wo 2012/020433 A1 I 0KV 00 VYR 0O

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

(10) International Publication Number

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

16 February 2012 (16.02.2012) WO 2012/020433 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61B 5/00(2006.01) A61B 5/11 (2006.01) kind of national protection available): AE, AG, AL, AM,
AGIB 5/0205 (2006.01)  A61B 5/145 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
AG6IB 5/08 (2006.01) GOIN 33/483 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
. o DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
PCT/IT2010/000361 KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(22) International Filing Date: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
9 August 2010 (09.08.2010) NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
. SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(25) Filing Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every
(71) Applicant (for all designated States except US): MIR kind of regional protection available): ARIPO (BW, GH,
SRL-MEDICAL INTERNATIONAL RESEARCH GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
[IT/IT]; Via del Maggiolino, 125, I-00155-Roma (IT). ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(72) Inventors; and EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(75) Inventors/Applicants (for US only): BOSCHETTI LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
SACCO, Paolo [IT/IT]; Viale Cortina d'Ampezzo, 202, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

[-00135-Roma (IT). SALTINI, Cesare [ITAT]; Via GW, ML, MR, NE, SN, TD, TG).

Montpellier, 1, I-00139-Roma (IT). CALZETTA, Luigi-
no [IT/IT]; Vicolo del Pigneto, 5, I-00176-Roma (IT).

(74) Agents: FEZZARDI, Antonio et al.; Studio Ferrario Srl,
Via Collina, 36, I-00187-Roma (IT).

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

(54) Title: PORTABLE DEVICE FOR MONITORING AND REPORTING OF MEDICAL INFORMATION FOR THE EVI-
DENCE -BASED MANAGEMENT OF PATIENTS WITH CHRONIC RESPIRATORY DISEASE

7 8

FLOW AND PULSE OXIMETRY
VOLUME SENSOR SENSOR
(OPTIONAL) (OPTIONAL)
,
2
6 V4

/4 WIRELESS DATA
TEST REPORT ACCELEROMETER DAF'[I‘\‘BS?'SE ON
«SPIROMETRY MEMORY BLUETOOTH

—
«OXIMETRY
+PHYSICAL ACTIVITY '—] /3
*QUESTIONNAIRE
MICRO a WIRED DATA
RTC
PROCESSOR [ ric ] TRANSMISSION
uss
r° ! l ¢
AUDIO TOUCH SCREEN BATTER' POWER
FEEDBACK DISPLAY MANAGEMENY SUPPLY
\1 1

FIG. 1

(57) Abstract: The present invention relates to an integrated tele-health system/device for the monitoring and reporting of medical
information for the evidence-based management of patients with chronic ' respiratory disease. The device comprises substantially
a central unit which measures and collects information related to the state of health of the patient, and it is provided with means
for wireless or cable transmission of the collected data using a microprocessor based system with a touch screen display, USB
communication port and Bluetooth. According to the invention, the device further comprises: a removable sensor for the measure-
ment of respiratory air flow and volume, a removable pulse oximetry sensor and a motion sensor. Stored data can be then deliv-
ered through landline, broadband, wireless and cell-phone technology to be received by a web server and can then be accessed by
medical staff. Being completely portable, the device according to the invention is provided with a battery of known type, which
can be substituted by the user or it can be rechargeable.
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PORTABLE DEVICE FOR MONITORING AND REPORTING OF MEDICAL

INFORMATION FOR THE EVIDENCE-BASED MANAGEMENT OF

PATIENTS WITH CHRONIC RESPIRATORY DISEASE.

* ok ok ok ok

The present ‘invention relates to an integrated

- tele-health system/device for the monitoring and

reporting of medieal information for the evidence-based
managéement of patients with chronic respiratory
disease.

The device comprises. substantially a central unit
which measiures and coliects information related to the
state of health of the patient, and it is provided with
means for wireless or cable transmission of the
collected data using a microprocessor based system with
a touch screen display, USB communication port and
Bluetooth. According to the' invention, the device
further comprises: a removable sensor for the
measuremeht of respiratory air flow and volume, a
removable pulse oximetry sensor and a motion sensor.
Stored data can be then: delivered through landline,
broadband, wireless and cell-phone technology to be
received by a web server and can then be accessed by
medical staff. |

‘Being completely portable, the device according to
the invention is provided with a battery of known type,
which can be substituted by the -user or it can be
rechargeable. |

INTRODUCTION

At the base of the new requirements for better and
more intelligent treatments must be a seriesl of

evidence-based management tools to help to create a
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more,rational and intelligent way to deal with health
based on evidence.

