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Abstract

The modern researches o physicioQy verify that there
are ciose refationships between central nervous system (CNS)
and  autcnomic nervoeus system (ANSD arnd SCme  autondmic
Functicons can be reguiated by CNS to scme extent. In <tThis
Daper, The mMechanisms of Cardicovascuiar system, especialily
of BP reguiaticon, under CNS cantrol are researched. A bioad
circufatary system dynamic model isS established and aopiied
practicafiy to treatment of hypertensives trained WwWith
biafeedbak technigue, in which pufise transit time (PTT) is
empicyed as an indirect index of BP change. The result shows
that the cuartive effect of This methoed is efficient foar BP
cCentyrcda S :

Introducticn

Cardicvascuiar oiseases, especially  hypertensicon, &re
very commcrn it modern saciaty. There are evidences that
essential hypertension S refated TG VARriGus behavioral,
sccial, and environmental coanditicons. Many aporocaches ta BP
reducticn have been devefioped., The behavioral approaches,
sSUCh as bicfeedbaCK technigue and meditation—reiaxation,
are some of tThem, With which, Several disadvantages @ of
medicaticon treatment are prevented, Meaningfui EBEP reductions
were abtaived in Various fiterature scurces [1, 23, it which
subjects were trained with bicfeedback technicue. Hut the
measurement of BP is stili an cbstacie for BP Eicfeedback
program, ivn which it is afsc fack of research on  theory.
This paper attempts o Make scme contributions in  these
aspects.

With System Dynamics, we have researcmed the
physicicgica! mechanisms Gf cardiovascuiar system are
presented  its dynamic moief under NS controi. As  an
application, the modeid was used ta instruct the bicfeedback
training of BF reguiaticn for hypertensives, in which the BEP
was measured from PTT indivrectiy. The resuits from Ciinical
practices shew This method is effecient far treatment of
hypertensicn.

Dynamics of Cardicovasculasr System and BP Coantrol under CNS
It is able tCo anafyze and mode! convenientiy the

circuiatory system by means of System Dynamics. In <this
paper, the biood voiume is refered ta basic ftevei variable,
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ard "qased on the process of Nervaus adjusting of BEF, the
dynamic mode! of cardicovascuiar system is researched for
cardiac rhythin and musclie RIjUSTING on NON—iNVASive measure
and bicfeedbacKk contraf. :

The civrcofatary system inciudes both DUIMCHATY  &fd

systemic Ccircuiaticans. With the automaticaliy rhythmical
systole of sSincatrial node, cardiac impuflses are
transmitted to ventricuiar muscie through nerve fibers. In
terms of Frank—-8tarfing ruie, tThe blicod fiowing in heart is
campietely injected intae arteries. Under the action of
pressure, bBiaad Fiows from ventricies To Aartericies,
capitiariesveins, finaily, to vein in seaouvence. From fig.l,

carn be found that there are two main  factors which

,affect tThe arterial pressure: 1) cardiac otuput @&, 2
pripheraf resistance. R. The cadiac cutput is rvelatedg to
stroke voiume (BVY) and caraica rhythm (HF),

G!=fV=«HF

~

According to the Frank—-8taring ruife, SV is egual to the
venous return, Which may RiSC be adjusted by hUMGral System.
The pripheral resistence

4
=811 /v l

wheve ] represents the bicod viscosity, and | and ¥

dencte the jength and the internal radius of tThe vesself,
respectively.

During the process of NETVoUs adjusting of BP, autonomic

Tervous contraf  centers in fower fevel brain can  inhibit
VASCIMCTOT centers if they receive the sianaft of EpP
increasing, sametimes, exXcite vagal centers, a&as a resuit,

radius of vessel % expanded, the cardiac rhythin arnd

contraction is weakened. Thern the BP is decreased. in
generaf, this Kind of feedback contrat af BP is coamplieted by
RrESSUTETecentars in acrta. But since the oressurereceptors
may be adaptive Tt hypertensicn, and if it remains one or

days far increased BF they wili joss their adjusting

functicn. It makes that they are usefulless in treatment For
‘hypertensives{Il. In terms of the principie of bicfeedback
technaicgy, ir BP is immediatetly reffected toa OCNS, the
cardicovascuiar 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 o TIeYVOoUS mechar i sms have shown that there are.

refationships between CNS and ANS. Many autcnomic

functicons can be reguiated by .CNS with instruments outside

With a BP receptor and feedbacKk instrumerits. & new BP

contraf system —— piGfeedbAacK COntrol system (5 constructed,

which BR infoarmation is detected continucusiy =311

accurateiy by BPF rveceptar and is sent efficientiy ta CNE by
Ways such as audition and vision etc., and then Signais are.
turn  transmitted to ANS. Hence the vagatl centers- are
excited and the stroKe voiume and peripheral resistance are
changed, Se& fig.2, The feedback instruments cutside body
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taKe an  impartant vodle in BF  recuiaticon instead oF
pressurerecentars  inside body. Through stimuiating CF
gratified nervous  centers  and Training  gradgually the

sgbjucts may remenber’ or Tenforce’ The reguiating Drocess
betweers ONS and ANE . By this way, The hypertensives Can
reQuiate the BF by themselves after & pericad of training  so
RS tc reach the goai of fong—-time  treatment Four
hypertensicn.’ This system is S€IF-I&&Tning and is described
in the system dynamics mode|.

