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This study discusses a personalized wearable monitoring stem which provides information and communication technobgies
to patients with mental disorders and physicians managing ch diseases. The system, hereinafter called the PSYCHE g9, is
mainly comprised of a comfortable t-shirt with embedded sesors, such as textile electrodes, to monitor electrocardiwam-Heart
Rate Variability (HRV) series, piezoresistive sensors forespiration activity, and tri-axial accelerometers for adivity recognition.
Moreover, on the patient-side, PSYCHE system uses a smartphe-based interactive platform for electronic mood agendand clinical
scale administration, whereas on the physician-side prodies data visualization and support to clinical decision. Th smartphone
collects the physiological and behavioral data and sends ¢hinformation out to a centralized server for further processing.

In this study, we present experimental results gathered frm ten bipolar patients, wearing the PSYCHE system, with seve
symptoms who exhibited mood states among depressidiDP), hypomaniag(HM), mixed state (MX), and euthymia (EU), i.e., the
good affective balance. In analyzing more than 400 hours ofazdiovascular dynamics, we found that patients experiencig mood
transitions from a pathological mood state (HM, DP or MX - where depressive and hypomanic symptoms are simultaneously sent)
to EU can be characterized through a commonly used measure @hntropy. In particular, the SampEn estimated on long term HRV
series increases according to the patients’ clinical impneement. These results are in agreement with the current litature reporting
on the complexity dynamics of physiological systems and pwides a promising and viable support to clinical decisioninorder to
improve the diagnosis and management of psychiatric disorets.

Index Terms—Wearable monitoring system, Heart Rate Variability (HRV), complexity, nonlinear analysis, sample entropy, bipolar
patients, mental disorders.

. INTRODUCTION presence of symptoms which are shared with other psyahiatri

Bipolar Disorder (BD) is a chronic psychiatric conditior(fisorders' All the mentioned issues associated to BD can
[1] recognized to be one of the most common and danger Iy lead to subjective interpretations, inconsistesciand
disorders of affectivity (Diagnostic and Statistical Mahof MiSdiagnoses [11]. .
Mental Disorders (DSM-IV-TR) [2]). Disease management and treatment are often associated
People affected by BD manifest drastically altered mod8 pharmaC(_eut_lcaI. anq psychosqmal_mterventlons. In_many
regulation, experiencing unbalanced mood shifts among d&S€S: hogpltallzqtlon IS alzo reqNuwed ;]n Ithe Pfesence‘@;;.
pression, mania or hypomania, and mixed states (where bBIRnIC Or depressive episodes. Nevertheless, in currentail

symptoms of depression and hypomania are present at mgctice, neither biological/physiolog_ical nor other extijve
same time), thus having a significant impact on the patien{Q’arkerS are used to support such a diagnosis and treatnfent. O

social, occupational, and general functioning and weflgei note, the treatment response is still one of the major proble

As stated above, BD strongly affects the patients’ quality ({P psylc_hiatric manage:’ngn_t, espe(]fially in p?ychoprzjarmacho
e {81 s e e i o S0 eetions Gl et o
symptomatology [3], [4]. Such a reduced QoL can also : : \ :

related to a significant loss of cognitive performance [5f! @ treatment without being sure of its effectiveness [12].

In addition, BD patients often experience anxiety, which is Tolovercomlt_a tk:jese :|m|tat|ons,_ '”dth']? study "g‘le propose a
associated to suicide attempts, lifetime alcohol abuse, an°Ve! Personalized system comprised of a wearable momgori
psychosis [6]. system with embedded sensors and a smartphone to better

Depression is characterized by sadness and hopelessrgé;%age patients affected by mental disorders such as BD: the

(including suicidal ideation), whereas mania leads to edph CHEbletSte?]' Itis based on tgetn(t)veltr;])aradri]g.mf(;n?lated to
or irritability, excessive energy, hyperactivity, hyperhic € possibility ol recognizing mood states through intotora

self-esteem, and a reduction of the need of sleep. The medefithered form the Autonomic Nervous System (ANS) [13]-
form of mania is called hypomania. Periods in which patien 6]. ANS dynamics, in fact, has been already proven to play a

do not show enough pathological signs to be consideredﬁwggl rlo6le in discerning pathological mental states eissed
one of the above-mentioned clinical states are called enithy 0 [16].

