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Abstract

The modern researches on pDhysiclioQy verify that there
are close reiationships between central nervous system (CNS)
and autanamic  nervous  system (ANS) and some avtoncdnic
Functicons Can be reguiated by CNS to scme extent. In this
paper, The mechanisms of cardiovascuiar system, especiafiy
af BP reguiaticon, under CNS controi are researched. (A bioad
circufatotry system dynamic model isS established and appfied
practicafiy to treatment of hypertensives trained with
bicfeedbak technicue, in which pufse transit time (PTT) is
empioyed as an indirect index of BP change. The resuit shows
that the cuartive effect of this methad is efficient far EBEP
contrcdia ’ - .

Intro&uction

Cardiavascuiar diseases, especiafiy - hypertensicn, are
very commen it modern scciaty. There are evidences that
essential hypertension is refated tG VARTiQuUs Hehavioral,
sccial, and environmental conditicns. Many aporcaches to EBP
reguction have been deveioped. The behavioral approaches,
sSUcCh as bicfeedbaCK technigue and meditaticon—reiaxaticn,
are sope of them, with which, several disadvantages - of
medicaticon treatment are prevented. Meaningfui BP reductions

were cbtained in varicous fiterature scurces [1, 23, it which
BUbjects were trained with bicfeedback technioue. Hut the
measuvrement of BP is stili an chetacie for BP Ricofeedback
program, in wWwhich it is aIsc fack of vesearch on  Theory.
This paper attempts o make sSome contributions in these
aspects.

With System Dynamics, we have researcmed the
physicicgicat mechan isms of cardiavascuiar system ard

presented its dynamic moief undey CNS controi. PAs  an
appfication, the model was used to instruct the bicfeedback
training of BF reguiaticon for hypertensives, in which the BEF
was measured from PTT indirectiy. The vresuits from ciinicat
Bractices Shew This methoad IS effecient far treatment of
AYRETrtens i cra

Dynamics of Cardicovascuiar System and BP Contrel under CNS
It is abfe to anafyze and made! convenientiy the

circufatory system by means of System Dynamics. In this
paper, the bicod voiume is refered ta basic fevel variable,
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arnd "qased on the process of nervous adjusting of BF, The
dynamic moade! of cardicvascuiar system is researched for
cardiac rhythin and musclie RIjUSTIiNG on NCN—iNVARSive measure
and bicfeedbacKk contrai. :

The circoiatary system inciudes both DUIMCHATY  &nd

systemic civrcuiations. With the automaticaliy rhythmical
systale of sinc-atrial node, cardiac imputses are
transmitted to ventricuiar muscie throuvgh nerve fibers. In
terms of Frank—-8tarfing rufe, the bicad fIoWing in heart is
campietely injected intae arteries. Under the acticn of
pressure, biocd Fiows fFrom ventricies to artericies,
capitiariesveins, finaify, to vein in seovence. From fig.l,

Cars be found that There are twoe main  factors which

Caffect the arterial pressure: 1) cardiac otupwt @, 2
pripheral resistance R. The cadiac cutput is refated To
straoke voiume (BY) and caraica rhythm (HF),

GpVeHF

«

Rccarding toa the Frank—-8taring rufe, 8BV is eaqual to tThe
vencus return, which may aisSc be adjuvsted by humaral system.
The pripheral resistence

4
R=8ni /v !

where 1} represents the bictd viscosity, and | and ¥

dgenate tThe Jjength and the internal radius of tThe vessel,
respectively.

During the process of NErvous adjusting of BP, autonomic

mervaus contraf centers in fower fevel brain can  inhibit
Vasomotar centers if they rveceive the sianaft of EpP
increasing, sametimes, exXcite vagal centers, a&as a resuit,

radius of vessel % expanded, the cardiac rhythin and

contracticn isS weaKened. Then the BP is decreased. in
generaf, this Kind of feedback contrat of BP is campieted by
pressurereceptors in acrta. But since the pressurereceptors
may be adaptive to hypertensicrn, and it it remains cne or

days far increased BP they wifi joss their adjusting

functicon. It makes that they are usefulless in treatment for
‘hypertensives{Il. In terms of the principie of bicfeedback
technaiogy, ir BP is immediatetly refiected toa CNS, the
cardicvascufar cantraf centers wifl be stimufated ta reduce
BP by the reguiating mechanisms existing between CNS and

In fact, the Bractices in bicfeedback technique and

researches Y TIeTYVOUS mechar i sms have shown that there are.

refationships between CNS and ANS. Many autcnomic

functicns can be reguiated by .CNS with instruments cutside

With a BP receptar and feedback instrumerits, a new BFP

controal Systenm —— bicfeedback control system is constructed,

which BR infoarmaticon is detected continucusty -3 ¢2-1

accurateiy by EPF receptoar and is sent efficientiy ta CNS by
ways such as auditicon and vision etc., and then Signais are.
turn  transmitted to ANS. Hence the vagal centers. are
excited and Tthe sStroKe voiuwme and peripheraf resistance are
changed, SE&  TiQe L The feedback instruments cutside body
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take arn  impartant voate in BFP recuiaticn ihstedd oF
RPressurerecentars  inside body. Through stimuiating CoF
aratified nervous  centers  and  Training  graduaify the

subjucts may °remenber’ or Tenfoarce’ The reguiating orocess
petween CNS and ANS . By this way, the hypertensives can
reguiate the BRF by themselives after & pericod of training  so
]S to reach the goaf of fong-time  treatment For
pypertensicn. This system is SeiFf—I@arning and is described
in the system dYNamics modei.

