wo 2011/121464 A2 [ 0K 0O OO

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

ot VAP,
(19) World Intellectual Property Organization /g [} 1M1 IN A0 000 A0 0 VR0 A
ernational Bureau S,/ ‘ 0 |
. L MEY (10) International Publication Number
(43) International Publication Date \,!:,: #
6 October 2011 (06.10.2011) WO 2011/121464 A2

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GO6F 19/00 (2011.01) kind of national protection available). AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ CAI\ZI, CBS i CBRB’ CBI(J}, g;l’ DB]IE{ > DBI\(V ’];313[{ > ]];é’
PCT/IB2011/050791 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
24 February 2011 (24.02.2011) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

61/319.403 31 March 2010 (31.03.2010) ys (84) Designated States (unless otherwise indicated, for every

’ kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): KONIN- GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
KLIJKE PHILIPS ELECTRONICS N.V. [NL/NL]; ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Groenewoudseweg 1, NL-5621 BA Eindhoven (NL). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

(72) Inventors; and LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

(75) ;liventors/Apphcal.lts (for US only): ATAKHORRAMI, SM. TR), OAPI (BE, BJ, CF, CG, CL CM, GA, GN. GOQ.
aryam [NL/US]; P.O. Box 3001, 345 Scarborough GW, ML. MR, NE, SN, TD, TG)
Road, Briarcliff Manor, New York 10510-8001 (US). T P '
CHEUNG, Amy Oi Mee [GB/US]; P.O. Box 3001, 345 Declarations under Rule 4.17:
Scarborough Road, Briarcliff Manor, New York
10510-8001 (US).

(74) Agent: DAMEN, Daniel, M.; Philips Intellectual Proper-
ty & Standards, High Tech Campus 44, P.O. Box 220,
NL-5600 AE Eindhoven (NL).

— as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(i1))

— as fto the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

[Continued on next page]

(54) Title: METHOD AND SYSTEM FOR OPTIMIZING QUESTIONNAIRES
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METHOD AND SYSTEM FOR OPTIMIZING QUESTIONNAIRES

This patent application claims the priority benefit under 35 U.S.C. §

119(e) of U.S. Provisional Application No. 61/319,403 filed on March 31, 2010, the
contents of which are herein incorporated by reference.

The present invention relates to a method and a system for providing a
questionnaire to a patient based on patient's current health condition.

Questionnaires are used to assess certain aspects/symptoms, ¢.g., dyspnea
(i.e., shortness of breath or breathlessness), depression, or any specific physical activities
performed, of a disease that may not be objectively evaluated using sensor(s).

Also, questionnaires are used for qualitatively assessing the symptoms and
the quality of life of patients suffering from chronic diseases, ¢.g., Heart Failure (HF),
Chronic Obstructive Pulmonary Disease (COPD), or Diabetes. COPD is a respiratory
discase that is characterized by inflammation of the airways with extra pulmonary cffect
(such as diabetes, heart failure, muscle wasting, depression, ctc.) affecting health related
quality of life. COPD is characterized by an airflow limitation that is typically not fully
reversible. The airflow limitation is both progressive and associated with an abnormal
inflammatory response of the lungs to noxious particles or gases. Symptoms of COPD
may include coughing, dyspnea, i.c., shortness of breath or breathlessness, wheezing and
the production of mucus and the degree of severity may, in part, be viewed in terms of
the volume and color of secretions.

Questionnaires are generally available in different forms. For example,
questionnaires may include questions with multiple choice responses, questions with
yes/no (or true/false) responses and/or questions with a scaled/graded responses that
allows a user to indicate their perception of a particular aspect/symptom of the discase.

For example, St Georges Respiratory Questionnaire (SGRQ) is a fifty
question survey that is administered to assess the overall health status of a COPD patient.
The SGRQ generally includes both questions with multiple choice answers, and questions
with yes/no (or true/false) answers. FIG. 1 shows questions with multiple choice answers

in the SGRQ. FIG. 2 shows questions with yes/no (or true/false) answers in the SGRQ.
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Dyspnea (i.c., shortness of breath or breathlessness) is one the most
common symptom for COPD or HF patients. The worsening of dyspnea is an important
indicator for the deterioration of health status of COPD or HF patient. Therefore,
measurement of dyspnea provides valuable information for assessing the health status of
COPD or HF patient.

Currently, dyspnea is measured using questionnaires. One such (most
widely used) questionnaire is the Medical Research Council (MRC) questionnaire (See
Table. 1). The MRC questionnaire, as shown in Table 1, is a five point scale
questionnaire that allows patients to indicate the extent to which their breathlessness
affects their daily activities. However, the MRC questionnaire does not quantify
breathlessness itself and only provides a measure of perception of dyspnea by the patient.
The perception of dyspnea is variable from patient to patient, as some patients may

underestimate their level of dyspnea while other patients may overestimate their level of

dyspnea.

