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(57) ABSTRACT

A system and method are provided that employ a monitoring
device to monitor at least one patient physiological response
to a change in temperature of the patient (e.g. pursuant to
induced hypothermia therapy), wherein a monitoring signal is
provided by the monitoring device. In turn, an output (e.g. a
visual and/or auditory output) may be provided to a user
indicative of at least one measure of patient response to the
change in temperature. Alternatively or additionally, a pro-
cessor may be provided to process the monitoring signal and
provide an output employable by medical personnel to con-
trol a patient shivering response to the patient temperature
change. Such information may comprise information regard-
ing one or more anti-shivering medicament(s), e.g. corre-
sponding dosage and/or frequency information for use by
medical personnel in the administration of the anti-shivering
medicament. In one approach, a motion sensor may be selec-
tively attached to a patient’s chin to provide a wireless moni-
toring signal to a transceiver. In turn, the transceiver may
provide the monitoring signal to the processor on an ongoing
basis to output information useful in the administration of an
anti-shivering medicament, including updated information
that takes into account a patient’s response to a prior admin-
istration of one or more medicaments in conjunction with the
subsequent administration of an anti-shivering medicament.

M 202




Patent Application Publication

Jan. 14,2016 Sheet 1 of 14 US 2016/0008166 A1

TERPERATORE]_
SENSOR |92
T >R
-
VONTORING
PATIENT | MONTTORNG | g
]
SEBING
> oysTem
20
. A
PROCESSORILOGIC CIRCUIT
SR  |al TRERTVENT EESPONQE
INTERF/ACE MODULE | | MODULE
]
3 2 %



Patent Application Publication

COOL PATIENT

!

MONITOR PHYSIOLOGICAL
RESPONSE OF PATIENTTO
CHANGE IN FATIENT
TEMPERATURE

|

GENERATE QUTPUT
BASED ON MONITORED
RESPONSE

Jan. 14,2016 Sheet 2 of 14 US 2016/0008166 A1

1o

§

USE QUTPUT IN
CONTROL OF COOLING
SYSTEM

)

L

USE QUTPUTTO
CONTROL PATIENT
SHIVERING RESPONSE

FIG.

2



Patent Application Publication  Jan. 14,2016 Sheet 3 of 14 US 2016/0008166 A1

JQSE

222

FIG.4



US 2016/0008166 A1

Jan. 14,2016 Sheet 4 of 14

Patent Application Publication

0ee

00E =]

UHIO G LY SHH Z1
YH G080 HIAO J MO4 NIVINIYW
098 OL NIV [N D.0°68 OL IN3ILvd
WYY 1dvis W 1000
Oup N 908
XA - S - 0.2
3,02 / ‘wﬁ,ﬁﬁtﬁﬂsﬂn - ,ﬁf JobE
\.Wv@»smﬁau g | Lo 3,95
R, i N A NN ko
. L G2 .08
007 00:0Z 00 ey ,
L
I
(G009 wiee
IVEMOE | 37v0S HIAIHS
R/ . ko2l :
\addi 0,08 K J.0€¢
(wonws) | FUNLHIIWIL 1A || N Ny IdINEL )
RERY \\ 4 \\ INTIY
Pl
b8 e

~LLE

7ie



US 2016/0008166 A1

Jan. 14,2016 Sheet 5 of 14

Patent Application Publication

0ec

9 9Old

00€ =

Jo¥

A
08
8¢
R
A

-”

" SHOSNIS

F18YsId

@z“mmzxw AddLivy #wzwmw SER IR

NOLLYDINTAINOD W

1L & £ HOSNIS
LI & Z HOSNAS
It @D L MOSNIS

HISNOD O HOSNIS NO LHO!T

HSYH QL 1831 853 OIINITIOND WILSAS SIHL HIIM
NOLIVOINDIAINOD HSMEYLSE O SONODIS & NIHLIM JOSNZS
INIHIAHS NO NDLLNG §934d NIHL HOSNIS 00y $S38d

ONIHAANS p)
Gzt = & _qINl
3194 MO = b 3v0S MIAKS
.09 M. D068
JUNIVHIINEL  BATT | ONFL JuNIVEIINEL
A
NEI IN3ILYd

ﬁ




Patent Application Publication  Jan. 14,2016 Sheet 6 of 14 US 2016/0008166 A1

FIG.7A



Patent Application Publication  Jan. 14,2016 Sheet 7 of 14 US 2016/0008166 A1

FIG.7B



Patent Application Publication  Jan. 14,2016 Sheet 8 of 14 US 2016/0008166 A1

FIG.7C



Patent Application Publication  Jan. 14,2016 Sheet 9 of 14 US 2016/0008166 A1

SENSOR INPUT {x{n).y{n) 2{n}}

CONTIGUOUS SAMPLE STORAGE ;
L o]
FRAME M
FRAME M-1
| FRAME M-2
é H
HOP SiZE

FIG.8A

FOURIER ~ SQUARE
DEINTERLEAVE ~ WINDOW  TRANSFORM MODULUS  SUM

~eene

) Awln Xin X(n)2
WIN X(} J( )3: FT (}2 1212
Cyin) y{n}w() Yin) |
o P e (i-:;z@ ;
FRAME M () 70— SPECTRUMM
gl WIN promemetied FT et 176 1 P(n)

FI1G.6B



US 2016/0008166 A1

Jan. 14,2016 Sheet 10 of 14

Patent Application Publication

08 Ol

3y (10078 20
7z
0pl 0zl ool 08 0% 0r (2 i Y MM%M%M

%
« @
®
E s
[ L] se
° ' e i (NVY
® @
» a ® & ® ® ® ® e, *, %e &
I3 [ Y @ ® - ] [ s ® ﬂ
@ e
iiiiiiiiii - R T T T T TS TR TR TR e o T T e T T T T e e T e e e, g T T e o o o o o
(3 wy 3
® ®
s % 5, ®
s B e s
® * @
lﬁﬂsa&&sxswn @ £ & ® e
swsaw%SGWQuw s ‘e Y 2 T T T o8 5 ® L0 R .Vﬁmw/m{m
® ® it v
B Pt 8 ® & %
® & % 2 Py
e w® a Al
& & ZE]
® ¢»® . » ~
e & ® ® g &
2 sam
iiiiiiiiii B e e e e e e e e e e e i e e e e e e e e e e e am e BB B e
® =
® 2 [ 2 8 @ ) % e
s . w 8® £y Ty % Tae T » S ¢ ahvd
& ® =
L]
« . 157 M =
@
® [
% &
s ¥ GNYd
@ ® & & L]
% . s = ® 2 4 s ® Py %, ® 8%y ®

sssssssssssssssssssssssssssssssssssssssssssssssss ADNANO IS
LSIOAN 3A0EY
VIV 3504510



Patent Application Publication  Jan. 14,2016 Sheet 110f14  US 2016/0008166 A1

COLLECT ALL SPECTRUM POINTS WITHIN THE
BAND LIMITS INTO ABAND SET

bandy=Pliming ) Plimax!

