wo 2011/152564 A1 | I 0K 00RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(19) World Intellectual Property Organization /g [} 11N 000100 00 000 0 0
ernational Bureau S,/ ‘ 0 |
. L MEY (10) International Publication Number
(43) International Publication Date \,!:,: #
8 December 2011 (08.12.2011) WO 2011/152564 A1

(51) International Patent Classification: bashi 2-chome Kita, Kita-ku, Osaka-shi, Osaka 5300041

A61B 5/0245 (2006.01) A61B 5/11 (2006.01) IP).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/JP2011/063299 kind of national protection available). AE, AG, AL, AM,
(22) Imternational Filing Date: ég’ éﬁ’ ég’ CAI\ZI, CBS ? CBRB’ CBI(J}, g;l’ DB]IE{ ? DB%V ’];313[{ ’ ]];é’
3 June 2011 (03.06.2011) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
. KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(26) Publication Language: English ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(30) Priority Data: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
12/802,331 4 June 2010 (04.06.2010) Us SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): SHARP . .
KABUSHIKI KAISHA [JP/JP]; 22-22, Nagaike-cho, (84) Designated States (unless otherwise indicated, for every

Abeno-ku, Osaka-shi, Osaka, 5458522 (JP). kind of regional protection available): ARIPO (BW, GH,

GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

(72) Inventors; and ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(75) Inventors/Applicants (for US orly): FU, Yongji. HALL- TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
BERG, Bryan Severt. EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

. LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(74) Agent: HARAKENZO WORLD PATENT & TRADE- SM., TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,

MARK; Daiwa Minamimorimachi Building, 2-6, Tenjin- GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: DEVICE AND METHOD FOR CONDITIONING DISPLAY OF PHYSIOLOGICAL PARAMETER ESTIMATES
ON CONFORMANCE WITH EXPECTATIONS

(57) Abstract: Method and device for continual physiological monitoring

FIG 1 in which the display of physiological parameter estimates is conditioned
100 on conformance of the estimates with expectations. Current estimates of

physiological parameters are compared with expectations for the current

/ estimates determined using prior estimates of the physiological parame-

ters. Nonconformance with expectations can result in display of informa-
tion indicating present unavailability of an estimate for the physiological
parameter. The method and device are adaptable for use with various

|

RESPIRATORY

DATA CAPTURE . . . . .
SYSTEM types of monitored physiological parameters and various expectation met-
105 rics.

RESPIRATORY
DATA ACQUISITION
SYSTEM
110

RESPIRATORY
DATA PROCESSING
SYSTEM
115

SIGNAL
BUFFER
nz

RESPIRATORY
DATA OUTPUT
INTERFACE
120




WO 20117152564 A1 W00 ) A0 AN A A

Published:
—  with international search report (Art. 21(3))



10

15

20

WO 2011/152564 PCT/JP2011/063299

-1 -

DESCRIPTION

TITLE OF INVENTION: DEVICE AND METHOD FOR
CONDITIONING DISPLAY OF PHYSIOLOGICAL PARAMETER

ESTIMATES ON CONFORMANCE WITH EXPECTATIONS

TECHNICAL FIELD
The present invention relates to a device and method for
conditioning display of physiological parameter estimates on

conformance with expectations.

BACKGROUND ART

This invention relates to physiological monitoring and,
more particularly, to reducing unreliable physiological
parameter output in physiological monitoring applications.

Continual monitoring of the physiological state of people
who suffer from chronic diseases is an important aspect of
chronic disease management. By way of example, continual
respiratory monitoring is in widespread use in managing
respiratory diseases, such as asthma. Continual monitoring of
physiological state is also widely used in other contexts, such
as elder care.

One serious problem encountered in continual
physiological monitoring 1is parameter estimation error.

Continual monitoring is often performed using a portable (e.g.
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wearable) device that continually acquires and analyzes a
physiological signal, such as a signal that includes heart and
lung sounds, as a person wearing the device goes about his or
her daily life. The physiological signal acquired by the device
can be rendered temporarily unreliable due to, for example,
noise effects, motion effects, poor network connection and
sensor malfunction. This can result in erroneous estimation
of physiological parameters by the device and outputting of
erroneous estimates. Reliance on these erroneous estimates
can have serious adverse consequences on the health of the

person being monitored. For example, erroneous estimates

can lead the person or his or her clinician to improperly

interpret physiological state and cause the person to undergo
treatment that is not medically indicated, or forego treatment
that is medically indicated.