Scale Severity

| Breathless with strenuous exercise

2 Short of breath when hurrying on the level surface or walking up a slight
hill

3 Walks slower than people of the same age on a level surface because of
breathlessness of I have to stop or I have to stop for breath when walking
at my own pace on the level surface

4 Stops for breath after walking for 100 meters or a few minutes on a level
surface

5 Too breathless to leave the house or I am breathless dressing and
undressing

Table. 1 MRC questionnaire

Questionnaires may generally be available in two forms: short
questionnaires and long/extensive questionnaires. The short questionnaires, ¢.g., the

MRC questionnaire, gencrally have very specific questions/statements and take, for
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example, approximately five minutes to complete, which is acceptable for patients.
These short questionnaires are designed to ensure compliance, but are insensitive to
detecting changes in symptoms. For example, the MRC questionnaire lacks sensitivity to
detect changes in the level of dyspnea. Such short questionnaires are unable to provide
an accurate assessment of symptom (e.g., dyspnea), as these questionnaires do not
account for a modification in behavior of the patient (e.g., patient may walk less to avoid
getting breathless) and variation in effort provided by the patient (e.g., slow walking vs.
fast walking).

The long/extensive questionnaires (e.g., the SGRQ questionnaire) on the
other hand are more sensitive to detecting changes in symptoms and provide a
comprehensive assessment of the patient’s health status. These long/extensive
questionnaires, however, are time consuming (€.g., at least 15 minutes) to fill in, which is
tiresome, for example, for many elderly patients. Furthermore, these long/extensive
questionnaires cannot be used on a daily basis.

Accordingly, it is an object of the present invention to provide a
questionnaire method that overcomes the shortcomings of conventional method. This
object is achieved according to one embodiment of the present invention by providing a
computer-implemented method for providing a questionnaire to a patient based on the
patient's current health condition. The method includes measuring the physical activity
of the patient with an activity monitor to gather physical activity data; measuring
respiration rate of the patient with a respiration rate sensor to gather respiration rate data;
measuring heart rate of the patient with a heart rate monitor to gather heart rate data;
measuring cough frequency of the patient with a cough frequency monitor to gather
cough frequency data; and executing, on the one or more processors of the computer
system, one or more computer program modules configured to generate a questionnaire
to gather information from the patient. The questionnaire includes a set of questions that
are based on one or more of the physical activity data, the respiration rate data, the heart
rate data and the cough frequency data.

Another aspect of the present invention provides a system for providing a

questionnaire to a patient based on the patient's current health condition. The system
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includes at least one sensor, and at least one processor. The sensor is configured to
measure a) physical activity of the patient to gather physical activity data; b) a respiration
rate of the patient to gather respiration rate data; ¢) heart rate of the patient to gather heart
rate data; and d) cough frequency of the patient to gather cough frequency data. The
processor is operatively connected to the sensor and is configured to generate a
questionnaire to gather information from the patient. The questionnaire includes a set of
questions that are based on one or more of the physical activity data, the respiration

rate data, the heart rate data, and the cough frequency data.

Another aspect of the present invention provides a system for providing a
questionnaire to a patient based on patient's current health condition. The system
includes means for measuring physical activity of the patient with an activity monitor to
gather physical activity data; means for measuring respiration rate of the patient to gather
respiration rate data; means for measuring heart rate of the patient to gather heart
rate data; means for measuring cough frequency of the patient to gather cough frequency
data; and means for executing, on one or more computer processors, one or more
computer program modules to generate a questionnaire to gather information from the
patient. The questionnaire includes a set of questions that are based on one or more of
the physical activity data, the respiration rate data, the heart rate data and the cough
frequency data.

These and other aspects of the present invention, as well as the methods of
operation and functions of the related elements of structure and the combination of parts
and economies of manufacture, will become more apparent upon consideration of the
following description and the appended claims with reference to the accompanying
drawings, all of which form a part of this specification, wherein like reference numerals
designate corresponding parts in the various figures. It is to be expressly understood,
however, that the drawings are for the purpose of illustration and description only and are
not intended as a definition of the limits of the invention. It shall also be appreciated that
the features of one embodiment disclosed herein may be used in other embodiments

disclosed herein.
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FIG. 1 shows an exemplary questionnaire (i.c., St Georges Respiratory
Questionnaire (SGRQ)) having questions with multiple choice answers;

FIG. 2 shows an exemplary questionnaire (i.c., St Georges Respiratory
Questionnaire (SGRQ)) having questions with yes/no (or true/false) answers;

FIG. 3 shows a flow chart illustrating a method for providing a
questionnaire to a patient based on patient's current health condition in accordance with
an embodiment of the present invention;

FIG. 4 shows a system for providing a questionnaire to a patient based on
patient's current health condition in accordance with an embodiment of the present
invention;

FIG. 5 shows a system for providing a questionnaire to a patient based on
patient's current health condition in accordance with another embodiment of the present
invention;

FIG. 6 shows the positioning of an accelerometer in accordance with an
embodiment of the present invention; and

FIG. 7 shows an exemplary algorithm that is used by a processor of the
system for selecting (i.c., based on patient's current health condition) a set of relevant
questions that are being presented in the form of a questionnaire to the patient in
accordance with an embodiment of the present invention.

FIG. 3 is a flow chart illustrating a computer implemented method 300 for
providing a questionnaire to a patient based on patient's current health condition in
accordance with an embodiment of the present invention. Method 300 is implemented in
a computer system comprising one or more processors 410 (as shown in and explained
with respect to FIG. 4) or 510 (as shown in and explained with respect to FIG. 5)
configured to execute one or more computer programs modules. In one embodiment,
processor 410 (as shown in and explained with respect to FIG. 4) or 510 (as shown in and
explained with respect to FIG. 5), cach can comprise cither one or a plurality of
processors therein.

