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2 s= A #F HFE FF6Ad. v =

Al BAAA AFEA 2 AEE HE F AN

A= 300-350g9 Sprague-Dawley WA 47 40vtg] S 10w <9
o7 v wom yFAth A WA L& fraoer PSS oy

o)
e Foli YmMA A e FPFo] we A

)
(E
2
¥

(aomte]) : xrow =
(10mk2]) : 2me/100g/15%
A A = (10vkE]) ¢ 25me/100g/15% 9] £8& 4o
d w\A o (107kE]) ¢ 3me/100g/15% ) 8§ 4o

ol
=
A
M

WA s B ) FALE v 3 3 (thiopental sodium, 50meg/kg) F 2+
(supine position)® AL &5 Y3 U+Z A3 H(inguinal area)
o, A= A=E 2ol7] A& AHAe HE T8 AV|WET R A
AstAth. FE Aol HAage dE st sHEdY FAHAS A
] 24gauge 7}HE (Becton Dickinson Korea,
Korea)s, 285 98 ¢ dEAdNS Tl stold¥ o=z 22gauge
dv Wl 7HEHEHE Ao 59 JHHE = A AzE s =
Z71% AA DAQ board(DAQ Pad-6020E, National Instruments,
Austin, Tex, US.A)el d4s91 59 7lHEH= €& €277
9 & withdrawal syringe pump(KDS210, KD Scientific, New Hope,
PA, US.A)ell 439

i)
|\
=
,
offl
=)
2



2. &3 protocol

A #AFYY. AMYS Hr s Y (mean arterial  pressure)©]
:’

-1 H o
4% HEA] HYH Ugauge AHHE Fiol S48 FUAY
A5 TdetA THFeto], A ESsto] HFE 9 hard diskel A%

s
sl As S 7= o] S(gain)e 10008 = skl Ho A= F
o

1 (05-300Hz) 2.2 o] 23 Alzalo] A4 59

vi



AL AALE=A(YSI 400 series, Harvard Apparatus, MA, U.S.A.)
S ol&35ty dEXHOE YL OoZHRE LHem dolo AAo| Aysho
THAAZE AHAE FAAT. A2 Azt o3 WFE A AsH
7] #13] heating pad¢} lampe o] &3t AL &4& WAFHL A
=& 36.0C=E FASHAT APAY e FYIHS Tl 24 +

1.0C= frAsta

B A z3be] AIZE Aol & AAbstel ekl o] A8 9 sampling
ratet= 1000HzZ &ttt AdE Hugdy HAAHY A5ES DA
2%d dA AzolA ZF 5 (B800%)3He] A s
o A short-time Fourier transformation(STFT) %ol whz} 2t
Ao FYrHdEGS FUTh Window A7]&E 7pWo] Hes 22
A sAARE A2 AH AHE VIEo® 30023t ARE
o3t Zag WMEES AFoz S5k, 15024 HAA 218
stA A zZF 300%7Fe] AFE oA & 31 al, Hanning window S %
&3k o
7} power spectrum HXE3A ofe] WHOZHE X AHFIH(very
low frequency, VLF)(0~0.2Hz), A 3(low frequency, LF)(0.2~
0.75Hz) @ 115 39}(high frequency, HF)(0.75~4.00Hz) t™ < ¢ power

g Fean AT, AFH % 1FH B9 FORVH total

Aoz Afad

=l
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powerZ T84t
LE/HF ratiox= AF3 e 39 + nFaa oo gz Aibsto] uzd
SRz A #He YEhlE A EE Ak

0 5 10 15 20 25 30 35 40 45min

< > <€ > €

preparation bleed out post-bleed

a9 1. =9 A7Is 24 3 BAE

Preparatione 3% of7sl7] A, Adeo #HE nbx
H1-3)9 tA7IE dEdy 2 % 15%(5-9) =477 AL =
do] vy 2 A7l xS 75E(11-35)7F, =daolA =

Abde wihx] dEskdTh ARk AR Abolo) ARE EHAEA o

=
a9
Q ot
S
AL

7l Sl8l 5¥(3002)3ke ARE 15024 FHsiel EAsQt RE
4G AL ok 40RA5AA] ARE AR E BA A,

AR, BY AN 7 2 A Qe WMo EE Mastdr. B4,
Fo AR FET ) AETH AYT 1 Aesh Juks Holmg )
g & A4
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board(DAQ Pad-6020E, National Instruments, Austin, Tex, U.S.A.)
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1. =2 o
A A AT g dl o Y E5A, S8, AR, Ao &
ol gt AFol= FIATH(E 1)
E 149 589 24 2 2k dwrd 54 wa
Variables Group 1 Group 2 Group 3 Group 4 p-value

Weight(gram) 321775 32215 32140  321.55  0.9993

SBPZ(mmHg) 17559 17158  168.40 16586  0.3792
Body

. 36.56 36.28 36.62 36.71 0.0652
temperature(C)

Heart rate(/min)  380.26  364.40 36856 37821  0.8179

5 A 1L

"Group 1& Ulx7oz 88 do7x &%l Group 2, 3, 4=
1

o
S
035

oft

2ml, 25ml, 3me] E3S doF.
zb ato] A A v E kgl gl
d

SBP : systolic blood pressure



2. MY E

40mtE o] A E F dEzas A = 30vkE oA 18vkE 7t
BES st 120k 7F AFES Sk AA AR AP ES 30% % 1L
8o E 40%ATh. ZF o AAYNELS dEae 0%, 2nl
/100g/15min Z & ol A& 10%, 2.5m/100g/15min % & ol A &= 20%,
3m¢/100g/15min2] &d ol A& 90% A th(& 2.)