Such conventional physiological monitoring device and
method are described in the following patent literatures:
Us7,585,680B2, US7,383,070,070 B2, US2009/0058636 Al,

and US7,006,856 B2.

SUMMARY OF THE INVENTION

The present invention provides a method and device for
continual'physiological monitoring in which the display of
physiological parameter estimates is conditioned on

conformance of the estimates with expectations. Current
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estimates of physiological parameters are compared with
expectations for the current estimates determined using prior
estimates of the physiological parameters. Nonconformance

with expectations can result in display of information

‘indicating present unavailability of an estimate for the

physiological parameter. The method and device are adaptable
for use with various types of monitored physiological
parameters and various expectation metrics.

In one aspect of the invention, a method for continual

physiological | monitoring comprises acquiring by a

physiological monitoring device a physidlogical signal;

calculating by the device a current estimate of a physiological
parameter from the physiological signal; evaluating by the
device conformance of the current estimate with expectations
for the current estimate determined by the device using one
or more prior estimates of the physiological parameter
calculated by the device from the physiological signal; and
displaying by the device information regarding the current
estimate determined by the device based at least in part on
the evaluation.

In another aspect of the invention, a physiological
monitoring device comprises a physiological data capture
system; a physiological data acquisition system
communicatively coupled with the capture system; a

physiological data ‘processing system . communicatively
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coupled with the acquisition system; and

a physiological data output interface‘communicatively
coupled with the processing system, wherein the processing
system receives a physiological .signal from the capture
system via the acquisition system, calculates a current
estimate of a physiological parameter from the physiological
signal, evaluates conformance of the current estimate with
expectations for the current estimate determined using one or
more prior estimates of the physiological parameter calculated
from the physiological signal, and transmits to the output.
interface information regarding display of the current
estimate determined based at least in part on the evaluation,
whereupon information regérding the current estimate is
displayed on the output interface.

These and other aspects of the invention will be better
understood by refef.ence to the following detailed description
taken in éonjunction with the drawings that are briefly
described below. Of course, the invention is defined by the

appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a physiological monitoring device in some
embodiments of the invention.

FIG. 2 shows consecutive sampling windows of a

physiological signal in some embodiments of the invention.
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FIG. 3 shows a normal distribution for a current
estimate in some embodiments of the invention.

FIG. 4 shows a method for continual physiological
fnonitoring in some embodiments of the invention.

FIGS. 5A-5C show display screens for displaying
information regarding physiological parameter estimates in
some embodiments of the invention.

FIG. 6 shows an explanation of the evaluating step in

some embodiments of the invention.

DESCRIPTION OF EMBODIMENTS

FIG. 1 shows a physiological monitoring device 100 in
some embodiments of the invention. Monitoring device 100
includes a phys'iological data capture system 105, a
physiological d.ata acquisition system 110, a physiological
data processing system 115 and a physiological data output
interface 120 communicatively coupled in series. Processing
system 115 is also communicatively coupled with a signal
buffer 117. |

Capture system 105 detects body sounds, such as heart
and lung sounds, at a detection point, such as a trachea,
chest or back of a person being monitored and transmits a
physiological signal to acquisition system 110 in the form of
an electrical signal generated from detected body sounds.

Capture system 105 may include, for example, a sound
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transducer positioned on the body of a human subject.

Acquisition system 110 amplifies, filters, performs
analog/digital (A/D) conversion and automatic gain control
(AGC) on the physiological signal received from capture
system 105, and transmits the physiological signal to
processing system 115, Amplification, filtering, A/D
conversion and AGC may be performed by serially arranged
pre-amplifier, band-pass filter, final amplifier,. A/D
conversion and AGC stages, for example.

