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prising: at least one device (D) for the detection of physi-
ological parameters (R), that can be applied to said patient
to be monitored; at least one timer for detecting time
intervals, such as date and time, associated with said
detected physiological parameters (R); at least one emission
device of sound and/or visual alarm signals capable of
emitting an sound and/or visual output warning signal,
associated with said physiological detected parameters (R);
a control logic unit (C), connectable to said at least one
device (D) and at least one timer, and capable of controlling
said at least one emission signals device, suitable to receive
in input said physiological detected parameters (R) and said
time intervals, said control logic unit (C) being provided
with a processing program, in which thresholds of prede-
termined values reached by said physiological parameters
(R) are initially stored, which runs the following steps:
associating said detected physiological parameters (R) with
the time intervals, in which the detection has taken place; for
every detection time instant, sending said physiological
parameters (R) measured at a statistical indices calculation
algorithm; comparing said statistical indexes obtained in the
preceding step with said predetermined threshold and acti-
vating said at least one signals emission device for the
emission of a sound and/or visual warning signal if at least
one of said statistical indexes exceeds said corresponding
predetermined threshold.

9 Claims, 4 Drawing Sheets
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1
SYSTEM FOR THE DETECTION AND THE
EARLY PREDICTION OF THE
APPROACHING OF EXACERBATIONS IN
PATIENTS SUFFERING FROM CHRONIC
OBSTRUCTIVE BRONCOPNEUMATY

RELATED APPLICATIONS

This application is a United States National Stage Appli-
cation filed under 35 U.S.C 371 of PCT Patent Application
Serial No. PCT/IT2015/000146, filed Jun. 3, 2015, the
disclosure of all of which are hereby incorporated by refer-
ence in their entirety.

The present invention relates to a system for the detection
and the early prediction of the approaching of exacerbations
in patients suffering from chronic obstructive broncopneu-
maty.

Chronic obstructive broncopneumaty or COPD is a
chronic pulmonary disease characterized by bronchial
obstruction, with partial or not reversible airflow limitation,
slowly progressive, caused by chronic inflammation of the
airways and of the pulmonary parenchyma.

It is considered the fourth cause of death in the US and the
fifth in the world.

Patients with this disease have periodic exacerbations.

Exacerbations phases are more or less long and more or
less rapid onset, during which COPD or asthma symptoms
get worse, and then the patient, on doctor’s advice, should
change or intensify the medication that is assuming.

Exacerbations must be reported as soon as possible to the
doctor because, especially if not quickly and properly
treated, can lead to serious consequences for the asthma or
COPD patient, such as hospitalization or even death.

The drugs used to regular daily treat these diseases have
as their main purpose to prevent exacerbations.

The invention thus relates to a system of the above kind,
studied and realized especially to early detect and report the
emergence of said exacerbations or clinically critical situa-
tions, called “worrisome events”, which could lead to dete-
rioration of health of the COPD subject.

In the following, the description will be directed to system
for detection and early warning of exacerbations, but it is
clear that the same should not be considered limited to this
specific use.

The system in fact can also be employed for the remote
multiparametric or monoparametric monitoring in stability
conditions.

Currently there are in the literature algorithms that evalu-
ate whether a patient is at COPD exacerbations risk.

An algorithm known in the art takes into account the
measurements of a device that detects physiological param-
eters during a time window, possibly variable, of 30 days
duration; then the method determines a regression line a in
the plane defined by the Cartesian coordinates of time and
SpO, values.

The coeflicient a of the regression line a is compared with
a reference value a,.

Assuming a,=-0,0737, and defining a function

se a < ay

1,
F(a) ={

0, sea>a

if the value obtained is less than a,, the result obtained is
less than 1, indicating that there is an exacerbation phase;

10

15

20

25

30

35

40

45

50

55

60

65

2

instead, if the result obtained is greater than a,, the result
obtained will be equal to 0, indicating that the patient is not
at exacerbation risk.

The state of the art only considers the risk for a patient
affected by COPD to get close to an exacerbation event,
without considering other important aspects of the health of
the patient as possible dyspnea and tachycardia.

Furthermore, in the prior art a fixed threshold for dis-
criminating whether an event corresponds to an exacerbation
is or not is adopted.

For the prediction of the exacerbation is used only SpO,
parameter, while in the literature it has been shown that the
predictive capability of exacerbations improves if the trend
of both oxygen saturation SpO, and both heart rate are
monitored.

The mathematical expression upon which the known
algorithm is based, takes into account only the existing
connection between time and oxygen saturation (SpO,),
assuming that between these two parameters there is a linear
dependence relationship.