: - ; : revious studies on sleep [17], circadian heart rate rhgthm
states. Despite the high managing costs and severity of i_thi and the hormonal system [19] emphasized that there may

disease [7]-[10], in current clinical practice BD dialgrlm'exist hysiological changes that are in agreement with the
relies only on interviews and scores from psychologicalsqueclinicaﬁ) ss,/tatusgand ma %e considered rgdictors of clinica
tionnaires, the physician’s own expertise, as well as, the p Y P

tient's subjective description of the symptoms. Moreo&:, changes [20]-{22]. However, none of the previous studiss ha

. : P - led to the development of an effective system to be introduce
is always characterized by comorbidity, i.e., the simudtars into the current clinical practice. This could be due to the

Manuscript received December 1, 2012; revised December2pzz. heterogeneity of the mood disorders in terms of psychophys-
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respect to the simple clinical phenotypes adopted foradini on the conclusion and discussion of the obtained results.
purposes [17], [18], [23]-[25]. Of note, many efforts haeeh

made to investigate biomarkers of BD regardless of settpg u Il. THE PSYCHE SSTEM

pervasive, comfortable, and wearable assisting livindesys
for BD management.

In previous studies [14]-[16], [26], we provided a prelimi
nary description of the PSYCHE system showing how a mul
parametric data-mining approach can be usefully employ
to discriminate different pathological mood states assedi
to BD. In these previous studies we validated the PSYC
concept performing both feasibility studies and prelimyna

The main idea behind the PSYCHE system is grounded on
a novel naturalistic approach of BD patient monitoring, iaign
at providing parameters, indices and trends in order teebett
agsess pathological mood states [13], [14], [16], [31]. The
System provides a continuous communication and feedback
Htfi) the patient and physician through a closed loop in order
to facilitate disease management by fostering an innawativ
way to collaborate. Indeed, constant monitoring and feeklba

experimental acquisitions of mild bipolar manifestatioirs : S .
this study we applied the PSYCHE system to severe B@P both patients and phyS|C|an§) constitute _the new key to
manage the illness, to help patients, to facilitate intéoac

manifestations showing that long term acquisitions aloiity w between patient and phvsician as well as to alert profeakion
high level signal analysis can provide robust results imger . P phy P

of treatment response, revealing when the clinical follqw dcr;oggg_elogf rg'iﬁ’gfﬂ agﬂosvenpriﬁsslz"i’e olr rigari]rlr? r;%seorgci(sj. (')I':e
is going into remission. p sy ' g- 4 p

Here. after qoing into detail about the svstem and sho .the patient side through a non-invasive wearable platfarm t
, after going ! ut the sy W3 quire physiological signals from the patient as well asnfr
how a patient-physician closed loop is implemented by mealS o hije platform (i.e., a smartphone) for multiple uses. It
ggﬁﬁ:énd tprofessmbnal mtgrfacr?s, v_\':el_wn(lj Sh?_W thO.W & cords the physiological signals, acquires speech duing
. - System can be used on hospitalized patients i Orieljcateq task, allows patients to fill out a mood agenda and
to investigate the response to treatment on BD patients wiifly “Ce i administered questionnaires, and finally, sedaita

fﬁ;’ergr :ygﬁé%mtz' V’s‘ggfltjﬁg Sgt\'(egﬁSEasres'tgrﬁhfré,'rcilnsrﬁté?i% a remote server wherein the processing block is located.
ove>; lond beriod of fime. We bronose aysim lified aporoa the professional side, a central remote server is dedicat
P gp | Lexit prop Simp | PPTO3%Y analyze the data acquired from the patients and to provide
ocusing on only a complexity measure, 1.e., Sampie entrorIl}ésults to clinicians for future evaluations. The proposed
estimated onllpng-te.rm H.RV SEries. . o chitecture was developed in the frame of the European grojec
More specifically in this study, we aim at verifying thepgycHg (FP7/ICT, grant. n. 247777), whose aim were to

hypothesis that a synthetic and personalized physiolbgi¢g,ejop a pervasive and personalized monitoring system for
parameter able to characterize the course of the pathalog