CALCULATE THE FOLLOWING STATISTICS ON
EACH BAND OF INTEREST

wk N
P}
MS ENERGY msF _,_lim“meaﬂ{ban ¥
mademing*!
PEAK ENERGY ol =maxibandy
CREST FACTOR i i
)

COMPARE THE MS ENERGY AND CREST FACTOR
YALUES WITH THOSE IN OTHER BANDS AND
FREVIOUS FRAMES TO DETERMINE
SHIVERING STATE

FIG.8D




US 2016/0008166 A1

Jan. 14,2016 Sheet 12 of 14

Patent Application Publication

V6 Ol

NOLLOW 40 SIXY HONIW

A

OLLYY NOLLIGNOD =5
AS
ke
4
HIMOC HOUYI NOILDIOTd = £ s AL ey W “
43d
MIMOC ONYE HIAHS = T i A L
- 4d]
HIMO ¥IAHS-3A0EY T et SlA] L
4dH
HIMO YIAHS-MOT3E = S e
SIHYNOS 40 400
WNS FANOD

ﬂ

NOLLISCJANO0Hd
STYA UYINONIS

XidIVA
IHOEM dYL
DAY FdNOD

H3 0 HOWYS
NOIULOIGAH

4203 H3ddn
ONVE HIAIHS
M3 SSYEMOT

3903 ¥IMOT
ONYE H3AIHS
ML SSYIHOIH

3114 ¥00714 8d

Hupz (A (g IndN HOSNAS



Patent Application Publication  Jan. 14,2016 Sheet 130f14  US 2016/0008166 A1

PEF (PREDICTION ERROR FILTER)

BAND INPUT {x{n)yim z0n) UNETBEWLAYSTORAGE P!REDEC“@N ERROR
: Wi b
U N tém) i Aen)

FIRST-DRDER LMS ADARPTIVE FILTER
fiF) - up)
gD - y{n)
Winet (ot el D) ) )
L AND @ ARE CONSTANT SCALARS THAT TUNE THE ADAFTIVE BEHAVIOR

FIG.9B



US 2016/0008166 A1

Jan. 14,2016 Sheet 14 of 14

Patent Application Publication

D6 Ol

Y0078 OL ¥0078 WOH NOLLOW 40 3NYTd IHL 40 FONILSISHId
1 SLNISTHATY [VHL | ONY 0 NIIMLIE 3N WA Y Saais [l Uiy

Uty 01 SONOISTUNOD IVHL A 40 HOL103A NWNT00 3L S YU 3uzum
Us =NOILOM 40 SIXY HONIW

Ui A®lg - 011wy NoLLIaNGD

NOILLOW QaNIVHLSNOD LSOW 40 SIXY 3H1 OL SANOJSTHHOD "Ullg W31 3nvivd TwOLLIITTE 1STTIVING 3HL

(SANTYA HYTNONIS ¥AY)
SIAKY SISATYNY  SHILINYNEYL TYOILdITIE

SISATYNY TILvdS
(NOILISOJINOD3T 3NTVA 3TONIS) TAS



US 2016/0008166 A1l

PATIENT TEMPERATURE RESPONSE
CONTROL SYSTEM AND METHOD

RELATED APPLICATIONS

[0001] This application is a continuation of U.S. patent
application No. 12/272,643, filed on Nov. 17, 2008, entitled
“PATIENT TEMPERATURE RESPONSE CONTROL
SYSTEM AND METHOD?”, which claims priority to U.S.
Patent Provisional Application Ser. No. 60/988,706, filed
Nov. 16, 2007, entitled “PATIENT TEMPERATURE
RESPONSE CONTROL SYSTEM AND METHOD”, each
of which is hereby incorporated by reference in their entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to the field of induced
hypothermia, and in particular, to a system and method that
facilitates the control of patient shivering discomfort associ-
ated with induced hypothermia therapy.

BACKGROUND OF THE INVENTION

[0003] Hypothermia is a condition in which body tempera-
ture is at a level lower than normal body temperature. Thera-
peutic induced mild-moderate hypothermia can be beneficial
for people suffering stroke, myocardial infarction, cardiac
arrest serious head trauma and other conditions involving
reduced blood supply. One method for lowering body tem-
perature is to insert a cooling device into an artery of the
patient and to internally cool the patient’s body by introduc-
ing a cooling fluid into the device. A non-invasive technique
for lowering body temperature is to externally cool the exte-
rior surface of the patient’s body. Such exterior surface cool-
ing could be achieved, for example, by direct contact with a
cooling fluid, such as by immersing the patient’s body in the
cooling fluid or by directing the flow of the cooling fluid
around the patient’s body. The cooling fluid could be, for
example, cool water or cool air. Another technique for exter-
nal surface cooling is to apply a contact-cooling pad to the
exterior surface of the patient and to circulate a cooling fluid,
such as water or an aqueous solution, through the contact pad
to cool the patient.

[0004] For therapeutic purposes, it is often desirable for the
mild-moderate hypothermia to be induced very quickly. With
endovascular cooling, heat is removed directly from blood
flowing through blood vessels. Blood with reduced tempera-
ture moves through blood vessels to cool other parts of the
body. With exterior surface cooling, heat is removed across
the patient’s skin. Cooling of the skin increases conduction of
heat from deeper within the body, thereby cooling internal
body tissue. Blood moving through blood vessels in a cooled
portion of the body is also cooled, and distribution of that
cooled blood to other parts of the body thereby contributes to
cooling other parts of the body.

[0005] Quick inducement of hypothermia requires that the
patient’s body temperature be rapidly reduced to the desired
level, and involves a high rate of transfer of heat from the
body. Impediments to inducing hypothermia include the
patient’s thermoregulatory responses to cooling. Shivering is
acommon thermoregulatory response that, in some cases, can
increase body heat production to as much as 600% above
basal levels. Anti-shivering drugs, and particularly meperi-
dine, have been administered prior to or during active cooling
to help suppress the shivering response. Such pharmacologi-
cal treatment to suppress shivering is often successful, result-
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ing in more rapid lowering of the patient’s body temperature
to more quickly induce a desired degree of hypothermia,
reducing patient tiring attendant to shivering, and also reduc-
ing patient discomfort associated with shivering.

SUMMARY OF THE INVENTION

[0006] Inview of the foregoing, one objective of the present
invention is to facilitate control over, and thereby reduce,
patient shivering (e.g. in response to induced hypothermia).

[0007] A related objective of the present invention is to
facilitate a reduction in patient shivering, and attendant
patient heat production, patient tiring and patient discomfort
(e.g. in induced hypothermia procedures) via a system and
method that provide an output to facilitate anti-shivering
response by medical personnel and that otherwise exhibit
user-friendly functionalities.

[0008] Yet another objective is to facilitate a reduction in
patient shivering (e.g. during induced hypothermia proce-
dures) in a manner that enhances the efficiency of medical
personnel in the performance of thermotherapy related activi-
ties.

[0009] One or more of the above objectives and additional
advantages may be realized in a medical apparatus that
includes a monitoring device for monitoring patient shivering
or at least one physiological response of a patient to a change
in the temperature of the patient and to provide a monitoring
signal responsive thereto. The inventive apparatus may fur-
ther include an output device for providing an output to a user
responsive to the monitoring signal. In this regard, the output
may be indicative of at least one measure of a physiological
response, such as a magnitude, degree or progressive stage of
shivering and/or information regarding potential response
treatment option(s). By way of example, a visual and/or audi-
tory output may be provided to a user that indicates that a
predetermined level or stage of shivering has been detected
and/or other information that may be useful in addressing a
detected patient shivering condition.

[0010] In one aspect, the medical apparatus may further
comprise at least one of an energy storage device and a wire-
less energy conversion device, interconnected to the monitor-
ing device, for powering the monitoring device. In one
approach, a wireless signal receiver and rectifier arrangement
may be employed for receiving a wireless signal and trans-
ducing electrical energy therefrom to power the monitoring
device. In conjunction with such approach, a wireless signal
transmitter may be employed for transmitting a wireless sig-
nal corresponding with the monitoring signal. Alternatively, a
transceiver may be employed for both receiving a wireless
signal and transmitting a wireless signal corresponding with
the monitoring signal.

