially available from Analog Devices. The motion sensor 200
may be mounted on a portion of the person’s body which is
undergoing position change, such as the torso of the person,
while the temperature sensor 202 may be mounted on another
portion of the person’s body, preferably the left wrist of the
person. Preferably, both the motion sensor 200 and the tem-
perature sensor 202 are incorporated in a wrist-mounted
device, as shown.

[0205] Considering now the output of the motion sensor
200, it is seen that the position change of the person is mea-
sured from a starting point in time, time 0, designated E, at
which the person is sitting down (hereinafter referred to as
Position I) and at rest and the onset of position change begins
at a point of time designated F when the person stands up
(hereinafter referred to as Position II).

[0206] The time separation between time points E and F is
typically and preferably 2 minutes. A further measuring point
in time, typically 3 minutes following time point F, is desig-
nated as time point G. At least one of three alternative further
measuring points in time, designated as time points H1, H2
and H3, respectively, are established typically at 2 minutes, 3
minutes and 6 minutes following time point G.

[0207] Considering now the output of the temperature sen-
sor 202, it is noted that the graph indicates the difference
calculated by subtracting the skin temperature at time point G
from the sensed skin temperature ata given time on the graph.
The graph of the output of temperature sensor 202 is thus
appreciated to be a computed graph which is only provided
following time point G.

[0208] It is seen that for a non-LVD individual, the mea-
sured skin temperature minus the measured skin temperature
at time point G, herein designated by reference MDST(-G)
(Measured differential skin temperature relative to point G) is
typically approximately 0.17° C. between time points E and F
and then falls, approximately three minutes after time point F
generally linearly to zero at time point G. For a typical non-
LVD individual, immediately following position change at
time point F, the MDST(-G) continues to decrease as shown
to time point H2 and typically the decrease becomes less steep
therebeyond. The MDST(-G) for a non-L'VD individual is
designated in FIG. 9 by NLVD.

[0209] Itis seen that for an individual suffering from LVD,
the measured skin temperature minus the measured skin tem-
perature at time point G, herein designated by reference
MDST(-G) (Measured differential skin temperature relative
to point (3) is typically approximately 0.18° C. between time
points E and F and then falls after time point F to zero at time
point G. For a typical individual suffering from LVD, follow-
ing position change at time point F, the MDST(-G) continues
to decrease as shown for about one minute following time
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point G. Immediately thereafter the MDST(-G) decreases at
an increased rate. The MDST(-G) for an LVD individual is
designated in FIG. 9 by LVD.
[0210] Appreciation of utilization of the foregoing distinc-
tion between MDST(=G) for non-LVD individuals and for
LVD individuals are particular features of the present inven-
tion.
[0211] Reference is now made to FIG. 10, which is a sim-
plified illustration of the values of MDST(-G) measured at
various time points designated by H1, H2 & H3 vs. ejection
fraction (EF) derived from multiple subjects, which is useful
forinitial screening of individuals. The measured MDST(-G)
values for two given individuals, one of whom is an NLVD
individual and one of whom is an LVD individual, are marked
by NLVD-H1, NLVD-H2 and NLVD-H3 for the non-LVD
individual and LVD-H1, LVD-H2 and LVD-H3 for the LVD
individual shown in FIG. 10 provide an example useful in
understanding the relationship between the MDST(-G) mea-
sured at time points H1, H2 & H3 and the ejection fraction
(EF), which is aknown indicator of the presence or absence of
LVD.
[0212] Itisseenfroma consideration of FIGS.9and 10 that
the MDST(-G) for the non-LVD individual at time point H1,
here designated as NLVD-H1, is typically -0.1, which is well
within the known range for non-LVD patients, while the
MDST(-G) for the LVD individual at time point H1, here
designated as LVD-H1 is typically -0.22, well within the
known range for LVD patients.
[0213] It is appreciated that by employing the system of
FIG. 9 and reaching a conclusion which is diagrammed in
FIG. 10, screening and preliminary diagnosis of whether a
person suffers from LVD is provided.
[0214] A preferred next step is to ascertain the ejection
fraction (EF) for a person who has been found to suffer from
LVD. The ejection fraction is important for immediate and
longer term treatment and for monitoring.
[0215] In accordance with a preferred embodiment of the
present invention, the ejection fraction is determined by
employing an algorithm of which the following equation is a
current preferred example:

