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ABSTRACT

The cerebral perfusion pressure (CPP) is defined as the mean arterial pressure (MAP)
minus the intracranial pressure (ICP), i.e. CPP=MAP-ICP. Consistent maintenance of
the CPP is generally accepted as one of the major requirements in the Intensive Care
Unit for patients who may have raised ICP, especially for traumatic brain injury patients
from traffic accidents. In this study, a method of raising MAP by automatic control of
Noradrenaline (NA) infusion is presented for the purpose of regulating the CPP at an
adequate level. In general, the Datex AS/3 and Codman ICP express monitoring systems
are used to measure the current MAP and ICP of the patient. The CPP is calculated from
these values, and then, considered as a feedback to a PID controller. The NA infusion
rate is generated to maintain the CPP at a reference level due to the increase of ICP. The
control system was tried on regulating the CPP around 70 mmHg on 10 pigs under
anaesthesia condition and manual incresement of ICP by an intraventricular balloon
catheter. The system response achieves the settling time 5+1.30 min and the overshoot
4+1.72 mmHg. The results indicated the feasibility of the CPP control system.

Keywords: Mean arterial pressure, PID Controller, Ziegler-Nichols Method,
Guyton’s model

Title: A study on Cerebral Perfusion Pressure Control
TOM TAT

Ap e twdi mau ndo (cerebral perfusion pressure - CPP) dwoc dinh nghia la hiéu sé giita
huyét dp dong mach trung binh (mean arterial pressure - MAP) va dp luc ngi so
(intracranial pressure - ICP), tirc la, CPP=MAP-ICP. Viéc duy tri CPP ¢ mét gia tri
thich hop la mot trong nhitng yéu cau chinh cua hoat dong san soc dac biét cac bénh
nhén bi tang ICP, ddc biét doi véi cdc bénh nhdn bi chdn thirong so ndo, thuong gap fir
cdc tai ngn giao thong. Trong nghién ciru nay, phwong phap nang cao MAP bang cach tir
dong diéu khién viéc tiém Noradrenaline, dwoc trinh bdy nham muc tiéu duy tri CPP ¢
mét gid tri thich hop bi triv lai viéc tang ICP, gdy ra do thirong ton. Mot cdch tong quat,
hé théng hién thi Datex AS/3 va Codman ICP Express diroc su dung dé do gid tri MAP va
ICP hién tai cua bénh nhan. CPP dwoc tinh todn tir hai gid tri nay va dwoc hoi tié}) vé bé
diéu khién PID. Bé diéu khién PID sé quyét dinh toc dé tiém Noradrenaline cho hé thong
bom tw dong, nham duy tri CPP ¢ gid tri mong muon, bi triv lai sw gia ting ICP. H¢
thong diéu khién da dwoc thic nghiém dé on dinh CPP xung quanh gid tri 70 mmHg trén
10 con heo, trong diéu kién gdy mé két hop véi viéc tang ICP nhdn tao thong qua suw thay
déi ap lwc béng hoi ngi ndo that (intraventricular balloon catheter). Pdp g ciia hé
théng cé thoi gian xdc lgp dat 5+1.30 phiit va dé vot 16 chi 4+1.72 mmHg. Cdc két qua
thuc nghiém trén dong vdt kiém chung dwoc kha nang ty dong diéu khién ap luc tudi
madu ndo.

Tir khéa: Huyét dp trung binh, By diéu khién PID, Phwong phdp Ziegler-Nichols, Mé
hinh Guyton
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1 GIOI THIEU

Ap lyc twéi mau ndo (cerebral perfusion pressure — CPP) dugc dinh nghia 1a higu
s6 giita huyét 4p dong mach trung binh (mean arterial pressure — MAP) va ap luc
noi so (intracranial pressure — ICP), tirc 1a CPP=MAP-ICP. N6 thé hién gradién ap
lyc cua luu lugng mau nao (cerebral blood flow - CBF), gitp cho qua trinh cung
cip oxy va trao d6i chat dién ra trén ndo (Juul, Morris, Marshall, and L.F.
Marshall, 2000). Su gia ting /CP dan dén qua trinh giam CPP va CBF 1a nguyén
nhan chinh dan dén tu vong ddi v&i cac bénh nhan bi chin thuong so ndo
(Nordstrém, 2003). Viéc 6n dinh CPP boi liéu phép gia ting MAP bang cach tiém
thudc thu cong gip nhiéu kho khin vé tinh chinh xac va thoi gian dap Gng
(Bajorat, Janda, C-N. Nguyen, Pohl, N.-Schomburg, 2006). Do do, viéc duy tri
CPP & muc can thiét trong thoi gian nhanh nhét c6 thé 1a yéu t6 then chdt dé tranh
hoai tir ndo ddi voi cac bénh nhéan bi ting /CP - mot kha ning thuong gip trong
diéu tri chan thuong nio (Walters, 1998; Dunn 2002).