Scientific, economic, cultural and social progress
have combined to help us obtain significant advantages
in health management. The average life expectancy of
the population has increased over the last ten years.
The conditions which society must eome‘to terms with
are those chronic degenerative diseases, which although
they cannot be cured, can be kept under control with
suitable phermaceutical and behavioural therapies.

The respiratory pathologies are at the current
state of play one of the most significant health
problems for the number of patients afflicfed - even
younger people - as well as for the high rate of
mortality and the prevalence, and the significantly
disabilitating effects on the patients and for the very
high direct and indirect costs associated.

According to the American Thoracic Society (ATS)®
and the European Respiratory Society (ERS) “chronic
obstructive pulmonary disease (COPD) affects about 210

million people globally and causes some 3 million

-deaths annually. The disease 1is a major drain on

healthcare budgets with 50% of costs accounted for by
hospital admissions, much of which could‘ be avoided
through development of more responsive models of care
that allow earlier recognition and treatment of
exacerbations”.

An exacerbation can be defined as a sustained
worsening of the patient’s symptoms from that beyond
normal day-to-day variation. Exacerbations can result

in a more rapid decline of lung function, increased
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peripheral muscie weakness, decreased quality of life,
increased health care costs, and increased mortality.
It has been demonstrated that early therapy speeds
exacerbation recovery, and reduces health care
utilization. Patients should be instructed to-reépond
early in the course of an exaceibation by activating
their predetermined action plan. o

In ~ a self-management program, well-designed
clinical trials that provide wvalid,  reproducible and
interpretable results should also instruct the patient
to treat and prevent the onset of respiratory
exacerbations.

Real-time patient remote monitoring and screening
for homecare purposes cah be delivered through
landline, ~broadband,' wireless and cell-phone
technology. These tele-health applications may forever
change, while dramatically improving the way healthcare
will reach the ever increasing number of COPD patients
worldwide. |

Chronic respiratory diseases can lead to chronic
respiratory failure: inadequate gas exchange by the
respirétory system, with the result that arterial
oxygen and/or carbon diéxide levels cannot Dbe
maintained within their normal ranges. When chronic
respiratory failure occurs, there is an increase in the
impact of<the$disease on the patient’s daily life and
well-being.

Lifestyle, which includesiphysical inactivity in
daily 1life, plays a very important role in fefma of
both disability and mortality. It 1is now well

recognized that regular physical activity may prevent
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or delay the onset or progress of different chronic
diseases. It is known, for instance, that in patients
with chronic obstructive pulmonary disease (COPD),
lower levels of physical activity in daily life are
related to higher risk of hbspital readmission and also
to shorter survival.

One of the main conseguences of chronic
respiratory disease is a daily activity performance

drop, - which must Dbe measured  in ‘this patient

.pbpulation. Therefore, the assessment of the amount and

intensity of physical activity in daily 1life is of
major .importance given the close relationship between
activity leveis and health.

A better understanding of the present invention
will be obtained with reference to the following
description and with reference to the attachéd plates
of drawings; which illustrate merely by way of non-
limiting example a preferred embodiment thereof:

Figure 1 1is a block diagram bf the device
according toAthe present invention;

Figufe 2 shows a preferred embodiment of the
device with flow and volume sensor connected;

Figure 3 is a different view corresponding to fig.
2; |

Figure‘ 4" shows the invention with sensors
disconnected; énd | |
Figure 5 is a diagram of SpOZ% vs time during
6MWT . o |

DESCRIPTION OF THE INVENTION

In view of the above, it appears clear that the

state of health of a patient affected by respiratory
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disease 1like COPD requires a daily “overview” of
several vital signs4(pr vital parameters) in order to

spot in advance 'any potential worsening of the

condition which, 1f not Dbrought | under control,

generally leads to exacerbations and eventually to a

spell in hospital.

The present invention is specifically aimed to
provide a device and/of system for carry out said
“overview” directly by the patient him/herself.

Often these patients are able to monitor several
vital signs at home, for instance pulse oximetry, which
with respect to the patients baéeline resting value can
be subject to a fall off under exercise or during
sleep, when the spontaneous ventilation reduces for
physiological reasons.

Pulse oximetry is the most simple, non-invasive

method for evaluating the level of oxygen in the blood.

 This measurement -provides a parameter called oxygen

saturation (%Sp0;), closely related to Sa0; measured by
blood sampling, a much more complicated and invasive
method. There isn’t 1life without oxygen: this is why
pulse oximetry is considered a vifal sign.