mental state evolution towards EU may exist. This challlaggi'{::are assessment in mental health [14]-[16], [26]
goal is achieved by exploiting the PSYCHE platform which
enables for long-term monitoring of bipolar patients. N
Currently, several sensor-based wearable systems fdhheal %'
monitoring used for research scope exist [27], [28] but, at
present, the PSYCHE platform is the only one applied to pa:
tients affected by severe manifestations of BD. It is wotthev
noting that BD requires lifelong management, and individua
have to remain constantly vigilant for warning signs thag/ni
indicate a relapse. In the standard practice, this lattpecs
is performed by self-tracking, which is difficult to maimai
over an extended period. Even though an increasing number «
studies demonstrated the ability of a wearable system istass
in the self-tracking, this cutting-edge technology is altse
from mental health treat.m.ent [29]. In addition, It.IS vithbt Fig. 1. Overview of the PSYCHE architecture involving wearable itaring
patients as well as clinicians accept technological suppOfsystem, mobile application, and feed-back to patient aimicin.
Patient acceptance is paramount because low acceptance can
lead to reduced adherence or nonuse. Acceptance is therefoiConcerning the physiological measures, the PSYCHE sys-
a critical factor to consider when introducing sensing ie thtem is able to perform long-term ANS monitoring through a
management of mental illnesses, which can carry significastdmfortable textile-based platform, produced by Smartéx s
stigma. Therefore, the textile-integrated platform tbgewith (Prato, Italy). It is comprised of a sensorized t-shirt atdle
the smartphone framework offered by the PSYCHE systemequire ECG, Heart Rate Variability (HRV), and respiration
led to a higher level of acceptance with respect to all of thetivity (RSP) [32], along with an embedded electroniceabl
systems that are comprised of many off-the-shelf sens@is [3to acquire, pre-process, store and send the acquired data.
The paper is organized as follows: Section Il describés addition, an internal tri-axial accelerometer is able to
the technological details of the PSYCHE system, partitpilarmonitor movement activity including its classificatione(i.
emphasizing the patients’ benefits from this assisted divirsupine, sitting, sleep posture, etc.), see Fig. 2. It is hvahile
system. Section Il reports the signal processing teclasqunoting that the wearable system makes use of dry textile-
implemented in the embedded electronics of the wearallased electrodes. These electrodes have a special medtilay
monitoring systems as well as in the remote central servstructure that increases the amount of sweat and reduces
showing how data are processed for clinical state identificdhe rate of evaporation reaching electrochemical equilibr
tion. In Section IV, an evaluation study performed on a grougetween skin and electrode after ten seconds, thus showing a
of ten BD patients, along with the experimental protocol angbod signal quality [33]-[35]As a matter of fact, the signal
the achieved results, is described. Finally, Section V mspoquality is prevalently given by stable electrode-skin ifgtee
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impedance, which is mainly governed by the air gap betweearvice during this modality the data are stored in the S[ car
the interfaces. For this reason the presence of a soft layer($ee the down side of the Fig. 3). In the centralized serker, t
this multilayer electrode provides a skin adaptive elatdro

soft enough to adapt to the geometry of the biological site \

and, thereby significantly reduce the air gap between skih an|  gac« TSUALZATION H FILTERING % RAW BaRAL

electrode. Moreover, a soft electrode maintains contaeh ev PARAMETERS e ——
during motion, rubbing and sliding of the electrode over the e

skin that is one of the major sources of the motion artifact
SCANNIG DEVICES

[36].
Two different shirt typologies for women and men were STREAMING

designed as well as a specific sensorized bra for women. ,
wide range of sizes were availabla.particular, the garments
were made of elastic fibers allowing for tight adhesion to the [ eacx l—‘ SAVING
user’s body, piezoresistive fibers to monitor fabric stietg ‘
(and consequently respiration activity), and metallic f0erig. 3. Mobile platform digram for physiological signal atsition from the
knitted to create fabric electrodes to monitor the ECG. €hewearable platform

materials are knitted together and are fully integratedhia t
garment without any mechanical and physical discontinuity
creating areas with different functionalities.

The shirt was designed taking into account the thermafg})
comfort, both in the selection of the yarns and in the stitch
structure, several zones with an open net were inserted, arj8
a polyamide yarn with antibacterial properties and a naturae
feeling was used as a basic component. As a matter of fac
garments were made of commercial yarns, already tested (ar
certified) for contact with human skin, and can be easily
washed and, in need, disinfected.