Ejection Fraction(EF)(%)=K,+KoxMDST(H2-G)+

Kyx A+KyxMF+Ksx W+ K x HT+KxSBP+Kgx

DBP+Kyx TEMP Iv.
[0216] Where:
[0217] K,-K, are constants;
[0218] MDST(H2-G) is the Measured Differential Skin
Temperature at point H2;
[0219] A is Agein Years;
[0220] MF is O for males and 1 for females;
[0221] W is Weight in Kilograms;
[0222] HT is Height in Centimeters;
[0223] SBP is Systolic Blood Pressure in mm HG;
[0224] DBP is Diastolic Blood Pressure in mm HG; and
[0225] TEMP is Oral Temperature in ° C.
[0226] Preferably, K, is approximately -1694, K, is

approximately 100, K is approximately 0.59, K, is approxi-
mately 44.2, K is approximately 1.71, K is approximately
2.22, K, is approximately —1.41, K, is approximately -0.05,
K, is approximately 44.3.

[0227] Thus, foran LVD positive patient having the follow-
ing test parameters, the Ejection Fraction (EF) calculated in
accordance with a preferred embodiment of the present
invention is 33.29%. The EF which was measured by a con-
ventional echocardiogram was 35%.
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[0228] MDST(H2-G)=-0.34;

[0229] Age=55;

[0230] Sex=1;

[0231] Weight=55;

[0232] Height=157,

[0233] SBP=145;

[0234] DBP=90; and

[0235] TEMP=37.

[0236] Further in accordance with a preferred embodiment

of the present invention, the ejection fraction is determined by
employing an algorithm of which the following equation is a
current preferred example:

Ejection Fraction(EF)(%)=K, +KoxMDST(H3-G)+
KyxA+K xMF+Ksx W+ K gx HT+K;xSBP+Kgx

DBP+K;xTEMP V.
[0237] Where:
[0238] K,-K, are constants;
[0239] MDST(H3-G) is the Measured Differential Skin
Temperature at point H3;
[0240] A is Age in Years;
[0241] MEF is O for males and 1 for females;
[0242] W is Weight in Kilograms;
[0243] HT is Height in Centimeters;
[0244] SBP is Systolic Blood Pressure in mm HG;
[0245] DBP is Diastolic Blood Pressure in mm HG; and
[0246] TEMP is Oral Temperature in ° C.
[0247] Preferably, K, is approximately -1065, K, is

approximately 55.6, K, is approximately 0.36, K, is approxi-
mately 34.1, K, is approximately 1.37, K is approximately
1.58, K, is approximately -1.10, K is approximately -0.07,
K, 1s approximately 29.0.

[0248] Thus, in this case for the same LVD positive patient
having the following test parameters, the Ejection Fraction
(EF) calculated in accordance with a preferred embodiment
of the present invention is 36%. The FF which was measured
by a conventional echocardiogram was 35%.

[0249] MDST(H3-G)=-0.59;

[0250] Age=55;

[0251] Sex=1;

[0252] Weight=55;

[0253] Height=157,

[0254] SBP=145;

[0255] DBP=90; and

[0256] TEMP=37.

[0257] Additionally, in accordance with a preferred

embodiment of the present invention, the ejection fraction is
determined by employing an algorithm of which the follow-
ing equation is a current preferred example:

Ejection Fraction(EF)(%)=K,+Ko,xMDST(H1-G)+
Kox A+K xMF+Ksx W+K gx HT+K % SBP+Kgx

DBP+K xTEMP+K o xLVD VL
[0258] Where:
[0259] K,-K,, are constants;
[0260] MDST(H1-G) is the Measured Differential Skin
Temperature at point H1;
[0261] A is Age in Years;
[0262] MEF is O for males and 1 for females;
[0263] W is Weight in Kilograms;
[0264] HT is Height in Centimeters;
[0265] SBP is Systolic Blood Pressure in mm HG;
[0266] DBP is Diastolic Blood Pressure in mm HG;
[0267] TEMP is Oral Temperature in ° C.; and

[0268] LVD is 0 for non-LVD and 1 for LVD.
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[0269] Preferably, K, is approximately -192, K, is
approximately 35.5, K, is approximately 0.11, K, is approxi-
mately 4.05, K is approximately 0.33, K, is approximately
0.30, K, is approximately -0.11, K, is approximately 0.03,
K, is approximately 6.32, K, , is approximately =26.0.
[0270] Thus, in this case for the same LVD positive patient
having the following test parameters, the Fjection Fraction
(EF) calculated in accordance with a preferred embodiment
of the present invention is 34.185%. The EF which was mea-
sured by a conventional echocardiogram was 35%.