Nham muc tiéu phat trién hé théng tur dong kiém soat CPP ung dung trong diéu trj
céc bénh nhan chin thuong ndo, dac biét xay ra tir tai nan giao thong ¢ Viét nam,
nghién ctru ndy hudng t6i viéc xay dung mot hé théng diéu khién vong kin giup
duy tri CPP xung quanh mirc 70 mmHg thong qua viéc gia ting MAP bang cach tu
dong tiém thudc noradrenaline (NA). Nghién ctru dd dugc kiém nghiém trén 10 con
heo tai Trung tdm Hdi sirc, Khoa Y, Trudong Pai hoc Téng hop Rostock,
CHLB buc.

2 PHUONG TIEN VA PHUONG PHAP
2.1 Tong quan vé hé théng diéu khién
2.1.1 Liéu phdp ldm sang

Duéi su cho phép cua Hoi dong y duc (Ethics Committee) vé cac thao tac trén
dong vat, nghién ctru nay da dugc kiém nghiém trén 10 con heo trong diéu kién
gdy mé. Sau khi tién hanh giy mé (v6i midazolam, propofol, fentanyl,
rocuronium) va ludng ong trg thd khi quan, éng thong tinh mach chu va dong
mach dui duoc lép dat. Ké tiép, dién cuc do ICP (loai vi cam bién cua Codman
ICP Express) dugc gan. Dé gia ting /CP, mot dng thong nodi ndo that co tai bong
bong (intraventricular balloon catheter) dugc lap dat théng qua mot 16 nho duoc
khoan trén hop so. Viéc diéu chinh vi tri ciia bong bong duge phan doan va thuc
hién dya trén quan sat anh chup X-quang va hut dich néo tiy (CSF aspiration). Ky
thuat nay cho phép diéu chinh /CP dén mirc c6 thé ma khong lam tén thuong néo.
Sau khi gia 1ap qua trinh tang ICP bang tay, thubc N4 dugc tiém tu dong dé duy tri
CPP tai gia tri mong mudn trong thdi gian nhanh nhét c6 thé.

2.1.2 Céu triic ciia hé thong diéu khién

CAu tric cta hé diéu khién duoc trinh bay trén hinh 1, dya trén mdt vong diéu
khién kin ap dung cho mét con heo da dugc gy mé. Sau khi do gia tri hién tai cua
MAP va ICP bang thiét bj Datex AS/3 va hé théng hién thi Codman ICP Express,

gia tri hién tai cia CPP dugc tinh toan va hoi tiép vé dé so sanh véi gia tri CPP,ef
mong mubn. Dya trén sai biét giita CPP va CPP,e,, b6 diéu khién trén may tinh s&
quyét dinh toc d6 tiém NA vao tinh mach cho may tiém Graseby 3400 dé gia tang
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MAP bu trir sy gia tang /CP nhén tao. Qua trinh duoc 1ap lai cho thoi gian 14y mau
ké tiép, sau 5 gidy, nham duy tri CPP tai gi4 tri mong mudn CPP, ..

IV fluid Artificial increase i?
of ICP I
A 4
CPPper ] CPP
PC b Inf. Pig P Monitor Y ,
- pump| ya system
Controller Graseby AS/3 and Manager
3400 ICP express

Hinh 1: So db téng quat ciia hé théng diéu khién
2.2 Dap Gng ciia huyét ap ddi véi thude Noradrenaline
2.2.1 BPdp iing ciia huyét ap