In one embodiment, method 300 is configured to measure (i.c., using the

set of sensor or sensors) various physiological parameters of the patient, such as physical
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activity, respiration rate, heart rate, and/or cough frequency, to provide an objective
assessment of the patient health status/condition. Method 300 is then configured to select
the most suitable set of questions (e.g., the top five most relevant questions) for patients
based on their current health condition and to present these most relevant set of questions
in the form a questionnaire for the patient to complete. Thus, this dynamic form of
questionnaire generated by method 300 is configured to capture and present the questions
that are most relevant to the patient.

The questionnaire generated by method 300 is also short because it
presents most relevant questions to the patient (i.e., rather than presenting all the
questions). This dynamic or smart selection of questions also allows for frequent
quantitative and qualitative monitoring. Further, less time and effort is required by the
patient to complete such a dynamic form of questionnaire.

Method 300 (and systems 400 and 500 described in detail below) is
configured to use a combination of both objective measurement (i.c., obtained by
monitoring the various physiological parameters) and questionnaires with specifically
relevant questions to provide a complete evaluation of the patient. Method 300 (and
systems 400 and 500 described in detail below) is configured to provide a dynamic
assessment of the patient based on their current health condition.

The computer implemented method 300 begins at procedure 302. At
procedure 304, a physical activity of the patient is measured to gather physical activity
data. The physical activity of the patient is measured using an activity monitor, such as
sensor 402 (as shown in and explained with respect to FIG. 4) or sensor 502 (as shown in
and explained with respect to FIG. 5). In one embodiment, the physical activity is
measured in arbitrary acceleration units (AAU).

At procedure 306, a respiration rate of the patient is measured to gather
respiration rate data. The respiration rate of the patient is measured using a respiration
rate sensor, such as sensor 404 (as shown in and explained with respect to FIG. 4) or
sensor 502 (as shown in and explained with respect to FIG. 5). The respiration rate is
generally representative of number of breaths taken by a patient per unit of time. In one

embodiment, the respiration rate is expressed as breaths per minute.
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At procedure 308, a heart rate of the patient is measured to gather heart
rate data. The heart rate of the patient is measured using a heart rate monitor, such as
sensor 406 (as shown in and explained with respect to FIG. 4) or sensor 502 (as shown in
and explained with respect to FIG. 5). The heart rate is generally representative of
number of heartbeats of the patient per unit of time. In one embodiment, the heart rate is
expressed as beats per minute (BPM). In one embodiment, the heart rate of the patient
may vary with a change in the amount of oxygen needed by the patient, for example,
during exercise or rest (e.g., sleep).

At procedure 310, a cough frequency of the patient is measured to gather
cough frequency data. The cough frequency of the patient is measured using a cough
frequency monitor, such as sensor 408 (as shown in and explained with respect to FIG. 4)
or the sensor 508 (as shown in and explained with respect to FIG. 5). The cough
frequency is generally representative of number of coughs (or cough counts) of the
patient per unit of time. In one embodiment, the cough frequency is expressed as cough
counts per hour.

In one embodiment, as illustrated in FIG. 4, cach of the physical activity,
the respiration rate, and the heart rate of the patient may be measured using separate
sensors. In another embodiment, as shown in FIG. 5, a single sensor, such as sensor 502,
may be used measure the physical activity, the respiration rate, and/or the heart rate of the
patient.

In one embodiment, as shown in and explained with respect to FIG. 4, the
physical activity data of the patient from activity monitor 402, the respiration rate data of
the patient from respiration rate sensor 404, the heart rate data of the patient from heart
rate monitor 406, and the cough frequency data of the patient from cough frequency
monitor 408 arc received by one or more processors 410. In another embodiment, as
shown in and explained with respect to FIG. 5, the physical activity data, the respiration
rate data, and the heart rate data of the patient from sensor 502, and the cough frequency
data of the patient from sensor 508 are received by one or more processors 510.

At procedure 312, processor 410 (as shown in and explained with respect

to FIG. 4) or 510 (as shown in and explained with respect to FIG. 5) is configured to
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generate a questionnaire to gather information from the patient. The questionnaire
includes a set of questions that are based on one or more of the physical activity data, the
respiration rate data, the heart rate data and the cough frequency data.

In one embodiment, the set of questions presented in the questionnaire are
selected based on a decrease in the physical activity of the patient. In such an
embodiment, the set of questions relate to physical activity levels of the patient.

In one embodiment, the set of questions presented in the questionnaire are
selected based on an increase in the cough frequency of the patient. In such an
embodiment, the set of questions relate to cough or sputum of the patient.

In one embodiment, the set of questions presented in the questionnaire are
selected based an increase in the respiration rate of the patient with a decrease in the
physical activity patient. In such an embodiment, the set of questions relate to dyspnea
(i.e., shortness of breath or breathlessness) of the patient.

In one embodiment, the set of questions presented in the questionnaire are
selected based on an increase in the heart rate of the patient with a decrease in the
physical activity of the patient. In such an embodiment, the set of questions relate to
psychological condition of the patient.

