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Abstract 

The modern researches on Physiology verify that there 
a-re c I c•se re 1 at i ccnsh ips between centra 1 nervceus syste1n (CNS) 
ii!Tid CiiUtC•nC<Iil i C nerVC<US system (ANS) and SC<Iile autc•nom i C 

functions can be regu 1 ated by CNS tee sc•1ne extent. Ir, tn is 
caper, the mechanisms of cardiovascular system, esoeclally 
cef BP regulatlc<n, under CNS ccer,trccl are researched. A bloced 
c i rculatc•Ty system d)malnic model is established and aoPI led 
practical 1y tee treat1ner1t cef hyoertensives trained _with 
bic•feedbak techrlioue, iT1 Which pulse transit time (PTT) is 
emp I c•yed as an i nd i r:ect index of BP char.ge. The resu It shows 
that the cuartive effect of this method is effiCient 'for BP 
ccrnt rc<l. 

Introducticcn 

Card icevascu 1 ar diseases, espec Ia 1 fy hyoerter•s icer•, are 
very ccelnmcel) in mc•dern sceciaty. There are evider.ces t_f1Qit 
esserttial hypertensiccn is related tee variceus behavioral., 
scec 1 a 1, and env i rcerlfner.ta 1 cc•nd it 1 ons. Mar1y aporceaches tee BP 
reduct i ccn have been deve 1 ceped. The benav i ora I approaches, 
such as biofeedback technioue and meditation-relaxation, 
are some of them, with Which, several disa~vantages of 
medication :treatment are prevented. i'fearlirJgful BP reductlceru;. 
were cebtained in variceus 1 iterature sceurces C1,2J, in which 
subjects were trained with bice'feedback teoc·hrJioue. But the 
measu re1nent cef BP is st i 1 I an cebstac 1 e fcer BP B i cefeedback 
prcegram, in which 1 t is a 1 see 1 acl< cef reoseoa rch cen thecery. 
This paper attempts tee make sce1ne cc•rtt r i but i ccns in these 
aspects. 

With System Dynaunics, we have researclned the 
phys i C• I ceg i ca 1 mechan i s1ns ce·f card i cevascu 1 ar system ar1d 
preser1ted its dynamic mcelel under CNS cc<ntrcd. As an 
application, the model was used to instruct the biofe-edback 
training cef BP regulaticen for hyperter.sives, in Which the BP 
was measured from PTT indirectly. The results from clinical 
practices shew this method is effecient for treatment of 
hypertens 1 ccn. 

Dyr.amics C•f' Cardiovascular System ar•d BP Cccntrcel under CNS 

It is ab 1 e tee ana. 1 yze and tncede 1 cccnven i ent 1 y tl:'le 
c i rcu I atc•ry system by 1neans c•f Sys·teln Dyna1n i C:s. In this 
paper, 'the- b 1 ceced vc• 1 u1ne is refered tc• basic 1 eve 1 va r i ab 1 e, 
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arsd ~ased ors the process c•f rservc•us ad.;usting of. BP, the 
dynaltlic ltiC•del c•f cardlc•vascufar syste1t1 Is researched fc•r 
cardiac rhythm and muscle adJUSting on non-Invasive measure 
and biofeedbacH control. 

The circula'tc•ry system includes bc•'th oulmcmary arsd 
systemic circula'tlc•ns. With the autc•ltla'tical ly rhy'thltlical 
systole of sino-atrial node, cardiac impulses are 
transmitted to ventricular muscle 'through nerve fibers. In 
terms c•f FranH-S'tartirsg rule, the blc•od flc•wirsg irs heart is 
cc•ltlpletely Injected irs'tc• arteries. Ursder the acticm c•f 
pressure, blood flows from ventricles to arterioles. 
capi llariesveins, finally,. 'tc• vein in seauersce. Frc•ltl fig.1, 
it can be found that there are two main factors Which 
affect the arterial aressure: 1) cardiac otuput Q, 2) 
pr i pheral resistance R. The cadi ac c•utpu't is reI ated 'tc• 
strc•He vccfUitle (SVl and carcsica rhythm <HF), 

Accc•rdirsg 'tc• 'the FrarsH-Staring rule, SV iS eoual 'tc• the 
venous return, which may alsc• be adjusted by hu1nora1 system. 
The prioheral resis'tence 

4 
R=BrJI her 

~ reoresents the blood viscosity. 
length and 'the internal radius of 

where 
denc•'te the 
respectively. 

arsd I 
the 

arsd r 
vesse 1. 

