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Abstract

Introduction. The acetylcholinesterase inhibitor (CI) has recently been used for the treatment of senile dementia of Alzheimer
type. Therefore, conflicting results exist in the literature on the action of the CI in the cardiovascular neurovegetative regulation.

Aim. In this concern we worked on the ability to remotely monitor patients with dementia in their own homes, with the support
of high-tech devices.

Materials and Methods. We studied 36 patients (17 Fand 19 M, 74,5+ 8,4 years). At the patients we installed a new devices «Pulse»
for a week. From the device we can obtain a record for 5-minute each hour in which the ECG, breath frequency, body position and
activity level are reported.

From the records we can extrapolate by means of KUBIOS-HRV software the HRV analysis, both linear and nonlinear. We divided
the patients in two groups: in therapy with CI (19-9 F, 72,6 +7,6 years) and without CI (17-8 F, 75,3+ 10,1 years). The CI administered
generally was Donezepil or rivastigmine.

Result. In the morning the indexes of sympathetic tone were more significant high in the patients with CI inhibitors respect to the
patients without CI therapy and to the normal control, no differences were present between the control group and thee patients with-
out CI therapy. Respect to patients without CI therapy in the patients with CI therapy we found a surprisingly greater and significant
increase in sympathetic activity in all period considered specially during the night periods despite no difference in HR. In fact the
linear and nonlinear indexes of the HRV of sympathetic activity was significantly higher in all considered daily period.

Conclusion. Our data, obtained in telemedicine by means a new device «Pulse», show the sympathetic HRV indexes are significantly

high in patients with CI therapy in all period of the day and this fact is more pronounced during the night hours.
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Introduction

The acetylcholinesterase inhibitor has recently been used for
the treatment of senile dementia of Alzheimer type but they have
systemic actions that can affect cardiovascular and autonomic
nervous system (ANS).

Clis a commonly used treatment for myasthenia gravis. Pyri-
dostigmine, a peripheral acetylcholinesterase inhibitor, should
increase the availability of acetylcholine at both ganglionic nicotinic
acetylcholine receptors (with a resultant increase in both sympa-
thetic and parasympathetic tone) and postganglionic muscarinic
acetylcholine receptors (which increases parasympathetic tone).

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 hypothesized
that the early ECG recording with remote control can be predictive
of not only the side effects of treatment with neuroleptics and
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with acetylcholinesterase inhibitors, but also the neurovegetative
cardiovascular daily assessment.

Therefore, conflicting results exist in the literature on the action
of the Clin the cardiovascular neurovegetative regulation

In this concern we worked on the ability to remotely monitor
patients with dementia in their own homes, with the support of
high-tech devices. Our approach required the monitoring of several
parameters not only the cardiovascular circadian rhythms, but
also the respiratory activity and movement, thus providing a more
complete and comprehensive appreciation of the person in his
normal everyday activities. The chosen devices to employ in the
work were a wearable device (detector of heart parameters),
a tablet to collect data at the patient’s premises, and a cloud
server to compute data. By means the technological partner Life
result, normally engaged in the study of information technology
solutions for life-sciences.

The vital parameter detection device used was MR&D's Pulse
Sensor™, based on ST Microelectronics BodyGateway™ chipset.



For the neurovegetative cardiovascular control we used HRV
asanon-invasive marker of the activity of the autonomic nervous
system. It is dependent predominantly on the extrinsic regulation
of the heart rate.

Material and Methods

We studied 139 patients from the Regional Centre of Alzhei-
mer’s Policlinico Tor Vergata. 58 Patients were enrolled but only
36 patients (17Fand 19 M, 74,5 = 8,4 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.

We divided the patients in two groups: in therapy with Cl (19-9 F,
72,6 £7,6 years) and without CI (17-8 F, 75,3 £10,1years), The Cl
administered generally was Donezepil or rivastigmine. 14 patients
were suffering from hypertension, 5 from diabetes, 7 from ischemic
heart disease, equally distributed between the two groups.

We studied also a normal old group (13 subjects, 6 F, age:
72,3+4,9 years) without any therapy, enrolled in the Universitary
Operative Unit of Cardiology of the «Sapienza». In this case we re-
corded the digital ECG by means Cardiolab System (XAl-Medica).
(Tab.1)

In all patients we utilized the Pulse. It is a wearable, battery
operated device intended for use as a part of a multiparam-
eter analysis system. It uses a sensorized component adhesive
(plaster), placed on the body of the assisted person. The de-
vice permits to record heart rate, respiratory rate and, through
a specific algorithm, the level of activity of the person, providing
the management system of continuous or periodic messages
of information to/from the server according to specific settings
defined by operators.