[0011] In another approach, a battery may be employed as
an energy storage device for powering the monitoring device.
In conjunction with such approach, the battery may be inter-
connected with a transmitter for transmission of a wireless
signal corresponding with the monitoring signal. Further,
when a rechargeable battery is employed, a wireless signal
receiver and rectifier may be included to transduce electrical
energy from a wireless charging signal for recharging the
rechargeable battery.

[0012] In conjunction with either of the above-noted
approaches, an energy storage device and/or wireless energy
conversion device may be interconnected to a monitoring
device for co-movement therewith. More particularly, such
components may be directly connected or interconnected to a
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common support member for co-movement, free from hard-
wire or other physical interconnections with a power source.
[0013] In a related aspect, the monitoring device may be
non-invasive. In turn, use of the monitoring device may be
initiated without compounding patient anxiety, patient tiring
or patient discomfort otherwise attendant to the use of inva-
sive devices.

[0014] In a further related aspect, the monitoring device
may be provided to be selectively interconnectable to and
disconnectable from a patient. When connected, the monitor-
ing device may be maintainable in fixed relation to a given
location on a patient. By way of example, the monitoring
device may be interconnectable to a patient via a hook and
loop fastener arrangement, a peel and stick adhesive surface
arrangement or other like techniques.

[0015] In one approach, the monitoring device may com-
prise at least one motion sensor, e.g. an accelerometer selec-
tively interconnectable/disconnectable to a patient, e.g. adhe-
sively connectable to a patient’s jaw (e.g. the masseter
region). Such accelerometer(s) may be provided to measure
acceleration in one and/or a plurality of orthogonal axes (e.g.
one, two or three orthogonal axes).

[0016] In conjunction with such approach, a plurality of
accelerometers may be interconnected to a patient at different
locations to provide separate monitoring signals that may be
employed together to facilitate the provision of an output
indicative of a magnitude, degree or stage of patient shiver-
ing. For example, accelerometers may be separately intercon-
nected to a patient’s jaw (e.g. the masseter region), to a
patient’s chest (e.g. the pectoral region), to a patient’s arm
(e.g. the bicep region) and/or to a patient’s leg (e.g. the quad-
riceps region), wherein corresponding monitoring signals
from such accelerometers may be utilized to monitor a degree
and for progressive stage of shivering. In this regard, each of
the monitoring signals may comprise pre-determined signal
portions (e.g. corresponding with a predetermined motion
frequency range or ranges) whose presence and/or magnitude
may be identified and utilized to generate a user output.
[0017] In another approach, the monitoring device may
comprise a vasoconstriction measurement device for measur-
ing blood flow at two to offset locations, e.g. at a fingertip and
at corresponding forearm. In an additional approach, the
monitoring device may comprise one or more electromyogra-
phy (EMG) surface sensors for monitoring muscular electri-
cal activity. In another approach, the monitoring device may
comprise a pulse oximeter sensor for monitoring blood oxy-
gen saturation levels ofa patient. In yet a further approach, the
monitoring device may comprise one or more capnography
input sensors for concentration and/or partial pressure of
carbon dioxide in patient respiratory gases.

[0018] In relation to each of these approaches, the moni-
tored parameter may have a known relationship to patient
shivering, wherein a magnitude of the measured parameter
may be related to a corresponding degree or stage of patient
shivering. Further, in relation to such approaches, a plurality
of sensors that measure the same parameter and/or different
ones of the noted parameters may be employed to combina-
tively yield a monitoring signal.

[0019] In certain embodiments, a processor and/or logic
circuit may be employed to process one or more monitoring
signal(s) to generate an output control signal for controlling
an output device. In this regard, one or more predetermined
algorithms may be employed for frequency domain process-
ing and/or time domain processing of one or a plurality of
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monitoring signal(s) provided by one or a plurality of motion
monitoring device(s) (e.g. one or a plurality of accelerometer
())-

[0020] In one approach, a monitoring signal comprising
three-dimensional accelerometer output data values may be
processed utilizing a frequency domain transfer algorithm. In
this regard, successive overlapping frames of data sets which
each comprise three dimensional acceleration data values
may be deinterleaved into three data sets corresponding with
each of the three dimensions, windowed (e.g. utilizing a Kai-
ser or other windowing technique) and transformed utilizing
a frequency transform technique (e.g. a Fourier transform). A
square of the modulus of the transformed data may be deter-
mined, and the results thereof may be summed to yield spec-
tral data for each frame of data. In turn, the spectral data fora
plurality of frames may be analyzed in relation to a plurality
of predetermined frequency ranges to assess a magnitude or
degree of patient shivering, wherein at least one of the prede-
termined frequency bands includes a frequency level indica-
tive of patient shivering (e.g. a band including a frequency
level of about 9.5 Hz).

[0021] In another aspect, the processor may be pre-pro-
grammed to process the monitoring signal and provide infor-
mation for use in administering at least one anti-shivering
medicament to a patient. By way of example, such informa-
tion may comprise the identification of one or more anti-
shivering medicaments employable by medical personnel in
controlling patient shivering. Further, the output may com-
prise information corresponding with dosage and/or admin-
istration frequency of one or more anti-shivering medica-
ments. In one approach, dosage and frequency information
may be based upon, at least in part, a monitored magnitude of
patient shivering, as reflected by the monitoring signal.

[0022] The anti-shivering medicament may comprise one
or more substance effective for suppressing shivering. A vari-
ety of such anti-shivering medicaments are known or may be
identified in the future. Examples of some reported anti-
shivering medicaments include certain non-opioid analgesics
(e.g. tramodol and nefopan), certain opioid analgesics (e.g.
alfentanil, morphine. fentanyl, meperidine, naloxone and nal-
buphine), certain o,-andrenergic agonists (e.g. clonidine and
dexmedetomidine) and certain serotonin antagonists (e.g.
ketanserin and ondansetron). Also, multiple anti-shivering
medicaments may be used to the extent they are pharmaco-
logically compatible. Moreover, it should be appreciated that
medicaments are often administered in the form of pharma-
cologically acceptable salts, so, for example, the anti-shiver-
ing medicament may be such a salt of any of the foregoing
listed compounds. Meperidine, or a salt thereof, is particu-
larly preferred for use as the anti-shivering drug.

[0023] Given the variety of anti-shivering medicaments
that may be employable, and in another aspect, the processor
may be preprogrammed to generate information, at least in
part, in accordance with a user-established protocol that
specifies one or more user-preferred anti-shivering medica-
ments and that comprises data and/or algorithms that provide
for the automated generation of an output regarding dosage
and/or frequency information for the preferred medicament
(s). For example, a given user may pre-establish a protocol
that contemplates the use of a particular medicament and a
corresponding dosage amount and/or frequency of dosage
administration rate, as well as a preset correlation between
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such data and measured magnitude(s) of monitored patient
response to temperature change (e.g. a monitored magnitude
of patient shivering).

[0024] In an additional aspect, the processor may be oper-
able to process the monitoring signal to assess a given
patient’s shivering response to at least one prior administra-
tion of an anti-shivering medicament, and in turn, to provide
output comprising updated information employable in a sub-
sequent administration of the same or different anti-shivering
medicament. Stated differently, the processor may process
the monitoring signal on an ongoing basis so as to establish
trend data corresponding with a patient’s response to a given
anti-shivering medicament, and in turn, to utilize such trend
data in the provision of further updated information regarding
arecommended dosage in/or frequency for one or more sub-
sequent administration(s) of an anti-shivering medicament.
[0025] In another aspect, the apparatus may include a user
interface as an output device for providing output information
in at least one of an audible and visual form. By way of
example, the information may be provided via an interactive
display. In turn, the interactive display may be provided to
receive user input, e.g. to identify an anti-shivering medica-
ment and/or to establish a protocol for subsequent use in
generating an information output in a given thermotherapy
procedure.