Furthermore, the model according to the prior art does not
take into account the personal physiological characteristics
of the patient, such as the time average of the oxygen
saturation (SpO,), which is an information necessary for a
correct estimate of the trend of said patient health state.

In the light of the above it is, therefore, object of the
present invention to provide a system for the detection and
the early prediction of the approaching of exacerbations in
patients suffering from chronic obstructive broncopneumaty,
taking account the physiological parameters of the patient.

A further object of the present invention is to provide a
system, which takes into account time variations of the
measurements of physiological parameters of the patient.

It is therefore specific object of the present invention a
system for the detection and early warning of the incomin-
gacute events in patients with chronic obstructive pulmonary
disease, comprising: at least one device for the detection of
physiological parameters, that can be applied to said patient
to be monitored; at least one timer for detecting time
intervals, such as date and time, associated with said
detected physiological parameters; at least one emission
device of sound and/or visual alarm signals capable of
emitting an sound and/or visual output warning signal,
associated with said physiological detected parameters; a
control logic unit, connectable to said at least one device and
at least one timer, and capable of controlling said at least one
emission signals device, suitable to receive in input said
physiological detected parameters and said time intervals,
said control logic unit being provided with a processing
program, in which thresholds of predetermined values
reached by said physiological parameters are initially stored,
which runs the following steps: associating said detected
physiological parameters with the time intervals, in which
the detection has taken place; for every detection time
instant, sending said physiological parameters measured at a
statistical indices calculation algorithm; comparing said
statistical indexes obtained in the preceding step with said
predetermined threshold and activating said at least one
signals emission device for the emission of a sound and/or
visual warning signal if at least one of said statistical indexes
exceeds said corresponding predetermined threshold.

Further according to the invention, said at least one device
is a pulse oximeter that detects the following physiological
data: hemoglobin saturation (SpO); and heart rate (HR);

in the following preset time frames, and scanned by said
timer: morning hours interval (C,,,,,,,.); afternoon hours

interval (Cpe,mo0n): €vening hours interval (Cp,,,,ne)-
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Still according to the invention, said logic control unit
comprises a first unit configured to carry out said association
of said detected physiological parameters with the time
frames in which the detection has taken place, obtaining the

following registrations: morning registrations (X, """
5ﬁ‘ernoon

XHR’”"’”Z"g) afternoon  registerations O(S
Xpz?7°"); and  evening registrations (X evm"g,
X2"™%); and a second unit, comprising a neural network

implemented with a Binary Finite State Machine (BFSM),
configured to process said grouped input data, according to
said processing program.

Preferably according to the invention, said Binary Finite
State Machine (BMSF) runs a first calibration step for
setting said predetermined thresholds of values P=(e, Weight
SpO,, WeightHR, «, 1), representing the typical trends of
said physiological parameters of hemoglobin saturation
(SpO,) and heart rate (HR) measurable from said patient to
be monitored, and a second learning step of said physiologi-
cal parameters of hemoglobin saturation (SpQ,) and heart
rate (HR), wherein said Binary Finite State Machine
(BMSF) leams the trend of said hemoglobin saturation
(SpO,) and heart rate (HR) of said specific patient to be
monitored in said preset time frames of the morning

in the afternoon (Cyp,,,00,) and evening

(CMoWlin )5
Evenin‘i' . . . . .
Further according to the invention, said processing pro-

gram performs the following steps for the calculation of said

statistical indices: calculation of the average of said regis-
tratlonsf?f the momln%t O(Spo OIS X ’"O’""’g) afternoon
ajiernoon afiernoon EVE}’IU’Ig

Xso w0, Xy ) and evening (X0

Xz %), obtalmng the values of the average “of the

Morming (AVerage,, ., img(spoy) AVETAZE i cry), allel-

0000 (AVEIage, fermoon(sp0, AVETAZE yfemoon HR)S and eve-

ning (AVerage,,,imecspops Averageevemng(HR)) calculatmg

the standard deviation of said registrations of the morning

(XS o moleng XHRmDmll’lg) aftemOOn O(S o afternoon

P 12

XHRafizemoon) and eVenlng @S o’evenmg XHRZVeVllng) Obtaln—

ing the values of the standard deviation of the morning

(DeVStmormng(SpOZ)S DeVStmormng(HR)) aﬁemo.on
(DeVS afternoon(Sp Oy 2y eVStaﬁ‘gmoon(HR) and evenng
(Devstevgm,,g(spoz), Devstgvemng(HR)) calculating a weighted

combination, or Oximetry Weighted Score (WOS) for each
class time:

XSP02 - Average(SPOQ)
Devst(SPO,) ]
Xug — Average(HR)
Weightyp| ———
8 ’HR( Devst(HR) ]
Weightspo2 + Weighty,

—WeightSP02(

WOS(Xspo,, Xur) =

comparing said statistical indexes obtained in previous
steps with said predetermined values thresholds.

