47

IT B neuxiarii, BCP, Tenemenuumta, MobinbHa MeguiuHa

Daily HRV assesment evaluated by remote control
In dementia

G. Raimondi’, N. Marchitto? B. Scordamaglia?, A. Ciaramella’
P. Casacci?, M. Pistoia?, S. Sacco?, G. Sancesario*

'University of Roma «Sapienzay, Italy
2ASL Latina, Italy
SLiferesult, Italy

“University «Tor Vergata», Roma, Italy

Abstract

Introduction.The use of technology as a support and medical attention to different types of diseasesis now a common feature
in several research projects conducted at European and national level. Diseases such as Alzheimer’s or stroke, considered among
the leading causes of disability are at the center of these projects.

Aim, The aim of this study has been to evaluate the ability to monitor the daily autonomic assessment in patients with dementia
by means the HRV analysis of ECG signal recorded with a new device: the «Pulse» that is a wearable electronic device for the acquisi-
tion, recording and transmission of physiological parameters to external devices.

Materials and Methods. We studied 36 patients (17 Fand 19 M, 73,9+8,9 years). At the patients we installed a «Pulse» for a week. From
the pulse we can obtain a record for 5-minute each hour in which the ECG, breath frequency, body position and activity level are reported.

Results. With these preliminary data we obtained 3 important results: first, in all the patients enrolled we did not observe any
change of electrical conduction on the ECG signals. Second the cardiovascular variability is very low in all period considered. In fact the
principal indexes of the HRV showed a reduction. Finally, in each period considered the both linear in the frequency domain and non
linear indexes of the sympathetic activity, showed a marked increase specially during the night period.

Conclusion. The proposed system can help the physician and the caregiver in the control of these patients with dementia. The wireless
connection allowed various of device application and several monitoring arrangements ranging from real-time monitoring to long-term
recording of biological signals. Implementation of this model may facilitate both accessibility and availability of personalized monitor

and therapy. Further studies would validate it in the clinical and healthcare environment.
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Introduction

The use of technology as a support and medical attention
to different types of diseasesis now a common feature inseveral
research projects conducted at European and national level. Dis-
eases such as Alzheimer's or stroke, considered among the leading
causes of disability are at the center of these projects.

In the Integrated Management of the disease, the patient
and his family are the center of a network which includes spe-
cialized outpatient services, day centers, home care services,
the nursing homes (RSA), the long-term care and the hospital.

The Integrated Management is made easier by the use of electro-
nic health records, which allow the sharing of patient information
from all those involved.

The literature presents some experimental devices of telehealth
that, although they are related to small samples, stimulate impor-
tant reflections.

With reference to diseases related to cognitive deficits, the thech-
nology research is oriented substantially in various directions: that
of supporting remote management of drug therapy, the control of

the patient’s conditions, and that of the support at home through
the administration of telematics rehabilitation programs.

For example particular attention is required when prescribing
psychotropic medications in patients with Alzheimer Disease (AD)
or other dementia, because sometimes induce serious iatrogenic
effects but preventable. Since acetylcholine is the main neuro-
transmitter in the parasympathetic nervous system, it is assumed
that the cholinergic activity of acetylcholinesterase inhibitors
and the anticholinergic properties of the antipsychotics agents
are both related to the vagal modulation, that can be observed
from the surveys of the electrocardiogram (ECG).

We hypothesize that the early ECG recording with remote
control can be predictive of the side effects of treatment with
neuroleptics and with acetylcholinesterase inhibitors.

The aim of this study has been to evaluate the ability to moni-
tor the daily autonomic assessment in patients with dementia by
means the HRV analysis of ECG signal recorded with a new device:
the «Pulse» that can acquire, digitalize, storein a tablet or smart-
phone device and periodically transmits via a Bluetooth radio link
with a host device, connected to a medical.
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Material and Methods

The Pulse: the Pulse Sensor (MR&D) is a wearable, battery oper-
ated device intended for use as a part of a multiparameter analysis
system. It uses a component adhesive sensorized (plaster), placed
on the body of the person assisted, that is connected to other
electronic components included in the device.