In the past few years. through technological
progress, which has enabled the production of pocket-
size pulse oximeters and spirometérs at reduced costs,
many doctors have included the measurement of %SpO, and
expiratory peak flow (PEF) as vital signs equally as
important as the standard ones (such as Dbody
temperature, heart rate, bloodilpressure), used when
performing a general medical check-up of a patient to

identify the type of disorder present.
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PERFORMANCE EVALUATION

A fundamental objective in the management of
respiratory disease 1is to increase a patient’s
performance in routine daily activifies. Performance
assessment 1is possible by either patient reporting or
by direct observation by noting the rate, speed of
efficiency of a particular activity. However this
impractical process is difficult to standardize and
extremely time consuming.

According to the present invention, it is provided

i

a device comprising motion detectors and activity

" monitors that allow for a plausiblé daily activity

evaluation in any setting.

The precise quantification of physical activity is
bf particular importance: in measuring the outcomes 6f
interventions in frail, sedentary populations such as
COPD and the elderly, because even small impro&ements
in physical functioning such as walking and balance may
t;anslate into significantly iﬁproved quality of life.

Objective assessment of daily activity performance
in non laboratory-settings is becoming a reality thanks
to activity monitors in the form of a simple pedometer
which counts the number of steps taken by a patient to
more elaborate devices capable of measuring movement on
three axis.

1 An accelerometer is a technologically very
advanced device, which allow the quantity and intensity
of movements to Dbe determined and measured. The
instrument is able to measure both the total amount and.
the intensity of spontaneous activities pérforméd

throughout the day in the subject’s own environment.
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capacity”. Walking is now considered as the most
impgrtant and common type of physical activity
performed in daily life and is the activity targeted
for improvément in  most pﬁlmonary rehabilitation
programs. Walking more in daily life is an important
indicator of improvement aftef respiratory
rehabilitation protocols, and this walking can indeed
be accurately éssessed by motion sensors. Some tests
can be self-paced such as the 6-minute walk test
(6MWT), and regquire no advanced training or special
equipment. The 6MWT is a very simple, safe and
reproducible fitness test, and it is widely used in the
evaluation of respiratory diseases. The test requires
no complex instrumentation, can be made easily even by
patients with a severe level of disability and, last
but not least, represents more closelj than any other
test “normal 1life activity” and so is therefore an
excellent indicator of the quality of 1life of the
patient.

Guidelines for the application of the 6MWT in a
clinical setting were developed by the American
Thoracic Society (ATS) in 2002. The standard procedure
requires that at the start of the test and then at
every one minute interval during the test, a pulse
oximeter is used to record (a) the saturation (Sp02%)
and (b) the heart rate (BPM) of the patient. 1In
addition, at the end of the test, the total distance
covered should be recorded. -

People who suffer of moderately severe respiratory
impairment can perform a 6MWT whiéh has proven to be

extremely wuseful to measure patient response to
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therapeutic interventions for. pulmonary and 'gardiac
disease.

It is common pracfice that, in the event that the.
Sp02 level falls below 82% during the 6MWT, the test
should be halted and then repeated with the patient
given supplemental oxyéen (02). ’ .

In this <case, the test 1in generally repeated
following a rest interval of at least 15 minutes, with
increasing oxygen flow of 2, 4 and then 6 litres per
minute until the patient is able to complete the test
maintaining an Sp02% level of at least 90% during the
whole‘test. .

According to the present invention, the mechanisms
of exercise intolerance can now be studied in further
depth through the acquisition of physiologic
measurements such as the distanée walked and the
reduction of the oxygen level in the blood during the
exercise. |

Walking is a. simple yet ideal form of daily
exercise to evaluate the overall response of the
pulmonary and cardiovascular systems, systemic
circulation, peripheral circulation, blood,
neuromuscular units,.and muscle metabolism.

Exercise testing in the routine clinical
assessment of the functional status of a patient is now
considered a fundamental componént because health-
related éﬁality of life, survival rates . and
hospitalization rates are all affected by the degree of
exercise tolerance impairment in COPD patients.

CALCULATION OF THE CS INDEX OR O2_GAP FOR LONG
TERM GXYGEN PRESCRIPTION
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One of the objective of the invention is the use

‘of the 6MWT to determine the prescription of long term

oxygen. An equation which can be integrated into an
electronic device, in order to calculate the oﬁygen.
requirement of the patient through a 6MWT carried out
without any additional oxygen supply to the patient.

The equation was- derived according to the
following method. Ninety six patients with respiratory
disease were required to carry out the 6MWT in ambient
air and withoﬁt any supplementary oxygen. The
parameters of this 6MWT were- recorded every minute ie
the distance walked, the Sp02% from the start to. the
end of the test, as well as the Heart Rate, the
recovery time, the degree of breathlessness and
fatigue, as per the interndtional guidelines.