Still according to the invention, said Binary Finite State
Machine (BMSF) evolves in the following states associated
to critical warning events: HR Alarm when for two con-
secutive registrations (R) the condition X, ,>Average z+
K*Devst,,, occurs, in which the value K is determined in
said self-learning step; Oximetryscore Punctual Alarm when
the condition WOS(Xg,5,, Xpr)>WOS(Xg,0, Average
(HR)) occurs; SpO, Alarm when X, =y, conyE[80 95],
Missing Data “Alarm in the case of two missing consecutive
registrations (R), Alarm Oximetry score associated with an
alarm place reached when recording fulfils one of the
following conditions:

Warningl: WOS(X,,

il WO K WOSSPOsc gt
wverage j

Warning2: WOS(Xg, 0, Xer) > WOS(SPOs,.reurt,

Average(HR) |*BQZ}‘
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Warning3: WOS(Xsy0, X > WOS(SPOs,sicart,
Average(HR)Y*B,5°

AllarmWarrisomeOximctryScore: WOS
(Yspoz Xrry” WOS(SPO2scarte,Average
(HR))*B;*
wherein B1, B2, B3 ¢[0, 1] and SpO, _,,,;..; 1s the critical
value of oxygen saturation, normally equal to 0.9%.

Preferably according to the invention, said HR Alarm,
Oximetryscore Punctual Alarm, SpQO, Alarm, Missing Data
Alarm and Alarm Oximetry score states are provided as
input to said emission device of sound and/or visual alarm
signals, which emits sound and/or visual signals for each
corresponding state.

Further according to the invention, said system could
comprise a plurality of sensors capable of detecting further
physiological parameters from said monitored patient.

Still according to the invention, said sensors comprise an
accelerometer for detecting movements of said patient and/
or a spirometer for the detection of pulmonary volume of
said patient to provide input to said control logic unit.

Preferably according to the invention, in said calibration
step of said Finite State Machine (BMSF), a self-learning
algorithm is used, which configuration parameters P=(e,
Weight SpO,, WeightHR, k, L) can be set by a user.

Further according to the invention, said Finite State
Machine (MSFB) learns said parameters P according to the
following steps: providing a validation set of registrations
(R) on which, fixed a possible configuration of the param-
eters P, the algorithm is tested and the weighted accuracy
aCC,,, i m0q 15 €stimated; testing said parameters, by setting
the data value WeightHR equal to 1, while the value of the
datum Weight SpO, can vary between 1 and 20; determining
the set of said parameters P by performing the Cartesian
product of the possible combinations of parameters P=(¢,
Weight SpO,, WeightHR, «, A); selecting the parameter
configuration P* to be used by said system (S), by selecting
a combination of said parameters that maximizes the
weighted accuracy value according to the formula P*=arg
A, (3CC, 170 (P).

Still according to the invention, said parameter AC
[0.1,...,4,...,0.09UL,...,j,..., 10], withi ER and
j€Rand such that A, -A,=0.01 and said parameter
kE[L, ..., d , 10] with 1 EX.

The present invention will be now described, for illustra-
tive but not limitative purposes, according to its preferred
embodiments, with particular reference to the figures of the
enclosed drawings, wherein:

FIG. 1 shows a block diagram of the system for the
detection and early warning of the incoming acute events in
patients with chronic obstructive pulmonary disease;

FIG. 2 shows the operation of a part of the system
according to the invention;

FIG. 3 shows a graph relating to the priority levels
associated with critical events detected by the system
according to the invention;

FIG. 4 shows a possible management of the priority levels
of critical events; and

In the various figures, similar parts will be indicated by
the same reference numbers.