PTT and Cardivascuiar Perfqrmence

It Is very important to get infarmaticn about &ctivity
of  the. autancmic Functicn in Biofeedback control  SYSTEm.
Senera! sphygmemancment iv which Korotkoffd (K) scund is used
to determine BP fevel, - cannot be empioayed it bicfeedback
Contral program because of discrete and inaccurate. With an
automated constant CcufFf-Dressure system deveioped by Do
Shapire et af. [4I[83, systolic biacd pressure (BEP)  or
diastafic biood pressure (DEP) fevel can be measured beat—

by—beat. Eut this has several disadvantages for
PSYCHORhYSiCICgical eXperiments |ike bicfeedback DBTYCQTam
etc.. Firstiy, it has subjects fel{ uncomfortabie, and

secandiy, the inffated Ccuff may cause the artery to be
cicgged or partiy ciogoed. Arterial puise transit time (PTT)H
has been usSed as & MEasUYe OFf CAardioVascular Derfarmences: in
past decate [(63™I83, mainiy as an index of BF change. In
refevrence {913, ZIrnu Ming;ie presenter a new instrument to
detect PTT with arterial puise wave (PW!) and efectro—
cardicgram C(ECGY and establ ished a modei to describe the
reiaticnship- between PTT and BPF. Tre reqression equation is:

AMEP=—~1., 31 ZaPTT :
where MEF represents the change of mean BF (nnHo), and
APTT stands for the change of PTT (ms)h.

By this method, the change of BP  can be detected
continuously and naninvasively, whith i desirabie for
bicfeedback BP controi experiments.

Application to Bicofeedback BP Controd

2. Sybjects and method

) ZZ essential hypertensives were randomiy &ssigned  to
three groups  A,E, and €. They were asHed to compiete
Training session once daily & days a week for three weeks. R
tTraining  sSessicn  took approaximatefy 30 minutes. Thus 18
BESSiCNS  WETre compieted FOr €ach Subject aver the training
ProgT . -

Subjects in feedbaCK ' SeSSior  Were Qiven Feedback
information about their EP  change measured with PTT
indirectiy, in pseudo-feedback Sessicn, the Subjects were

given randcm Sigalis which were irvefevent with their BPF. In
refaxaticon sessian, SUbjects were asked ta sit Quielly,
relan theiv muscies, withowt feedbacK iNFormation. Subects
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it gQroun R owere Trained with feedback Session it whoie
program, these in group B were trained with feedback and
reiaxation sessian aliternately and in groun € they were
trained With Dsevdo-feedback sSessiarn. ‘ :

In bicfeedback sessican, FTT was used a5 a measure of BP
change. The PTT was got fram the arterial puise wave{PW) and
efectracardicgramiECG), where the PW was detected with a
pDhoto—efectronic transducer, and ECE was got from standard
fead Il ' -

b. Resuits ) .
1r. There are significant BP reductions in both groun A
and group K over three weeks, average magnitudes are

27.8/22.86  mmHg {see Fi.3) and 2Z4.5/168.9 mmHa,
respectiveliy. But significant differences between them
cannct be found. . ‘

2). There is no significant chande in average EP  of

Groun € over the Proaoram. .

JIr. There is significant differences betweern bicafeedback
" ard refaxatiaon in within-session average SBEFP reduction
{average reductions are &.9 mmHg and 4.7 minHg
respectiveiyl. . '

43, There are no significant across—sessSicon reductions
in average - magnitutes of BPF for either refaxation oy
pseuda-feedback S@S5S5ior.

Sha Mearn reducticrn of SBP for bicfeedback session S
significant, magritude is &.9 mmHo. '

E Discussion

Significant BP rveductions of subjects trained with
bicfeedback techniQue Successively s obtained, average
magnitude. is 2Z7.8/22.6 mmHg (the fast +three ta the fFirst
three sessionsl,. This is supericar to cther rencarted resuits
fi13L23 arc supparts the suggestian that | vaiuvantary
reguiation of sScme AUTONCMIiCcC functioni may be hefnpfuf  far
ciinicaf treatment of the deseases caused by STress, mMainiy
hypertensicn, In additicy, It is aisc found that there are
major doifferences betweern hypertensives and noarmal persons
on the distributicns oFf the PTT parameter and its components
- the cardiac pre—ejection pericd (PEF) and the puise.
transit interval (PTIl. The PEP and PTT atsc provide scmne
imFarmaticon about cardicvascﬂ{hfsberformence. By means of
modef  and method of System Dynamics, computer technoiogy,
artificial inteffigence and modern efectrémic techniques, = &
computey —aidded diagnosis add treatment system can be
constructed. in Which experiences of eexpérts and Varicus
parameters refiecting cardicovascufar activity such as PTT,
PER, PTI and etc., are usefui. ’
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