The pulse permits to record heart rate, respiratory rate
and the level of activity of the person providing the management
system of continuous or periodic messages of information to/from
the server according to the specific settings defined by operators.

The Pulse supports 6 dif ferent medical protocols: Based on the phys-
iological data computed or Real-time check through data fusion.

When a protocol is violated a notification is sent to the external
device: The notification includes the time stamp for the violation, so the
external device can request the raw signals for that specific moment.

The settings for each medical protocol are completely con-
figurable:

1. Each protocol can be enabled /disabled independently.

2. Checking frequency is configurable.

server

user’s computer

3. Thresholds are configurable.

4. Notifications can be suppressed according to configurable rules
(e. g.ridentical, repeated notifications can be suppressed /reduced.

Available data and parameters depends on the selected op-
erative mode. In fact the Pulse can be configured to operate in 2
different modes:

+ Streaming Mode: is when the Pulse is powered ON and sampling
the data as specified in the Configuration Settings, sending them
directly to the Associated Device with periodicity specified by the last
configuration commands received from the Associated Device.

» Monitoring mode: is when the Pulse is powered ON, gathering
and storing in the internal memory data at the frequency specified
in the Configuration Settings, and sending the data as requested
by the Associated Device.

From the pulse we can obtain a record for 5-minute each hour
in which the ECG (signal and R-R interval), breath frequency,
position and activity level are reported; then in the day we can
observe 24 records and we have the possibility to have not only
the ECG abnormalities (arrhythmias or conduction’s defects)
but also the neurovegetative assessment during the normal
activity.

System and ECG signal shapshot

Signals and Parameters

Streaming Mode

Monitoring mode

ECG raw

128256 Hz

128/256 Hz

Heart Rate

1each 10-15-30-60 secs

1each 10-15-30-60 secs

Heart Rate Reliability

1each 10 secs

1each 10 secs

R-R Variability 1each 10 secs 1each 10 secs

XYZ raw 50,0 Hz -

Activity level 1each 5-10-15-30-60 secs 1each 5-10-15-30-60 secs
BIOIMP-Z0 raw 32 Hz -
BIOIMP-DZ raw 32 Hz -

Respiration Rate

1each 15-30-60 secs

1each 15-30-60 secs

Battery Level

1each 10-15-30-60 secs

1each 10-15-30-60 secs
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In fact, from the records we can extrapolate by means
KUBIOS-HRV software the HRV analysis, both linear and non
linear. Linear methods include traditional statistical analysis
(SDNN, RMSSD) and the analysis of the HRV through the
frequency domain calculating the LF, HF and LF/HF Ratio
components. Nonlinear methods include the Poincaré plot
(SD1and SD2 indexes) and the Detrended Fluctuation Analysis
(DFA — aland a2 indexes).

We have chosen the six most representative periods of the day,
but, of course it is possible to evaluate not only 6 periods but 24
periods in the day.

We analyzed the below periods:

+ the morning (8.00 and 12.00 a.m.) in which the sympathetic
activity is high;

* the afternoon (16.00 and 20.00 p.m.) in which there is an initial
decrease of the sympathetic activity and an increase in the evening;
 thenight (24.00 and 2.00 a.m.), in this period the parasympa-
thetic activity progressively increases).

With this analysis it is possible to have an idea about the daily
cardiovascular neurovegetative pattern of the patients.

Statistical analysis was carried out with SigmaStat software
with p<0,05 considered significant.

Patients. We studied 139 patients. 58 Patients were enrolled
but only 36 patients (17 F and 19 M, 73,9+ 8,9 years) completed
the study. The dropouts were due to lack of caregivers or errors
committed by caregivers during data acquisition. At the patients
we installed a pulse for a week.