Pé khao sat dap ung cia huyét ap dbi v6i thude noradrenaline (NA), MAP cia 2
con heo dugc do dac trong 8 thi nghiém véi téc do tiém NA khac nhau. Péap tng
ctia huyét ap dbi voi su thay doi toe do tiém NA (tbc do budc - step infusion, v6i
bién do 5,4ml/h va 10,8ml/h) cho trén hinh 2. Trong d6, dudng infusing dut nét
(--) ky hiéu thoi diém bit ddu tiém thudc NA. Két qua cho thiy, sau mot thoi gian
ngén tir lac bit dau tiém, MAP tang 1én nhanh chong, dat dén gia tri tdc dung cuc
dai cta thudc, goi 1a gia tri xac lap. Gia tri xac lap nay dugc duy tri trong vai phut
thi MAP bi giam boi co ché tu 6n dinh huyét ap cua co thé (Guyton ef al., 1972;
1993; 1996), goi la phan tmg ciia co thé. Khi ngimg may tiém, MAP tro vé gid tri
binh thuong trong mdt thoi gian ngin. Phan img cua co thé d6i v6i thude s& phi
tuyén manh khi ching ta ¢ géng gia tang huyet ap. bap ing cia huyet ap dbi vai
NA duoc xem xét nhur 1a ddi twong diéu khién trong qua trinh thiét ké hé thong.

MAP response to Moradrenaline
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Hinh 2: Pap tng ciia huyét ap ddi voi NA

2.2.2 M6 hinh tuan hoan mdu ciia Guyton

M5 hinh tuan hoan méu ctia Guyton bao gdm 18 mo-dun chira 600 bién va tham s
mo ta cac dac diém sinh 1y cua co thé. Nguyén ban cua md hinh nay dugc viét
bang ngon nglt FORTRAN, vé sau dugc dich sang ngdn ngit C bdi Guyton va cac
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cong su (Guyton et al., 1993; Werner, Bohringer and Hexamer, 2002). Trong
nghién ctru nay, md hinh cia Guyton dugc xay dung lai trén MATLAB/Simulink.
N6 ciing duge cai tién dé mo hinh hoa tic dung cua thudc N4 ddi véi vong tuan
hoan mau. Mé hinh ctia Guyton duoc phat trién dé mé ta sy tudn hoan mau cua
con ngudi, tuy nhién & nghién ciru nay, cac tham sé sinh 1y hoc cia mé hinh cai
tién chi duoc hiéu chinh dua trén cac két qua do dac trén dong vat, cu thé 1a heo.
Do d6, md hinh két qua chi c6 thé phan anh vong tuan hoan mau mot cach tuong
tu nhu con ngudi.

2.2.3 Phwong phap mé hinh hoa

NA hoat dong thong qua viéc kich thich cac co quan thu cam trong co thé. Khi
duogc ti€ém vao tinh mach, N4 tic dong 1€n co quan thy cam thé giao cam alpha
ndm trong co cua cac thanh mach. Bang cach kich thich cac co quan thu cam
alpha, NA gay ra sy co co lam cho thanh mach mau bi hep lai. Vi thé, y tuéng cho
viéc mé hinh hoa tac dung cia NA 1én vong tuan hoan mau trén hinh 3 (mot mé-
dun trong mé hinh cua Guyton) d6 1a: duéi tic nhan ting huyét ap (hypertensive
agent), sttc can cua mach mau (vascular resistance) trong cac mé co (muscle
tissues - RSM) va trong cac md khong phai 12 moé co, md than (non-muscle, non-
renal tissues - RSN) déu ting 1én.

AUM ——*

VIM

ARM PAM

Hinh 3: M6 hinh héa tac dung ciia NA Ién sitc can ciia mach mau
it NEM va NEN tuwong tmg 1a cac hé sb tac dung cua NA 1én RSM va RSN.
Mo-dun biéu din trén hinh 3 va cong thirc (1)-(2) trinh bay tac dong ciia NEM va
NEN Ién suc can cia mach méu. Trong do, RSM; va RSN ky hi¢u cac gia tri sf;c
can cia mach mau nguyén thuy trong mé hinh Guyton. F' 1a mot bo loc thong thap
va cac ky hiéu con lai duoc trinh bay & phan Phu lyc.