From the device 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
potentially 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.

From the records we can extrapolate by means of KUBIOS-
HRV software the HRV analysis, both linear and nonlinear. Linear
methods include traditional statistical analysis (SDNN, RMSSD) and
the analysis of the HRV through the frequency domain calculat-
ing the LF, HF and LF/HF Ratio components. Nonlinear methods
include the Poincare plot (SD1and SD2 indexes) and the Detrended
Fluctuation Analysis (DFA - a1and a2 indexes).

Assessment of HRV provides quantitative information about
the modulation of heart rate (HR) by sympathetic nervous system
(SNS) and parasympathetic nervous system (PNS). Interactions of
SNS and PNS using HRV signal have been well studied and their
importance established with a number of cardiac diseases includ-
ing myocardial infarction, patients with congestive heart failure,
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patients at risk of sudden cardiac death and patients with hyper-
tension. There are two main approaches to the analysis of HRV:
time-domain and frequency-domain analysis.

Frequency-domain analysis, which is based on the power spec-
tral density of the heart rate time series, highlights the issue of
the underlying rhythms of the mechanisms controlling heart rate
(HR) and identified three major spectral peaks high frequency
(HF:0,15—0,4 Hz), low frequency (LF: 0,04-0,15 Hz) and very low
frequency (VLF: below 0,04 Hz)) in the adult HR spectrum.

LF reflects both sympathetic and para-sympathetic activity.
Generally itis a strong indicator of sympathetic activity. HF reflects
parasympathetic (vagal) activity. LF/HF ratio indicates overall ba-
lance between sympathetic and parasympathetic systems. Higher
values reflect domination of the sympathetic system, while lower
ones — domination of the parasympathetic system. This ratio can
be used to help quantify the overall balance between the sym-
pathetic and parasympathetic systems. As concerns nonlinear
analysis, namely Poincare plots, a two-dimensional vector analysis
was used to quantify the shape of the plots. In this quantitative
method, short-term (SD1) and long-term (SD2) R-R interval varia-
bility and the ellipse area of the plot are quantified separately.
SD1is considered to reflect vagal modulation of the sinus node.
As concerns Detrended fluctuation analysis (DFA), this technique
is used to quantify the fractal scaling properties of short- and
intermediate-term R-R interval time series. The HR correlations
were defined separately for short-term (<11 beats, a1) and longer-
term (>11beats, a2) R-Rinterval data. The alindex was positively
correlated with LF in normalized units.

Rather than evaluating 24 periods in the day, in our opinion
it was better to analyze these periods:

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

 the afternoon (16.00) in which there is a decrease of the sym-
pathetic activity

* the evening (20.00 p.m) in which there is an increase of the
sympathetic activity

* the night (2.00 a.m.), in these periods the parasympathetic
activity increases.

With this analysis, it is possible to better explore the daily car-
diovascular neurovegetative pattern of the patients.

Results

In all the patients enrolled the ECG conduction was not influ-
enced by neurological therapy, but in each period considered the
indexes of the sympathetic activity, both linear in the time and
in the frequency domain and non linear showed a marked increase
also during the night period in which the rest was confirmed by the
low indexes of the activity level and then it there should be an in-
crease invagal tone. In fact he activity level, expressed in arbitrary
unit (scale 1-15), showed a minimal activity during night period
in both groups (CI=1,2+1,7, NO CI=1,25+2,5). Pic. 1.

Tab. 1. Demographic and Clinical Characteristics.

Control NO-CI cl p
(13-6 F) (17-8 F) (19-7F)
Age (years) 72,3+4,9 75,3+10,1 72,6+7,6 NS
SAP mmHg 143,111 138,+10,7 132,2+9,1 NS
DAP mmHg 80,8+9,5 83,7+7.9 77,8+6,9 NS
BMI (cm/Kg?) 26,5+1,6 24,7+2,8 24,2+2,9 NS
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In the morning the indexes of sympathetic tone were more
significant high in the patients with Cl inhibitors respect to the
patients without Cl therapy and to the normal control, no differ-
ences were present between the control group and thee patients
without Cl therapy. (Tab. 2).