[0026] As noted above, the monitoring device(s) may be
adapted to provide the monitoring signal(s) as a wireless
signal(s). In turn, the apparatus may include a receiver, inter-
connected to a processor, for receiving a wireless monitoring
signal and providing the signal to the processor. In turn, the
process may process the monitoring signal(s) as indicated
above.

[0027] Inyetanotheraspect, the processor may be operable
to employ the monitoring signal in conjunction with the gen-
eration of an input signal that is provided to a temperature
control system (e.g. a system for cooling and/or warming a
patient). For example, the input signal may be utilized in
conjunction with establishing the temperature of a cooling
medium utilized to cool a patient.

[0028] An inventive method is also provided for use in
controlling a shivering response of a patient during therapeu-
tic patient cooling. The method may comprise the steps of
monitoring at least one physiological response of a patient to
a change in temperature of the patient, and automatically
providing an output responsive to the monitoring signal.
[0029] In one approach, the output may be indicative of at
least one measure of the patient shivering response. For
example, the output may comprise a visual and/or audible
outputindicating to a user a predetermined magnitude, degree
and/or stage of patient shivering. In another approach, the
output may be based at least in part on a monitored response
for employment by a user in controlling the patient’s shiver-
ing response to a temperature change. For example, the output
may comprise information regarding the dosage and/or fre-
quency of administration of an anti-shivering medicament.
[0030] In one aspect, the method may further include the
step of powering the monitoring device by at least one of an
energy storage device and a wireless energy conversion
device (e.g. comprising a receiver antenna and rectifier) inter-
connected to the monitoring device for co-movement there-
with. By way of example, the monitoring device (e.g. a
motion sensor) and an energy storage device and/or a wireless
energy conversion device may each be interconnected to a
common support structure (e.g. a printed circuit board located
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within a protective housing), wherein an adhesive backing
may be provided on the support structure with a removable
liner to facilitate selective interconnection to and disconnec-
tion from a patient.

[0031] Ina furtheraspect, the method may include the steps
of transmitting the monitoring signal as a wireless signal, and
receiving the wireless monitoring signal for use in the pro-
viding step. Further, the powering step may include convert-
ing a wireless power signal to an electrical signal utilizing a
wireless energy conversion device, wherein the electrical sig-
nal provides power to the monitoring device for use in the
monitoring step and to a transmitter for use in the transmitting
step.

[0032] Ina further aspect, the monitoring step may include
utilizing a motion sensor interconnected to a patient to pro-
vide a monitoring signal that is indicative of patient motion.
In turn, the providing step may include processing of motion
data comprising the monitoring signal utilizing frequency
domain processing. By way of example, the motion data may
include three-dimensional accelerometer data. The process-
ing step may include the steps of windowing the three-dimen-
sional motion data, and transforming the windowed three-
dimensional motion data to frequency domain data. In turn, a
statistical analysis may be performed on the frequency
domain data in a relation to a plurality of predetermined
frequency bands.

[0033] Inyetanotheraspect, the monitoring step may com-
prise at least one of monitoring motion of the patient (e.g.
shivering-related motion), monitoring vasoconstriction of the
patient (e.g. based on relative blood flow measurements at
offset vascular locations), monitoring muscular electrical
activity of the patient (e.g. using EMG surface sensors),
monitoring carbon dioxide concentration and/or partial pres-
sure of respiratory gases of the patient, and/or monitoring
blood oxygen saturation levels of the patient. By way of
example, a motion sensor may be selectively interconnected
to a patient to monitor a magnitude of patient shivering and to
provide a monitoring signal reflective thereof. In turn, the
generating step may entail a comparison of the monitored
shivering magnitude value to one or more preset, reference
values. For example, a comparison may yield an indication of
moderate shivering magnitude, which in turn may yield an
output thatindicates that administration of a moderate dosage
of a given anti-shivering medicament may be in order.

[0034] In another aspect, the method may include the step
of administering at least one anti-shivering medicament. For
example, the medicament may be administered in accordance
with output information that comprises dosage and/or fre-
quency information for one or more identified anti-shivering
medicaments.

[0035] In a related aspect, following administration of an
anti-shivering medicament, the method may provide for
repeating the monitoring and processing steps a plurality of
times, on an ongoing basis during induced thermo therapy,
and utilizing data inputted by a user that corresponds with the
prior administering step (e.g. the time and dosage of admin-
istration) in a subsequently performed processing step to
provide updated output information employable in a subse-
quent administering step. Stated differently, after the admin-
istration of a given anti-shivering medicament, the monitor-
ing and processing steps may establish trend data regarding a
patient’s response to the anti-shivering medicament. In turn,
such trend data may be utilized in the further generation of an
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output reflecting dosage and/or frequency information for the
further administration of an anti-shivering medicament.
[0036] In another aspect, the generating step of the inven-
tive method may comprise utilizing patient specific data pro-
vided by a user. For example, a user may input data regarding
a patient’s age, weight, sex, physical condition and/or other
patient specific data that may impact the type, amount and/or
frequency of medicament administration.

[0037] Ina further related aspect, the method may provide
for outputting information to a user in at least one of a visual
form and an audible form. Relatedly, an interactive user intet-
face may be provided for receiving input from a user for use
in completing the generating step.

[0038] Additional aspects and advantages in the present
invention will be apparent to those skilled in the art upon
consideration of the further description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 is a schematic illustration of one apparatus
embodiment of the present invention.

[0040] FIG. 2 is a process flow diagram of one method
embodiment of the present invention.

[0041] FIG. 3 illustrates a system embodiment comprising
the present invention.

[0042] FIG. 4 illustrates one embodiment of a monitoring
device employable in the system embodiment of FIG. 3.
[0043] FIG. 5 illustrates one embodiment of an output
device employable in conjunction with implementations of
the present invention.

[0044] FIG. 6 illustrates the output embodiment device of
FIG. 5.
[0045] FIGS.7A, 7B and 7C illustrate perspective views of

a motion sensor embodiment and component parts thereof
employable to generate a monitoring signal in conjunction
with implementations of the present invention.

[0046] FIGS. 8A, 8B, 8C and 8D illustrate steps corre-
sponding with a frequency domain processing embodiment
for processing a monitoring signal in one embodiment of the
present invention.

[0047] FIGS. 9A, 9B and 9C illustrates steps of a time
domain processing embodiment for processing a monitoring
signal in one embodiment of the present invention.

DETAILED DESCRIPTION

[0048] FIG. 1 illustrates one embodiment of the present
invention. As shown, a monitoring device 10 is provided to
monitor at least one physiological response R of a patient P to
achange of temperature of the patient and to provide a moni-
toring signal 12 responsive thereto. By way of example, thera-
peutic hypothermia may be induced by a cooling system 50.
Cooling system 50 may comprise any of a number of different
modalities for selective cooling of a patient, including for
example cooled contact pads, vascular cooling, patient emet-
sion approaches and/or other systems for rapidly cooling a
patient, e.g. systems as described in U.S. Pat. Nos. 6,669,715,
6,827,728, 6,375,674, and 6,645,232, and published PCT
Application PCT/US2007/066893, hereby incorporated by
reference in their entirety.

[0049] With further reference to FIG. 1, the monitoring
signal 12 may be provided to a processor and/or logic circuit
20 via a hardwire and/or wireless interface between monitor-
ing device 10 and processor and/or logic circuit 20. In turn,
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processor and/or logic circuit 20 may be preprogrammed or
otherwise provided to utilize the monitoring signal 12 to
provide an output 22.