Processihg system 115, u_nder control of a processor
executing software instructions, processes the physiological

signal to continually estimate one or more physiological

parameters of the subject being monitored. Monitored

physiological parameters may include, for example, heart rate
and respiration rate. To enable continual estimation of
physiological.parameters,, processing system 115 continually
buffers in signal buffer 117 and evaluates samples of the
physiological signal, wherein the length of each sample is
equal to a sampling Windowblength. Processing system 115
under control of the processor transmits to output interface
120 format and content information for displaying information
regarding recent estimafes of the monitored physiological
parameters.

Output interface 120 includes a user interface having a

display screen for displaying information in accordance with
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format and content information received from processing
system 115 regarding recent estimates of physiological
parameters. The displayed information may include, for
example, the most recent prior es.timate, the current estimate,
trend arrows and indications that estimates are presently
unavailable (e.g. question marks). Output interface 120 may
also have a data management interface to an internal or
external data management system that stores the information
and/or a network interface that “crans.mits the information to

a remote monitoring device, such as a monitoring device at a

clinician facility.

In some embodiments, capture system 105, acquisition
system 110, processing system 115 and output interface 120
are part of a portable ambulatory monitoring device that
monitors a person's physiological well-being in. real-time as
the person perfofms daily activities. In other embodiments,
capture éystem 105, acquisition system 110, processing
system 115 and output interface 120 may be part of separate
devices that are remotely coupled via wired or wireless links.

FIG. 2 shows consecutive sampling windows (Wnx.1, Wy)
200 of a physiological signal in some embodiments of the
invention. Each of the illustrated wihdows 200 is rectangular,
such that data within the window is given equal weight.
Moreover, the illustrated windows 200 are non-overlapping,

although in other embodiments windows may be overlapping.
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Additionally, the illustrated windows 200 are of fixed length,
although in other embodiments processing systern 115 may
dynamically adjust window length. Processing system 115
under control of a processor analyzes the signal data in
windows (Wn.1, Wn) 200 to generate the most recent prior
estimate EN-1 and the current estimate En, respectively, for
one or more physiological parameters, such as heart rate or
respiratory rate. The most recent prior estimate En-1 and
earlier prior estimates (e.g. .EN-z, En-3, En-4, etc.) are used by
processing system 115 to determirle expectétions for the
current estimate En, and the current estimate En is compared
with its expectations to determine its acceptance and display
status.

By wéy of example, one element of expectations for the
current estimate Enx is conformance with a confidence interval
for the current estimate calculated assuming a normal
distribution. FIG. 3 shows a normal distribution P(En) for a
current estimate Ey in some embodiments of the invention.
The normal disfribution P(En) is a bell-shaped curve having a
midpoint at an expected mean for the current estimate Ex and
a confidence interval having a range of pIus or minus two
standard deviations v(+20) from the expected mean. If the
current estimate En falls within the confidence irlterval, the
current estimate Ex conforms to expectations and is accepted,;

otherwise, the decision of whether to accept the current
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estimate Ex is deferred pending additional analysis. For
purposes of calculating the confidence interval for the current
estimate En, the expected mean is set to the value of the most
recent prior estimate En.1, and the standard deviation ¢ is set
to a value calculated using the variance of a predetermined
number of prior estimates (e.g. En-1, En.-2, En-.3, etc.) from
their respective expected means (e.g. En-2, Ex-3, En-4, etc.).

FIG. 4 shows a method for continual physiological
monitoring in some embodiments of the invention. In these
embodiments, the method is performed by processing system
115 under control of a processor that executes software
instructions in conjunction with output interface 120 which

displays information on a display screen in accordance with

" format and content information received from processing

system 115 regarding recent estimates of a physiological
parameter.

At Step 400, the next sample N»is acquired and
processing system 115 calculates the current estimate (En)
from signal data in the sampvling window (Wn).

At Step 405, processing system 115 calculates
confidence intervals for the current estimate (En). The
confidence intervals include a first confidence interval having
a range of plus or minus two standard deviations (+2c) from
an expected mean at the most recent prior estimate (En-1},

and a second confidence interval having a range of plus or
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minus two standard deviations (+2c) from an expected mean
at the second most recent prior estimate (En.2). In other
embodiments, the ranges may span a smaller or larger
number of standard deviations.