[0271] MDST(H1-G)=-0.21,

[0272] Age=55;

[0273] Sex=I;

[0274] Weight=55;

[0275] Height=157;

[0276] SBP=145;

[0277] DBP=90;

[0278] TEMP=37; and

[0279] LVD=l.

[0280] Even further in accordance with a preferred embodi-

ment of the present invention, the ejection fraction is deter-
mined by employing an algorithm of which the following
equation is a current preferred example:

Ejection Fraction(ZF)(%)=K,+KoxMSDT-H3+K 3x A+
K xMF+Ksx W+K gx HT+K 7% SBP+KgxDBP+K g%

TEMP+K, gxLVD VIL
[0281] Where:
[0282] K,-K,, are constants;
[0283] MSDT-H3 is the Measured Differential Skin Tem-
perature at point H3;
[0284] A is Agein Years;
[0285] MF is O for males and 1 for females;
[0286] W is Weight in Kilograms;
[0287] HT is Height in Centimeters;
[0288] SBP is Systolic Blood Pressure in mm HG;
[0289] DBP is Diastolic Blood Pressure in mm HG;
[0290] TEMP is Oral Temperature in ° C.; and
[0291] LVD is 0 for non-LVD and 1 for LVD.
[0292] Preferably, K, is approximately -85.3, K, is

approximately 14.4, K, is approximately 0.07, K, is approxi-
mately 3.04, K, is approximately 0.24, K is approximately
0.19, K, is approximately -0.10, K is approximately 0.05,
K, is approximately 3.77, K, , is approximately -24.7.
[0293] Thus, in this case for the same LVD positive patient
having the following test parameters, the Fjection Fraction
(EF) calculated in accordance with a preferred embodiment
of the present invention is 34.5%. The EF which was mea-
sured by a conventional echocardiogram was 35%.

[0294] MDST(H3-G)=-0.59;

[0295] Age=55;

[0296] Sex=1;

[0297] Weight=55;

[0298] Height=157;

[0299] SBP=145;

[0300] DBP=90;

[0301] TEMP=37; and

[0302] LVD=l.

[0303] Itisappreciated that algorithms IV &V are the more

general of the four examples presented above and algorithms
VI & VII add a parameter to algorithms IV & V and thus
presumably provide a more accurate calculation of EF.
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[0304] Tt is further appreciated that the constants which
appear in the examples above are based on a limited sample of
test subjects and may change or have greater resolution as
more subjects are tested.

[0305] Reference is now made to FIG. 11, which is a sim-
plified functional block diagram of the system of FIG. 9
having the EF calculation functionality described above.

[0306] Preferably, motion sensor 200 provides outputs
indicating ONSET OF POSITION CHANGE (OOPC), TER-
MINATION OF POSITION CHANGE (TOPC) (Time Point
F) and CHANGE IN POSITION (position 1 to position
2—CIP). The output indicating CIP is typically a signal
which represents multidirectional acceleration amplitudes,
displacement and angular shifts.

[0307] A Position Change Calculator 210 preferably
receives all of the outputs of motion sensor 200 and provides
a binary output to an MDST(-G) Calculator 220, indicating
whether a qualifying position change has been performed by
the individual. In addition, the Position Change Calculator
210 provides the type of position change (TYPC) that has
been performed by the individual.

[0308] Preferably, temperature sensor 202 operates con-
tinuously and provides a SKIN TEMPERATURE QUTPUT
to MDST(-G) Calculator 220 which calculates the difference
in skin temperature between the time point G indicated by the
TOPC output, corresponding to position change, and time
points H1, H2 & H3 at predetermined times following point
G, typically 120, 180, and 360 seconds. It is appreciated that
the time duration separating time points H1, H2 & H3 and
time point G is based on a limited sample of test subjects and
may change or have greater resolution as more subjects are
tested. The MDST(-G) Calculator 220 provides an (H1-G),
MDST(H2-G) & MDST(H3-G)output to LVD Determining
Circuitry 230 and the Position Change Calculator 210 pro-
vides a TYPC output to LVD Determining Circuitry 230,
which preferably provides a binary output indicating whether
there appears to be an LVD condition or not. Additionally or
alternatively, the LVD Determining Circuitry 230 may pro-
vide an analog output indicating a degree of certainty and/or
degree of severity of an LVD condition.

