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Abstract
The purpose of this project is to establish a

database from the neurosurgical intensive care
unit (ICU).We try to create a biomedical
simulator by using analysis of these data, and
the clinical correlations .In this year, our study
focused on the relation between heart rate

variability and sympathovagal activity. We
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design the device to collect patient vital signs
such as electrocardiogram (EKG), blood
pressure, and ICP. In frequency domain, we
use the fast Fourier transform (FFT) to
analysis power destiny spectrum and heart rate
variability (HRV). In Time domain, we use
Plot which is HRV analysis

technique to display nonlinear aspects of the

Poincare’

interval sequence. Finally, we discussed the
relation between HRV and sympathovagal
activity. Conclusion: The area of Poincare’
plot had positive correlation with the GCS
score. How ever there were no significant
difference between ICP and the area of

Poincare’ Plot.

Keywords :
transform,PoinCare’ Plot ,heart rate variability

intracranial pressure ,fast Fourier

BT R

oA G PR s FAY S
EERR ki e A o P e g )Hﬂ*ﬁ'f PR
AR R B s R g T 3
BechB B L ¥ o REEEED R D
£ Al F Bl 10-15 F o R 4L o] 350
AT RS 37 A Adr > BIRl M e § 4R

A MO RIS E A IR E AN
A R e I Eak
Ho BT E AR B RASF F s # 24
£ ERGUER B L 0 A A L chi & R T



[1]ed i B e 8 820 & i 1
EAnE & o R pEp BAELER L RS
W RS R RIE A A LR A
@wﬂ§@nm@ﬁw¢3<i@@AEﬁ%w’iz%

Ffﬁ & 7 ": Kﬁé g 5[7& i‘a 4 ;F f; 7]~ R
Ké;f o _I"] 'E Bb %ﬁf‘ ?Lli %I[‘ %rkb E ‘/?IJ f%;
EEP\@L\ ‘\‘ m*,k—’ ‘\ ,?—}-HDZQ s o) 7}‘]”11

T ABE &R T R -
< E;ﬁ&:!-ﬁ%i’*#d Ll
Fd A '&ﬁji},@ﬁd
X AMA BT PRERZ IR L B
BA S 2 A Fhie® L5 fpfkfch
He - BLiRsEMH ¥— B A »’P%F'J'F* ° R
L S 3 .zm wc} R EA 58
R TR IR A S B 1-‘0'—#5-1
o w‘»‘”"“i(fﬂﬁ’; EL_LE“ PR B
Ko B DT o g R AR AR
#o 4

R A AN S
SIVAN L N

HF 5 Te P mffﬁ’(ﬁﬁiﬁ"-’ SR
SRR R R BRI R E o

#MiH (Chaos) Hdg— 87 Rp)ie 2bix
% (random) 1{7 % > izt 2 P eni7 5
fed - k5 $E‘m%;1]w;}-m—¢1 ik & @
PASEEFERSF A L +4,+ﬂF5§AP R
I A R A g O
#renk i o PoinCare’ Plot #_R /4 1235 ch—
HE R AT 808 N R
TR ER Y E bl - 3 2D R
Fo XY RS ALALE
BAREHP ST — S enBg % %l; ]"]q;A\ AR B
v ’,TJDIL 2R R FARMN Y
¥ 1% PoinCare’ A 47 < B % £ & #icihh i
[3-5] -

Flp AR ST R AR A R
HAEM B~ s Br 8w B W Ry B
pOEA Sl ekl e m i A E R
BRYHE B PR o

=R i‘ pE
(1) #H %U#:f B~ ,:"\ KH
() W 4

AFT Y BIRIR

MP60 2 72 £ p| R % » £ RIFUELA L N R
LR AP EN D S S e
reek s Hop 4 WA B e By R BT
dOAER RAvs B L @@ 5 %R RR
(cerebral perfusion pressure, CPP) » ¥ d & /B
LTI B e IL%{ NILRER L L R
b ey e

% §_Philips IntelliVue

BP ~ ICP ~ EKG 5§ d 3 5.4 » 3
NI(National Instruments) > & 731 %ﬁé‘;‘;‘z%-’é
s+ £ PCMCIA 4 & + » if
CRE A IR Tl 8 LR
fo o BRI B S e R T A3