[0050] In one approach, processor and/or logic circuit 20
may be provided to assess the monitoring signal 12 and pro-
vide an output 22 employable to indicate at least one measure
of a shivering response of a patient. For example, the output
22 may be employable to provide a visual and/or audible
output ata user interface 30 or other output device (e.g. one or
more lights (e.g. one or more light emitting diodes) co-lo-
cated with the patient P), wherein such output provide a user
with an indication of a magnitude, degree and/or stage of a
patient shivering response to a cooling therapy.

[0051] In another approach, an output 22 may be provided
that is employable for use in controlling a shivering response
of the patient P to changes of the bodily temperature of the
patient P. In one embodiment, an output 22 may be provided
at user interface 30 which comprises information that corre-
sponds with one or more approaches for controlling patient
shivering response via the administration of one or more
anti-shivering medicaments.
[0052] By way of example, processor 20 may comprise
preprogrammed logic, or algorithms/data, in a treatment
module 24 for processing the monitoring signal 12 to provide
an output 22 comprising information relating to one or more
anti-shivering medicament administration actions that may
be followed by medical personnel to treat patient shivering
response to bodily cooling. In this regard, the treatment mod-
ule 24 may comprise stored data/algorithms in relation to a
plurality of preset treatment protocols, including protocols
that have been established by a user, e.g. via user input at
interface 30. For example, each pre-established protocol may
include data/algorithms relating to one or more of the follow-
ing:
[0053] Data corresponding with different anti-shivering
medicament option(s), including different types and/or
combinations of anti-shivering medicaments; and

[0054] Dosage/frequency data and/or algorithms for
each anti-shivering medicament option.

As may be appreciated, the processor 20 and the user inter-
face 30 may be provided for interactive operations therebe-
tween. More particularly, in conjunction with a given patient
cooling procedure, a user may utilize user interface 30 to
access and select a given one of a plurality of treatment
protocols, e.g. corresponding with a given protocol estab-
lished at a given user site (e.g. for a particular physician). In
turn, such protocol may provide for the selection of a given
one of a plurality of different anti-shivering medicament
options (e.g. via an interactive menu).

[0055] In turn, for a selected option, the processor 20 may
be operative to provide treatment-dosage (e.g. amount) and
frequency-of-dosage information to a user at user interface
30. Such information may be provided so as to take into
account specific data inputted by a user at a user interface 30
for a given procedure, including for example, patient-specific
information (e.g. age, weight, sex etc.), and patient proce-
dure-specific information (e.g. thermotherapy pursuant to
stroke, thermotherapy pursuant to head trauma, etc.). Addi-
tionally and/or alternatively, the information comprising the
output 22 may be based, at least in part, upon a magnitude of
the measured patient response R reflected by monitoring sig-
nal 12. For example, a magnitude measure may be obtained
from the signal 12 and compared with pre-established refer-
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ence data to assess how much and/or how often a given
anti-shivering medicament may be appropriate for adminis-
tration.

[0056] As illustrated in FIG. 1, processor 20 may further
comprise aresponse module 26 comprising algorithms and/or
data for processing the monitoring signal 12 on an ongoing
basis, e.g. after initiation of patient shivering response actions
by a user (e.g. administration of an anti-shivering medica-
ment), to assess the effectiveness of such actions, wherein
such assessment may then be automatically employed in the
generation of subsequent output 22. To yield such function-
ality, user interface 30 may be employable to receive user
input regarding the patient shivering response actions taken
by a user, e.g. the identification of the type(s), dosage amount
(s) and time(s) of administration of one or more anti-shivering
medicament(s). Such input may be store and/or otherwise
employed by response module 26 in completing the above-
noted assessment. By way of example, the above-noted
assessments may include an algorithmic assessment as to the
degree of patient shivering reduction and/or the duration of
shivering reduction and/or the degree of shivering reduction
on a time-scale basis associated with a given anti-shivering
medicament administration procedure (e.g. collectively
“trend data”). In turn, the response module 26 may be pro-
vided to interface with treatment module 24 to provide infor-
mation in output 22 regarding potential further treatment
action on an ongoing basis during a given patient cooling
procedure. Such ongoing treatment information may be pro-
vided to a user through user interface 30, wherein such further
information is based in part on the trend data assessment.

[0057] In addition to the above-described functionalities,
the processor 20 may be further adapted for providing an
input signal 28 to the cooling system 50. Such input signal 28
may employ with a patient temperature sensor 52 output
signal 54 to establish a degree of cooling and/or rate of cool-
ing of the given patient P. For example, based upon a mea-
sured magnitude of patient response R, a cooling rate may be
increased (e.g. when no shivering is detected and more rapid
cooling is therapeutically desired) or decreased (e.g. when an
undesirably high degree of shivering is detected and thera-
peutic rapid cooling is realizable at a lower cooling rate).

[0058] Reference is now made to FIG. 2, which illustrates
one of embodiment of a method comprising the present
invention. Initially, pursuant to a given patient treatment con-
dition, e.g. a stroke, serious head trauma or other like event, a
patient cooling procedure may be initiated, pursuant to which
a patient is as rapidly cooled to reduce risk of neurological
damage, step 102. In conjunction with the patient cooling
procedure, the method may provide for monitoring a physi-
ological response of a patient to a change in the patient’s
temperature, step 104. More particularly, the monitoring may
include the step of selective interconnection of a non-invasive
monitoring device to a patient. In one approach, one or more
interconnectable/disconnectable monitoring device(s) may
be fixedly positioned to a patient to measure patient motion.
For example, patient shivering response may be monitored,
via attachment of an accelerometer to a patient’s jaw (e.g.
masseter region) and/or via attachment of an accelerometer to
a patient’s chest (e.g. pectoral region) and/or via attachment
of an accelerometer to a patient’s arm (e.g. bicep region)
and/or via attachment of an accelerometer to a patient’s leg
(e.g. quadricep region), wherein one or a plurality of accel-
erometers are utilized to provide one or a corresponding
plurality of accelerometer output signal(s) employable to
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assess the magnitude and/or stage of shivering and provide an
output indication of at least one measure of the of the patient
shivering response to cooling.

[0059] In other approaches that correlate shivering to a
monitored parameter, a blood flow monitoring device may be
attached to a patient to measure a degree of vasoconstriction
reflective of a degree of shivering (e.g. by measuring relative
blood flow at a fingertip and at a corresponding forearm
location). In an additional approach, the monitoring device
may comprise one or more electromyography (EMG) surface
sensors for monitoring muscular electrical activity. In yet a
further approach, the monitoring device may comprise one or
more capnography input sensors for concentration and/or
partial pressure of carbon dioxide in patient respiratory gases.
In yet another correlative approach, a pulse oximeter sensor
may be interconnected to a patient to measure a patient’s
blood oxygen saturation level, wherein such level may be
correlated to a degree of shivering.

[0060] With further reference to FI1G. 2, the method may
provide for the generation of an output based upon, at least in
part, a monitored patient temperature response, step 106. By
way of example, such output generation may entail the pro-
vision of a visual or auditory output. In one embodiment the
method may further include processing of a monitoring signal
in accordance with the selected one of a plurality of treatment
protocols comprising corresponding preset data/algorithms.
In one approach, use of a given protocol may provide for user
selection of a given anti-shivering medicament or combina-
tion(s) thereof, as well as a corresponding output of informa-
tion relating to dosage and/or frequency information for the
selected medicament(s).

[0061] Pursuant to the generation ofan outputbased upona
monitored patient response, the method may encompass use
of the output to control a patient shivering response, step 108.
For example, information regarding dosage and/or frequency
of a given anti-shivering medicament may be employed by a
user in conjunction with the actual administration of the
medicament.