Referring to the enclosed figures, it is seen that the system
S for the detection and prediction of acute events in patients
suffering from chronic obstructive broncopneumaty, object
of the present invention, comprises a device D for the
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acquisition of physiological data of a patient suffering from
chronic obstructive broncopneumaty, such as a pulse oxi-
meter.
The data detected by said device D are mainly the
saturation of hemoglobin, also called SpO,, and the heart
rate, also called Heart Rate or HR, for said patient.
Said system S includes a timer for the detection of
temporal data, such as date and time are associated with said
physiological data, as it will be described in detail herein-
after.
Said system S may comprise a plurality of sensors, not
shown in the figure, capable of detecting further physiologi-
cal parameters from said patient, such as an accelerometer
for detecting movements of said patient and a spirometer for
the detection of pulmonary volume of said patient.
Said system S also comprises a control logic unit C which
receives in input said physiological data and said time data,
hereinafter referred to as input data, acquired from said
device D, from said plurality of sensors and from said timer,
processes said data input in accordance with a predeter-
mined program, which will be described in detail hereinaf-
ter, and supplies processed data at the output, hereinafter
referred to as output data.
Said control logic unit C comprises a first part C, which
carries out a pre-processing of said input data, and a second
part C, comprising a recognition algorithm of acute events,
implemented by means of a Binary Finite State Machine, or
even BMSF, that performs the processing of said pre-
processed input data, as will it be described in detail
hereinafter.
Said system S also comprises a device for the emission of
sound and/or visual warning alarm, not shown, which
receives in input said output data from said control logic unit
C, and outputs warning signals, corresponding to said output
data according to a predetermined logic, which will be
described in detail hereinafter.
Said data input to said control logic unit C are in particular
four, the value of the hemoglobin saturation percentage, the
value of the heart rate HR measured by said pulse oximeter
and the date and time at which the measurement or regis-
tration R takes place, provided by said timer.
Such input data are formally designated by the triad
Xspazs XzrXHR, t), where the value t indicates both the
date and time of the registrations R.
Registrations R can be made at different times of day,
according to which said input data are classified.
In particular, three possible hourly classes are defined:
morning class, indicated by C,,,,,.. containing all the
registrations R in the morning if the registration time
belongs to the time slot of the morning, said registra-
tions are indicated by (Xs,0,"”"""%, Xpz""");

afternoon class, indicated by C4.,,,.,,, containing all the
registrations R in the afternoon if the registration time
belongs to the time slot of the afternoon, said registra-
tions are indicated by O(Spoz“ﬁe’”oo", X,

evening class, indicated by C,,,.. containing all the
registrations R in the evening if the registration time
belongs to the time slot of the evening, said registra-
tions are indicated by (Xg o, Xy ")

Said time slots of each class are set and adapted to the
specific needs of the patient and may be variable both in
number and in duration.

Said first part C carries out the association between each
registration R and the hourly class to which they belong.

Said data output from said control logic unit C consist in
a mean and standard deviation of a time window of defined
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6

amplitude, for example 10 days, of each of said input data,
which are indicated with the following symbols:

(Average Devst
(AVerage,,,, ming ) Devst
(AVErage ermoon(spoy)»
(‘Averageaﬁemoon(HR)s

(AVerage, , c,umg(spo,y
(‘Averageevening(HR)S DeVStevem’ng(HR))'

Said output data from said control logic unit C are
associated to said sound and/or visual warning signals, as it
will be described in detail hereinafter.

Said sound and/or visual warning signal emitted by said
emission device can be listed as follows:

HR alarm associated with a HR registration over a pre-
determined threshold, to which corresponds a possible
sinus tachycardia;

score punctual Oximetry Alarm associated with a sharp
variation of the recordings of SpO, and HR over
predetermined values, which corresponds to a possible
dyspnesa;

SpO, Alarm related to a SpO, registration lower than a
predetermined threshold, to which a possible hypox-
emia corresponds;

Alarm missing data associated with two consecutive
missing recordings with respect to the established pro-
tocol by the treating doctor of said patient, due to
malfunction of said pulse oximeter D, or due to a
general ill state of the patient, who is not able to
perform the registration;

Alarm Oximetry score associated with a negative trend of
SpO, and HR recordings, which corresponds to the
incoming of possible exacerbations of the disease.

According to the specific warning signal, said emission
device signals may generate an alarm sound or a visual
signal.

The operation of the system S described above is as
follows.

When a patient suffering from chronic obstructive bron-
copneumaty decides to use the system S described above, he
agrees with his own treating doctor a protocol by which he
determines the number of registrations R to be made and the
time intervals in which carrying out said registrations R.

In said system S it is possible both setting initial param-
eters and performing a standard calibration step, so as to
make said system S adapted for the physiological parameters
of said monitored patient, so that it fits to the decisions
process of the specialist of the pathology.

Therefore, in an initial calibration step of about 10 days
duration, duration that is indicative and illustrative, which
can be customized to the specific characteristics of each
patient, said pulse oximeter D acquires repeatedly during the
day physiological data of said patient monitored, in particu-
lar the typical values of SpO, and HR of said monitored
patient, in different time instants within the time frame of a
day.

Said first part C, of said control logic unit C associates
said physiological parameters to the initial time instants, in
which registration was effected, so as to configure a typical
trend of said physiological parameters in the time period of
one day.