At Step 410, processing system 115 determines whether
the current estimate (Ex) falls within the first confidence
interval. That is, processing system 115 determines whether
the current estimate (En) is within two standa'rd deviations of
the most recent prior estimate (EN-1)."I'f this condition is met,
the current estimate (En) conforms to expectations and fhe
flow proceeds to Step 415. If this condition is unmet, the flow
proceeds to Step 420 for further analysis.

At Step 415, processing system 115 sets the acceptance
status of the most recent prior estimate (En-1) to accepted (if
not already set to accepted), sets the acceptance statué of the
current estimate (En) to accepted, and transmits information
to outpuf interface 120 instructing output interface 120 to
contemporaneously display the most recent prior ¢stimate (En-
1) and the current estimate (En) in the format shown in FIG.
SA. The flow then returns .to Step 400 where the next sample
is considered.

At Step 420, processing system 115 determines 'Whether
the most recent prior estimate (En-1) has been accepted. If so,
the decision on acceptance of the current estimate (En) is

deferred and the flow proceeds to Step 425. If not, the flow
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proceeds to Step 430 for further analysis.

At Step 425, processing system 115 transmits
information to output interface 120 instructing output
interface 120 to contemporaneously display the most recent
prior estimate (En-1) and a trend arrow in the format shown in
FIG. 5B. The treﬁd arrow is up if the current estimate (En) is
greater than the most recent prior estimate (En-1) and the
trend arrow is down if the current estimate (En) is less than
the most recent prior estimate (En-1). The flow then returns to
Step 400 where the next sample is considered.

At Step 430, procesSing system 115 determines whether

the second most recent prior estimate (En.2) has been rejected.

If so, the most recent prior estimate (En.1) will also be rejected
and the flow proceeds to Step 450. If not, the flow proceeds to
Step 435 for further analysis. |

| At Step 435, processing system 115 performs a
sustained trend check to determine whether the current
estimate (En) conforms with expectations even though it is
outside the first confidence interval. In this check, processing
system 115 determines whether either the current estimate
(En) is part of a sustained upward trend in which the current
estimate (En) is greater than the most recent prior estimate
(En-1) which is in turn greater than the second most recent
prior estimate (En-2) or, alternatively, the current estimate (En)

is part of a sustained downward trend in which the current
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estimate (En) is less than the most recent prior estimate (En-1)
which is in turn less than the second most recent prior
estimate (En-2). If the current estimate (En) is part of a
sustained upward or downward trend, the current estimate
(En) conforms to expectations and the flow proceeds to Step
415. If the current estimate (En) is not part of a sustéined
upward or downward trend, the flow proceeds to Step 440 for
further analysis.

At Step 440, processing system 115 performs a self-
correction bcheck to determine whether the current éstimate
(Enx) conforms to expectations even though it is outside the
first confidence interval and is not part of a sustained upward
or downward trend. In this check, processing system 115
evaluates whether the reason for nonconformance of the
current estimate (En) with the first confidence interval is that
the .most recent prior estimate (En-1) was affected by a
temporary adverse condition from which monitoring device
100 has since recovered, such as a temporary spike in signal
noise or rtemporary sensor malfunction. Processing system
115 thus determines whether the current estimate (En) falls
within the second confidence interval calculatévd' in Step 405.
That is, processing system 115 determines whether the
current estimate (En) is within two standard deviations of the
second most recent prior estimate (En-2). If this condition is

met, the current estimate (En) conforms to expectations and
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the flow proceeds to Step 415 after recalculating the most
recent prior estimate (En.1) at Step 445 as the average of the
current estimate (En) and the second most recent prior
estimate (En-2). If this condition is unmet, the flow préceeds
to Step 450. |

At Step 450, processing system 115 sets the acceptance
status of the most recent prior estimate (En-1) to rejected, and
transmits information to output interface 120 instructing
output interface 120 to display an indication that the most
recent prior estimate (En-1) and the current estimate (En) are
presently unavailable as shown in FIG. 5C. The flow then
returns to Step 400 where the next sample is considered.