In one embodiment, the questionnaire may include one or more questions
and responses to those questions. In one embodiment, the responses to the questions in
the questionnaire provides the information of the patient. In one embodiment, a patient
(or a healthcare personnel) may input (¢.g., manually) the responses to those questions
into the system 400 or 500 using an user interface 412 or 512 (as shown in and described
with reference to FIGS. 4 and 5).

In one embodiment, the information may include information about
respiratory symptoms of the patient, information about smoking history of the patient,
information about psychological condition of the patient, information about specific
physical activities performed by the patient, and information about any other illnesses of
the patient. In one embodiment, the respiratory symptoms may include cough, phlegm,

breathlessness, wheezing and chest illnesses.
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Method 300 ends at procedure 314. In one embodiment, the procedures
302-314 can be performed by one or more computer program modules that can be
executed by one or more processors 410 (as shown in and explained with respect to FIG.
4) or 510 (as shown in and explained with respect to FIG. 5).

System 400 for providing a questionnaire to a patient based on patient's current health
condition in accordance with an embodiment of the present invention is shown in FIG. 4.
In one embodiment, system 400 of the present invention may be used by patients in the
home environment of the patient. In another embodiment, system 400 of the present
invention may be used by a healthcare provider at a healthcare provider’s location.

System 400 may include the activity monitor 402, the respiration rate
sensor 404, the heart rate monitor 406, the cough frequency monitor 408, the processor
410, and the user interface 412. Activity monitor 402 is configured to detect body
movements of the patient such that a signal from the activity monitor 402 is correlated to
the level of a patient's physical activity. In one embodiment, the activity monitor 402
may include an accelerometer. In one embodiment, the accelerometer may be a three-
axis accelerometer. Such an accelerometer may include a sensing element that is
configured to determine acceleration data in at least three axes. For example, in one
embodiment, the three-axis accelerometer may be a three-axis accelerometer (i.c.,
manufacturer part number: LIS3L02AQ) available from STMicroclectronics.

In one embodiment, the output of the accelerometer may be represented in
arbitrary acceleration units (AAU) per minute. The AAU can be related to total energy
expenditure (TEE), activity-related energy expenditure (AEE) and physical activity level
(PAL). In another embodiment, the activity monitor 402 may be a piezoelectric sensor.
The piezoelectric sensor may include a piezoclectric element that is sensitive to body
movements of the patients.

In one embodiment, activity monitor 402 may be positioned, for example,
at the thorax of the patient or at the abdomen of the patient. In one embodiment, the
activity monitor 402 may be a part of a wearable band (that may be worn on the wrist,
waist, arm or any other portion of the patient’s body for example) or may be part of

wearable garment worn by the patient. In one embodiment, activity monitor 402 may be
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directly connected to the processor 410. In such an embodiment, the activity monitor
may be connected to processor 410 over a wired or wireless network, for example.

In one embodiment, the respiration rate sensor 404, which is configured to
measure the respiration pattern of the patient, may include an accelerometer or a
microphone. In one embodiment, the accelerometer may be a three-axis accelerometer.
For example, in one embodiment, the three-axis accelerometer may be a three-axis
accelerometer available from STMicroelectronics.

In one embodiment, a microphone is constructed and arranged to receive
sound of inspiration of the patient in order to determine the respiration rate of the patient.
In one embodiment, the respiration rate sensor 404 may be a Respiband™ available from
Ambulatory Monitoring, Inc. of Ardsley, NY. In one embodiment, Respiband™
measures the respiration rate using inductance.

In one embodiment, respiration rate sensor 404 may include a chest band
and a microphone as described in U.S. Patent No. 6,159,147, hereby incorporated by
reference. In such an embodiment, the chest band may be placed around a patient's chest
to measure the patient's respiration rate, for example. Sensors on the chest band may
measure movement of the patient's chest. Data from sensors on the chest band is input
into a strain gauge and subsequently amplified by an amplifier.

In one embodiment, respiration rate sensor 404 may be directly connected
to the processor 410. In such an embodiment, the respiration rate sensor may be
connected to the processor over a wired or wireless network, for example.

In one embodiment, the heart rate monitor 406 is configured to monitor
the heart beat of the patient such that a signal from the heart rate monitor 406 is
correlated to the patient's heart rate. In one embodiment, the heart rate monitor 406 is
electronic and electronically inputs the heart rate data into the processor 410. Heart rate
monitor 406 may include a wearable heart rate monitor (e.g., Polar F7 heart rate monitor
watch) available from Polar. In one embodiment, the heart rate monitor may include a
built in microprocessor that analyzes an EKG signal to determine the heart rate of the

patient. In one embodiment, the heart rate monitor may include a transmitter located at
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the position where the patient’s heart is located so as to detect the patient’s heartbeat and
a receiver located, for example, on patient’s wrist.

In one embodiment, heart rate monitor 406 is configured to analyze an
electrocardiography signal of patient to determine the patient’s heart rate. In one
embodiment, the heart rate monitor may be directly connected to the processor 410. In
such an embodiment, the heart rate monitor may be connected to the processor over a
wired or wireless network, for example.

In one embodiment, cough frequency monitor 408 is configured to
monitor the number of coughs of the patient per unit of time such that a signal from the
cough frequency monitor is correlated to the patient's cough frequency. The cough
frequency is generally representative of number of coughs of the patient per unit of time.
In one embodiment, the cough frequency is expressed as cough counts per hour.