During the orc•cess c•f nervc•us ad.;usting of BP. autonoltlic 
nervc•us ccmtrccl cersters irs lc•wer level brain can irshibit 
vasc•II'IC•tc•r cers'ters if they receive 'the signal C•f BP 
increasing, same'times, excite vaga1 centers, as a result. 
'the radius c•f vessel is exoanded. 'the cardiac rhy'thltl arsd 
tc•ntract 1 cm 1 s weaHened. Then the BP is decreased. Irs 
general, 'this Hind of feedbacH control of BP is comoleted by 
pressurereceotors in aorta. But since 'the oressurereceotors 
1t1ay be adapt 1 ve tc• hyoertens i c•n, and 1 f i 't rema 1 ns ccne c•r 
'tWC• days fcc r increased BP 'they w;. 1 1 1 c•ss the i r ad j us't i ng 
fursctlc•n. It ltlaHes that 'they are useful less irs treat1t1erst fc•r 

·hypertensivesC3J. In terms of 'the orinciole of biofeedbacH 
tee hrsc• I c•gy, if BP is i ltlltled i ate I y ref I ec'ted. tc• CNS. the 
cardic•vascular contrccf centers wi 11 be s'tiftlulated tc• reduce 
BP ·by the regu 1 at i ng ltlechan i SltiS ex 1 s't 1 ng between CNS arsd 
ANS. In fact, the practices 1 rs b 1 c•i'eedbacH techn 1 oue arsd 
researches c•rs nervc•us mechan 1 sms have shc•wn that there are 
c 1 c•se re 1 at 1 ccnsh 1 os between CNS arsd ANS. Many autc•rsc•m i c 
func'ticms can be regulated by .CNS with instrumers'ts c•utside 
bc•dy. With a BP receo'tc•r and feedbacH instruments, a new BP 
ccmtrccl system -- biC•feedback ccmtrc•l system is ccmstructed. 
in which 8P information is detected continuously and 
accurately by BP r&ceotor and is sent efficientlY tc• CNS by 
ways such as auditic•n and visic•n etc., and 'then signals are 
irs turn transltlitted to ANS. Hence the vaqal centers· are 
exc 1 ted and the strc•f.<e vccf Ultle and per 1 ohera 1 resistance are 
charsged, seP. flg.2. The feedback instru1t1ents c•u'tside bc•dV 
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taKe an iMPortant role in BP reoulation ihstead of 
pressure-receptors inside body. Through stiMulating of 
gratified nervous centers and training gradually the 
subjucts may "remenber" or "enforce• the regulating Process 
between CNS and ANS • By this way, the nyoertensives can 
regu I ate the 'BI? by themse 1 ves after a peri c•d · c•f tra i r• i ng sec 
as tc•· reach the goal of lc•ng-tllllE? treatment fc•r 
hypertensiccn. This system Is self-learning and is described 
in the systeM dynamics model. 

PTT ar•d Cardivascular Perfc•TJilence 

It ts very important to ge~ information about activity 
of the autccnc•lll i c funct i ccn in b i c•feedbacK cc•ntro 1 system. 
General sphygmemanoment in whJch KorotKoff (K) sound is used 
tee detE:•TIIline BP level, cannot be E?llloloyed in biC•feedbacK 
con~rol program because of discrete and inaccurate. With an 
automat•d constant cuff-pressure system develooed by D, 
Shapiro et al. [4JC5J, systol lc blood pressure (SBP) or 
diastccfic blc•c•d pressure <DBP) level can be measured beat­
by-beat. But this has several disadvant~ges for 
psychc•phys i c•l c•g i ca 1 ex peri 111ents 1 iKe b i-<=•feedbacK orc•g ram 
etc.. Firstly, it has SUbJects fel 1 uncomfortable, and 
seccmdiy, the inflated cuff 111ay cause the artery tc• be 
clogged or partly clogged. Arterial pulse transit time <PTT) 
has been used as a measure of cardiovascular performences in 
past decate (6J-(8J, mainly as an index of BP change. In 
reference C9J, Zhu MingJiE? oresente~ a new Instrument to 
detect PTT with arteri,al oulse wave <PW) and electrc•­
c;;a.rd i c•g ram (ECG) and estab 1 i shed a lllC•de 1 tc• desc r i be the 
relationship,betweer• PTT and BP. The regresslc•n equaticcn Is: 

AMBP=-1.313*aPTT 
where NBP reo resents the change of mean BP (lllmHg), ai"•d 
c.PTT stands for the change c•f PTT (Ills). 

By this lllE?thc•d, the change c•f BP 
continuously and noninvasively, whith 
biofeedbacK BP control experiments. 

can be detected 
IS dE?Sirabl~ for 

App 1 i cat i em to B i c•fE?E?dbac K BP Ccmt rc• 1 

a. Sybjects and. method 
:ZZ e.ssential hypertensives were randc•llliY assigned tc• 

·three grc•ups A, B, and C. They were asKed tc• COIIlD I ete 
tra,Anir•g sessiccn c•nce daily 6 days a weeK for three we-eKs. A 
training ·session tooK approximate-ly 30 minutes. Thus 18 
sessions were completed for each subJect over the training 
prc•gram. 