(DAQ Card) »

* v d e R

Bl- ~ 5L+ R g

Bl - ¥_DAQ card ~ Cable # ~ &5 & ~
BELAR MR S ELAR R H ﬁ‘lﬁ gk
AR AR T BT 8 & B 5
(Differential ¥ 3% 8 # channel » Smgle-end

¥ £ 16 B channel)e ¥ *F &5 23| F Mo+ &
%7 - % WebCam iF 3 #2fdgB~% % -
(o) W % #:

DAQ Card 2. #gP~3 & * & » S P ¥ ik
%15 5P+ 2. P~ 4 5 (Sampling rate) »
125 B~ 1k _=(Sampling Theorem) » #73x *
ZBFAEF G AN E A LIS A B
IV SR TEE - 3SR IS & = s g b
T =k R el T ﬁ*u
F_BrEE B i B L B 1 B 1S op
HiEd~ B kT AT sy 7

SRR SR I R RO



X scale R+ w:éz“— "‘“Lr?l Ilent B5LiicE o
BeesE O FEAERAR §RA BT R
ﬁ?ﬂ*\“iﬁli'ﬁ%’f’ﬁfa‘fé‘% SRR A SRR
foipdt k- ¢ 2 S et chlicdy o Bl e
 F 5 SO0~S23 cruEsE v A BN EA R - D
I Sl PR A RS RRT RkT o B
Basha b F - B AR TR
b HT BRI A KL S GILAS
RELAD. R Pl A f e A TR E ST
TRy A L R ER Y
FoooEd bt A T kA E_BPICP-EKG -~

MV -
CEx
Beviest UM g : “ BP(CH1)
f o rm i
Channel | 1)
: s # ICP{CH2)
_ - - ; B
et '
T 18, 8 * EKG(CH3)
3 LF}
Fibename n IHNO'HA
TrLeR CE =] E
11 k.1 1 Kl I
i 2 L SRS
Guit s . dEkend el L]
= GerEREN - sElT- T

rﬁ;]: N LA’F’ L )%%ku%‘]'

(2R SkinArLB ML 473 2

AT B PR B Ak p ot LA A g
AR S e BOTOR ) - BT AL
WLl PEGE B AR S AR R AR
B &7 Z B> 14 500Hz 4 & BP~ICP~EKG -
LA P2 o sl R A B R 4 )
NRFCE > @ P (T L EKG ¥R e o 1Y
TR B By RS E AR
(a)~= B B 2P cip] 2

ez w T foohlcdp BB L] pEAE
¥ a5 AR - B AR TR s B
REgp 2Rl ko d 30 P gio] o 38 F AR E P

R & hFF §E 5 RR-interval % 4> ]t F %

72 500Hz shB~ i PRV B~ R S 2 4 o
A5 ek P R i:i:zk:}{% BT
VR e S AR S IR A A

A

Besou B2 FE R SR
Bas 0 L0 §f§‘:ﬂkh
@ PN FRE > A
Ay IRV (R - e g EP B ()
2)0 LT E R oA A 47 [6] ¢
(b)FF 3% & 4772

R LR R - RCEEIRI
FEIOELRY Y DdgikdeT (D
SDNN - I ¥ < g & 8 o & £ o
(IDRMSSD > 4p B & ¥ R £ & T = o
33 4T A e P EoK-o B B Hp i g 11 i
Bl 8 F % ® A% 0 5)4e Lorenz Plot »
21 A % * ¢ Poincare’ Plot #1732 [3] >
Poincare’ Plot #_#- X A B~ RR interval(n)
'n % l~data number » #§ # RR(n) > Y &%
B~ RR(n+1) » 4cBle 57 o

RR interval Dectect
' - .