RSM ; =VIM x RAM x ANU x AUM x AMM x PAM

RSN, = VIM x RAR x ANU x AUM x ARM x PAM + )
VIM x RVS x1.79

RSM = F(RSM , x NEM )

2
RSN = F(RSN; x NEN)

NEM va NEN duoc xac dinh bdi cong thirc (3) va duoc thuce thi bdi so dd Hinh 4,
goi 12 mé-dun tac dung cua thudc NA. Trong (3), NA ky hiéu la téc d6 tiém thude
noradrenaline. G va A twong tng biéu dién d6 nhay va phan ung cua co thé bénh
nhan. T; va T, 1a cac thoi gian tré. 7; va 7, thé hién cac hﬁng s6 thoi gian dap ung.
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&1a hé s6 khac biét giira tic dung ctia NA 1én cac md co va cac mo khong phai 1a
moé co, mo than.

Hoat dong ctia mo-dun tac dung ciia thude NA c6 thé duoc mé ta nhu sau: Khi may
tiém tat, toc do tiém NA 1a khong (zero), do d6 z=x=0, nén NEM va NEN duoc
chuin hoa, tac 12 NEM=NEN=1. Huyét 4p khong bi anh huéng cia NA. Khi toc
d6 tiém NA tang 1én, x va z ting theo boi (3), cho nén NEM va NEN déu tang, 1am
gia ting gia tri cia RSM va RSN boi (2) dan dén viéc ting huyét ap trong vong
tudn hoan mau.

~Tis ~Tys
X e Ae
— =G +
NA (qs-&-l z'zs+1j

E2 x>0 3)
““lo,  x<o

NEM =1+z
NEN =1+¢&

Tét ca cac tham sb cua biéu thic (3) dugc cho trong Bang 1, woc luong tir dit liéu
thu thap duogc cua 8 thi nghiém trén 2 con heo. Gia tri trung binh trong bang 1
duogc st dung lam thong s6 mac dinh ctia md-dun tac dung cia thuéc NA. Mot két
qua md phong ngd ra cia md hinh dugc so sanh véi dit lidu thuc nghiém, biéu dién
trén hinh 5, ching t6 mo hinh nay thich hop dé phat trién hé thong diéu
khién CPP.

NA 1 X Lz NEM

-T
G > 18 + +
L=l T s+l N — l
1 NEN
—»{ e—Tzs

T s+1
2

Hinh 4: Mé-dun tac dung ciia thudc NA

Comparison between measured data and model output

Measured data on pig
— — = Model output

AMAF [mmHg]
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Hinh 5: So sanh ngd ra moé hinh va gia tri do dac trong thuc nghiém trén heo
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Bing 1: Cac thong sb ciia mé-dun tic dung ciia thudec NA

Tham sb Trung binh Tbi thiéu Téi da Don vi
G 0.1 0.02 0.4 (ml/hr)!
A -0.4 -0.1 -1.0 -
7 40 30 75 gidy
T, 55 20 120 gidy
) 7 4 12 phut
7, 4 3 7 phut
£ 1.2 1.0 2.6 -

2.3 Thiét ké bd diéu khién
H¢ thong dugc thiét ké dua trén bo diéu khién PID ty chinh dinh. Ngd ra CPP
(Hinh 1) duoc tinh toan tr MAP va ICP do dac dugc tir h¢ thong hién thi:

CPP = MAP - ICP 4)
Nhiém vu cta bd (‘I‘iéu khién 1a x4c dinh téc do tiém NA dé gia tang MAP '[l:ly vao
su gia tang /CP nham duy tri CPP tai gia tri tham khdao CPP,.. B0 diéu khién PID
c6 dang

u(k)=u(k =1)+K [e(k)- e(k - 1))+ K, T,e(k)

5
1;, [e(k)- 2e(k - 1) + e(k - 2)] ©)

+

duoc ap dung (Bobad V., J. Bohm, J. Fessel and J. Machacek, 2005). Trong d6 K,
K, va K; tuong tng 1a cac do loi ti 1€, vi phan va tich phan; 7 1a chu ky 1éy mau.
Thuc nghiém cho thiy dap Gmg cta huyét ap ddi voi NA & mdi dbi twong 1a phi
tuyén va khac nhau. Vi vay khong thé c6 bd diéu khién chung cho moi dbi tuong.
Dé hi¢u chinh bo diéu khién, hé thong di 4p dung ca hai phuong phap chinh dinh
off-line va chinh dinh online.