Results. \With these preliminary data we obtained 3 important re-
sults: first, in all the patients enrolled we did not observe any change
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of electrical conduction on the ECG signals and, consequently, we
had the opportunity to observe that the neurological therapy did
not result in any alteration on this physiological parameter.

Second, the cardiovascular variability is very low in all period
considered. In fact the principal indexes of the Heart Variability
both in time and frequency domain (SDNN, RMSDD and Total
Power) showed a reduction respect to the values considered nor-
mal, while the respiratory rate showed no changes during all the
period considered. (Tabl. 1).

Finally, in each period considered the both linear in the fre-
quency domain and non linear indexes of the sympathetic activ-
ity, showed a marked increase specially during the night period
in wich the rest was confirmed by the low HR and the low indexes
of the activity level, expressed in arbitrary units, and then it there
should be an increase in vagal tone. In fact, in each period ob-
served, the LF/HF ratio in the frequency domain, and non linear
indexes SD2/SD1 (Poincaré plot) and a1/a2 ratio (Detrended
Fluctuation Analysis) showed values greater than 1 expression
of sympathetic hiperactivity. (Tabl. 2).

Discussion

Telemedicine applications play an increasingly important role
in health care. They offer indispensable tools for home healthcare,
remote patient monitoring, and disease management, not only
for rural health and battlefield care, but also for nursing home,
assisted living facilities, and maritime and aviation settings. In ad-
diction, multiple comorbid conditions among older patients require

Tabl. 1. The principal indexes of the Heart Variability both in time
and frequency domain (SDNN, RMSDD and Total Power).

hour Respirato_ry rate SDNN RMSDD Total Power
b/min msec msec msec

08.00 15,8+2,8 22,7+£8,4 20,7+8,0 522,2+357,2
12.00 16,6 3,7 24,5%13,3 22,3%£12,5 682,0+815,9
16.00 14,6 £4,6 20,1+8,0 19,3+8,2 417,6 £310,7
20.00 151+4,4 25,3%£17,9 25,1+£24,4 729,5+135,3
24.00 14,0+4,9 25,8+17,3 23,0£17,5 975,4+1859,4
02.00 16,8 £3,3 26,1%£16,0 25,4%£13,7 773,0+£1184,0

The data are expressed as Mean=+SD.

Tabl. 2. The LF/HF ratio in the frequency domain, and non linear indexes
SD2/SD1(Poincaré plot) and a1/a2 ratio (Detrended Fluctuation Analysis).

hour R'Rn::te’i"’a' LF /HF sD2/SD1 al/a2 ACti":{J_Le"e'
08.00 880,9+145,3 2,7+1,9 2,040,6 2,6+1,3 5,9+6,3
12.00 857,74145,2 2,723 2,0£0,9 2,5+1,] 8,45,
16.00 843,9+127,2 2,5+2,2 1,9+0,7 2,440,7 8,0£7,5
20.00 851,2+133,7 2,9+2,2 2,040,8 2,740,8 5,9+4,5
24.00 972,5+ 1441 31426 21407 3,1+1,0 11+1,6
02.00 998,4+136,5 2,6+3,5 1,840,7 2,7+1,0 11£1,6
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frequent physician office and emergency room visits, at times
leading to hospitalization. In recent years, mobile health systems
utilizing hand-held devices (e.g., smartphones or tablet) have been
developed, which could be used for health-related interventions.
Studies have demonstrated that technological innovation is vital
for prosperous economies, and greater technological innovation
leads to improved public health indicators. Moreover an optimal
model for telemedicine use in the international care setting has
not been established.

The principal result of this study is the possibility to evaluate
from remote not only the ECG signals but also, in post-analysis but
in real-time, the behaviour of the neurovegetative assessment of
the cardiovascular system during the day and it is possible to couple
this aspect with the activity level, the breath frequency and the
hearth rate. In this way we can control completely the patients.