Then using this data, the following parameters
were derived or calculated as illustrated below.
(a) AUCgap, which represents the difference between
the area under the curve where Sp02% = 100% vs. time

and the area below the curve showing the S5p02% vs.

~time of the patient during the test. The time limits

for the evaluation of the area are represented by . the

‘duration of walk phase (see_FIG.'4).

(b) MT, which represents the'test'duration expressed
in minutes (froﬁ a minimum of 0 to a maximum of 6).

(c) Base ~SpOdep, which 'represents the difference
between SpOZ% = 100% and the Sp02% baseline at rest
before the start of the walk phase. '

(d) RT which represents the recovery time in seconds
of -the patient at the end of the test for the SpO2

value to return to the base value recorded before the
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test, even if the test is stopped befofe the full 6
minutes. |

(e) PPD which represents the percent ptedicted
distance, which is the percentage of the distance
covered‘by the patient during the test compared to the
distance covered by a normal subject. The distance (in
metres) covered by a normal subject is calculated from

the equation by Enright and Sherill, where:

~ For males : (7.57 x height in cm) - (5.02 % age in

y earsf - (1.76 x weight in kg) - 309
For females; (2.11 x height in cm) - (5.78 x age

in years) - (2.29 x weight in kg) - 667

In the case that a patient has a base Sp0O2% at
rest below 82% prior to the start of-the test, then
the patient cannot make the test without a supplement
of 6 L/min of oxygen.

The equation for the_calculation'of the CS Index

or 02 Gap,is expressed as follows:

U

{ [(AUCgap/MT) + (BaseSpO2gap/7)]* + ~RT

If MT2>1, then: -9.31
PPD
02 (L/min) = 394
—
If MT= 0, then:

02 (L/min) = 6

This equation enables.ﬁs to calculate the 02_Gap,
that we have defined also Cs Index, which represents
the quantity of: oxygen expressed in L/mln which must
be given to a patient in order that the patlent can |

complete the 6MWT without desaturating below the level
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of 90% SpO2} and also Withouf desaturéting bélow the
level of782% spoz for the patients who reqﬁire 6 L/min
of oxygen ‘in order to complete the test.

The application of the CS Index eéuation in the
caibulation of the “oxygen gap” in the 6MWT carried
out ~withéut the supply of 'supplemeptal oxygen, to
calculate the oxygeh requirement when the test 1is
carried out with supplemental- O2.

- The capacity of the 6MWT to determine the quantity
of oxygen required for the test to be carried out has
been evaluated using a group of patients which
included: ‘

(a) A sub group of patients able to make the test
without supplemental 02 (0L, n=27), | -
(b) A sub group requiring supplemental oxygen at a
flow rate of 2L/min (2L, n=24)

(c) A sub group requiring supplemental oxygen at a

' flow rate of 4L/min (4L, n=24)

(d) A sub group requiring supplemental oxygeﬁ at a
flow rate of 6L/min (6L, n=21). ‘
The application of the equation to calculate the

CS Index to the analysis of the results of the 6MWT in

.patients within the same subgroup enables distinctions:

to be made between these patients. ‘

. The advéntages of using the CS Index equation in
clinical = practice and . in pulmonary/respiratory
laboratories. The eguation. is of considerable benefit
in the managément of respiratory patients within
pulmonary and fespiratory laboratories,‘ in the

pulmonology, cardiology and rehabilitation fields as

‘ the equation, as illustrated above, enables the GAP_02
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(ie the 02 requirement to compiete the test) to be
determined by a single standard walking test without
any supplemental 0xygeﬁ. In this way, the successive
tests with supplemental oxygen supplies of 2L/min up
to 6L/min are no longer required, it is sufficient:to
analyse the parameters measured in the 6MWT using the
new equation.

This brings.both a greatly reduced level of effort
and stress for the patient as well as a saving for- the
fespiratory lab in terms of physical resources as wéll
as trained personnel due to the reduCed tiﬁe required,
the new total time could be even 1/8 - 1/10 of the
time required to determine the amount of oxygen
necessary.

In particular}vthe function obtained predicts the
oxygen requirement as shown in the successive  BMWT
carried out with an 02 flow from 0 to 6 L/min, showing
in a statistically significant‘ wéy the quantity of
oxygen required to make the test without desaturating

below 90% Sp0O2 or below 82% for the patiehts needing

6L/min 02.