In one embodiment, cough frequency monitor 408 may include a
recording device for recording cough via a microphone located, for example, on the chest
wall of the patient, or over the trachea of the patient. In such an embodiment, the signals
from the recording device are analyzed to determine the cough frequency of the patient.
In another embodiment, cough frequency monitor 408 may include an accelerometer that
is placed at the supra-notch. In such an embodiment, the signals from the accelerometer
are recorded and are analyzed to determine the cough frequency of the patient.

In one embodiment, cough frequency monitor 408 may in the form of a
wearable monitor (e.g., Lifeshirt® system) available from Vivometrics. In such a
monitor, cough is detected using a combination of sound (from a unidirectional throat
microphone) and respiratory inductance plethysmography (RIP). Also, such a monitor
may include a accelerometer to measure respiratory parameters, electrocardiograph, and
activity of the patient. Cough frequency monitor 408 may be directly connected to
processor 410. In such an embodiment, the cough frequency monitor may be connected
to the processor over a wired or wireless network, for example.

In one embodiment, processor 410 is configured to receive the physical
activity data of the patient from activity monitor 402, the respiration rate data of the

patient from respiration rate sensor 404, the heart rate data of the patient from heart rate
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monitor 406, and the cough frequency data of the patient from cough frequency monitor
408.

In one embodiment, processor 410 is configured to retrieve questions
from a data storage unit or memory based on the current health condition of the patient
and to display the questions and the respective reply choices (i.c., in the form of a
questionnaire) to the patient on user interface 412. In other words, the processor is
configured to generate a questionnaire having a set of questions (that are retrieved from
the data storage unit or memory) that arc based on one or more of the physical activity
data, the respiration rate data, the heart rate data and the cough frequency data.

In one embodiment, the data storage unit or memory of system 400 may
be configured to store a plurality of questions. In one embodiment, the data storage unit
or memory is a standalone device. However, it is contemplated that the data storage unit
or memory may be part of processor 410. In one embodiment, these plurality of
questions stored in the data storage unit may be further classified into groups, where cach
group of questions focuses on gathering information about a certain aspect/symptom of
the disease. For example, these groups may be configured to gather information about
respiratory symptoms of the patient, information about smoking history of the patient,
information about psychological condition of the patient, information about specific
physical activities performed by the patient, and information about any other illnesses of
the patient. In one embodiment, the respiratory symptoms may include cough, phlegm,
breathlessness, wheezing and chest illnesses.

In one embodiment, the questions of the questionnaire may have responses
that are scaled (i.c., the response is graded (e.g., severity of breathlessness of a patient on
ascale of I to 5, with 5 being the most breathless)). In another embodiment, the
questions of the questionnaire may have multiple responses/answers, where a response
may be chosen from multiple options presented. In another embodiment, the questions of
the questionnaire may have “yes/no” (or true/false) responses, where the response may be
chosen between a “yes” and a “no.”

FIG. 7 shows an exemplary algorithm that is used by the processor 410 to

select a set of relevant questions. These set of relevant questions are then presented in
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the form of a questionnaire to the patient for completion. In one embodiment, the
algorithm is saved in processor 410 or in the data storage unit of the system 400.

In one embodiment, as shown in the exemplary algorithm of FIG. 7, the
set of questions presented in the questionnaire are selected based on a decrease in the
physical activity of the patient. If processor 410 detects a decrease in the physical
activity of the patient, then the processor is configured to generate a questionnaire that
includes a set of questions related to the physical activity levels of the patient.

In one embodiment, as shown in the exemplary algorithm of FIG. 7, the
set of questions presented in the questionnaire are selected based on an increase in the
cough frequency of the patient. If the processor detects an increase in the cough
frequency of the patient, then the processor is configured to generate a questionnaire that
includes a set of questions related to the cough and sputum of the patient.

In one embodiment, as shown in the exemplary algorithm of FIG. 7, the
set of questions presented in the questionnaire are selected based on an increase in the
respiration rate of the patient with a decrease in the physical activity of the patient. If
there is an increase in respiration rate of the patient while the patient is relatively inactive,
then it may suggest that the patient is suffering from dyspnea (i.c., shortness of breath or
breathlessness). If processor 410 detects an increase in the respiration rate with a
constant activity level or a decrease in activity level (i.e., the patient is having problems
with dyspnea), then the processor is configured to generate a questionnaire that includes a
set of questions related to dyspnea.

In one embodiment, as shown in the exemplary algorithm of FIG. 7, the
set of questions presented in the questionnaire are selected based on an increase in the
heart rate of the patient with a decrease in the physical activity of the patient. If the heart
rate of the patient is higher than normal while the patient is relatively inactive, then it
may suggest that the patient is suffering from anxiety. If processor 410 detects an
increase in the heart rate with a constant activity level or a decrease in activity level (i.e.,
the patient is having anxiety), then the processor is configured to generate a questionnaire
that includes a set of questions related to psychological status of the patient. In another

embodiment, questions in the questionnaire may also be selected based on the response(s)
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(i.e., received from the patient) to the previous question(s). In one embodiment, the
responses are received from the patient in prior days.