Respect to patients without Cl therapy in the patients with Cl
therapy we found a surprisingly greater and significant increase
in sympathetic activity in all period considered specially during the
night periods despite no difference in HR. In fact the linear and
nonlinear indexes of the HRV of sympathetic activity was signifi-
cantly higher in all considered daily period. (Tab. 3)

The R-R interval showed, as expected, an increase during the
night but without significant differences between the 2 groups.
(Tab. 4).

The data are expressed as Mean £SD.
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Pic. 1. Activity level during the day.

Tab. 2. Sympathetic activity indexes in the morning.

Control NO-CI cl P
LF/HF 2,03£1,6 1,858 £1,195 3,404 £2,105 0,012*
al 1,01+£0,2 1,048 £0,227 1,222 0,251 0,037*
SD2/SD1 1,68+0,5 1,783 +0,449 2,169+0,629 0,043*
*=(Clvs NO-Cl
Tab. 3. Sympathetic activity during the day in the patients with dementia.
NO-CI a P
h. 8.00 LF/HF 1,858 £1,195 3,404 £2,105 0,012
al 1,048 £0,227 1,222 +0,251 0,037
SD2/SD1 1,783 £0,449 2,169+0,629 0,043
h.16.00 LF/HF 1,529 +1,055 3,350+2,602 0,01
al 0,964+0,222 1,189+0,313 0,019
SD2/SD1 1,594 +0,654 2,124 +0,701 0,025
h.20.00 LH/HF 1,222+0,787 3,814 +£4,41 0,023
al 0,883+0,276 1,126 +£0,338 0,025
SD2/SD1 1,510+0,51 2,025+0,763 0,025
h.02.00 LH/HF 1,222+0,787 3,814+ 4,41 0,023
al 0,883+0,276 1,126 +0,338 0,025
SD2/SD1 1,510 £0,511 2,025+0,763 0,025
Tab. 4. R-R interval during the day in the patients with dementia.
R-R msec NO-CI (d] P
h 08.00 865,9+122,5 894,4+175,2 0,581
h16.00 836,8+118,6 849,7+137,0 0,766
h 20.00 847,8+143,8 853,1+£129,2 0,909
h.02.00 980,2+147,9 1015,2+126,8 0,451
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Discussion

Several studies have suggested a clinically beneficial role
for acetylcholinesterase inhibitors in other autonomic disorders,
with one study noting anincidental bradycardia. It has been hypo-
thesized that this «double hit» of increasing parasympathetic tone
at 2 points on the autonomic pathway might result in increased
cardiovagal tone and a decreased heart rate.

On the other hand Cl appears effective in the treatment
of neurogenic orthostatic hypotension. In fact the augmenta-
tion in sympathetic tone with acetylcholinesterase inhibition has
proven clinically useful in patients with orthostatic hypotension.
Some authors report that peripheral acetylcholinesterase inhibition
increased blood pressure among patients with autonomic failure
Nobrega et al. report that blunted the pressor and chronotropic
responses to mental stress in healthy young subjects.

Therefore, conflicting results exist in the literature on the action
of the Clin the cardiovascular neurovegetative regulation.

We used the HRV analysis both with linear and non-linear
methods and we interpret the ratio of SD2/SD1 as a measure of
the balance between long- and short-term HRV by its analogy
and similar properties to LF/HF. In both ratios the numerators
correspond to a parameter depending on both long-term (low
frequency) and short-term (high frequency) variability, and
the denominators depend solely on short-term variability. These
indexes correlate most strongly with LF/HF. Finally also a1index,
derived from the Detrended Fluctuation Analysis is considered
an index of the sympathetic tone, in fact the reduction of the a1
index is a predictor of mortality in patients with ischemic cardiac
diseases or heart failure.This technique is used to quantify the
fractal scaling properties of short- and intermediate-term R-R
interval time series. The HR correlations were defined separately
for short-term (<11 beats, al) and longer-term (>11 beats, a2)
R-Rinterval data.