In conclusion, the equation calculates the size of
the oxygen gap in the walking test with a high degree

of sensibility, specificity and diagnostic accuracy

with sensibility = 91.35%, specificity = 92.59% and
diagnostic accuracy = 91.88%, in the calculation and

prediction of the 02 requirement to complete the
exercise. |

QUALITY-OF-LIFE MEASUREMENTS

Quality of life can be defined as. “the gap between

that which 1is desired in 1life and that which is



WO 2012/020433 PCT/IT2010/000361

10

15

20

25

30

13

achieved”. The areas affected by health status which
reflect the effect of respiratory disease on the
ability to perform and enjoy daily activities aré the
main focus of health-related quality of life (HRQL)

Increasing documentation of the favourable effect
of rehabilitation therapy for COPD patients is '‘proof
that no other thérapy has the same rate of improvement
in exercise endufance, dyspnea, functional capacity and
overall gquality of life.

According to the most recent guidelines published
by the main internaticnal scientific lung societies,v
the assessment of patient-centered outcomes, such as
symptoms, performance in daily activities, exercise
capacity and health-related gquality of life (HRQL) ,

should be an integral component of pulmonary disease

‘management. As well as the value of oxygen saturation,

the management suggésted by' the new guide 1lines
requires the evaluation of the improvement of the

performance and of the exercise capacity, intended to

mean the patient’s ability to engage in activities of

daily 1living, the measurement of the respiratory

function by spirometry as well as the compilation of a

specific questionnaire on the quality of life and on
the symptoms. ' -
In practice for the patient, and in particular for

the older patients, it 1is very complex if not

‘impossible to manage several different medical devices

able to measure all of the parameters proposed by the
new guide lines. In addition, 1t is wvery difficult for
the patient to transfer all of the measured parameters

to the medical.centre.
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The innovative new device/system. according to the

present invention, 1s developed to measure and to

-transmit all of the required diagnostic parameters for

the .“home care” monitoring of a patient with chronic
respiratory disease. However, it has become clear that

regardless of the type of respiratory disease, patients

‘experience a substantial morbidity from secondary

impairments, such as peripheral muscle, cardiac,

‘nutritional, and psychosocial dysfunction.

This device carries out the functions required by
the healthcare givers, who need to provide a better
level of care based on new high technology at low cost

with complete integration. The clinical application

consists of non invasive and high technology testing,

with low cost and easy to use instruments and sensors.
The device is simple to use which is a new development
for home care, where the technology has not always been
éimple, especially for older patients.

'So the traditional concept of a wvisit to the
doctor is extended to a virtual visit, as every patient
can make use of these services even staying at home.
And thus a new intelligent and complétely digital
ambient is created, combining diagnostic
instrumentation with information teéhnology as well as
communications.

A COMPARISON OF THE PHYSICAL ACTIVITY CARRIED OUT
BY A PATIENT |

Acébrding to the latest scientific publicatibns in
the field of pneumology, the distance walked is of
fundamental importance in the evaluation of the state

of health of a patient with chronic respiratory
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disease. In)iaddition, when two tests by the same
patient"are compared, then 1f the  trend of the
desafuration (in other words the reduction of the
$Sp0,;) during the test is different; thénf the
evaluation only of the - distance walked is not
sufficient.

Let us therefore define an ihnovative

index/parameter: Desaturation Area/Movement.

This parameter represents the . area under the
curve, including the baseline wvalue at rest of the
%Sp0; value and the graph of the %SpO, during exercise,
for iﬁstance during walking, shown in relation to the
total movement iecorded in all three directions by the
accelerometer activity during the test. This area under
the curve can also be shown in relation to the movement
represented by the number of steps taken, also
calculated by the accélerometer.

Considering that the device according to the
present invention is able to measure simultaneously the
%Sp0,; (pulse oximetry) as well as the physical activity
(adcelerometry),'the device is also able to calculate

said index (Désaturation Area/Movement) and to show it

on the display at the end of a measurement session.
This represents a peculiar feature of the
invention and has a very significant implication in the
evidence-based evaluation of the cardio-respiratory
system during physical exercise, - and thus in the
evidence-informed manner. Indeed until now, as well as
the difficulty of having to.use two different devices,

for instance a pedometer and a pulse oximeter, to
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‘measure the SpO, values and the distance walked, this

index was simply not available.

The current situation gives great difficulties
both to the patient seeking efficient self-management,
as well as to the medical staff. Using the present
invention'these problems can be completely overcome.

In ofher words, if we consider a car which is in
perfect mechanical cohdition, it is logical to think
that this car is able to cover a greater distance with
a litre of fuel compared to a car which is not in
perfect mechanical condition. In the same way, a
patient during physical activity will have a lesser or
a greater level of fall of the %SpOé (desaturation)
according to his or her state of Thealth. The
relationship between Desaturation Area and Movement
indicates the level of desaturation in relation to the
movement or the distance covered and can therefore be
considered an index of the performance of the patient.