These initial physiological parameters, associated with
time intervals, are then sent from said first part C, to said
second part C, which, being a supervised learning algorithm,
has the ability to learn and adapt to the physiological
characteristics of said monitored patient, customizing then
the specific physiological parameters of the patient at dif-
ferent times of the day.

morning SpO,)? morning(SpO,)
moming(HR));

DeVStaﬁ‘emoon(SpOZ))s
Dev Stafterno on (HR)) 5

DeVStevening(SpOZ)) °
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For this purpose the algorithm requires that the measure-
ments acquired in the aforesaid initial calibration stage are
labeled, for example by a specialist, so that the learning
algorithm can adapt to the correct decision-making process.
The learning consists in optimizing threshold parameters
with respect to the above said physiological characteristics.

Then following said initial training period, said system S
will continue to be modeled on the patient either through
self-learning using the input data, either through a possible
intervention by the specialist doctor by modifying the con-
figuration parameters for a better response from said system
S.

As it will be described in detail hereinafter, said system S
is therefore able to detect possible exacerbations, analyzing
the correlated trend of SpO, and HR parameters, through a
series of state transitions of said system S that reflect the
worsening of the patient monitored until the reaching a place
of alarm that shows an initial deterioration of the physi-
ological parameters of the monitored patient, allowing to
identify the exacerbations in the early phase.

In particular, said BMSF comprised in said second part C,
of said control logic unit C analyzes the measured values of
SpO, and HR, to create a model of the time evolution of the
state of health of said monitored patient.

A BMSF is a particular Petri net, which is a bipartite
graph. which defines the following items:

token, shown in FIG. 2 with a black dot, corresponding to
the state of said monitored patient, at the moment when said
registration R takes place;

places, shown in FIG. 2 with white circles, corresponding
to the possible health states of said monitored patient, that
are defined by the normal state, in which measured physi-
ological parameters of said monitored patient fall within
normal ranges, alert state, in which the physiological param-
eters measured by said monitored patient presenting a nega-
tive trend and alarm state in which measured physiological
parameters of said monitored patient correspond to a critical
state, for it is necessary a hospitalization of said monitored
patient in an hospital, that are also called Worrisome events;

transitions, shown in FIG. 2 with black rectangles, cor-
responding to clinical evolutions from one place to another.

The places and transitions are called nodes and nodes are
interconnected by oriented arcs.

It is only possible connections between nodes of different
types.

The dynamic evolution of said system S is represented
through the passage of a single token, from one place to the
next one, when the transition connecting the two places is
enabled, i.e., when the condition linked to that transition is
verified.

As described above, those registrations R are pre-pro-
cessed by said first part C, of said control logic unit C and
then are catalogued according to the time in which they
occurred, in three categories of registration, morning, after-
noon and evening.

Subsequently, averages and standard deviations of the
three registrations categories are calculated, for each hourly
class said system S calculates averages and standard devia-
tions both for oxygen saturation measurements and for heart
rate ones.

This means that the system S calculates independently the
averages and standard deviations of all recordings acquired
between times, which may possibly coincide with zero, and
the second, which took place during the three hourly classes,
or in the morning, afternoon and evening.
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Therefore, said system S calculates the above twelve
parameters:

(Averagemorm'ng (SpOy)» DeVStmomi"g (SPOZ))’
(‘Axveragemoming(HR)! DeVStMO”""i"g(HR));

(Averageafternoon (SpO,) DeVStaﬁeW’oo"(SPOZ)) ’
(AAxverageaﬁgmoon(HR)s DeVStafternoon(HR));

(Averageevening(5p02)5 DeVStevening(SPOz))’

(‘Aver:ageevening(HR)s ].)eVStevening(HR))' . .
Said system S, with each new registration updates the

average and standard deviation of the two measurements of
the hourly class related to the new registration.

For each pair of measurements made in the same time slot
at time t>t,, indicated as (Xgpps, Xgg)s it calculates a
weighted combination that is called Weighted Oximetry
Score (WOS):

Xspo, — Average(SP0O;)
Devst(SPO,) ]
Xyr — Average(HR)
Weighi, 7]
8 ”R( Devsi(HR) )
Weightsm2 + Weightyp

- Weighlspo2 (

WOS(Xspo,, Xur) =

where SpO, and HR represent the sample registrations set
used for training said system S.

After the pre-processing step by said first part C,, the data
are sent to said second part C,, in particular to said BMSF
of said control logic unit C proceeds starting from the place
obtained from the previous event.