The Pulse device performs a real-time recording of physiologi-
calsignals: A, 1-lead ECG Electrocardiogram; B, Bio-impedance; C,
Activity through 3 —axis Accelerometer. The signals are processed
online to determine several physiological indexes (RR Hearth rate
and Hearth rate Variability, Respiration Rate, Activity Level and
Body Posture).

Our objective was to describe a new device for the home,
cardiovascular and motor control of the patients with dementia.
In fact in this study, although of a pilot nature, we used a new
device. The Pulse Device is a wearable electronic, battery operated
device that is worn on the chest for the acquisition, recording and
transmission of physiological parameters to external devices which
can analyze or forward the data to additional storage elements
or system. The device uses a disposable fabric adhesive component
that attaches to the subject and connects to the enclosed electronic
components. The PULSE device is also capable to record sympto-
matic and asymptomatic events and is indicated for ambulatory
monitoring of non-lethal cardiac arrhythmias. Additionally, resident
in the Pulse device is a heart rate, respiration rate and activity level
calculation algorithm, which allows the system to manage infor-
mation messages from /to the Server according to specific settings
defined by the physicians /operators. The deviceis a part of a Multi-
parameter Analysis System, Pulse System and communicates via
a Bluetooth® radio link with the external device. Specification
of PULSE System is beyond the scope of this document.

The device permits to monitor not only the normal parameters
(ECG, respiratory rate or activity level) but also to have a daily
behaviour of the neurovegetative cardiovascular pattern related
to activity level and respiratory rate. In fact the 4 patients presented
in this study show 4 different sympato-vagal system patterns, then
it is possible to modify or to adapt the therapy in a personalized
way in real time.

In conclusion the proposed system can help the physician and
the caregiver in the control of these particular patients. The wireless
connection allowed various of device application and several moni-
toring arrangements ranging from real-time monitoring to long-
term recording of biological signals. Implementation of this model
may facilitate both accessibility and availability of personalized
monitor and therapy. Further studies would validate it in the clinical
and healthcare environment.
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[llopenxa oninka BCP mpu nemen1ii, Aka BUMIPIOETbLCA
3a I0TIOMOT010 Bifila/IEHOTO KOHTPOJO

G. Raimondi*, N. Marchitto? B. Scordamaglia’, A. Ciaramella?, P. Casacci?
M. Pistoia?, S. Sacco?, G. Sancesario*
'University of Roma «Sapienza», 2ASL Latina, *Liferesult, “University «Tor Vergata», Roma

Pesiome

Berym. BukopucTaHHA TEXHOJOTIN B AKOCTI MIATPUMKU Ta MEAUYHOL 0TIOMOTM ITPY Pi3HUX BULAX 3aXBOPIOBAHb B JAHUM! YaC € CITiNb-
HO'0 PUCO10 KiNbKOX LOCNIAHNIBKUK TIPOEKTIB, 110 TPOBOAATHCA Ha €BPOIEWCHKOMY Ta HallioHanbHOMY piBHAX. Taki XxBopo6w, sk xBopoba
AnbureiiMepa a6o iHCynbT, AKi BBAXKATLCA OLHUMU 3 OCHOBHUX IPUUMH iHBaNifHOCTI, 3HAX0AATHLCA B LIeHTPi UNX IIPOEKTIB.

MeTa. MeTa 1b0T0 AOCHIAKEHHSA [TOIATAIA B TOMY, 11106 OLiHUTU 30aTHICTL KOHTPOIIOBATY 1|0L€HHY BET€TATUBHY OLIHKY V MAlieHTiB
3 JleMeH1lieto 3a fomomorotw aranizy BCP EKT-curnany, 3ammcaioro HoBuM mpucTpoim «IIynbey, Aknii € MOGINbHUM eNIeKTPOHHUM IIpy-
CTpoeM Ans 360py, peecTpauii Ta mepepava ¢isionoriuHux napamerpis Ha 30BHinIHi TpucTpoi.