PTT and Cardivascular Performence

It is very impartant to get information about activity
Gf  the. autancmic Functicn in biofeedback controal  system.
Ceneral sphyamemancment in which Korotkoff (K} scound is used
to determine BP fevel, cannoct be empiayed in bicfeedback
contraf program because of discrete and inaccurate. With an
auvtomated constant Ccuff-pressure system deveioped by D
Shapivre et af. [43[B1, systcolfic bicod pressure (BEP) or
diastaiic bicod pressure (DEP) fevel can be measured best—

by—beat. But this has several disadvantages For
PEYCROpRYSiCicgica] eXperiments |ike bicfeedback Orogram
etc.. Firstiy, it nas subjects feli uncomfortabie, and

secondiy, the infiated Ccuff may cause the artery to be
cicgged or Dartiy ciogoed. Arterial puise transit time (PTT)
HES been uUSed as & MeasSUre of CArdiovVascuiar Derfarmences in
past decate [437I83, mainiy as an index of BF change. In
reference [9]3, Imu Ming;ie presentec a new instrument To
detect PTT with arterial puise wave (PW!) and efectro-
cardicgram (ECGY and estab! ished a modei to describe the
re?atianship‘betwean PTT and BF. The reqgression eguation is:

AMEP=—1. J13«aPTT :
where PMEFP represents the change of mean BPF (nmHod, and
APTT stands for the change of PTT (ms).

By this method, the cohange of BP  can be detected
coentinuocusly and noninvasively, Whith I8 desitabie  for
bicfeedback BP controi experiments.

Application to Bicofeedback EP Controad

S. Sybjects and method

ZZ essential hypertensives were randomiy  assigned to
three groups A, R, and C. They were asHked to compiete
trafning session once daily & days a week for three weeks. R
tréining ‘BESSIiCT  TOoK appDraximately 30 minuvtes. Trhus 18
SESHIiCNS  WEeTre compieted for each SUbject cver the Training
proagr&mn. E

Bubjects in feedback - SESSI0ON  WETE Qiven Ffeedback
information about their EBPF  ohange measured with PTT .
indirectdy, in pseudo-feedbacKk Sessicn, tHhe Subjects were

given randcm SigQals which were irrejevent with their BF., In
refaxation SesSion, SUbjects wWere askKed to S5it  ouielly,
CTelax thelr muscies, without feedback informaticon. Bubjects
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in groun B owere trained with feedback Session it Whoie
program, these in group B were trained with feedback  a&nd
refaxaticn Session  alternately and in groun € they were
trained wWith DEevdo-feedback Sessiarn. i

In bicfeedback sessicon, FTT was used as a measure of EBP
change. The FTT was got froam the arterial pulise wave{PW) and
ejectracardicgrami{ECG), where the PW was detected with &
photo—efectronic transducer, and ECG was got from standard
fead II. ' -

b. Resuits ) .
1. There are significant BPF reductions in both grouoc A
and group B aver three weeks, average magnitudes are

2T7.8/22. 6 nimHg {see Fig.3) and 24.5/14.9 ~mmHa,
respectively. But significant differences between tThem
cannct be found. . :

2. There s no significant change in average EBF  of

Group € aover the Program. .

I, There is significant differences between biofeedbacK
‘and  refaxaticn in within-sessicn average SEP  reductiom
{average reductions are H.% mmHg  and 4.7 minHGQ
respectivelyl. . :

43, Therg are no Significant aCross—-sessSicn reductions
it average - magnitutes of BF for either refaxation oF
pEeuda—Feedback S@S5SicT.

8. Mean reducticn of SBP for bicofeedback session s
sigQnificant, magnitude is 5.9 mmHo. '

E Discussion

Significant BP reductions of subjects tTrained with
picfeedback technique Ssuccessively s obtained, average
magnitude . is 2Z7.8/2Z.6 mmHg (the ifast <three ta the first
three SEessSionsd, This is supericar to cther reparted resuits
fi3L23 ard supparts the suggestian that | vaiuvantary
reguiaticon of some autonomic functioni may be hefpful for
ciinical treatment of the Jdeseases Caused by STress, mainiy
hypertensian. In additian, It is aisc found Tthat there are
major doifFErences betweern Hhypertensives and Normai  DEersons
o the. distributions of the PTT parameter and its components
—— thE& Cardiac pre—ejecticon pervricod (PEF) and the puise
transit interval (PTI).,  The PEF and FPTT afisc provide scme
imrfarmaticn abcout card;avascd{hfaberformence. By means of
modef  and method of System Dynamics, computer technoicoay,
artificial inteffigence and mocdern efectrémic technigues, a

camputeyr—aidded diagncsis avfef tTreatment system can be
constructed irs which experiences of E‘)(‘u”é»f‘/{g ard V&Y i CUsS

pnarameters refiecting cardicovascufar activity such as PTT,
FER, PTI and etc., are usefui. )
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