FIG. 6 shows an explanation of the evaluating step of the
present invention. This invention relates to statistical
treatment of physiological 're‘adings, such as a person's heart
rate or breathing‘ rate. When autocorrelating measurements
such as the interval between heartbeats or respiration rate
("RR" in the figure on p. 11), the results sometimes exhibit
more than a single peak, causing doubt abou-t which one of,
perhaps, two different values is correct. If a second correlated
measurement yields one Value within a defined confidence
interval, and another outside the confidence interval, the first
value is probably correct. If both. values ére outside the
confidence interval, there 1is uncertainly about which is

correct. The invention helps select the probably correct value
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of a prior reading based on a comparison of recent past

readings and a current reading..

The example on Flg.6 shows readings in Box 1 of a prior
reading (N-1) = 16 and the one before that (N-2) = 15. The
current reading, in Box 2 (time "N," where the arrow is), is
uncertain. The measurements produce autocorrelation peaks
that make the value in Box 2 (where the arrow is), at time N,
either 22, the left number in Box 3, or 14, the left number in
Box 4. The question is, Which is the probable correct reading
at time N, 22 or 14.. The invention p.rovides a method of
selecting between those values based on the next (N+1)
reading, which is the right number appearing in Boxes 3 and
4.1f the N+1 reading is 28, as shown in Box 3, then the
probable correct reading for N is 22. If the N+1 reading is 18,
shown in Box 4, then the probable correct reading for N is 14.
By adjusting a prior uncertain reading based on a current
reading, the invention allows for increasing the confidence
level of physiological readings over time. Box 5 is the case
where no good value is measured at N+1, so the correct value
of the prior N reading remains uncertain, too.

In some embodiments, conformance of the current
estimate with the expectations is determined based at least in
part on whether the current estimate falls within a confidence
interval for the current estimate.

In some embodiments, the confidence interval is a range
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whose midpoint is the most recent prior estimate.

In some embodiments, the confidence interval is a range
whose midpoint is the second most recent prior estimate.

In some embodiments, the method further comprises
recalculating by the device the most recent prior estimate as
an average of the current estimate and the second most
recent prior estimate.

In some embodiments, conformance of the current
estimate with the expectations is determined based at least in
part on w.hether the current estimate is higher than the most
recent prior estimate and whether the most recent prior
estimate is higher than the second most recent prior estimate.

In some embodiments, conformance of the current
estimate with the expectations is determined based at least in
part on whether the current estimate is lower than the most
recent prior estimate and the most recent pribr estimate is
lower than the second most recent prior estimate.

In some embodiments, the displaying step comprises
contemporaneously displaying by the device the current
estimate and the most recent pfior estimate.

In some embodiments, the displaying step comprises
contemporaneously displaying by the device the most recent
prior estimate and a trend arrow.

In some embodiments, the displaying step comprises

displaying by the device an indication that the most recent
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prior estimate and the current estimate are presently

unavailable.

It will be appreciated by those of ordinary skill in the art
that the invention can be embodied in other specific forms
without departing from the spirit or essential character hereof.
The present description is t‘h_erefore considered in all respects
to be illustrative and not restrictive. The scope of the
invention 1is indicated by the appended claims, and all
changes that come with in the meaning and range‘ of

equivalents thereof are intended to be embraced therein.



10

15

20

25

WO 2011/152564 PCT/JP2011/063299

-17 -

CLAIMS

1. A physiological monitoring device, comprising:
a physiological data capture system;
a physiological data acquisition system
communicatively coupled with the capture system;
a physiological data processing system
communicatively coupled with the acquisition system; and
a physiological data output interface
communicatively coupled with the .processihg system, Wher'ein
the processing system receives a physiological signal from the
capture system via the acquisition system, calculates a
current estimate of a physiological parameter from the
physiological signal, evaluates conformance of the current
estimate with expectations for the current estimate
determined using one or more prior estimates of the
physiological parameter calculated from the physiological
signal, and transmits to the output interface information
regarding display of the current estimate determined based at
least in part on the evaluation, whereupon information
regarding the current estimate is displayed on the output

interface.

2. The device of claim 1, wherein conformance of the

current estimate with the expectations is determined based at
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least in part on whether the current estimate falls within a

confidence interval for the current estimate.

3. The device of claim 2, wherein the cdnfidence interval

is a range whose midpoint is the most recent prior estimate.

4. The device of claim 2, wherein the confidence interval
is a range whose midpoint is the second most recent prior

estimate.