System 400 may include a user interface 412, which is in communication
with processor 410. User interface 412 is configured to accept input from the patient (or
caregiver), and optionally to transmit (and display) output of the system. In one
embodiment, the user interface may include a keyboard, keypad or touchscreen that
allows the patient or caregiver to input the responses (i.c., clinical information of the
patient) to the questions in the questionnaire. User interface 412 may include a display
screen that provides a visual data output (e.g., displays questionnaire with questions and
their responses) to the patient. In one embodiment, the user interface may be a graphical
user interface. It may also include a printer or be connected to a printer so as to be able
to print information from processor 410. User interface 412 may be provided integral
with the processor. In another embodiment, the user interface 210 may be provided
remote from or proximal to processor 410.

In one embodiment, system 400 may include a questionnaire system that is
configured to perform the function of gathering the responses to the questions presented
in the questionnaire. In one embodiment, the questionnaire system may include a data
storage unit or memory that may be configured to store the responses received in
response to those questions. In one embodiment, the questionnaire system is a standalone
device. However, it is contemplated that the questionnaire system may be part of the
processor.

In one embodiment, the patient (or care provider) may manually input
responses (i.¢., the information of the patient) to the questions in the questionnaire into
the questionnaire system using user interface 412 (as shown in and described with
reference to FIG. 4). In one embodiment, the questionnaire system is configured to send
the stored responses (i.c., clinical information of the patient) to one or more processors
410 for further processing, for example, for trending, and/or display. In such an
embodiment, the questionnaire system (along with the data storage unit or memory of the
questionnaire system) may be in communication with the user interface 412 to display the

stored data or the trend charts.
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In system 400 shown in FIG. 4, separate sensors are used to measure the
physical activity of the patient, the respiration rate of the patient, and the heart rate of the
patient. However, it is contemplated, that a single sensor may be used to measure the
physical activity of the patient, the respiration rate of the patient, and the heart rate of the
patient as explained below.

FIG. 5 shows a system 500 for providing a questionnaire to a patient based
on patient’s current health condition in accordance with another embodiment of the
present invention. System 500 is configured to generate a questionnaire that includes a
set of questions that are based on one or more of the physical activity data, the respiration
rate data, the heart rate data and the cough frequency data. System 500 includes a sensor
502, a cough frequency monitor 508, a processor 510, and a user interface 512. In one
embodiment, the objective assessment of the physical activity, the respiration rate, and
the heart rate of the patient is done using a sensor, for example, an accelerometer (i.c.,
instead of activity monitor 402, respiration rate sensor 404, and heart rate monitor 406 as
described above with respect to FIG. 4).

In one embodiment, sensor 502 may be an accelerometer. In one
embodiment, the accelerometer may be a three-axis accelerometer. Such an
accelerometer may include a sensing element that is configured to determine acceleration
data in at least three axes. For example, in one embodiment, the three-axis accelerometer
may be a three-axis accelerometer (i.c., manufacturer part number: LIS3L02AQ)
available from STMicroclectronics.

In one embodiment, sensor 502 may be positioned, for example, at the
thorax of the patient or at the abdomen of the patient. In one embodiment, as shown in
FIG. 6, the accelerometer is positioned at the lower ribs, roughly halfway between the
central and lateral position. The positioning of the accelerometer shown in FIG. 6 allows
monitoring of both the respiration rate, the heart rate and the physical activity of the
patient. In another embodiment, the sensor 502 may be positioned such that the sensor

502 is in close proximity with at least a portion of the patient’s body.
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In one embodiment, the sensor 502 may be a part of a wearable band (that
can be worn on the wrist, waist, arm or any other portion of the patient’s body for
example) or may be part of wearable garment worn by the patient.

In one embodiment, the processor 510 of the system 500 can comprise
cither one or a plurality of processors therein. Thus, the term “processor” as used herein
broadly refers to a single processor or multiple processors. In one embodiment,
processor 510 can be a part of or forming a computer system. The processor is
configured to a) continuously receive acceleration data from sensor 502 in at least the
axes; b) determine the respiration rate data and the heart rate data from the accelerometer
data received from the sensor 502; ¢) determine physical activity data associated with the
respiration rate data and the heart rate data; d) determine cough frequency data from the
sensor 508; and ¢) to generate a questionnaire that includes a set of questions that are
based on one or more of the physical activity data (received from the sensor 502), the
respiration rate data (received from the sensor 502), the heart rate data (received from the
sensor 502), and the cough frequency data (received from the sensor 508).

In one embodiment, the respiration rate may be determined intermittently
over period of time (i.c., the course of day). In one embodiment, the respiration rate is
measured during rest and predetermined activity level (e.g., moderate walk for more than
2 minutes).

In one embodiment, a segmentation algorithm may be used to determine
the respiration rate from the accelerometer data. The segmentation algorithm is
configured to select the periods during which the respiration rate may be determined.
The segmentation of the data may be desirable necessary because it may not always be
possible to determine the respiration rate reliably during the physical activity using an
accelerometer (and/or other sensors). In one embodiment, the segmentation algorithm
serves to automatically identify the periods of time during which the respiration rate can
be determined reliably. In one embodiment, because the respiration rate doesn’t
immediately return to baseline values after an activity this is not a problem for the

method.
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In one embodiment, the respiration rate data measured for a predetermined
length of time (e.g., about 20-30 seconds) is sufficient to determine the respiration rate
reliably.