Referring to FIG. 3, and in particular to the five vertical
chains of events represented therein, the main network ways,
from left to right, correspond to the above-described audio
and/or visual warning signals emitted by said emission
device, which occur in the following situations:

HR Alarm is associated to a single place of alarm and is
reached when it occurs, for two consecutive events, the
condition: X, z)Average, x+K*Devstyy, in which the
value K is determined in the self-learning step of said
BMSF.

punctual Oximetryscore Alarm is associated with one
place of alarm reached when the condition WOS(Xg,0,.
Kspo,y Xur)WOS(Xs,0,, Average(HR)) occurs.

SpO, Alarm is associated with a unique place of alarm
that is achieved when X, <y, where y€[80,95];

Alarm missing data is associated with a unique alarm
place that is reached at the first missing registration and
from one missing alarm place that is reached in case of
two consecutive missing measurements;

Alarm Oximetry score associated with a alarm place
reached when the registration verify one of the follow-
ing conditions:

Warningl: WOS(Xepp, Xz > WOS(SPO,.......rH6,

Average(HR))*B 1%‘

Warning2: WOS(Xepo, Xz > WOS(SPO,. i 6,
Average(HR))*By

Warning3: WOS(Xopo,Xpza)>WOS(SPOs pnieart6s
Average(HR))*B;

AllarmWarrisomeOximetryScore: WOS
(XspoyXar)>WOS(SPOspiricar, Average(HR))
where the parameters B1, B2, B3 vary between 0 and 1, for
example can be set equal to 0.25,0.50, 0.75, also SpO5 _,sicar
is the critical value of oxygen saturation, normally equal to
0.9, Average(HR) is the arithmetic average of the registra-



US 10,542,942 B2

9

tions of the heart rate based on the time slot to which the
registrations belongs during the observation time, while k, A
and ¢ are parameters that can be set during configuration of
the system S.

The dynamic evolution of the token can develop both on
the main vertical paths, as shown in FIG. 1, and in possible
alternative paths, which connect them with each other, as
shown in FIG. 2.

Transitions that precede a place all have the same condi-
tion.

Competitive situations or situations in which different
conditions occur simultaneously belonging to several major
chains are solved based on the priority levels of the chains
represented in FIG. 3.

A part of the chain corresponding to missing measure-
ments, the same input is capable of activating simultane-
ously more than one transition.

In particular, starting from a place corresponding to the
state of health of said monitored patient, if the registration
R made at a determined hourly class shows a sudden decay
of SpO, below a predetermined alarm threshold, associated
with a small increase of HR, transitions corresponding to
timely Oximetryscore Alarm, SpO, Alarm and Alarm Oxi-
metry score chains would be activated simultaneously.

However, due to the different priority levels shown in
FIG. 3, only one transition corresponding to the chain alarm
is activated, allowing the passage of the token from one
place to the next in a uniform way.

The table below shows all the possible transitions and the
conditions for its activation:

Transitions Activation condition

T1> T2> T32> T13> T8> TIO
T0> T20= T21> T31> T11> T12

Missing measiring event
<
Measure Xspe, < 90

Tag, Tag Xpg > Average g, + K * Devs,(spoz)

T3, Tas WOS(Xspoy, Xer) ¥ WOS(SPOsicar + €,
Average(HR)) * 0.25*

Ty, Too Toy WOSXspoy Xur) > WOS(SPOs0ar + €,

Average(HR)) * 0.50*

WOS(Xspoy, Xer) > WOS(SPOsiscar + €
Average(HR)) * 0.75*

WOS(XSPOZ, Xyr) > WOS(SPOs,, 15001 + &
Average(HR))

WOS(Xspoy Xur) = WOS(SPOseyiiar + €,
Average(HR)) * 0.25*

T5> T18= T23> T25
T6> T15= T16> T17> T33

T13> T14> T9> T7> T30

As regards the self-learning of said BMSF, using a
self-learning algorithm, whose configuration parameters P
(e, Weight SpO,, WeightHR, K, A) are learned on the basis
of the labeling of alarm events by the doctor during said
initial training step of said monitored patient.

The learning procedure of the aforesaid parameters takes
place according to the following steps:

at first, providing a set of validation of registrations R is

necessary, on which, once fixed a possible configura-
tion of the parameters P, the algorithm is tested and the
weighted accuracy, called acc ;4.4 15 estimated.

The table below shows a matrix of weights for the
calculation of acCyyeeq

HR alarm,
Oximetry
Missing Oximetry punctual alarm

Health  data score score, SpO,

state alarm alarm alarm
Health state 1 1 1 1
Missing data alarm 1 1 2 1
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10
-continued
HR alarm,
Oximetry
Missing Oximetry punctual alarm
Health  data score score, SpO,
state alarm alarm alarm
Oximetry score alarm 2 1 1 1
HR alarm, Oximetry 1 1 1 1
punctual alarm score,
SpO, alarm

Then parameters P are tested.