Fig. 4. Example of signals acquired from the wearable sys®ntCG; b)
obtained HRV,

patients’ physiological and behavior data is processeugusi
personalized model in order to properly correlate the oleti
parameters with the mental status of the patient. The genera
model that is adaptable to each patient is based on a data-
mining concept. It includes several algorithms used fonide
tifying the mood clinical state, including data reductiomda
automatic classification of the extracted features. Hafesn

' L . itwill be identified as the Interpretation Unit (1U). A sinified
P02 I protoype of the i igrgir?eéﬁgﬂe[fgf nitoring system shawin - ¢ heme of the IU concept is shown in Fig. 5. Once the features

are extracted, a dimension reduction is performed by means

The electronic device of the wearable platform sends both feature reduction (e.g. Principal Component Aria)ys
the collected physiological data to a mobile device (i.eand selection (e.g. statistical significance). Data gath&om
a smartphone) through a bluetooth communication channghtients during the acquisition phase are stored in a dsg¢aba
The mobile application, which is based on an object-origntealled Management Platform (MP). For each new acquisition
java programming for the Android 4.01 operating systenthe IU provides the predicted status as the output of the
stores physiological data on a 128 GByte Secure Digital (SDpined classifiers. The patient-physician closed-lostesy is
card, and during the inactive period of the PSYCHE systeaomprised of two logical blocks: thBtorage Areawhere raw
forwards them to the central server by means of a wi-fi interngignals and other patient’s information are stored, andéia
TCP/IP protocol. Figure 3 shows the block diagram of thilining Areathat produces predictive results on the patient’s
app acquisition stage. The developed app can be usedstate based on the analysis of the uploaded data. Patients
two modalities , i.e., “Online" and “Offline". First of allhe at home are connected to the system, which automatically
application foresees a bluetooth scanning port for detgdtie uploads data. These data are used, together with other data
wearable device; once the device is detected, the phystalog of the same patient already present in the MP to extract data
data streaming starts. The “Offline" mode is designed fomining results that will be shown to the attending physigcian
setting up system configuration and checks the quality of tirdo will use them to optimize patient’s therapy, thelesing
physiological signs when the system is given to the patietiite loop(e.g., sending a text message “see you tomorrow for
first. Fig.3 shows the block diagram of the acquisition, fiftg a new visit" or whatever personalized message).
and visualization of signals. In this modality, signals dan In addition, other signals such as biochemical data obdaine
visualized in real time (see Fig. 4). After that, the app igrough portable device (e.g. saliva-based lithium deiras
ready to be used in "Online" mode, in which the systemsell as stress-related hormones, etc.), voice and elemtnoal
is automatically managed and the app runs as a backgrouesponse have also been included into the monitoring ptatfo
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| A. Sample Entropy
su. + RN - i In order to perform the SampEn calculation, the phase
=i (O profection. | E| gy Pattern space of the HRV series must be estimated. This task can
Py be performed using Taken’s theorem through two parameters:
Wi — Clamtien ™ m the embedding dimension, am¢g the margin of tolerance.

Inference) 4[ I The Entropy calculation of short and noisy time series data

was first studied by Pincus [37] by defining the Approximate
Entropy which has subsequently been followed by the SampEn

[38]-[41]SampEn.

Fig. 5. The Data Mining Concept implemented in the PSYCHE systeteraf ~ SPecifically, starting from the vectors;, X, ..., Xn 41

the feature selection procedure, statistics and patterogrétion algorithms  in R™ defined byX,; = [u(i), u(i + 1), ...,u(i + m — 1)], the

are applied, running into the centralized server. distance between two vectol§ and X is defined according
to Takens formulation in his studies on high dimensional
deterministic system [42], [43] :

along with behavioral data such as sleep quality, physical a _ _

tivity, questionnaires, mood agenda, sleep agenda, ntatica d[Xi, Xj] = mazp=12,.. mlu(i + k= 1) —u(j+ k- 1)]