Thé Desaturation Area/Movement enéblesv the
comparison of two measurement sessions in order to
measure the variation in the state of health of “the
patient through their own performance and. exercise

capacity.

DESCRIPTION OF THE SENSORS
The heart of the system is the central unit which

is based on microprocessor technology. The invention is

" also provided with input/output means by which the user

interfaces with the unit. These I/O means are
preferably constituted by a touch-screen display.

In a preferred embodiment, when the device 1is
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switched on, it requires the insertion of some general
and some respiratory-specific health-related quélity of:
life questions. This gquestionnaire is first configured
for the patient by the health team, who can switch on
or off the vérious_optional questions according to the
épecific patients requirements. Individual components
of quality vof life, for instance working or resting
activity etc., include symptoms, functional status,
mood. Questionnaires can measure these components
individually or with a composite score. When the
information session is comﬁleted then the patient can
select the type of diagnostic test tolbe carried out.
One of the main advantages offered by this
invention 1is that ~ the central unit comprises an
electrical and mechahical connection assembling system
for connecting to a removable sensor for the
measurement of respiratory air flow and volume. In

order to allow a simpler access to the other functions

.the system offers, this sensor can be completely

removed from the central unit when spirqmetry‘testing
is- not required. When the flow n@asuremént head has
been connected to the central ﬁnit through the
adssociated conjugated connéctor with conjugate contact
elements, sprrometry tests can be carried out - to
determine. the most important spirometry parameters such
as the PEF, FEV1, FEF25%-75%. At the end of the test,.
the unit displayshthe results and compares them to the

reference values which have been set by the doctor

" during the device setup. Thus the patient can view

various messages about his/her state of health. When

the test is finished the respiratory measurement head



WO 2012/020433 PCT/IT2010/000361

10

15

20

25

30

18

(the complete sensor) can be removed from thé central

~unit..

The central unit can be\placed within a belt worn
close to fhe body on the waist, wrist or ankle of the .
patient, ahd then a finger probe 1is worn connected to
the central unit for the pulse oximetry, to measure

both the $%Sp0O, and the Pulse Rate (BPM). The test can

‘be carried out at rest, or during physical exercise or

even overnight during sleep.

According to a'peculiar feature of the invention,
at the same time as the pulse oximetry is measured and
recorded, the trixial accelerometer which is integrated
into the central unit, carries out the function of
activity monitor as well as motion detector. |

If the patient walks thén the number of paces can
be detected and recorded as well as the physical
activity in each of the three directions. If instead
the patient sleeps then the position of the body can be

recorded during sleep face up, face down, right side or

“left side, etc., as well as the movements during the

complete test period.

At the end of the test, any periods of arterial
desaturation, will be. analyzed and compared to the
results of the physical activity measured by the
accelerometer. Indeed, it 1is well known that in many

cases patients‘with chronic respiratory conditions will

‘have a rapid fall off in arterial oxygen saturation

following exercise, even very modest exercise.
Specifically the calculation of the index
Desaturation Area/Movement or the steps taken, will

give very important information for each test, or on
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the improvement or deterioration in the respiratory
condition by comparing the current test with a previous
test made: this also enables effective self management
by the patient who has objective'déta with which to
compare his or her exercise tolerance and to remain
within the limits suggested by thé doctor.

A further and very significant advantage of the
invention is the possibility to transmit the test data
to a web server so that the test data can then be seen
by the doctor and thus the doctor can vary the therapy
as required very quickly indeed. In some cases,ithese
patients are treated with oxygen at home in order to
compensate any desaturation.

In addition, desaturation during sléep, and above
all the rapid desaturation caused by sleep apnea, can

be linked to a body position and the analysis of the

-sleeping position is possible thanks to the

accelerometer within the device. Also, even minimum
periods during sleeping hours when the patient stands

up or walks can be identified as waking hours and thus

. excluded from thé sleep analysis.

FURTHER ADVANTAGES OF THE INVENTION

The subject of this invention is a new device with
a specific and innovative way of use both for the
patient who uses it and also for the manufacturer.

The patient has the advantage of being able to use

" and to purchase, if required, a single product - i.e.

the central unit - which carries out four functions:

questionnaire, spirometer, pulse oximeter and activity

monitor or motion detector. Furthermore, as an

alternative, he/she can also reduce the number of



WO 2012/020433 PCT/IT2010/000361

10

15

20

25 -

30

20

sensors depending on his/her specific diagnostic or
therapeutic requirements;; Then later on if the
requirements change,  additional sensors can - be
purchased without the needing of substitute the central
unit. |
Having a singie central unit which is }able to
manage and to integrate with every sensor within the

system guarantees a major simplicity of use as well as

‘an economic advantage, and the device fully respects

. the recommendations of the international guide lines

for the management of chronic respiratory disease.