Marepianu Ta MeToau. My BuBuwim 36 mauienTis (17 xiHox (F) i 19 yonogikis (M), 73,948 9 pokis). Y mauieHTis BcTaHOBWIV IIy7bC» Ha TWKAEHS.
ITo iMmynbCY MOXXHA OTPUMATM 3aITUC TIPOTATOM 5 XBWIVH 1oroanty, B kit — EKT, yacToTa fuxaHHs, TON0XKEHHA Tina i piBeHb aKTUBHOCTI.

Pe3ynbraTu. 3a nomnepenHiMm JaHUMU OTPUMAHI 3 BAKAWBUXK PE3YIIbTATU: IIO-TIEPLIE, Y BCIX MALIEHTIB, AKi OY/IM BKIIOUEHI B LOCTIfKEH-
Hsl, He CIiocTepiranu 6ynb-akux 3MiH enexTpomnposifgHocti Ha curnanax EKT. [To-apyre, BapiabGenbHicTb CepleBO-CYAUHHOI CUCTEMU fyKE
HU3bKA 32 BeCb aHanizoBaHmii mepion. ®akTuHO 0cHOBHI okasHuku BCP mokasanwu suukerHs. OfHaK, B YacTOTHOI 0671aCTi, B KOKHOMY
PO3rnAHyTOMY Iepioni, 0c06a1BO B HIYHWI Yac, NiHINHI 1 HeniHiiHI MOKa3HWKN CUMITATUYHOI AKTUBHOCTI IOMITHO 36inbIMAmnCA.

BucHOBOK. 3arponoHOBaHa CUCTEMA MOXKE IOMIOMOTTH JliKapto 1 0co6i, ika 3aificHIOE A0S, KOHTPOJIOBATM LIMX MTALI€HTIB 3 IeMEHIIIE0.
Be3ppoToBe 3'efHaHHA J03BOIWI0 BUKOPUCTOBYBATY Pi3Hi PUCTPOi i Kinbka MPUCTPOIB MOHITOPUHTY, TOYMHANOYW Bifi MOHITOPUHTY B PEXUMI
PeanbHoTo Yacy [0 JOBrOCTPOKOBOI 3amucu bionoriviux curHanis. Peanizauis niei Mopeni Moxe IMONETMIUTY K AOCTYITHICTb IIEPCOHANI30-
BAHOT'0 MOHITOPA, TaK i gocTynHicTb Tepamii. [lofanbiri focnigKeHHA MiATBEPAATD L€ B KIIHIYHIN TPaKTULi i MEOUUHOMY cepefoBULL.

Knwowuosi cnosa: menemeduyura,; BCP; demenyia.

ExxepHeBHasa onexka BCP ripu pemennuu, nsmepsemas
yOaJleHHLIM KOHTPOJ1IEM

G. Raimondi’, N. Marchitto? B. Scordamaglia’, A. Ciaramella’, P. Casacci?
M. Pistoia3 S. Sacco?, G. Sancesario*
'University of Roma «Sapienza, ASL Latina, Liferesult, “University «Tor Vergata», Roma

Pesiome

Beepenue. Mcronb3oBaHne TEXHOJO0TMI B KAYECTBE MTOAAEPIKKU U MEAULMHCKO TOMOLU IIPU PAa3/IMYHLIX BUAAX 3a60J1€BaHN B Ha-
CToslllee BPeMs ABNAETCA 00LIel YePTO HECKONbKUX UCCEeL0BATENbCKUX IPOEKTOB, IPOBOAUMbIX Ha €BPOIMECKOM U HAllMOHALLHOM
ypoBHAX. Takne 6one3nu, kak 601e3Hb AnblireiiMepa WIK UHCYILT, KOTOPEIE CIUTAIOTCA OAHUMMU U3 OCHOBHLIX IPUUUH NHBANULHOCTH,
HaXOZATCA B L]eHTPEe 3TUX [TPOEKTOB.