[0309] An Ejection Fraction Calculator 240 receives the
(H1-G), MDST(H2-G) & MDST(H3-G) outputs from
MDST(-G) Calculator 220, the output of the LVD determin-
ing circuitry 230 and the TYPC output of the Position Change
Calculator 210. The Ejection Fraction Calculator 240 also
preferably receives data regarding the person undergoing
testing including the following parameters, which appear in
algorithm examples 1V, V, VI & VII: Age in Years; Sex,
Weight in Kilograms, Height in Centimeters, Systolic &
Diastolic Blood Pressure in mm Hg, and Oral Temperature in
°C.

[0310] Further in accordance with a preferred embodiment
of the present invention, the Ejection Fraction Calculator 240
also receives from LVD Determining Circuitry 230 data
regarding LVD existence in the person undergoing testing,
which appear in algorithm examples VI and VII.

[0311] Reference is now made to FIG. 12, which is a sim-
plified illustration of the values of MDST(H1-G) for a given
individual monitored on multiple occasions, which is useful
for monitoring of the individual. In the example shown in
FIG. 12, it is seen that although the MDST(H1-G) values for
the individual remain stable and constant at measuring points
in July, August, September and October, 2013, it falls pre-
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cipitously in November, 2013, indicating the probability of a
condition which requires clinical intervention.

[0312] Reference is now made to FIG. 13, which is a sim-
plified flowchart illustrating operation of the system of FIGS.
9 & 10 for screening. As seen in FIG. 13, the motion sensor
200 provides the OOPC, TOPC and CIP outputs to the Posi-
tion Change Calculator 210, which provides an output to
MDST(-G) Calculator 220 indicating that a qualifying posi-
tion change has been performed by the individual.

[0313] This output is used by the MDST(-G) Calculator
220, which receives a measured temperature output from the
temperature sensor 202 and the TOPC output from motion
sensor 200 to initially ascertain the measured temperature at
time point G and the measured temperature at at least one of
time points H1, H2 & H3 thereafter. MDST(-G) Calculator
220 calculates the difference between the measured tempera-
ture at at least one of time points H1, H2 & H3 and the
measured temperature at time point G, also referred to as
MDST(H1-G), MDST(H2-G) & MDST(H3-G).

[0314] Atleastone ofthe MDST(H1-G), MDST(H2-G) &
MDST(H3-G) outputs and the TYPC output respectively
provided by the MDST(-G) Calculator 220 and the Position
Change Calculator 210 are received by the LVD Determining
Circuitry 230, which provides an output indication of the
presence of LVD in the screened person, based on a compari-
son of at least one of the MDST(H1-G), MDST(H2-G) &
MDST(H3-G) values for the individual with corresponding
atleast one MDST(H1-G), MDST(H2-G) & MDST(H3-G)
values linked by established clinical data to persons who
suffer or do not suffer from LVD.

[0315] Theestablished clinical dataused in the LVD Deter-
mining Circuitry 230 may represent an undifferentiated
sample population or may be grouped specifically by param-
eters such as type of position change, age, sex and weight and
matched to screened persons having similar parameters.
[0316] Reference is now made to FIG. 14, which is a sim-
plified flowchart illustrating operation of the system of FIGS.
9, 10 & 12 for EF calculation useful in diagnosis and moni-
toring. As seen in FIG. 14, the motion sensor 200 provides the
OOPC, TOPC and CIP outputs to the Position Change Cal-
culator 210, which provides an output to MDST(-G) Calcu-
lator 220 indicating that a qualifying position change has
been performed by the individual.

[0317] This output is used by the MDST(-G) Calculator
220, which receives a measured temperature output from the
temperature sensor 202 and the TOPC output from motion
sensor 200 to initially ascertain the measured temperature at
time point G and the measured temperature at at least one of
time points H1, H2 & H3 thereafter. MDST(-G) Calculator
220 calculates the difference between the measured tempera-
ture at at least one of time points H1, H2 & H3 and the
measured temperature at time point G, also referred to as
MDST(H1-G), MDST(H2-G) & MDST(H3-G).