The manufacturer has the advantage of
manufacturing a single product which can include one or
more sensors, according fo the needs of the customer.
This will reduce the production costs and also optimize
the level of stock required to be held, given that only
one instead of three different devices needs to be
manufactured.

In more detail, the respiratory measurement head
through the associated conjugate donnebtor with
conjugate contact elements, which then connects to the
central unit, -represents a very innovative technology
and simplifies the use for the patient.

. For instance, during the walking test to measure

.the pulse oximetry and the movement, it i1is very

convenient to reduce the size of the device to be
carried by removing the respiratory measurement head

and thus facilitate walking. The same adVantage is also

available when measuring overnight pulse oximetry, when

the patient is connected to the device worn on the

belt.
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All of these aspects improve the use of the device
and enable multiple devices to be incorporated into a

single syStem able to carry out a multitude of

"fundamental diagnostic tests, wvital for the home

management of chronic respiratofy'diseaSe.

So to summarize, the integrafion into a single
device of three different sensors for spirometry, puise
oximetry and for motion analysié and of the derived
index which compares the desaturation with the
movement, completeiy and totally  follows the
recommendations of the ‘latest guide lines of the ﬁajor
Scientific Societies for the home management of
patients with chronic respiratory disease.

So the very significant strength of~ this new
invention is the real application of these guide lines
using a single and simple to use device.

LIST OF REFERENCE USED IN DRAWINGS:

(1) central unit

(2) Bluetooth module

(3) USB port for data transmission

(4) external power supply

(5) speaker for audio feedback

(6) test report output

(7) flow and volume sensor

(8) pulse oximetry finger sensor

(9) oximetry sensor male connector

(10) oximetry sensor female connector

(11) toﬁch screen.display

(12) flow 'and volume sensor female conjugated

connector

(13) central unit male“conjﬁgated connector.
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CLAIMS

1. | Device for monitoring and reporting of
medical information for the. evidence-based menagement
of patients with. ohronicv reepiratory disease,
characterized in that it ie portable and it
eubstantially comprises a central unit (1) which
measures and collects information related to the state
of healtn of the patient, wherein it further comprises,
in combination: e removable sensor.for the measurement
of respiratory air flow and volume with special
connecting means, a removable pulse oximetry sensor and
motion sensor/detector means.

2. Device according to claim 1, characterized in
that it is provided with means for wireless or cable
transmission of the collected/stored data nsing .a
microprocessor based system comprised in said central
unit (1); said data related to the patient being
delivered through landline, broadband, wireless and
ceil—phone technology to be received by a web ‘server
and can then be accessed by medical staff.

3. Device according to claim 1, characterized in
that it is provided with an input/output touch screen
display, USB communication port and/or Bluetooth and/or
wireless communication means.

4. Device according to6 claim 1, characterized in
that’said,motion sensor/detector means comprise motion
detectors and activity monitors for evaluation or a
plausible daily aotivity of the patient in any setting.

5. Device according to preceding claim,
characterized in that said motion sensor/detector means

comprise a triaxial accelerometer for Tactivity
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monitor”, that isAsuitable to discriminate between low,
moderate and high overall activity levels as well as to
categorise‘individuals as sedentary, moderately active
or active and it is also able to deteét a variety of
body positions and physical activities; the output of
the accelerometer being measured in the three
dimensions - X = anteroposterior, Y = vertical, Z =
medioclateral vectors - and being then integrated by the
central unit (1) to represent movement as velocity over
time using the square root of the sum of squares of
each individual vector.

6. Device according to claim 1, characterizéd in

that the collecting/stering data relating to the

patient comprise the acquisition of ©physiologic

measurements such as the distance walked and the
reduction of the oxygen level in the blocod during the
exercise. -

7. Device according to claim 1, characterized in
that it is provided with means for measuring
simultaneously the %Sp0O, (pulse oximetry) as well as

the physical activity (accelerometry), wherein the

-central unit (1) is able to calculate a Desaturation

Area/Movement index and to store and show it on a

display -at the end of a measurement session; éaid index

representing the area under the %SpO: éurve, indluding
the baseline value at rest of the %Sp0, value and the
graph of the %SpO,; during exercise, for instance during
walking, 'sthn in relation to the total movement

recorded in all three directions by the accelerometer

activity during the test.
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8. Device according to claim .1, characterized in
that the <central unit (1) comprises a special

-
electrical and mechanical connection assembling system

. for connecting to a removable spirometry sensor for the

ﬁeasurément of respiratory air flow and volume; thereby
obtaining that when spirometry testing is not required
the.device is"abgolutely and conletely operational for
providing its other functions to the user.