Ilens. Llenb 3TOr0 UCCNE0BAHMUA COCTOANA B TOM, YTOOLI OLLeHUTb CIIOCOOHOCTb KOHTPOINPOBATD EXXEIHEBHY0 BETETATUBHY0 OLlEHKY
y TIALMEHTOB C ileMeH1eil ¢ ToMombio aHanusa BCP KI'-curnana, 3ammcaHHOro ¢ ITOMOLbI0 HOBOT'O YCTPoiicTBa: «IIynbey, KOTOPLI ABNAETCA
HOCUMLIM 371€KTPOHHLIM YCTPOUCTBOM [j1s CO0PA, PErUCTPALUM U Ilepefiada GU3NO0N0rMIecKnX TapaMeTpoB Ha BHELIHWE YCTPONCTBA.

Marepuanst u MeTopbt. Mbt uzyuunu 36 nauuentos (17 wenmus (F) n 19 myxuun (M), 73,9+8,9 ropa). V nmaumeHToB ycTaHOBUIN
«IIynbc» Ha Hepento. IIo UMIYNLCY MOXHO MONYYUTD 3alUCh B TeUueHUe 5 MUHYT KaXAbN yac, B kKoTopoit — KT, yacrora ApixaHus, no-
JI0)KeHWe TeNla 1 YPOBEeHb aKTUBHOCTU.

Pesynbrarst. C 3TMMU IIpeBAPUTENbHEIMU JAHHEIMU IIOJLYYEHH 3 BXXHLIX PE3YJlbTaTa: BO-IIEPBLIX, ¥ BCEX MALNEHTOB, KOTOPLIE OLIIU
BKJIIOYEHbI B UCCTIEI0BAHMNE, HE HAOMIOANU KaKUX-IMO0 U3MEHEHWI 31eKTPONPOBOAHOCTY Ha curHanax IKI'. Bo-BTOpbIX, BAPMAOENbHOCTb
CepAevyHO-COCYAUCTO CUCTEMb 0YeHb HU3KasA 3a BECh pacCMaTpuBaeMslii mepuog. Pakrudecku ocHoBHbIe MokasaTenu BCP mokasanu
cHwkenune. 0fHaKoO, B YaCTOTHOM 0671aCTW, B KAKLOM PACCMATPUBAEMOM ITEPUOZE, 0COOEHHO B HOUHOE BPEMS, NMHENHEIE U HEIUHEHHbIE
ToKasaTenu CUMITaTUYeCKoi aKkTUBHOCTU 3aMeTHO YBENINYNIUCD.

3akniouenue. [Ipepnaraemas cucremMa MOXeT IOMOYb Bpauy U UL, OCYLLECTBAAOLEMY YXOf, KOHTPOIUPOBATh 3TUX MalUEHTOB
¢ fiemeHumeli. BecrtpoBopHOe coefuHeHMe ITI03BOIUILO UCITI0Ib30BATh Pa3IUYHbIE YCTPONCTBA U HECKOJIBKO YCTPONCTB MOHUTOPUHTA, Ha-
YMHAA OT MOHUTOPUHTA B PEXUME PeasbHOTO0 BPEMeHU A0 AOAT0CPOYHO 3amucu 61onorndecknx curHanos. Peanusaums 3toit mopenu
MOJET 00/1erIUTb KaK JOCTYIIHOCTb IIePCOHANU3UPOBAHHOTO MOHUTOPA, TaK U AOCTYIHOCTb TepAnuu. JlanbHenlne nccaefoBaHUA MOA-
TBEPAAT 3TO B KAIMHUYECKON U MEJULIMHCKON cpefe.

Kniouessie cnosa: menemeduyura; BCP; demeHyus.
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