S. The device of claim 4, wherein the processing system
recalculates the most recent prior estimate as an average of
the current estimate and the second most recent prior

estimate.

6. The device of claim 1, wherein conformance of the
current estimate with the expectations is determined based at
least in part on whether the current estimate is higher than
the most recent prior estimate and whether the most recent
prior estimate is higher than the second most recent prior

estimate.

7. The device of claim 1, wherein conformance of the
current estimate with the expectations is determined based at

least in part on whether the current estimate is lower than
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the most recent prior estimate and the most recent prior

estimate is lower than the second most recent prior estimate.

8. The device of claim 1, wherein the processing system
contemporaneously displays the current estimate and the

most recent prior estimate.
9. The device of claim 1, wherein the processing system
contemporaneously displays the most recent prior estimate

and a trend arrow.

10. The device of claim 1, wherein the processing system

displays an indication that the most recent prior estimate and

the current estimate are presently unavailable.

11. A fnethod for continual physiological monitoring,

comprising:

acquiring by.a physiological monitoring device a
physiological signal; calculating by the device a current
estimate of a physiological parameter from the physiological
signal;

evaluating by the device conformance of the current
estimate with expectétions for the current estimate
determined by the device using ohe or more prior estimates of

the physiological parameter calculated by the device from the
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physiological signal; and
displaying by .the device information regarding the
current estimate determined by the device based at least in

part on the evaluation.
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Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2011
Registered utility model specifications of Japan 1996-2011
Published registered utility model applications of Japan 1994-2011

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2009/0112111 Al (Shimizu Hideki) 2009.04.30, |1, 2, 11
Y full sentence,all figures & JP 4458436 B & WO |[8—10
A 2007/032226 Al & CN 101262815 A 3—7
X JP 2002-191569 A (Seiko Co., Ltd.) 2002.07.09, |1—4, 11
Y full sentence,all figures (Family : none) 8—10
A o—7
Y JP 09-81101 A (Seiko Co., Ltd.) 1997.03.28, |8
claimd4,figure9 & US 5795301 A & EP 761163 A2 &
DE 69615115 D & DE 69615115 T
Y JP 2005-341990 A (Noritz Co., Ltd.) 2005.12.15, |9
[0040]) ,figurell (Family : none)
¥  Further documents are listed in the continuation of Box C. {"  Sce patent family annex.
* Special categories of cited documents: «T» later document published after the international filing date or
“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention
E earper app.hcatlon or patent but published on or after the inter- “X” document of particular relevance; the claimed invention cannot
“L” gzgﬁﬁéilgﬁi%f;ay throw doubts on priority claim(s) or which be cor_lsidered novel or cannot t_)e considered fo involve an
is cited to establish the publication date of another citation or other inventive step when the document is taken alone
special reason (as specified) *Y” document of particular relevance; the claimed invention cannot
“0” document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is
means combined with one or more other such documents, such
“P” document published prior to the international filing date but later combination being obvious to a person skilled in the art
than the priority date claimed “&” document member of the same patent family
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02.09.2011
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2005.03.31, figurel8 (Family : none)

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 2002-65618 A (Olympus Co., Ltd.) 2002.03.05, |10
[0027]) ,figure8 (Family : none)

A JP  07-236617 A (Nihon Korin Co., Ltd.) 1—11
1995.09.12, [0014] &US5649536A & US 5836888
A & US 6045510 A & US 2002/0120199 A1l & US 6413224
Bl

A JP2001-017403 A (Alpine electronics companyCo., |1 —11
Ltd.) 2001.01.23, Claimll (Family : none)

A JP 2005-80712 A (Medical Bridge Co., Ltd.) [1—11
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. {7 Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. ¥ Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3.7 Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
(Inventionl) Claiml-5,11 (Invention2) Claim 6 (Invention3) Claim 7 (Invention4)
Claim 8 (Invention5) Claim 9 (Invention6) Claim 10

1. ¥ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable

claims.

2. {7 As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. {7 As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. {7 No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.
= The additional search fees were accompanied by the applicant's protest but the applicable protest

fee was not paid within the time limit specified in the invitation.

¥ No protest accompanied the payment of additional search fees.
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