Our data show the sympathetic indexes analyzed by means HRV
are significantly hig in patients with Cl therapy in all period of the
day and this fact is more pronounced during the night hours.
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Brinus iHribiTopiB alleTUNXO0NiHe3TEpa3N V MAlliEHTIB
3 XBOP06010 AnblireiiMepa Ha 0fIeHHY CePLeBO-CYAUHHY
HENPOBETETATUBHY OL1HKY

G. Raimondi’, N. Marchitto?, B. Scordamaglia’, A. Ciaramella’, I. Masci’, P. Casacci®
M. Pistoia?, S. Sacco?, G. Sancesario*
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Pe3toMe

Berym. Inribitop anerunxoninecrepasu (IA) HefaBHO 6B BUKOPUCTAHWUM 1A NiKyBaHHA cTapeyoi feMeHuii Tumy x8opoou Anbirei-
Mepa. TakuM YMHOM, B NiTepaTypi iCHYIOTb CyIiepeunuBi pe3ynsraTy mpo Aii IA Ha ceplueBo-cyauHHY HEMPOBEreTaTUBHY PETyALil.

Mera. V 383Ky 3 JUM MU ITPAL0OBaAU Haf, MOXIWUBICTIO Bifila/IeHOr0 MOHITOPUHTY MAali€HTiB 3 AeMEHLi€l0 B X BlACHUX OyAUHKAX
3a MATPUMKU BUCOKOTEXHOJIOTIYHNX ITPUCTPOIB.

Marepianu Ta metopu. 06¢cTexeno 36 mauiexTis (17 xixnok (F) i 19 vonosikis (M), 74,5 + 8,4 pokiB). Y mauieHTiB M1 BCTaHOBUAU
Ha TWXieHb HOBUIA TPUCTPiii «IIynbey». 3a 0IIOMOr010 TPUCTPOI0 MOXKHA OTPUMATU 3aITUC TPUBANICTIO 5 XBUIUH WworoauHy, B akin — EKT,
YaCTOTA JUXAHHSA, TOJI0XKEHHS Tifla i piBeHb aKTUBHOCTI.

I3 3amuciB 3a gomomoroto mporpamHoro 3abesmneuents KUBIOS-HRV moxHa npoBecTu ninitHuit i Henixituwii ananis BCP. Mu po3pinunn
mauienTiB Ha ABi rpymm: 3 Tepamieto IA (19-9 F, 72,6 +7,6 pokis) i 6e3 IA (17-8 F, 75,3+ 10,1 pokiB). Ik IA 3a3Bu4ail BUKOPUCTOBYBAN
LoHe3ermnin abo piBacTirmit.

Pe3ynbraru. BpaHili oKasHUKU CUMIIATUYHOTO TOHYCY OYNU Oinbul 3HAYYIMML Y MTAlieHTiB 3 inribiropamu IA B mopiBHAHHI 3 Ta-
nienTamu 6e3 reparii IA i 3 HopManbHUM KoHTponeM. Hiskux BigMiHHOCTEN MIX KOHTPOJILHO IPYIIOI0 i XBOPUMMU, AIKI He Maniu Tepariio
IA He 6yno. YV manienTis 6e3 Tepanii IA B mopiBHAHHI 3 manieHTaMu, AKi oTpuMyBanu Tepamito 1A, BusBunu b6inbure i 3HayHe 36inbureHHA
CUMITATUYHOI aKTUBHOCTI B yCbOMY Tepiozi, 0co6anBO B HiUHI mepionu, He3BaXauu Ha BiacyTHicTb BigminHocTeit B YCC. Jliniitni i ve-
nininyi mokasumku BCP cuMmatuyioi akTMBHOCTI Gy LOCTOBIpHO BUllle ¥ BCIX PO3TNAHYTUX L0O0BUX Mepionax.

BucHoBoxk. Hawi fani, oTpumaHi 3a 01omMoroio HoBoro npucTpoto «Ilynbey Ana TeneMefunmMEY, OKa3yoTh, 0 CUMITATUYHI iHAeKCU
BCP y manienTis 3 IA mpoTATOM yCbOTO AHA 3HAYHO BUlLlE, i 11l GaKT 6inblr BUpAXKEHWit B HIUHI FOAUHA.

Kniouosi cnosa: menemeduyura; BCP; in2ibimop ayemunxoniHecmepasu; xgopoba Anbyzetimepa.