[0318] Atleastone ofthe MDST(H1-G), MDST(H2-G) &
MDST(H3-G) outputs and the TYPC output respectively
provided by the MDST(-G) Calculator 220 and the Position
Change Calculator 210 are received by the LVD Determining
Circuitry 230, which provides an output indication of the
presence of LVD in the screened person, based on a compari-
son of at least one of the MDST(H1-G), MDST(H2-G) &
MDST(H3-Q) values of the individual with corresponding at
least one of MDST(H1-G), MDST(H2-G) & MDST(H3-G)
values linked by established clinical data to persons who
suffer or do not suffer from LVD.
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[0319] Theestablished clinical data used in the LVD Deter-
mining Circuitry 230 may represent an undifferentiated
sample population or may be grouped specifically by param-
eters such as type of position change, age, sex and weight and
matched to screened persons having similar parameters.
[0320] In accordance with a preferred embodiment of the
present invention, Ejection Fraction Calculator 240 receives
the output of the MDST(-G) Calculator 220 and the output of
the LVD Determining Circuitry 230, the TYPC output of
Position Change Calculator 210 as well as personal param-
eters of a patient being diagnosed or monitored, including at
least age, sex, height, weight, systolic blood pressure, dias-
tolic blood pressure, oral temperature and automatically cal-
culates the Ejection Fraction for that patient based on Algo-
rithm Examples IV & V hereinabove.

[0321] Still further in accordance with a preferred embodi-
ment of the present invention, Ejection Fraction Calculator
240 additionally receives from the LVD Determining Cit-
cuitry 230 output indicating the existence of LVD in the
patient and automatically calculates the Ejection Fraction for
that patient based on Algorithm Examples VI & VII herein-
above.

[0322] Reference is now made to FIG. 15, which is a sim-
plified diagram showing average experimental MDST(-G)
data for non-LVD subjects, indicated by solid dots, and LVD
subjects, indicated by triangles. It is seen that in accordance
with a preferred embodiment of the present invention, LVD
and non-LVD subjects may be readily and automatically dis-
tinguished by the magnitude of decrease in MDST(-G) val-
ues following time point G.

[0323] Reference is now made to FIG. 16, which is a sim-
plified diagram showing experimental MDST(-G) data for
non-LVD subjects, indicated by solid dots, and LVD subjects,
indicated by triangles, from time point G through time points
H1, H2 & H3 and therebeyond.

[0324] It will be appreciated by persons skilled in the art
that the present invention is not limited by what has been
particularly shown and described hereinabove but includes
generalizations and alternatives thereof which are not shown
in the prior art.

1. A system for providing an indication of at least LVD
(Left Ventricular Dysfunction), the system comprising:

at least one temperature sensor providing an output indi-
cation based on skin temperature at at least one location
on a person at a plurality of given times;

at least one body activity sensor providing an output indi-
cation of at least termination of body activity;

a time/temperature ascertainer operative to receive inputs
from said at least one temperature sensor and from said
at least one body activity sensor to provide output indi-
cations of said skin temperature at termination of body
activity and thereafter; and

acorrelator operative to correlate said output indications of
said skin temperature at termination of body activity and
thereafter with established clinical data relating changes
in skin temperature at termination of body activity and
thereafter to existence of at least LVD, said correlator
providing at least an output indication of at least LVD.

2-3. (canceled)

4. A system for providing an indication of at least LVD
according to claim 1 and wherein said at least one temperature
sensor and said at least one body activity sensor respectively
measure temperature and body activity such that said tem-
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perature represents skin temperature at a body region which is
less active than a region which is principally undergoing body
activity.

5. A system for providing an indication of at least LVD
according to claim 1 and wherein said at least one body
activity sensor is embodied in a treadmill.

6. A system for providing an indication of at least LVD
according to claim 1 and wherein said temperature sensor
measures skin temperature on a person’s wrist.

7. A system for providing an indication of at least LVD
according to claim 1 and wherein said body activity sensor is
mounted on a portion of the person’s body which is undergo-
ing physical exertion while said temperature sensor is
mounted on a portion of the person’s body other than that
portion undergoing physical exertion.

8-9. (canceled)

10. A system for providing an indication of at least LVD
according to claim 1 and wherein:

physical exertion of the person is measured from a starting

point in time designated time A at which the person is
standing and at rest;

the onset of physical exertion begins at a point in time

designated B; and

said physical exertion is terminated at a point in time des-

ignated C;

a further measuring point in time, designated time point D,

is established following time point C; and

measured differential skin temperature relative to point C

(MDST(-C)) increases from time point C to time point
D for a non-LVD person.

11. A system for providing an indication of at least LVD
according to claim 1 and wherein:

physical exertion of the person is measured from a starting

point in time designated time A at which the person is
standing and at rest;

the onset of physical exertion begins at a point in time

designated B; and

said physical exertion is terminated at a point in time des-

ignated C;

a further measuring point in time, designated time point D,

is established following time point C; and

measured differential skin temperature relative to point C

(MDST(-C)) decreases from time point C to time point
D for an LVD person.

12. A system according to claim 1 and also comprising an
ejection fraction calculator operative to ascertain the ejection
fraction (EF) for said person.