25k
| 7 RR interval
15k | !
2
05 | | “
oA ‘ AT | e Tt
05k
II'. il a i (i ! h I'II<'i i) il ng il
Soc

Bl = ~ EKG 2t 5.2 R-R interval

A3

(OORD- NG 2



U e
Frefgh i X1 fr X2

XL | |cos@ —sind | RR,
x2| |sin@ cos® |RR,,

SD1-SD2 * 4 #fF] L £ dhsr L g dh 7 % 5 ¢

M.Tulppo =17 2 [7] T 5

D1* =Var(x,) =Var( |

1
—RR, -—R
5 RR 7 RRw)
:%Var(RRn—RRnH):%SDSDZ

SD2* = 2SDRR? —%SDSD2

H ¢ SDRR % RR-interval s % X > SDSD
5 ARR iR & £ o F]pt T KE PR D0 fi
= TIxSD1xSD2 -

(AD) ~ M BB 2 R Gg T 0 Bder = & F)
g el Mkip T A s B o

(IID) ~ -1 25 A 2 ¥rR) ~ 45223~ %25 % %
S EARIEES SRS Y PRI i 8
(C)Af 3¢ o H7 2
N A

b

g ¥ % R A 17 (power
spectral density analysis) » #- RR-interval 5
i resampling = 2HZ P~#%{s » f1* B 4F
F1 4 # 4 (fast Fourier transform, FFT) > g !
## & % & Bl(Power Destiny)¥ 17 & & %

FAE A G A F T A ek -

11
|
L]
DESNESE DS )
R g Fans F2 L@
(HFP/TP)¥ # i Wiﬁﬁﬁéﬁmiﬁﬁ

Hom MAEH FE B S

BIF 5 R 2B R T et 58]

F SN é@i@i*ﬁ?—ciﬁf‘{

B 97 % # FI(HZ)
Az g <0.003

1& 44 (VLF) 0.003-0.04
4,47 (LF) 0.04-0.15

% 47 (HF) 0.15-0.4

o~ BEHw

(DA 7% %
hE PR AT 12 Bk Kk
oo 2P G 5SBp A LGS ke o
SRR B WG A b R R
% Heart Rate(HR) & ] pFph € 7 3% r2
BB G0 2 18 g bRBE I d 2t A 4 p
i g enged] o HR € bra8ig st & 2 o
Bl EPGdF % B L) pra 0 HR

+ 2 Poincare’ &

b
L& EA] o Bl EfRiF R
fe 1 ]} eyl iy > HR A7 H 2_iE »
Poincare’ 4§37t — 8L o ] ~ _Eg 30 ¢k i g
Ao R @ARRGAE HR #é < 0 & 57
s pF 7 -

T 70 % B (8 A 0 ¥ 5 RE
A) 7% d [f1A g | - BLo deBl4 o

(fm

yENJ/ 5; /

B~ ~ P0EF % B (a)HRV (b)Poincare’ Plot



Bl= >~ "GEF % B (a)HRV (b)Pomcare Plot

‘__':f*".W

;g

Ao B LRSI RS
(GCS)F“ I{;s A SF ‘E' ‘?\: Av\ mﬂ]@,l__?- ’ E] ’il’

GCS 5 9~15 » e 4
2B R A EFER A o b HFP/TP f&
Moo R RERITE K A dp ik = GCS 3 3
s R € ¥ R I