[0062] Asillustrated by FIG. 2, the steps of monitoring 104,
generating 106 and/or using 108 may be repeated on an ongo-
ing basis during a given thermotherapy procedure, wherein as
part of the monitoring step, the patient’s response to prior
actions taken to control shivering may be assessed (e.g. via
trend data assessment) and the output provided in step 108
may take into account the results of such assessment.

[0063] As further illustrated in FIG. 2, output may be pro-
vided in relation to the generation step 106 that may be
utilized in conjunction with controlling a degree of cooling
provided by a cooling system, step 110. By way of example,
in the generating step 106 an input signal may be provided to
a cooling system. Such input signal may be utilized by the
cooling system to increase, decrease or maintain a rate of
patient cooling.

[0064] Referring now to FIGS. 4 and 5, a further embodi-
ment of the present invention will be described. As shown, a
patient P may be cooled utilizing a cooling system compris-
ing contact pads 200 and a control unit 202 that circulates
cooled fluid via supply line(s) 204 and return line(s) 206
though the contact pads 200 (e.g. under negative pressure). In
this embodiment, the control unit 202 may further comprise a
transceiver 210 for transmitting/receiving wireless signals
to/from a motion sensor monitoring device 220a intercon-
nected to the chin of a patient P.
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[0065] By way of example, and with referenceto FIG. 4, the
motion sensor 220a may include an accelerometer housed
within a housing 222 having an adhesive backing 224 and
removable liner 226 initially provided therewith. To initiate
patient use, the liner 226 may be selectively removed,
wherein the adhesive backing 224 may be mounted to a jaw of
apatient. In one approach, an on-board battery may be housed
in housing 222, e.g. for powering the accelerometer and an
on-board transmitter for transmitting a monitoring signal 214
indicative of a magnitude of motion of the patient’s chin.
[0066] In another approach, the transceiver 210 provided
with the control unit 202 may be adapted to transmit a query/
power signal 212 to the motion sensor 220a. In turn, the
motion sensor 220a may transmit a monitoring signal 214 to
the transceiver 210 which is indicative of a degree of motion
of the patient’s chin. More particularly, the motion sensor
220a may comprise a transreceiver and rectifier arrangement
for receiving a query/power signal 212, transducing electrical
energy therefrom, and using the energy to generate and trans-
mit the monitoring signal 214.

[0067] As may beappreciated, a plurality of motion sensors
220 may be employed. For example, motion sensors 2205 and
220¢, of like configuration to motion sensor 220a, may be
selectively interconnected to different body regions (e.g. an
arm and leg of a patient). In such an arrangement, each of the
sensors 220a, 2205 and 220c may provide a wireless moni-
toring signal 214.

[0068] The monitoring signal(s) 214 may be processed at
the control unit 202 in accordance with the described func-
tionalities to provide an output (e.g. a visual or auditory
output) at auserinterface 230. As previously noted, the output
may provide an indication of 2 magnitude or stage of patient
shivering. Additionally or alternatively, such output may pro-
vide anti-shivering medicament related information, e.g. dos-
age and/or frequency information for use by medical person-
nel in the administration of an anti-shivering medicament. As
further reflected by FIG. 4, control unit 202 may include a
user input 240 (e.g. a keyboard, touch-screen or point-and-
click interface) for user selection of a given anti-shivering
treatment protocol, for inputting instructions and/or data
regarding the type, amount and timing of medicament admin-
istration, and/or for inputting patient-specific information. In
conjunction with control operations, the control unit 202 may
be further provided for use in controlling patient cooling in
accordance with a pre-established protocol(s), e.g. as taught
by U.S. Pat. Nos. 6,620,187, 6,692,518, 6,818,012, and
6,827,728, the entirety of which are hereby incorporated by
reference.

[0069] As further reflected by FIG. 3, and as an option to
control unit 202, a handheld unit 250 may be provided that
includes a transceiver 252 for use in transmitting signals 254
and receiving signals 256 to/from the monitoring device 220.
As illustrated, the hand held unit may 250 comprise a user
output 258 for providing treatment related information.
[0070] In further relation to the above-described function-
ality, reference is now made to FIGS. 5 and 6 which illustrate
an embodiment of a user interface 230 that may be provided
at control unit 202. As illustrated in FIG. 5, the user interface
230 may be provided to allow a user to selectively access
various interactive screens for use in conjunction with a given
patient therapy in which control unit 202 may be employed to
circulate cooled and/or warmed fluid through contact pads
200 to adjust a patient’s temperature in accordance with a
predetermined and/or otherwise controllable protocol.
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[0071] As shown in FIG. 5, an interactive screen 300 may
be provided at user interface 230 which includes a graphic
display portion 310 that graphically illustrates temperature-
related data in a first region 312 as a function of time, and that
further illustrates patient motion data, e.g. shivering data, as a
function of time in a second region 314. The first region 312
may present a first plot 320 of a target patient temperature
level as a function of time, e.g. a predetermined patient tem-
perature adjustment rate plot reflecting a desired patient tem-
perature to be reached by controlling the temperature of the
circulated fluid. Further, a second plot 322 of a measured
patient temperature as a function of time may be presented.
Additionally, a third plot 324 of a measured temperature of
the fluid circulated by control unit 202 though contact pads
200 may be provided.

[0072] Inrelation to the target patient temperature plot 320,
the control unit 202 may include an on-board processor pre-
programmed or otherwise programmable to facilitate auto-
mated control over patient temperature adjustment therapy. In
the later regard, the control unit 202 may be provided with a
pre-programmed control module to facilitate automated con-
trol over the temperature of the circulated fluid so as to cool a
patient in accordance with programmable protocol data dur-
ing a first phase of treatment, and to re-warm a patient in
accordance with another programmable protocol during a
second phase of treatment.

[0073] As shown by FIG. 5, the second region 314 of the
screen 300 may be provided to visually display patient motion
data in relation to a predetermined magnitude scale. By way
of example, a plurality of predetermined levels of patient
motion, or degrees of shivering, may be graphically presented
as a function of time. In the illustrated example, four levels of
detected patient motion may be provided to a user, wherein no
visual indication is provided for a low, or “zero” level of
motion, and wherein increasing level of motions may be
graphically presented by one, two or three stacked “box”
indicators.

[0074] As may be appreciated, by visually monitoring the
magnitude of shivering response displayed in the second
region 314 of the screen 300, medical personnel may assess
the need and/or desirability for taking responsive action. For
example, such responsive action may include the administra-
tion of anti-shivering medicaments and/or the application of
surface warming therapy to selected patient body regions
and/ora modification to the patient cooling/warming protocol
discussed hereinabove (e.g. decreasing a target patient cool-
ing rate and/or a increasing targeted temperature for patient
cooling).