13-18. (canceled)

19. A system according to claim 1 and wherein:

physical exertion of the person is measured from a starting

point in time designated time A at which the person is
standing and at rest;

the onset of physical exertion begins at a point in time

designated B; and

said physical exertion is terminated at a point in time des-

ignated C;

a further measuring point in time, designated time point D,

is established following time point C; and

said body activity sensor provides outputs indicating

ONSET OF PHYSICAL EXERTION (DOPE) (Time
Point B), TERMINATION OF PHYSICAL EXERTION
(TOPE) (Time Point C) and DISTANCE TRAVELED
DURING PHYSICAL EXERTION (DTDE).
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20. A system according to claim 19 and also comprising a
minimum exertion level calculator receiving said outputs of
said body activity sensor and providing an output indicating
whether a minimum threshold for physical exertion has been
exceeded between the DOPE and the TOPE.

21. A system for providing an indication of at least LVD
according to claim 1 wherein:

body activity of the person is measured from a starting

point in time designated time E at which the person is
sitting and at rest; and

said body activity terminates at a point in time designated

time F.

22-24. (canceled)

25. A system for providing an indication of at least LVD
according to claim 21 and wherein:

a further measuring point in time, designated reference

time point G, is established following time point F; and

a measured differential skin temperature (MDST(-G))

decreases more significantly following time point G for
an LVD person than for a non-LVD person.

26-34. (canceled)

35. A system according to claim 25 and wherein said body
activity sensor provides outputs indicating ONSET OF POSI-
TION CHANGE (OOPC), TERMINATION OF POSITION
CHANGE (TOPC) (Time Point F) and CHANGE IN POSI-
TION (CIP).

36. A system according to claim 35 and also comprising a
body position change calculator receiving said outputs of said
body activity sensor and providing an output indicating
whether a qualifying position change has been performed
between the OOPC and the TOPC as well as the TYPE OF
POSITION CHANGE (TYPC).

37. A method for providing an indication of at least LVD
(Left Ventricular Dysfunction), the method comprising:

sensing a skin temperature of a subject at at least one

location on a person at a plurality of given times;
providing a plurality of skin temperature output indications
based on said sensing;

sensing body activity of said subject and providing an

output indication of at least termination of said body
activity;

ascertaining skin temperature of said subject at said termi-

nation of body activity and thereafter based on said
plurality of skin temperature output indications and said
output indication of at least termination of said body
activity;

correlating said skin temperature of said subject at said

termination of body activity and thereafter with estab-
lished clinical data relating changes in skin temperature
at said termination of body activity and thereafter to
existence of at least LVD; and

providing at least an output indication of at least LVD.

38-40. (canceled)
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41. A method for providing an indication of at least LVD
according to claim 37 wherein:

physical exertion of the person is measured from a starting

point in time designated time A at which the person is
standing and at rest;
the onset of physical exertion begins at a point in time
designated B;

said physical exertion is terminated at a point in time des-
ignated C;

and

a further measuring point in time, designated time point D,
is established following time point C.

42. A method for providing an indication of at least LVD
according to claim 41 wherein said output indication of at
least LVD indicates the absence of LVD when measured
differential skin temperature relative to point C (MDST(-C))
increases from time point C to time point D.

43. A method for providing an indication of at least LVD
according to claim 41 wherein said output indication of at
least LVD indicates the presence of LVD when measured
differential skin temperature relative to point C (MDST(-C))
decreases from time point C to time point D.

44-50. (canceled)

51. A method for providing an indication of at least LVD
according to claim 37 and wherein:

said body activity of the person is measured from a starting

point in time designated time E at which the person is
sitting and at rest;

said body activity terminates at a point in time designated

time F;

a reference time point G is established following time F;

and

at least one of three further measuring points in time,

designated time points H1, H2 & H3, is established
following time point G.

52-53. (canceled)

54. A method for providing an indication of at least LVD
according to claim 51 wherein said output indication of at
least LVD indicates absence of LVD when measured differ-
ential skin temperature relative to point G (MDST(-G))
decreases at a lower rate than a respective predetermined
threshold from time point G to at least one of time points H1,
H2 and H3.

55. A method for providing an indication of at least LVD
according to claim 51 wherein said output indication of at
least LVD indicates presence of LVD when measured differ-
ential skin temperature relative to point G (MDST(-G))
decreases at a higher rate than a respective predetermined
threshold from time point G to at least one of time points H1,
H2 and H3.

56-65. (canceled)
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