BnusHne MHIrMOUTOPOB AlleTUNX0UHICTEPA3bl V MTAIIUEHTOB
c 60ne3HbiI0 AnblireiiMepa Ha eXXelHEeBHYIO
CepLevyHOo-COCYAUCTYI0 HEMPOBEreTaTUBHYIO OLleHKY

G. Raimondi’, N. Marchitto?, B. Scordamaglia’, A. Ciaramella’, I. Masci’, P. Casacci?
M. Pistoia?, S. Sacco?, G. Sancesario*
'University of Roma «Sapienza, 2ASL Latina, 3Liferesult, “University «Tor Vergatax, Roma

Pe3toMe

Beepenue. urnourop anernnxonuuacrepasst (MA) HefaBHO ObU1 UCITONb30BAH 1A IeUE€HUA CTAPYECKOT0 cnaboymus Tuma 6ones-
HU Anbureiimepa. Takum 06pas3omM, B IUTEPATYPe CYLECTBYIOT IPOTUBOPEYUBLIE PE3YILTATH 0 AeiicTBUN FA Ha cepaedHo-COCYAUCTYI0
HelipoBereTaTUBHYO PErynaLuio.

Ilenb. B cBA3M C 3TUM MBI pabOTaNU Hafi BO3MOXKHOCTbIO YAALEHHOT0 MOHUTOPUHTA TALIMEHTOB C ieMEHIMEN B UX COOCTBEHHLIX JOMaX
IIPU MOAAEPXKKE BLICOKOTEXHOJOTNYHbBIX YCTPONCTB.

Marepuanst u Mmeropabt. 06cnenosano 36 nmaunenTos (17 xexnmut (F) n 19 myxuun (M), 74,5 + 8,4 ropa). ¥V mauneHToB MBI yCTaHO-
BWIN Ha HeJento HoBoe yCTPoncTBO «IIynbey. C moMOMmbI0 YCTPOACTBA MOXHO IOYYUTD 3aITUCh AJIMTENIBHOCTbLI0 5 MMHYT KaX bl dac,
B KoTopoii - IKT, yacTora AbIXaHuA, IION0XEHWE Tela U YPOBEHb aKTUBHOCTMU.

Y3 3amuceit ¢ momombio iporpaMmmuoro obecreyenus KUBIOS-HRV MoKHO ITpOBECTU TMHENHBIN U HeNnHenHbI aHanu3 BCP. Mt pas-
LEeNUNU TAUMEHTOB Ha [iBe Ipymnsi: ¢ Tepanueit UA (19-9 F, 72,6 +7,6 rona) u 6e3 A (17-8F, 75,3+ 10,1 ropa). B xauectBe A 06b19HO
WCII0Nb30BaNU [OHE3EIUIl WIN PUBACTUTMUH.

Pe3ynbTar. YTpoM MoKa3aTenn CUMIIATUYECKOTO TOHYCA 61N 601ee 3HAYUMBIMU ¥ TTALMEHTOB € HrMbuTopamMu KA mo cpaBHeHU0
¢ maumeHTamu 6e3 Teparun UA v ¢ HopManbHLIM KOHTPONEM. HUKaknx pasnuunii Mexay KOHTPOJbHO TPYIINOi Y TalueHTaMu 6e3 re-
panmu VA He 6bin0. V manmenTos 6e3 Teparmuu FA 1o cpaBHEHUIO € TallMeHTaMW, IOy YaBLIMMU Tepanuio UA, 06HapyXWaK YAUBUTENIBHO
Gonbliree N 3HAYUTENBHOE YBEAUUEHWE CUMITATUIECKO aKTUBHOCTU BO BCEM ITEPUOZE, 0COOEHHO B HOUHbIE ITEPUOAbI, HECMOTPA Ha OT-
cyrcrBue pasnnuuit B UCC. JInHenHble n HennHelHble nokasarenu BCP cuMmaTuyeckoit akTMBHOCTU GBUIU JOCTOBEPHO BHILIE BO BCEX
paccMaTpPUBaeMBIX CYTOYHbLIX TIEPUOLAX.

3akniouenue. Haurm faHHble, ONyYeHHBIE C IOMOLLbI0 HOBOT'O YCTPOWCTBA «IIybCy A1 TeNneMeANUMHbL, TOKA3bIBAIOT, YTO CUMITA-
TUYeckue uuaexcst BCP y manunenTos ¢ VA B TeyeHue BCETO [Hs 3HAYUTENBHO BHILIE, U 9TOT (HaKT 60jee BHIPAKEH B HOUHLIE YACHL.

Knwouesvie cnosa: menemeduyura; BCP; uHeubumop ayemunxonuHscmepassl; 60se3Hb Anbyzetimepa.
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