_ . " (2)
intake, and diary [14}-[16], [26] For eachi, with 1 <i < N —m + 1, the variableC(r)
is defined as:
IIl. METHODOLOGY OFBIOMEDICAL SIGNAL .
PROCESSING Cm(T) _ Number Of] such thad[X“Xj] < ’f‘) . (2)
¢ N-m+1
Signal processing and data-mining techniques are imple'Starting from the following definition
mented in the embedded electronics of the wearable moni-
toring systems as well as in the remote central server, and " vajl’”“logcr(r)
aim at analyzing the acquired data in order to maximize " (r) = N mat1 3)

the information for the definition of the patient’s clinical ) )
state. Of note, only part of the preprocessing procedures ighe SampEn is computed through the expression [38].

implemented in the embodied electronic device, while the om+1

remaining part is transmitted to a smartphone and then to a SampEn(m,r,N} —In —-— (4)
central database for further analysis. The current stathes ¢

art of biomedical signal processing as well as multi-fumeéil  In this study, we used standard values foandm param-

and multi-parametric analysis are applied to all of the @egu eters, which have been suggested in previous studies dealin
physiological data, including results also from questamings, With RR interval series [38]m = 2 andr = 0.20 * std
clinical and medical information, patient characteristiage, (std=standard deviation of time series).

gender, etc.). A processing unit was developed followirgy th

schema reported in Fig.6. 1V. CASE STUDY: PSYCHESYSTEM FORPATIENTS WITH
Although the PSYCHE system was based on a multi- SEVERE BIPOLAR DISORDER

This study aims at validating the PSYCHE system in terms
of supporting the diagnosis and helping in the prognosis

1
! 1
ioataAqutisiﬁon | DATA | of patients affected by severe bipolar disorders. Spetifica
ni . . . e
: i ! this work investigates the PSYCHE system ability to detect
| Pre-Processing step H | th to t t t . b | t t h |
| Analog Filters, Format Conversion . early the response to treatment in bipolar patients who also
I 3 I .
! etc. : underwent electroconvulsive therapy.
et gt
: Pro;es‘sting Digital Filters, Segmentation, etc. : . . .
{ Uni : A. Patient Recruitment and Experimental Protocol
1
i | oo A | Ten patients were recruited and monitored during an acute
! i i ultivariate Analysis ! . . .. . .
; (“G";’:g:;":;f,‘;;‘;g;i (Generic and Spedfic ! episode and followed until clinical remission. _
! Feature Extraction) Feature Extraction) | Patients were recruited at the Pisa University Hospital
Frrorssssrsssssodprossssssss fpessrosnsssrosy within the Second Chair of Psychiatry and the chair of Chihic
1 Interpretation | Data-Mining Concept ‘ i Psychology. Patients had to express their written informed
1

______________________________________________ . consent to participate in the study and fulfill the following

Fig. 6. A block diagram of the PSYCHE processing platform, whoseitet inclusion criteria:

are reported in [14] « age between 18-65 years
« clinical diagnosis of bipolar disorder and presence of a
parametric approach, processing the features ffbRV, res- mood episode

piration signal, activity, voice, and questionnaires afjéther, ~ « absence of high risk suicidal behaviors

using both linear and nonlinear methodologies, this stiedy i « occurrence of at least a change of treatment (dosage
focused only on the elaboration of a single signal, i.e. gamp ~ and/or drugs) within the two weeks earlier than the
entropy (SampEn), which is estimated on long term HRV  recruitment time

series. In the next section, the mathematical derivaticsuoh The experimental protocol for the PSYCHE project was
an entropy measure is described in detail. approved by the ethical committee of the University of Pisa,



JOURNAL OF ETEX CLASS FILES, VOL. 11, NO. 4, DECEMBER 2012 5

study n. 3148, 010-PSYCHE-00Ih this study, we recruited TABLE |I
acutely depressed and depressed/hypomanic, hospitalzed SAMPEN VALUES ASSOCIATED TOBP PATIENTS UNDER STUDY
tients. This choice was motivated by the following reasons: Patient | Acq.l | Acq2 | AcG3 | AcqA | ACG5
o Hospitalized patients have, in general, full-bloomed Pz0L | 1.29 | 1.49
pathological states. Thus, the changes in clinical states Pz02 | 093 [ 104 | 132 [ 131 | 1.34
would have been more marked as, presumably, the effect E;gi 2;2; i:gg
of these changes on psychophysiological parameters. Pz05 | 1.30 | 1.36 | 151
o« The PSYCHE system is in itself a naturalistic study Pz06 | 114 | 1.15 | 122 | 1.46
that does not imply the control for medication intake. E;g; (1)-2}1 g-gg (1)-57’2 1.27
On the other hand, hospitalized patients can undergo a P700 T 125 133 :
change in medication prescription, and therefore that can PzI0 | 1.18 | 154

be followed in terms of clinical and psycho-physiological
changes due to response to treatment.
o The goal of this study was to assess if there are psycho- !