Referring to the equation of the calculation of the value
WOS(Xs,0,, Xpg), considering the configuration param-
eters Weight(X,,), Weight(X ) due to the relative nature
of the two weights, fixing one of the two parameters and
varying the other is sufficient.

It has been chosen to fix the parameter Weight(X ) equal
to 1, while Weight(X,, ) varies between 1 and 20.

The parameter AS[0.1, . .., 4, ..., 009U[L, ...,
js. .., 10], withi ER and jER and such that i, ~A,=0.01.

The parameter kE[1, . . . i, ... 10], with i EX.

The set of parameters P is given by the Cartesian product
between the possible combinations of parameters P (e,
Weight SpO,, WeightHR, «, A).

The configuration of the parameters used in said system S,
indicated by P* is equal to the combination that maximizes
the value of the accuracy weighing, or P*=arg max, (ac-
Cweighted (Pt))

According to what is described, said system S has pre-
dictive capabilities since the states of alert, prior to the alarm
can be regarded as different levels of probability that the
patient may have an exacerbation, sending alert signals even
when the patient does not show symptoms and the exacer-
bation is still in latent stage. Said system S allows identi-
fying the approaching of a dangerous event for said moni-
tored patient, associated with the degeneration of the
negative state of health of the patient, as well as non-
acquisition of the measurements themselves.

Also, the use of the BMSF allows monitoring the health
conditions evolving over time.

The present invention has been described for illustrative
but not limitative purposes, according to its preferred
embodiments, but it is to be understood that modifications
and/or changes can be introduced by those skilled in the art
without departing from the relevant scope as defined in the
enclosed claims.

The invention claimed is:

1. A system (S) for the detection and early warning of the
incoming acute events in patients with chronic obstructive
pulmonary disease, comprising:

at least one device (D) for the detection of physiological
parameters (R), that can be applied to said patient to be
monitored;

at least one timer for detecting time intervals, such as date
and time, associated with said detected physiological
parameters (R);

at least one emission device of sound and/or visual alarm
signals capable of emitting an sound and/or visual
output warning signal, associated with said physiologi-
cal detected parameters (R);

a control logic unit (C), connectable to said at least one
device (D) and at least one timer, and capable of
controlling said at least one emission signals device,
suitable to receive in input said physiological detected
parameters (R) and said time intervals, said control
logic unit (C) being provided with a processing pro-
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gram, in which thresholds of predetermined values
reached by said physiological parameters (R) are ini-
tially stored, which runs the following steps:

associating said detected physiological parameters (R)

with the time intervals, in which the detection has taken
place;

for every detection time instant, sending said physiologi-

cal parameters (R) measured at a statistical indices
calculation algorithm;

comparing said statistical indexes obtained in the preced-

ing step with said predetermined threshold and activat-
ing said at least one signals emission device for the
emission of a sound and/or visual warning signal if at
least one of said statistical indexes exceeds said corre-
sponding predetermined threshold;

wherein said at least one device (D) is a pulse oximeter

that detects the following physiological data:

hemoglobin saturation (SpO);

heart rate (HR);

in the following preset time frames, and scanned by said

timer:

morning hours interval (Cyy,,,.,,,.):

afternoon hours interval (C

evening hours interval (Cg,,,;,,.),

wherein said logic control unit (C) comprises

a first unit (C) configured to carry out said association
of said detected physiological parameters (R) with
the time frames in which the detection has taken
place, obtaining the following registrations:
morning registrations (Xg,o mOTHINE X e,
afternoon registrations O(Spo aiermoon s Xpr
evening registrations (XS o, evening, X =8, and

a second unit (C,), comprising a neural network imple-
mented with a Binary Finite State Machine (BFSM),
configured to process said grouped input data,
according to said processing program, and

wherein said Binary Finite State Machine (BMSF) runs

a first calibration step for setting said predetermined
thresholds of values P=(ge, Weight SpO,, WeightHR,
K, &), representing the typical trends of said physi-
ological parameters of hemoglobin saturation (SpO,)
and heart rate (HR) measurable from said patient to
be monitored, and

a second learning step of said physiological parameters
of hemoglobin saturation (SpO,) and heart rate
(HR), wherein said Binary Finite State Machine
(BMSF) learns the trend of said hemoglobin satura-
tion (SpO,) and heart rate (HR) of said specific
patient to be monitored in said preset time frames of
the mormng (Catorming)> 1 the afternoon (C4..,,.00,)
and evening (Cp,peying)-