SubJects 
I TlfC<TIIlat i Clfl 
indi rect.Jy, 
g I VE?TI r~ndccm 

in feedbacK session were given feedback 
about their BP change measured with PTT 

(n pSE?Udcc-feE?dbaCK sess i C•n, the SUb.jE'CtS were 
sigals which_were irrelevent with their BP. In 

relaxation session, 
rel•x their muscles, 

subjects were asKed to si~ 

without f~edbacK Information. 
CIU1E?I i)l, 

SUbJ<:!?C'tS 
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In grouo A w~r~ traln~d With f~~dbacK s~sslon In whol~ 

program, th~s~ In group B were trained with f~edbacK and 
relaxation s~ssion alt~rnat~ly and In grouo C th~y w~r~ 

traln~d with os~udo-f~~dbacK s~sslon. 
In blof~~dbacK s~ssion, PTT was us~d as a m~asur~ of BP 

chang~. Th~ PTT was got frc® th~ art~rlal puis~ waveCPWl and 
~~~ctrc•cardlogralr.CECGl, wh~r~ th~ PW was d~t~cted with a 
ohccto-~ 1 ~ctrccn 1 c trartsduc~r, and ECG was gc•t from standard 
I ~ad I I. 

b. R~sults 

1l. Th~r~ ar~ significant BP reductions In both grouo A 
and group B ov~r thr~~ w~~Ks, av~rag~ magnltud~s ar~ 

27.8/22.6 lt~lt~Hg (s~~ fig.3l and 24.5/16.9 Tr.mHg, 
r~sp~ctlv~ly. But significant diff~r~nc~s b~tw~~n them 
cannc•t be fecund. 
2). Th~r~ IS nc• slgnlficiiilrtt chang~ In av~rag~ BP c•f 
Grouo C ov~r th~ Program. 
3l. Th~r~ Is significant dlff~r~nces betw~~n blof~~dbacK 
and relaxatlccn In wlthln-s~sslccn. av~rag~ SBP r~dUCtlccn 

Cav~rag~ r~dUCtlccns ar~ 6.9 lt~lr.Hg and 4.·7 m1r.Hg 
r~sp~ctlv~lyl. 

4)~ Th~r~ ar~ no significant across-session reductions 
In av~rag~- magnltut~s of BP for ~lth~r r~laxatlon or 
ps~udo-f~~dbacK s~sslon. 

5). M~an r~ductlon of SBP fOr blof~edbacK s~ss1on Is 
significant, magnitud~ Is 6.9 mmHg. 

Discussion 

Significant BP reductions of sUbJ~cts trained with 
blof~~dbacK t~ehniQUE' succ~ss1ve1y Is cibtaln~d, av~ra9~ 
1r.agn1tud~ Is 27.8/22.6 mmHg (th~ last thr~e te• th~ first 
thre~ s~sslonsl. This is sup~rlor to other r~oort~d r~sults 
[1J[2J and supports th~ suggestion that . voluontary 
r~gulaticcn e•f se·m~ autemc•mic furtctlc•rd may be heloful fc•r 
c 1 1 n i ea 1 tr~at1r.~nt c•f th~ des~as~s caused by stress, ma i Ttl y 
hyp~rtens i C•n. In add it i ecn, It is a I sec fecund that th~r~ ar~ 
maJ c•r d 1 ff~r~nc~s betw~~n hyP~rtens 1 ves and ne•rma 1 persccns 
con th~·dlstrlbutle•ns c•f th~ PTT oara1r.~t~r and Its cc•1r.oecnents 
-- th~ cardiac or~-~J~Ctlc•n period (PEPl and th~ ouls~ 

transit Interval <PTI). Th~ .. PEP and PTT also orc•VIde SC•It~~ 

ilr.fc•nr.atlc•n abc•ut cardlccvaseu!lif o~rfc•rln~nc~. By 1n~ans c•f 
mc•d~ 1 and ft~ethe•d of Systefr. Dyrtafn 1 t::.S, cc•mout~r techno 1 c•gy_. 
artifiCial lnt~ll lg~nc~ and mod~rn ~~~ctrOnlc techniQues, a 
comout~r-aldd~d diagnosis add tr~atment sy•tem can b~ 

construct~d In Which ~xoerl~nc~s C•f ~x-p:e:ft'S and va.rlc•us 
oara1n~ters refl~ctlng cardlc•vascular activity such as PTT, 
PEP, PTI and etc. ar~ us~ful. 
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