physiological changes that might predict remission. For 13
this reason hospitalized patients are an ideal candidate to '

this end. Given the fact that they were under constant % .
supervision by health care professionals, they could be &5 511

SampEn

\

evaluated during remission.
The clinical history of the enrolled ten patients duringsthi

study is detailed in table I. e oty Ok Wk o ow  mm
TABLE | Fig. 7. SampEn values computed on HRV series for patientd Ba@ Pz02
CLINICAL MOOD STATES OF THE PATIENTS UNDER STUDY
Patient| Acg.1 | Acq.2 | Acg.3 | Acq.4 | Acq.b 15
Pz01 DP EU 4 18
pz02 MX MX DP DP EU 148
Pz03 | MX EU " l
Pz04 DP EU §12 g
Pz05 | DP DP EU Fu R
Pz06 DP DP DP EU L 102
Pz07 MX MX DP EU
Pz08 | MIX MX EU o0 H
Pz09 DP EU 08 hed Euthymic 3 epressea Euthymic
Pz10 DP EU
EU stands Tor euthymia stfate; DP stands for depression 3f{estands for

mixed-state; Pz stands for patient; Acq stands for acdprisit Fig. 8. SampEn values computed on HRV series for patient8 Ba@l Pz04

B. Experimental Results

In this study, Heart Rate Variability (HRV) was acquired e 14
and processed during normal activity in the clinical setin 14 1
In a previous study [44], it has been shown that linear- e
derived parameters are inadequate to discern healthycisibje “ 2
and patients with major depressive disorders as they have a 1= 11;

variance as high as to not be able to infer an appreciable |
difference between the two groups. On the contrary, non- > pepressed Eumme e e e e
linear measures such as the entropy-based ones allowed for , _
discriminating of depressive patients from healthy suisjec Fig. 9. SampEn values computed on HRV series for patients Ba@l Pz06
always showing a significant decrease of the complexity in
the pathological group [45]. Results from the current study
show that the SampEn, evaluated on data coming from the | 1
PSYCHE platform, can be considered as a viable and simple "
biomarker of response to treatment in severe bipolar gatien !
Figures 7-11 and Table Il show the SampEn trend for each

-

c
i}
)
5
@ 1

of the considered BD. It is straightforward to notice that th N H
SampEn values increase as the mood state goes from mixed 13
state (the most severe pathological mental status) to suithy o8

Mix Mix Dep Euth Mix Mix

m
s

state (the good affective balance) through depressionomec
ing to these considerations, the coherent trends higleligh
using the intra-subject analysis are informative results.

In order to generalize the results, Table 1ll shows a 95%

Confidence Interval (Cl) for each of the considered mo%heref ando are the mean value and standard deviation of

states. : :
; ; , respectively, and: is the number of samples of the vector
The CI was calculated according to the following formulag.c. The variableto s stands for the t-Student variable with

Cl.=T+to0s550/Vn (5) statistical significanc@.05 and>= n — 1 degrees of freedom.

tFig. 10. SampEn values computed on HRV series for patier@3 Bad Pz08
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TABLE Il
EXPERIMENTAL RESULTS ON THE INTERSUBJECT ANALYSIS AMONG DIFFERENT MOOD STATES

[ Mixed-State [ Depression | Euthymia
| 95% Confidence Interval (t-Studentf) [0.8663, 1.1911]] [1.1890, 1.3045]] [1.3930, 1.5333]]