9. Device according to preceding claim,
characterized in that when the spirometry sensor, or
flow measurement head, has been connected to the

central unit (1) through the special electrical and

mechanical connection assembling system comprising an

_associated conjugated connector with conjugate contact

elements, spirometry - tests can be carried out to

determine the most important spirometry parameters like

-the PEF, FEVl; FEF25%-75%, thereby obtaining that at

the end of the test, the central unit (1) displays. the
results and compares them to the reference values which
have been set by the doctor during the devicé setup,
further providing to -the patient suitable various
messages about his/her state of health; when the test
is finished the respirétory measurement head béiﬁg
removed from the central unit (1).

10. Device accoraing to claim 1, characterized in
that the central unit (1) can be placed within a belt
worn close to the body on‘the wéist, wrist or ankle of
the patient, and then a finger probe which is removably
connected to the central unit (1) is worn for the pulse
oximetry test, for measuring both the $%$Sp0O, and the

Pulse Rate (BPM), thereby obtaining that the test can
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be carried out at rest, or during physical exercise or
even overnight during sieep; wherein af»the same time
as the pulse oximetry is measured and recorded, . a
trixial accelerometer which is integrated into the
central unit (1), carries out the function of activity
monitor as well as motion detector.

11. Device according to claim 1, characterized in
that said central unit (1) comprises data processing
and stdring means and acceleration detecting and
storing means, so that when the patient walks then the
number of paces can be detected and recorded as well as
the physical activity in each of the three directions;
while when the patient sleeps then the position of the
body can be recorded dﬁring sleep: face up, face down,
right side or left side etc., as well as the movéments
during the complete test period. V

12. Device according to preceding claim,
characterized in that said data processing means are
suitable for linking any desaturation during sleep, and
above all any rapid desaturation caused by sleep apnea,
to a body position; furthermore, even minimum periods
during sleeping hours when the patient stands up or.

walks being identified as waking hours and thus

~excluded from the sleep analysis.

13. Device according to claim 1, characterized in
that it comprises means for transmission of the
collected data of a patieht‘to a web server so that
said data can then be seen by a doctor anduthus the
doctor can vary the therapy as required very quickly ..
indeed; in some cases, these patients being treated

with ~oxygen' at home 1in  order to compensate any
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desaturation.

14. Device according to claim 1, characterized in
that it is provided with means for measuring
simultaneously the-%SpOz (pulse oximetryf as well as
the physical activity (accelerometry), wherein the
central unit (1) 1s able to calculate a CS index or
02 Gap and to store and show it on a display at the end
of a measurement session; said CS index representing
the -quantity of oxygen expressed in L/min which must be
given to a patient in orderl that the patient can
complete the 6MWT without desaturating below the level
of 90% 5Sp0O2, and:also without desaturating below .the
level of 82% Sp02 for the patients who'require 6 L/min
of oxygen in order to complete the test.

15. Device according to previous claim,
characterized in (that said CS index or 02 gap 1is

calculated by using the following equation:

-

AUCgap/MT) + SpO2gap/7)]? ++/
If MT>1, then: [{AUCgap/MT) + (BaseSpO2gap/7)]” +VRT 931
PPD
02 (L/min) = 304
—
If MT= 0, then:
02 (L/min)=6
where:

AUCgap represents the difference between the area
under the curVe where Sp02% = .100% vs. .time and the
area below the curve showing the Sp02% vs. time of the

patient during the test;
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MT represents the test duration expressed in minutes

(from a minimum of 0 to a maximum'of 6);

' Base SpO2gap represents the difference between Sp02% =

100% and the SpO2% baseline at rest before the start.
of the walk phase;

RT represents the recovery time in seconds of the
patient at the end of ﬁhe test, for the SpO2 value to
return to the base value recorded before the test,
even if thé test is stopped before the full 6 minutes;
PPD represents the percent predicted distance, which
is the percentage of thé distance covered by the
patient during the test compared to the disténce
covered by é normal subject.

16. Use of the equation according to previous

claim for the analysis of the six minute walk test

(6MWT) in the following clinical applications:

- Calculation of the requirement of oxygen during
exercise using the 6MWT for the prescription of long
term oxygen therapy (LTOT); and/or

- Calculation of the-oxygen requirement using the
6MWT in the field of rehabilitation therapy; and/or

- calculation of the severity of a lung disease
such as COPD, pulmonary fibrosis and other respiratory
conditions, and for treatments of pulmonary conditions

using the 6MWT for the calculation of the disease

. prognosis in a patient and for the evaluation of the

results of a course of therapy in a patient.
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FIG. 2

FIG. 3
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