10

AMAP [mmHg]

0 20 40 60 50
Time [s]

Hinh 6: Vi tri wéc lwgng L va R trén dwong cong dap wng

2.3.1 Phwong phap chinh dinh off-line

Tai thoi diém kich hoat may tiém Graseby 3400, m¢t chu ky nhan dang duogc ap
dung bang cach gitr ¢d dinh tdc do tiém NA dé xac dinh dap ung budc cua ddi
tuong. Su thay doi huyét ap dugc do dac va xem nhu 1a dép Gng cua dbi tugng
diéu khién. Trong thuc té, c¢6 nhitng truong hop, néu cho cho dap tmg budc dat gia
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tri xac 1ap dé c6 thé ap dung phuong phap hiéu chinh Ziegler-Nichols, doi hoi mat
dén 15 phut. Piéu nay khong cho phép trong yéu cau chuyén mén y té. Do vay,
ngay khi MAP giam khoang 10 mmHg, thi chu ky nhan dang két thuc (tic 1a
khong chd dén khi c6 duoc dap Gmg xac 1ap). Dir liéu do dac dugc sir dung cho
“phwong phdp wéc heong sém” dé tinh toan thoi gian tré L va d6 dbc sém R cua
dudng cong dap tmg. Vi tri dé xac dinh R va L duoc biéu dién trén Hinh 6. Thoi
gian tré L duoc xac dinh tai thoi diém ma khoang cach giira dudng cong dép tng
va canh day cua tam giac cho trén Hinh 6 1a cuc dai. Gia tri ctia L chinh 1a thoi
gian tir lac bat dau tiém dén khi thudc bat dau tac dung. Gia tri R dwoc xac dinh 1a
d6 ddc cua duong cong dap ung (xin xem Hinh 6 va tai liéu Nguyen, Simanski,
Kaéhler, Schubert, Lampe, 2005).

Gié tri ctia R va L dugc sir dung dé hiéu chinh bd diéu khién PID tuong tu nhu
phuong phap Ziegler-Nichols. Cac gia tri K, K; va K; cia b diéu khién PID dugc
tinh toan theo (6) va (7). Trong d6, T, va T 1a thoi hiang dao ham va tich phan
tuong tng.

Kp :I.ZRL
T,=(L (6)
= 4T,
K,=K,T
K, (M
=7

Heé sb ¢ trong (6) dugc xac dinh tity vao L, theo quan hé cho trén Bang 2. Quan hé
nay c6 dugc nhd moé phdéng va hiéu chinh bang dit liéu thuc nghiém trén heo.
Béng 2: Quan hé gitta § va L

L (gidy) [min-30]  (30-60]  (60-90] (90 - max]
s 0.6 0.4 0.2 0.1

2.3.2 Phwong phap chinh dinh online

Trong qué trinh hoat dong ctia hé thong, mot giai thuat giam sat dugc ap dung dé
tu chinh bd diéu khién PID nham thich nghi v4i phan ing cia co thé doi vai tac
dung ctia thuoc.

Trong qua trinh gdy mé, gid tri cta huyét ap bi bién thién tir 2 dén 4 mmHg do tac
dong cia may trg tho (Slate, J.B., 1980). Do d6, thay vi sit dung mot gia tri tham
khao ¢ dinh, mot day tham khdo (setpoint-bank) duge dinh nghia 1a mot khoang
5 mmHg trén va dudi gia tri tham khdo, goi 1a cgn trén U, va cdn dudi L, taong
ung. DBat CPP,,, 1a gi tri tham khao, thi day tham khdo duogc xac dinh boi (8).

L, =CPP,, —5[mmHg]

ref

U, =CPP,, +5[mmHg]

ref

®)

Nhiém vu cta giai thuat giam sat 1a kiém tra ngd ra cta h¢ thong va diéu chinh bd
diéu khién PID tuy thudc vao phan ting cua co thé va sy anh huong cua cac tac
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dong y té bén ngoai, nham duy tri CPP trong ddy tham khdo sudt qua trinh hoat

dong. Giai thuat giam sat co thé duogc tom tit nhu sau:

- Néu gia tri CPP hién tai nam trong day tham khao, thi cac tham s6 cua bo diéu
khién PID duoc gitr nguyén.

— Khi gia tri CPP hién tai thip hon can duéi Ly, thi K, va Kj duoc gia tang 5%;
K4 dugc giam 5% gia tri hién tai ctia chiing.