In one embodiment, the physical activity associated with this respiration
rate value may then be the averaged over the last 5 minutes or 15 minute period rather
than just that 20-30 seconds during which the respiration rate was calculated. In one
embodiment, the physical activity in a 15-minute period preceding the time instances at
which the respiration rate have been determined reliably.

Cough frequency monitor 508, processor 510, and user interface 512 of
system 500 are similar to cough frequency monitor 408, processor 410, and user interface
412 of system 400 (shown and described in detail with respect to FIG. 4), and hence will
not be explained in detail here.

Besides generating a questionnaire that includes a set of questions that are
based on the patient’s current health status (i.c., one or more of the physical activity data,
the respiration rate data, the heart rate data and the cough frequency data), method 300
and systems 400 and 500 may be used in other circumstances where the simultancous
assessment of the physical activity, the respiration rate, and heart rate may predict the
onsct of an exacerbation of a COPD patient; where the simultancous assessment of the
physical activity, and the respiration rate may predict the onset of an exacerbation of a
COPD patient and/or assess the level of dyspnea in the patient.

In one embodiment, the systems 400 and 500 may each include a single
processor that may be configured to process the respiration rate data, the physical activity
data, the heart rate data and the cough frequency of the patient to generate a questionnaire
that includes a set of questions that arc based on one or more of the physical activity data,
the respiration rate data, the heart rate data and the cough frequency data.

In another embodiment, systems 400 and 500 may each include multiple
processors, where each processor is configured to perform a specific function or
operation. In such an embodiment, the multiple processors may be configured to process
the respiration rate data, the physical activity data, the heart rate data and the cough

frequency of the patient to generate a questionnaire that includes a set of questions that
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are based on one or more of the physical activity data, the respiration rate data, the heart
rate data and the cough frequency data.

In one embodiment, method 300 and systems 400 and 500 may be used in
a rehabilitation center (e.g., for COPD patients, or heart failure patients). In one
embodiment, method 300 and the systems 400 and 500 may also be applied for home
rehabilitation to enable patient assessment and intervention to be provided remotely.
Method 300 (and the systems 400 and 500 described above) is configured to incorporate
the advantages of both the short questionnaire and the long questionnaire, while
eliminating the inherent disadvantages of these questionnaires.

Embodiments of the invention, the processor, for example, may be made
in hardware, firmware, software, or various combinations thereof. The invention may
also be implemented as instructions stored on a machine-readable medium, which may be
read and executed using one or more processors. In one embodiment, the machine-
readable medium may include various mechanisms for storing and/or transmitting
information in a form that may be read by a machine (e.g., a computing device). For
example, a machine-readable storage medium may include read only memory, random
access memory, magnetic disk storage media, optical storage media, flash memory
devices, and other media for storing information, and a machine-readable transmission
media may include forms of propagated signals, including carrier waves, infrared signals,
digital signals, and other media for transmitting information. While firmware, software,
routines, or instructions may be described in the above disclosure in terms of specific
exemplary aspects and embodiments performing certain actions, it will be apparent that
such descriptions are merely for the sake of convenience and that such actions in fact
result from computing devices, processing devices, processors, controllers, or other
devices or machines executing the firmware, software, routines, or instructions.

Although the invention has been described in detail for the purpose of
illustration, it is to be understood that such detail is solely for that purpose and that the
invention is not limited to the disclosed embodiments, but, on the contrary, is intended to
cover modifications and equivalent arrangements that are within the spirit and scope of

the appended claims. In addition, it is to be understood that the present invention
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contemplates that, to the extent possible, one or more features of any embodiment may be

combined with one or more features of any other embodiment.
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What is claimed is:

1. A computer-implemented method (300) for providing a questionnaire
to a patient based on patient's current health condition, wherein the method is
implemented in a computer system comprising one or more processors configured to
execute one or more computer programs modules, the method comprising:

measuring physical activity (304) of a patient with an activity monitor
(402, 502) to gather physical activity data;

measuring respiration rate (306) of such a patient with a respiration rate
sensor (404, 502) to gather respiration rate data;

measuring heart rate (308) of such a patient with a heart rate monitor (406,
502) to gather heart rate data;

measuring cough frequency (310) of such a patient with a cough
frequency monitor (408, 508) to gather cough frequency data; and

executing, on a processor of a computer system, one or more computer
program modules configured to generate a questionnaire (312) to gather information from
such a patient, wherein the questionnaire comprises a set of questions that are based on
one or more of the physical activity data, the respiration rate data, the heart rate data and

the cough frequency data.

2. The method of claim 1, wherein the set of questions are selected based
on (a) a decrease in the physical activity of the patient,

(b) an increase in the cough frequency of the patient,

(c) an increase in the respiration rate of the patient with a decrease in the
physical activity of the patient; or

(d) an increase in the heart rate of the patient with a decrease in the

physical activity of the patient.
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3. The method of claim 1, wherein the activity monitor, the respiration
rate sensor, the heart rate monitor, the cough frequency monitor, or any combination

thereof, is an accelerometer.

4. The method of claim 1, wherein the respiration rate sensor or the cough

frequency monitor is a microphone.