R

V5 IR

2 LFP/HFP #% > i*

Ao B R R piRs TR %
| R " GCS HFP/TP LFP/HFP
3(96data,7 patients) 0.301£0.210 | 0.845+0.864
B~ ~ i ¥ (2)HRV (b)Poincare’ Plot 4~8(10data,2 patients) | 0.327#0.196 | 0.774+0.430
9~15(20data,5 patients) | 0.204+0.221 1.906£1.597
4 = % Poincare’ Plot 54 $7 5% % » "Qiz &
Hefops A (AP A SD1 & SD2 fE - Flt &
A y i Rl o e 48 & 21 9~15 }ﬁa Agpre T AR
M o
......... . # = ~ Poincare’ Plot 4 #7.% %
Bt ~(a)iz % B 5 ) F’f(b)”mﬁf?—?‘ #is 9 Ellipse
GCS SD1(ms) SD2(ms)
| P area(ms’)
3(96data,
5 4.05+4.45 16.60£27.16 391£1017
"’\"‘}‘P F-g] - —‘1‘ [l )?5 A j 5? = 7 patients)
% g ¥ m&:}% 6 % 22 pFE— %!’«F?EFFf 4~8(10data,
. , 13.3148.18 30.79+15.24 1540£1659
Lg‘ "m * i'E]J » ¥ ’;? IR LF/HF .f = ('!ﬂ”?} 'L) ’ 2 patients)
MR R AT e 9~15(20data,5
13.348.36 37.09+21.45 1643+1563
patients)
3% | ——HFprTP
3
25 e (2) % stk kit
'2 P %4 BLE_ QRS ehif p|2LF £ & 5 4o
15 T\J %}?’a’\&#’ﬁv EH T4 4 Noiser £k RR
1 n / interval 45 3% > R Poincare’ plot 7 ¢ 1 {%
05 % 45 3% - Poincare’ Plot i 2E 8 i & &7 ) i
0 [ e B ) . O RN iL’;i,\;J%\?EA”"QP%E#%‘#;‘g%Qi%‘Eﬁ@qi—,ﬁ?
& 8 @ B3 &8 3 & & & PE Sl TiE HABRR > v s FER
£ § 88 $e8day 72 =5 ¢ ¥
S8 S S 8§ 885 8 NREgEl o
o —i — — —i N N N N
SEEEEHEEE vmsnurapuiaay
fo3 RiAE B IRIN B A5 i Pt 02 P
B0 2P 48 A 82 9~15 A 4 chiicdy B
IR 5 FIM A KBS R BB G oD

B~ a7 o A MR A R )



TR
B RenH B A op A RIR T o iR R
HPE g nbr L S T o 2 RN
O e s AR P B o Beng e g
F g AP ek Ak Ap R T > Poincare’
IR RPLEET B A GIR R B SRR A
B A MR RS S R G0 F]P ST
Bt R GEr R R iy 0 A 4 5 o

Ry S R S L A
o it EANER AL A
Fo ARBREA KM DL P2
- BREN BRAEE -

RV AR IIE R BT o R

E g\é;—:o;;e

[1] MJ Rosner, SD Rosner, AH Johnson ,”Cerebral
perfusion pressure: management protocol and
clinical result” ,J Neurosurg, vol 83 ,pp:949-62 ,
1995.

[2] S Akselrod ,Gordon D , FA Ubel ,DC
Shannon ,”Power spectrum analysis of heart rate
fluctuation :a quantitative probe of beat to beat
cardiovascular control”, Since, vol 2 ,pp:213-220 ,
1981.

[3] G D’Addio, GD Pinna, R Maestri , “Correlation
between Power-law Behavior and Poincare’ Plots
of Heart Rate ” ,JEEE Computer in Cardiology ,
vol 26 ,pp:611-614 ,1996.

[4] M. Brennan ,M. Palaniswami ,P. Kamen ,”Do
existing Measure of Poincare’ Plot Geometry
Reflect of Heart Rate
Variability” ,IEEE Transactions on Biomedical
Engineering ,vol 48 Noll ,pp:1342-1347.

[5] F Marcaino, ML Migaux , D Acanfora , G Furgi ,F
Rango ,”Quantification of Poincare’ Maps for the
Evaluation of Heart Rate Variability ” , IEEE
Computer in Cardiology ,pp:577-580 ,1994.

[6] G M.Friesen , T C.Jannett ,”A Comparison of the

of Nine QRS Detection
Algorithns”, TEEE Transactions on Biomedical
Engineering ,vol 37 ,Nol ,pp:85-97,1990.

[7] M.Tulppo,T.H.Makikallio ,T.E.S.Takala ,”Quantitat

ive beat-to-beat analysis of heart rate dynamics

Nonlinear Features

Noise Sensitivity

during exeroce”,Amer.J.Physiol,vol 71 , pp: 244-
252, 1996.

[8] M.Malik ,”Heart Rate Variability: Standards of
Measurement Physiological Interpretation ,and
Clinical Use”,Circulation ,vol 93, No.5 ,pp:
1043-1065 ,1996.