[0075] As reflected by FIG. 6, screen 300 may also be
employable in conjunction with the operation of one or a
plurality of motion sensors employable to provide a monitor-
ing signal. By way of example, such motion sensors may be in
the form of motion sensors 2204, 2205 and 220¢ discussed
hereinabove in relation to FIG. 3. As shown in FIG. 6, inter-
active screen 300 may be provided to visually facilitate the
establishment of wireless communications with each of the
sensors, to visually indicate the communication signal
strength for each of the motion sensors 2204, 2205 and 220c¢,
to visually indicate a battery power level at each of the motion
sensors 220a, 2205 and 220c¢ (e.g. as reflected by a portion of
corresponding wireless monitoring signals), and/or to visu-
ally indicate a detected shivering magnitude corresponding
with each of the sensors 220a, 2205 and 220c.
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[0076] Reference is now made to FIGS. 7A, 7B and 7C
illustrating another embodiment of a motion sensor 400. As
shown in FIG. 7A, the sensor 400 may include a base pad 402
initially provided with a removable liner 404 overlaying an
adhesive bottom surface of the base pad 402. As may be
appreciated, the liner 404 may be selectively removed prior to
adhesive interconnection of the motion sensor 400 to a
patient. The motion sensor 400 further includes a housing
portion 408 that houses a sealed sensor assembly 410 which
is shown in FIG. 7B. As illustrated in F1G. 7C, of the sensor
assembly 410 may include an accelerometer module 412_that
is located between opposing circuit elements mounted on
opposing, inside surface(s) of a wrap-around circuit board
414. In the illustrated embodiment, a transceiver device 416,
e.g.an RF antenna, may be patterned on a stub portion 418 of
the circuit board 414 for wireless transception of monitoring
signals and power signals. In the later regard, circuit corre-
spondingly located on circuit board 414 may include a recti-
fier and/or battery for powering the sensor operations. In
other embodiments, the patterned antenna 416 may be
replaced by a chip transceiver mounted on the circuit board
414.

[0077] Referring again now to FIG. 1, and as noted above,
a processor or logic circuit 20 may be provided to utilize one
or a plurality of monitoring signal(s) 12 provided by one or a
plurality of monitoring device(s) 10 to yield an output 22. In
that regard, and by way of example, a processor 20 may be
preprogrammed for time domain and/or frequency domain
processing of a monitoring signal provided by a monitoring
device 10 that includes a three-dimensional accelerometer as
amotion sensor, and for providing a monitoring signal indica-
tive of acceleration in each of three-dimensions as a function
of time. In this regard, it may be desirable for the accelerom-
eter to sample at about twice the highest frequency compo-
nent of interest (e.g. at least about 40 Hz). Reference is now
made to FIGS. 8A-8C which illustrate a frequency domain
processing embodiment.

[0078] AsshowninFIG. 8A,amonitoring signal 12 may be
provided as a sensor input comprising a stream of sequential
data sample sets, wherein each data set comprises data cor-
responding with a measured magnitude related to accelera-
tion in each of the three dimensions, X, y and z, (e.g. a
measured voltage magnitude for each of three-dimensions).
In turn, overlapping frames of data sets may be processed,
wherein each frame m comprises a plurality of data sets n and
wherein sequential ones of such frames at least partially over-
lap and are at least partially different, (e.g. the “hop” refer-
ence in FIG. 8A). In one embodiment, each frame may com-
prise about 512 data sets.

[0079] As shown in FIG. 8B, for each frame m of n data
sets, the corresponding data sets may be de-interleaved to
vyield three data portions corresponding with each of the three
dimensions, e.g. x(n), y(n) and z(n). Then, the three data
portions may be windowed, e.g. utilizing a Kaiser windowing
approach. The windowed data may be further processed
according to a Fourier transform function to obtain frequency
domain data. In turn, a square of the modulus ofthe frequency
domain data may be determined for each of the three-dimen-
sional data sets corresponding with a given frame, and the
resultant values may summed to generate a spectral output for
each frame. In turn, the spectral output for a plurality of
frames of data may be analyzed on an ongoing basis to detect
and assess patient motion.
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[0080] In this regard, reference is now made to FIG. 8C
which illustrates exemplary spectral data corresponding with
multiple frames of data (e.g. about 130 frames). In particular,
for each frame of data a corresponding spectral distribution
across a predetermined frequency range of about 0 Hz to
about 20 Hz is shown, wherein the magnitude corresponding
with a given frequency is reflected by the number or concen-
tration of data points. In relation to the illustrated example,
the spectral data may be analyzed in relation to a plurality of
frequency bands, e.g. a first band of about 0 Hz to 5.5 Hz, a
second band of about 5.5 Hz to 12.5 Hz, a third band of about
12.5 Hz to 16 Hz, and optionally a fourth band of about 16 Hz
to 20 Hz.

[0081] Ofparticular interest is the spectral data correspond-
ing with the second frequency band of about 5.5 Hz to about
12.5 Hz. In this regard, it has been recognized that shivering
is most frequently reflected by a patient motion component
thatis centered at about 9.5 Hz. In the example of FIG. 8C, for
the second frequency band, it may be seen that patient shiv-
ering may be indicated in relation to the spectral data corre-
sponding with data frames beginning at about frame “40”,
wherein increasing degrees of shivering are reflected from
about frame “110” to frame “120”. Non-shivering motion
may be reflected by the spectral data corresponding with the
data frames preceding frame “40”.

[0082] As may be appreciated from the example shown in
FIG. 8C, spectral data corresponding with a plurality of suc-
cessive data frames may be statistically analyzed and pro-
cessed on an ongoing basis in relation to each of a plurality
frequency of bands. In particular, and with reference to FIG.
8C, for a given frame or set of frames, the spectral data points
within each frequency band may be collected into a corre-
sponding data set. In turn, for each of the data sets corre-
sponding with each frequency band, a mean square energy
value, a peak energy value and a crest factor value may be
determined, as shown in FIG. 8D. Thereafter, the mean square
energy values, peak energy values, crest factor values for each
of the frequency bands may be compared to one another
and/or with corresponding values in previous frame sets to
detect a predetermined magnitude or degree of motion corre-
sponding with patient shivering.

[0083] By way of example, in one approach the mean
square energy values and crest factor values for two or more
frequency bands may be compared (e.g. a “low” frequency
band of about 0 Hz to 5.5 Hz, a “middle” frequency band of
about 5.5 Hz to 12.5 Hz, and an “upper” frequency band of
about 12.5 Hz to 16 Hz), wherein a calculated mean square
energy value of the lower band which is greater than or equal
to a calculated mean square energy value for the upper band,
together with a crest factor value forall three bands that is less
than a predetermined value (e.g. a relatively low value), may
indicate the absence of or a relatively low level of patient
motion. Further, a rise in the mean square energy value and
crest factor value for each of the bands may indicate patient
motion. And, a rise in the mean square energy value for the
middle band (e.g. encompassing the 9.5 Hz level typically
related to shivering) relative to the low and high bands,
together with a decrease in the crest factor value for the
middle band, may indicate the presence and/or a degree of
patient shivering.

[0084] As noted above, a monitoring signal 12 may also be
processed via time domain processing. In one embodiment
shown in FIGS. 9A-9C, a monitoring signal, or sensor input,
three-dimensional accelerometer output data may be filtered
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and processed to yield power values associated with a prede-
termined plurality of frequency bands. In turn, the power
values may be analyzed to obtain an indication of amagnitude
degree and/or stage of shivering. By way of example, and as
shown in FIG. 9A, the monitoring signal may comprise sets of
three-dimensional data that may be filtered to block, or
remove, DC frequency components (e.g. to reduce or remove
gravitational influences). In turn, a square of a modulus value
corresponding with the three-dimensional data sets may be
computed and summed for each and/or a plurality of frames
of data sets. Such processing may be conducted without fre-
quency filtering to obtain a first power value. Further, such
processing may be conducted after applying a high-pass filter
(e.g. to filter out or remove frequency components in a lower
band (ofabout 5.5 Hz or less)) to obtain a second power value,
and after applying both a high-pass filter and a low-pass filter
(e.g. filter out or remove frequency components above about
12.5 Hz) to obtain a third power value. The second and third
power values may be subtracted from the first power value to
obtain a power value associated with a lower, or “below-
shiver”, frequency band (e.g. about 0 Hz to 5.5 Hz). Further,
the third power value may be subtracted from the second
value to obtain a power value associated with a higher, or
“above-shiver”, frequency band (e.g. above about 12.5 Hz).
Finally, the third power value may be understood to be asso-
ciated with a middle frequency band, or “shiver band”, (e.g.
about 5.5 Hz to 12.5 Hz).