- Khi CPP nam trong vung gitra CPPImm\,er va can trén U, nghia 14 vot 16 da
xuét hién trong khoang cho phép, thi K, va K; dugc giam 5%, Ky duoc
tang 5%.

- Néu CPP hién tai cao hon (Ub+CPPmaxover) nghia 1a vot 16 nguy hiém da xudt
hién, khi d6 may bom lap tirc dugc tit va thong tin canh bao dugc giri dén bac
ST truc.

B diéu khién PID dugc cap nhat gia trj tham s méi sau mdi 30 gidy trong subt
qua trinh hoat dong.

3 KET QUA VA THAO LUAN

H¢ thong diéu khién CPP duoc thyc hién trén MATLAB/Simulink khong chi dugc

s dung dé m6 phong ma con s dung d€ di€u khién ap lyc tw6i mau ndo trong

thyuc t€. Qua trinh diéu khién nay dwoc tom tat nhu sau:

- Trong 15 gidy Eiéu tién, gia tri MAP, dugc do, sau d6 su hiéu sb gilta MAP va
MAP, dugc thiét 1ap (tirc 1a AMAP=MAP-MAP,).

- Mot chu ky tiém ’thu(’)c~ NA ¢ tbc d6 50ml/h duoc tao ra trong vong 1 mau (5
gidy) d€ nap day ong dan thudc.

- Sau thoi diém nay, mdt chu ky nhan dang dugc kich hoqt voi tde do tiém thude
NA dugc gitr 6 10.8 ml/h. Gia tri ndy dugc duy tri cho dén khi AMAP dat gia tri
10 mmHg cho céc doi tugng c6 phan Umg binh thuong va nhay cam vdi NA,
hodc dén khi thoi gian nhin dang dat maximum-window-timet cho cac doi
tugng kém nhay cam véi NA.

— Thoi gian tré L va d6 doc som R dugc xac dinh boi “phwong phdp wéc
lwong som”.

— B0 diéu khién PID dugc ciu hinh (hiéu chinh off-line) va dugc kich hoat.

~ Giai thuft gidm sat dugc ap dung dé tu chinh online bo diéu khién PID mdi 30
gidy, dé thich nghi véi dép ting cua co the.

Hé¢ thong di,éu khién CPP d4 duoc kiém chimg trén 10 con heo trong diéu kién gay

mé. Mot két qua thuc nghiém dugc trinh bay trén Hinh 7. Muc dich cua thuc

nghiém nay 1a duy tri CPP tai 7045 mmHg. Gia tri CPP ban dau 1a 60 mmHg. N6

dugc diéu khién tang 1én dat gia tri tham khao trong khoang 5 phut va dugc duy tri

trong ddy tham khdo suot th(‘;i gian thi nghiém. Tai phut thir 46, gia tri ICP dugc

tang nhén tao tr 24 mmHg dén 40 mmHg lam giam CPP di 16 mmHg bai (4). Khi

do, toc @6 tiém NA duoc ty dong tang lén d€ naing MAP nham dua CPP tré lai day

¥ CPP,yvover dugc dinh nghia la d6 vot 16 cuc dai cho phép, dugc dat boi nguoi van hanh hé théng; gia tri
méc dinh la 15 mmHg.
" Maximum-window-time 1a chu ky nhan dang t5i da, thuc nghiém ddi véi heo, chu ky nay tir 4 dén 6 phut.
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tham khdo. Diéu nay minh chimg cho kha ning kiém soat CPP d6i véi cac dbi
tuong bi tang ICP.

Bang 3 trinh bay cac dic trung cta hé théng diéu khién CPP, udc lugng tir cac Kkét
qua thuc nghiém trén 10 con heo. Cac dic trung nay cho thiy dap ung cua hé
thong diéu khién 1a nhanh va an toan.