L . to remit. Therefore, as compared to the available literature

133 . we are able to extend the relationship between complexity
12 reduction and pathological state, already verified in major
§1a g1 depression, to bipolar disorders. We also show a trend that

seems to link the presence of (hypo)maniac states (in mixed
129 states) to a even bigger loss of complexity as compared to
128 © depressive states. These findings might suggest that Sample
Entropy can be considered a marker of clinical severity in
bipolar disorders. Indeed other studies have shown, atw@#pgro
level, differences between patients and controls both uteac
depressive states or in remitted euthymic states [50]. Mewe

no study was able to assess this difference in Sample Entropy
at a single subject level and, longitudinally, in the same

tient through different pathological mood states. Hynal

Of note, the Cl among the pathological mental states . L
. L were able to find a similar pattern of Sample Entropy
not overlapped, suggesting the promising role of the PSYC anges at a single subject level: the achieved results show

zgiteerren s?/?ngt%?nsslon support system for BD patients haV'cgherent behavior of the Sample Ent_ro_pyin a!l of the pad;i.ent
’ Although these results are very preliminary since obtamed
a reduced, although consistent, population, they enceunag
V. CONCLUSION AND DisCUSSION to hypothesizethat this complexity measure can be used as

We presented a clinical application of the PSYCHE pla@n early and valid indicator of the treatment response offi eac
form, that is a personalized wearable monitoring system fBatient toward remissior change in SampEn measurements
care in mental healtfrhe wearable platform was tested duringnight be a preclinical marker of treatment response. From
the course of the PSYCHE project to be able to comfortabdy clinical perspective, such early indications would dyeat
acquire physiological signals frosevereBD patients during- help to improve treatment and care, allowing for more rapid
long term acquisitions. Moreover, embedded mobile devi€danges in ineffective treatments and faster optimizatibn
was proven to be a suitable platform to collect and transnéiffective treatments. This would have a possible relevant
data to the server for further processing stages. The PSYCFgapse on psychiatric clinical practice since the unaerta
architecture has been designed and developed with the &Hicome of pharmacological treatments is widely accepsed a
of collecting a large amount of data and implementing a da@fe of the major clinical problems, even if appropriate drug
mining strategy to identify the current clinical status asllw are administered.
as predict early the next mood state transition. In thisystud Increasing the number of acquisitions from each patient in
we processed only a single signal acquired with the platforanlarger group of patients may also allow for simple predicti
in order to investigate the response to treatment. As a mattproaches based on linear or nonlinear combinations of
of fact, we demonstrated that the PSYCHE system can W&ues of previous acquisitions. This approach would atlosv
usefully employed in assessing the response to treatm&m in determination of mood outcome not only retrospectivelyinas
patients with severe symptoms. The uncertain positiveeffe the present paper, but also as a real forecast having trevaend
pharmacological treatments, in fact, is widely acceptetigo impact on clinical course and quality of life of the patients
one of the major clinical problems, even if appropriate drug To conclude we showed how the platform was used as
are administered. Clinicians often need to try and adjust thyiable support to clinical decision. The closed-loop syste
treatments if they realize that the expected clinical respo implemented in the architecture of the PSYCHE system, where
is not coming. Through the PSYCHE system and the relatactontinuous bio-feedback to physicians and patients rgecar
long-term recording of ANS signals, it was possible to exttraout, resulted to be a novel approach in the psychiatric desor
and analyze simple but effective complex measures sucteasihanagement. Moreover, the continuous interaction between
SampEn, which have been demonstrated to play an importgfiicians and patients improves the quality of life of patis
role in several psychiatric as well as cardiovascular dis helping the clinicians in the diagnosis and preventingpm_
[45], [46]. SampEn and other complexity measurements hawe addition, the proposed system is to be intended as a
been demonstrated to be reduced in cardiovascular disoaderpersonalized system, which can be tailored to a single mtiie
well as in depression and insomnia [45], [47], [48]. Complexeeds.
ity measurements were also shown to decrease when healthy
individuals were subjected to an acute stress [49]. As it was
expected, also in our sampiee found that SampEn varies
almost linearly when pathological states go towards eutaym ACKNOWLEDGMENT
including a clear distinction between psychopathologtates
with different levels of severity and with different clic ~ The authors Fig. like to thank Prof. Mauro Mauri and
characteristics (like mixed state and purely depressates). Dott. Lorenzo Lattanzi from the Second Chair of Psychiatry
Moreover, following the trend of these parameters we weed the Pisa University Hospital for their constant help ie th
retrospectively able to state that the patients were goingcruitment phase.

1.27: 11 -
Depressed Euthymic Depressed Euthymic
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