[0085] As further reflected by FIG. 9A after high-pass and
low-pass filtering of the monitoring signal, the filtered data
sets may be further processed via a prediction error filter
(PEF) to yield a prediction error power value. In this regard,
an adaptive filter (e.g. a first-order least mean squares adap-
tive filter) may be applied, as reflected by F1G. 9B. Further, an
output of the predictive error filter may be employed in con-
junction with a single value decomposition (SID) spatial
analysis to obtain a condition ratio value and minor axis of
motion value, as reflected by FIG. 9B.

[0086] In turn, the above-noted values may be utilized to
assess shivering. For example, in one approach the below-
shiver band, above-shiver band and shiver-band power values
may be compared, wherein a below-shiver band power value
that is greater than or equal to that of the other bands, together
with a condition ratio that is less than a predetermined value
(e.g. arelatively low value), may indicate the absence of or a
relatively low level of patient motion. Further, a rise in the
shiver-band power value, a rise in the condition ratio, and a
rise in a shiver-band power value-to-prediction error power
value ratio, (e.g. shiver-band power value/prediction error
power valve) may combinatively indicate patient motion.
Further, a rise in the shiver-band power value, coupled with a
decrease in the condition ratio and a decrease in the shiver-
band power value-to-prediction error power value ratio, may
indicate the presence and/or a degree of patient shivering.

[0087] Additional embodiments to those described above
will be apparent. Forexample, in relation to the motion sensor
400 of FIG. 7A-7C, the sensor 400 may be modified to
include one or more output devices for providing an output at
sensor 400 indicative of a detected magnitude or level of
detected patient shivering, e.g. one or more LED (i.e. light
emitting diode) interconnected to the sensor 400 for co-move-
ment therewith (e.g. wherein illumination of an LED indi-
cates detected shivering above a predetermined level and/or
wherein illumination of different ones or sets of a plurality of
LED’s may be employed to indicate corresponding degrees of
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detected shivering). In turn, an on-board processor for pro-
cessing the monitoring signal, and an on-board power source
(e.g. a battery) and/or an on-board wireless energy receiving
device (e.g. an RF signal receiver and rectifier) may be
included to power the components.

[0088] The embodiment descriptions provided above are
for purposes illustration and are not intended to limit the
scope of the present invention. Additions and modifications
will be apparent to those skilled in the art.

1.-50. (canceled)

51. A system for use in a patient cooling therapy procedure,
comprising:

a monitoring device for monitoring patient shivering and
for providing a monitoring signal responsive thereto,
wherein the monitoring device is selectively intercon-
nectable to and disconnectable from a patient, and
wherein the monitoring device is maintainable in fixed
relation to a patient upon interconnection;

a control unit for cooling and circulating a fluid through at
least one contact pad for thermal exchange with a
patient;

at least one processor programmed to:
control automatically a temperature of the circulated

fluid so as to adjust a temperature of a patient during
at least a portion of a patient cooling therapy proce-
dure; and,

process said monitoring signal to provide an output con-
trol signal indicative of a magnitude of patient shiv-
ering;

a user interface to graphically display, on an ongoing basis
as a function of time during a patient cooling therapy
procedure, each of the following:

a predetermined patient temperature adjustment rate
plot indicating a desired patient temperature to be
reached as a function of time;

a measured patient temperature plot indicating a mea-
sured patient temperature as a function of time; and,

patient motion data, responsive to said output control
signal, indicating a magnitude of patient shivering, as
a function of time.

52. A system as recited in claim 51, wherein said user
interface displays said patient motion data in relation to a
predetermined magnitude scale having a plurality of prede-
termined levels of patient motion indicative of increasing
degrees of patient shivering.

53. A system as recited in claim 52, wherein said user
interface graphically displays, on an ongoing basis as a func-
tion of time during a patient cooling therapy procedure, a
measured circulated fluid temperature plot indicating a mea-
sured temperature of said circulated fluid as a function of
time.

54. A system as recited in claim 53, wherein said user
interface provides a screen that includes:

a graphic display portion that graphically displays said
predetermined patient temperature adjustment rate plot,
said measured patient temperature plot, and said mea-
sured circulated fluid temperature plot in a first region of
the graphic display portion, relative to a temperature
scale and time scale.

55. A system as recited in claim 54, wherein said graphic
display portion graphically displays said patient motion data
in a second region of the graphic display portion, relative to
said time scale.
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56. A system as recited in claim 51, wherein said at least
one processor is programmed to:

control automatically a temperature of the circulated fluid
so as to cool and warm a patient in different treatment
phases in accordance with a predetermined and control-
lable protocol.

57. A system as recited in claim 51, wherein said monitor-

ing device comprises:

a three-dimensional accelerometer for providing said
monitoring signal, wherein said monitoring signal is
indicative of acceleration in each of three dimensions as
a function of time.

58. A system as recited in claim 57, wherein said at least

one processor is programmed to:

process said monitoring signal utilizing frequency domain
processing.

59. A system as recited in claim 58, wherein said monitor-

ing signal comprises:

a stream of sequential sample data sets, wherein each data
set comprises data corresponding with a measured mag-
nitude related to acceleration in each of said three
dimensions.

60. A system as recited in claim 59, wherein said at least

one processor is programmed to:

process a plurality of frames of said data sets on an ongoing
basis, wherein each frame comprises a plurality of data
sets, and wherein sequential ones of said plurality of
frames are partially overlapping and partially non-over-
lapping.

61. A system as recited in claim 60, wherein for each frame
of said plurality of frames said at least one processor is pro-
grammed to:

de-interleave said frame to obtain three data portions cor-
responding with each of said three dimensions;

window said three data portions; and,

transform the three windowed data portions to obtain three
corresponding frequency domain data portions.

62. A system as recited in claim 61, wherein for each frame
of said plurality of frames said at least one processor is pro-
grammed to:

utilize the three corresponding frequency domain data por-
tions to obtain a corresponding spectral output.

Jan. 14,2016

63. A system as recited in claim 62, wherein for said plu-
rality of frames the at least one processor is programmed to:
analyze the spectral output corresponding with the plural-
ity of frames in relation to a plurality of frequency bands

to detect said magnitude of patient shivering,

64. A system as recited in claim 63, wherein said plurality
of frequency bands includes at least a predetermined first
frequency band and a different, predetermined second fre-
quency band, wherein only one of said predetermined first
frequency band and said predetermined second frequency
band includes a frequency of 9.5 Hz.

65. A system as recited in claim 63, wherein said plurality
of frequency bands includes at least three non-overlapping
frequency bands, only one of which includes a frequency of
9.5 Hz.

66. A system as recited in claim 57, wherein said at least
one processor is programmed to:

process said monitoring signal utilizing time domain pro-
cessing.

67. A system as recited in claim 51, further comprising:

at least one of an energy storage device and a wireless
energy conversion device, interconnected to said moni-
toring device for direct co-movement therewith, for
powering said monitoring device free from hardwire
interconnection with a power source.

68. A system as recited in claim 67, wherein said at least
one of an energy storage device and a wireless energy con-
version device being one of directly connected to said moni-
toring device and interconnected to a common support mem-
ber together with said monitoring device for co-movement
therewith.

69. A system as recited in claim 67, further comprising:

a transmitter for transmission of a wireless signal corre-
sponding with said monitoring signal, wherein said
transmnitter is interconnected to said monitoring device
for co-movement therewith.

70. A system as recited in claim 51, wherein said processor

is operable to:

employ said monitoring signal to generate an input for use
in controlling the temperature of the circulated fluid.

* ok % % ¥
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