2. The system(s) according to claim 1, characterized in
that said processing program performs the following steps
for the calculation of said statistical indices:

calculation of the average of said registrations of the

morning  (Xg,0,""""%,  Xp"""), afternoon

afternoon aftemoon evening
Kspo, X ) and evening (X, 0, ,
XHR

e“e”’”g) obtammg the values of the average of the
mormng (Averagemomlng(SpOZ)J Av eragemornmg(HR)):
afternoon (Averageaﬁgmoon(spo » Averageaﬁmoon(HR))
and evenlng (Averageevemng(SpOz)J Averageevemng(HR))J

calculating the standard deviation of said registrations of
the morning (X, g, XHR’""’"Z"g) afternoon
O(S afternoon X ) and evenlng (XSPO evemng’
X HRe“e”’"g) obtalmng the values of the standard devia-
tion

of the  morning

‘Afternoon 5

afi‘emoon) .
s

af}emoon

(DeVStmommg(SpOZ)s
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Devst,, ., img@r)),  alternoon (Devstaﬁemoon(spoz)
Devst, s moonry) and  evening  (Devst
DeVStevemng(HR} ’

calculating a weighted combination, or Oximetry

Weighted Score (WOS) for each class time:

evening(SpO,)?

Xspo, — Average(SP0O;)
Devst(SPOy) ]
Xur — Average(HR)
Weightyo| —————
o ”R( Devst(HR)
Weighlsm2 + Weightp

- Weighlspo2 (

WOS(Xspo,, Xur) =

comparing said statistical indexes obtained in previous
steps with said predetermined values thresholds.

3. The system(s) according to claim 2, characterized in
that said Binary Finite State Machine (BMSF) evolves in the
following states associated to critical warning events:

HR Alarm when for two consecutive registrations (R) the
condition X >Average,+K*Devst,, occurs, in
which the value K is determined in said self-learning
step;

Oximetryscore Punctual Alarm when the condition WOS
Kspoy Xur)>WOS(X, o, Average(HR)) occurs;

SpO, Alarm when X, =y, wherein y&[80,95]

Missing Data Alarm in the case of two missing consecu-
tive registrations (R);

Alarm Oximetry score associated with an alarm place
reached when recording fulfils one of the following
conditions:

Warningl: WOS(Xg, 0, Xprr)>WOS(SPOypsicartt,
Average(HR)* B,

Warning2: WOS(X; 50y Xern)>WOS(SPO,,;icarte,
Average(HR))*B,"

Warning3: WOS(X,o

7 (i) >WOS(SPOserieart,
Average(HR))* B,

AllarmWarrisomeOximetryScore: WOS
Kspoy Xery> WOS(SPO, iyt Average(HR)

wherein B1, B2, B3 ¢[0, 1] and SpO, _,,,;..; 1s the critical
value of oxygen saturation, normally equal to 0.9%.

4. The system(s) according to claim 3, characterized in
that said HR Alarm, Oximetryscore Punctual Alarm, SpO,
Alarm, Missing Data Alarm and Alarm Oximetry score
states are provided as input to said emission device of sound
and/or visual alarm signals, which emits sound and/or visual
signals for each corresponding state.

5. The system(s) according to claim 1, characterized in
that it comprises a plurality of sensors capable of detecting
further physiological parameters from said monitored
patient.

6. The system(s) according to claim 5, characterized in
that said sensors comprise an accelerometer for detecting
movements of said patient and/or a spirometer for the
detection of pulmonary volume of said patient to provide
input to said control logic unit (C).

7. The system(s) according to claim 1, characterized in
that in said calibration step of said Finite State Machine
(BMSF), a self-learning algorithm is used, which configu-
ration parameters P=(e, Weight SpO,, WeightHR, x, &) can
be set by a user.

8. The system(s) according to claim 1, characterized in
that said Finite State Machine (MSFB) learns said param-
eters P according to the following steps:
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providing a validation set of registrations (R) on which,
fixed a possible configuration of the parameters P, the
algorithm is tested and the weighted accuracy
aCC,y, ey 19 EStiMated;
testing said parameters, by setting the data value
WeightHR equal to 1, while the value of the datum
Weight SpO, can vary between 1 and 20;

determining the set of said parameters P by performing
the Cartesian product of the possible combinations of
parameters P=(e, Weight SpO,, WeightHR, k, A);

selecting the parameter configuration P* to be used by
said system (S), by selecting a combination of said
parameters that maximizes the weighted accuracy
value according to the formula P*=arg max, (acc
().

9. The system(s) according to claim 3, characterized in
that said parameter AS[0.1, . . . , 1, ..., 0.09]U[1, . . .,
Js o oo s .., 10], with iER and jJER and such that
P =2=0.01 and said parameter ke[ 1, . . ., 1, ..., 10] with
iex.

weighted
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