Cerebral Perfusion Pressure Control

E?DD | #02F eb05.02|
T
=
E80¢ R
fu i}
=
B BT ap _
[l — PP manual increase of ICP
= a0 ICP |
g o e upper-bank
=== lower-bank
20! L L L L . .
10 20 a0 40 a0 B0 7o
Tirme [rmin]
Moradrenaling infusion rate

oo
= AA’__._r—’"—'r—‘
EED R
< 0 - - - : : :
= 70 10 20 a0 40 S0 B0 7o

Tirme [rmin]
Hinh 7: Mot két qua thwe nghiém 6n dinh CPP cho heo

Béng 3: Cac dic trung cia bd diéu khién

Pac trung Gia tri Pon vi
Thoi gian xac 1ap’ 5+1.30 phit
Thoi gian tang 2+1.06 phut
Vot 16 4+1.72 mmHg
Sai s6 xac lap 3+2.14 mmHg

7: ké ca chu ky nhdn dang dé wée lwong sém R va L.

Diéu khién CPP 1a mot ing dung hiru ich va 1a mot liéu phap hién dai trong cham
soc suc khoe cac bénh nhan bi ting /CP sau phau thuét hodc trong qua trinh giy
mé va trong diéu tri chan thuong ndo.

Mo hinh Guyton cai tién dugc xay dung trong MATLAB/Simulink rt thuan loi
cho viéc khao sat dap mg cua vong tuan hoan mau va thé hién dugc co ché tu
phan tng cua co thé ddi v6i ddi véi tac dung cua thude NA. Viéc sir dung mo hinh
nay 1a mot giai phap nhanh chéng, ré tién trong viéc kiém tra hé thong diéu khién
CPP trude khi ap dung vao thuc nghiém. Mo hinh nay cling cho phép m6 phong
su thay dbi ciia nhiéu tham sb sinh Iy hoc cua co thé trong va sau khi tién hanh
diéu khién CPP.

Thyc nghiém trén dong vat vdi viéc gia tang /CP nhan tao bang 6ng thong nodi ndo
that c6 tii bong bong t6 ra la mdt giai phap hiéu qua. N6 cho phép tao thanh mot
vong 1ap kin dé diéu khién 6n dinh CPP cho cac bénh nhén bi ting /CP.

79



Tap chi Khoa hoc 2011:18a 71-81 Truong Dai hoc Can Tho

Viée su dung “phwong phap wdc lwong sém” gia tri R, L va viéc sir dung giai
thuat gié’m sat dé tu chinh dinh truc tuyén bo dieu kiép PID la m@t giai phap cho
phép khong ché dugc phan tng cta co thé bénh nhén doéi véi thude NA.

4 KET LUAN VA PE NGHI

Nghién ctru nay trinh bay mot phuong phap kiém soat huyét 4p dong mach trung
binh MAP bang cich ty dong thay ddi toc do tiém thudc NA nham duy tri ap luc
tudi mau ndo CPP cua céc ddi tuong bi tang ap luc ndi so /CP. M6 hinh tuan hoan
mau cua Guyton dugc cai tién va su dung cho viéc hiéu chinh va mé phéng hé
thong diéu khién. Bo diéu khién PID ty chinh dinh theo 2 phuong phéap off-line va
on-line d3 dugc thiét ké va to ra rt hiéu qua. Viéc gia tang /CP nhéan tao trong cac
thue nghiém minh ching dwoc kha ning kiém soat CPP cua hé thong. Cac két qua
thuc nghiém cho thiy viéc gia ting MAP bang cach kiém soat toc do tiém NA 1a
mot giai phap kha thi dé duy tri CPP tai gia tri mong mudn.

Dé cho nghién ctru ndy c6 thé ing dung dugc, dic biét trong viée cap ciru cac bénh
nhan bi chan thuong so ndo tir cdc tai nan giao thong & Viét Nam, ching tdi can su
hop tac vé chuyén mén y khoa va diéu kién thir nghiém.
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AMM :
ANU :
ARM :
AUM :
PAM :
: Basic vascular resistance of muscles

: Basic resistance of non-muscle and non-renal arteries
: Venous resistance

: Blood viscosity effect on resistance

: Vascular resistance in muscle tissues

: Vascular resistance in non-muscle, non-renal tissues

RAR
RVS
VIM
RSM
RSN

REM :
: Effect of SNP on RSN
: Low-pass filter

REN

PHU LUC
Cac ky hiéu trén Hinh 3
Muscle vas. constriction caused by local tissue control
Non-renal effect of angiotensin
Vasoconstrictor effect of all types of autoregulation
Sympathetic vasoconstrictor effect on arteries
Effect of arterial pressure in distending arteries

Effect of SNP on RSM
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