5. The method of claim 1, wherein the respiration rate sensor is

configured to measure the respiration rate of patient using inductance.

6. The method of claim 1, wherein the cough rate monitor is configured to

measure the respiration rate of patient using inductance and sound.

7. The method of claim 1, wherein the heart rate monitor is configured to

analyze an electrocardiography signal of patient to determine the heart rate.

8. The method of claim 1, wherein the information gathered from such a
patient includes information pertaining to:

respiratory symptoms of such a patient,

smoking history of such a patient,

psychological condition of such a patient,

specific physical activities performed by such a patient, and

other illnesses of such a patient.

9. The method of claim 8, wherein the respiratory symptoms include

cough, phlegm, breathlessness, wheezing, and chest illnesses.

10. A system (400, 500) for providing a questionnaire to a patient based
on such a patient's current health condition, the system comprising:

a sensor (402, 404, 406, 408; 502, 504) configured to measure:
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a) physical activity of the patient to gather physical activity data,

b) a respiration rate of the patient to gather respiration rate data,

c) heart rate of the patient to gather heart rate data, and

d) cough frequency of the patient to gather cough frequency data;

and
a processor (410, 510) operatively connected to the sensor and configured

to generate a questionnaire to gather information from such a patient, wherein the
questionnaire comprises a set of questions that are based on one or more of the physical

activity data, the respiration rate data, the heart rate data and the cough frequency data.

11. The system of claim 10, wherein the set of questions are selected
based on:

(a) a decrease in the physical activity of such a patient,

(b) an increase in the cough frequency of such a patient,

(c) an increase in the respiration rate of the patient with a decrease in the
physical activity of such a patient, or

(d) an increase in the heart rate of the patient with a decrease in the

physical activity of such a patient.

12. The system of claim 10, wherein the sensor includes an activity

monitor, a respiration rate sensor, a heart rate monitor, and a cough frequency monitor.

13. The system of claim 12, wherein the activity monitor, the respiration
rate sensor, the heart rate monitor, the cough frequency monitor, or any combination

thereof, is an accelerometer.

14. The system of claim 12, wherein the respiration rate sensor, cough

frequency monitor, or both is a microphone.



WO 2011/121464 PCT/IB2011/050791
23

15. The system of claim 12, wherein the respiration rate sensor is

configured to measure the respiration rate of patient using inductance.

16. The system of claim 10, wherein the information gathered from such a
patient includes information pertaining to:

respiratory symptoms of such a patient,

smoking history of such a patient,

psychological condition of such a patient,

specific physical activities performed by such a patient, and

other illnesses of such a patient.

17. The system of claim 16, wherein the respiratory symptoms include

cough, phlegm, breathlessness, wheezing and chest illnesses.

18. A system (400, 500) for providing a questionnaire to a patient based

on such a patient's current health condition, the system comprising:
means (402, 502) for measuring physical activity of such a patient

to gather physical activity data;

means (404, 502) for measuring respiration rate of such a patient to gather
respiration rate data;

means (406, 502) for measuring heart rate of such a patient to gather heart
rate data;

means (408, 508) for measuring cough frequency of such a patient to
gather cough frequency data; and

means (410, 510) for executing a computer program module to generate a
questionnaire to gather information from such a patient, wherein the questionnaire
comprises a set of questions that are based on the physical activity data, the respiration

rate data, the heart rate data, the cough frequency data, or any combination thereof.
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19. The system of claim 45, wherein the set of questions are selected
based on:

a decrease in the physical activity of the patient

an increase in the cough frequency of the patient

an increase in the respiration rate of the patient with a decrease in the

physical activity of the patient

an increase in the heart rate of the patient with a decrease in the physical

activity of the patient.
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Over the last year, I have coughed :

1- Most days a week

2- Several days a week ]
3- A few days a week

4- Only with chest infections

5- Not at all

Over the last year, I have brought up phlegm (sputum): []
1- Most days a week

2- Several days a week

3- A few days a week

4- Only with chest infections

5- Not at all [

Over the last year, I have had shortness of breath :
1- Most days a week

2- Several days a week

3- A few days a week

4- Only with chest infections

5- Not at all

FIG. 1

Questions about what activities usually make you feel breathless
these days. For each item, please answer either true of false
as it applies to you.

11- Sitting or lying stil.

12- Getting washed or dressed.

13- Walking around the house.

14- Walking outside on level ground.
15- Walking up a flight of stairs.

16- Walking hills.

17- Playing sports or games.

FIG. 2
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300

Use an activity monitor to measure physical
activity of the patient and to gather
physical activity data

| —304

!

Use a respiration rate sensor to measure
respiration rate of the patient and to
gather respiration rate data

L —306

!

Use a heart rate monitor to measure
heart rate of the patient and to
gather heart rate data

| —308

!

Use a cough frequency monitor to measure
cough frequency of the patient and to
gather cough frequency data

L —310

!

Generate a questionnaire comprising
a set of questions that are based on
one or more of the physical activity data,
the respiration rate data, the heart rate data
and the cough frequency data

| —312

¢

FIG. 3
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406~ Heart rate

monitor
402~ Activity )

monitor
404—L respiration

rate sensor

508—J_ Cough frequency
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502~ Sensor -

FIG. 5
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Position of the
accelerometer
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