F 2. 97 diATel wmE AL JHA 5

Group No. of survival No. of expire(%) p-value
1 10 0(0)
2 9 1(10)
0.0006
3 8 2(20)
4 1 9(90)

Cochran-Mantel-Haenszel & 7l % (Linear trend test)o] 11.8365
(p—value 0.0006)2 &3 o] BSF=E AlWst= Ao Eolx&= A

o2 Yed.(® 2)
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o] wokd A A, v WA
oA o Weol S7EE e WA H.(EE 3.)(Post-Hoc)
E 3w e AR mE g Jue g
Group 1 Group 2 Group 3 Group 4
. p-value
Time p-value (283
Heart rate(mean = SD) e
Before
380.26+52.59 364.40+22.84 368.56+42.98 378.21+48.15 0.8178  0.7281
hemorrhage
During
375.99+51.44 310.45+39.22 314.15+38.77 330.02+42.84 0.0064  0.5224
hemorrhage
After 372.05+49.67 347.50+39.93 386.60+23.96 404.68+46.61 0.0271  0.0075
hemorrhage
Group 12 Hxwoz 8% do7)x & Group 2, 3, 4+
=702 1568 7F 100g 9 2ml, 25m, 3me =S doF.
72 2o A9 AA FE d uhYy
* A& %9 A (Before hemorrhage), %38 7] (During hemorrhage)
gz Fd9o] ¥ ¥ A& 7] (After hemorrhage) Al Al o2
Yol W g

Xiii



ratiot= ©]m 9lE Aol7b gl Ao UEgAw A@rle u #L
MEe W F oA el ov g 2 AL L S YT P
o Rk el A F oA el A ou gl 2 AE &

b, 25, 3 EdxodAE 297 S 5 Ad7]d = o

® 4. 7 Fa A% 2 Aubso] LF/HF ratio’®]

Group 1 Group 2 Group 3 Group 4

. p-value
Time p-value S
Heart rate LF/HF ratio(mean + SD) (F9T)
Before

0.5436+0.21 0.7074+0.33 0.6655+0.35 0.6094+0.20 0.6106 0.7759

hemorrhage
During ) 50651029 101502058 0.902740.27 1.189420.65 0.0631  0.4859

hemorrhage
After 0.6618+0.26 0.9225+0.46 0.5689+0.16 0.4992+0.19 0.0168  0.0101

hemorrhage

1

b ol Ay A e @ ey,
ANAL 238 A (Before), 8 7] (During) 181 o] 241 %
218 7] (After) Al Al o & Yol mlu 3

LF/HF ratio : Low frequency/High frequency ratio

Xiv



S W Aol #E SAX 9 Hol A ARk ¢) LE/HF ratios
=d7]l AP AET o] ow gl= AFol7h gldo A E 7]l
Fgtol A Aures on A = %kal, LF/HF ratiox 97 3l

o

X 5 283 U AMY T AET e BY Augo] Har
ATt A ET
Time p-value

Heart rate(mean + SD)

Before

383.97+45.10 361.33+31.73 0.1169
hemorrhage
During 330.44+38.23 310.04+39.84 0.1739
hemorrhage
After
411.34+38.63 358.42+33.93 0.0005
hemorrhage

Fl

6. 9T vl Aol #@ Hugel LI/HF ratio'sl 3

Time p-value
Heart rate LF/HF ratio(mean * SD)

Before

0.5835+0.19 0.7123+0.34 0.2550
hemorrhage

During 1.0805+0.61 1.0059+0.47 0.7109
hemorrhage

After 0.4907+0.17 0.7787+0.39 0.0255
hemorrhage

' LF/HF ratio : Low frequency/High frequency ratio
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A Aot dE AE ;e
LE/HF ratio: A% @ -9 F2HA9 71 20-25 %) A Abgie] A
W% LE/HF ratiort A&@o] wls] <vl A 24 Jebsdeh(E 7
8)

X 7283 W ASEH A2 B A A Auge] B
A AET
Time p-value

Heart Rate(mean * SD)

AR A (-2) 411.04+50.11 406.87+34.31 0.7887
AR A (-4) 426.31+53.03 408.09+33.23 0.2558
AL A (-6) 427.86+51.86 408.84+33.41 0.2306
AR A (-9) 421.52+26.68 403.83+£34.40 0.2286

Xvi



X8 T W AMEw AT e A A Alvbe o] LE/HF
ratio' ¢ ¥ it
AR AET
Time p-value
Heart rate LF/HF ratio(mean = SD)

A d(-2) 0.4112+0.17 0.1710+0.15 0.4519
A (-4) 0.4352+0.22 0.2205+0.21 0.5402
AL 2 (-6) 0.5562+0.26 0.5225+0.27 0.7354
AL 2 (-9) 0.3198+0.14 0.1447+0.22 0.0176

' LF/HF ratio :

Low frequency/High frequency ratio
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R-R A4S F35 24 Fo2A Ade] BE A5 Fi5 54
A7)

s 2~"9Eq FBAMsW F3(high frequency,
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Abstract

The changes in heart rate variability according to bleeding

volume in hemorrhagic shock in rats.

Jun Seok Park

Department of Medicine

The Graduate School, Yonser University

(Directed by Professor Hahn Shick Lee)

Hemorrhagic shock is defined as circulatory dysfunction
causing decreased tissue oxygenation and accumulation of
oxygen dept, which can ultimately lead to multi-organ
system failure if left untreated. There is now, however, no
definitive parameters to making the assessment of hemo
-dynamic status of trauma patients. Vital signs are
maintained or changed by autonomic nervous system(ANS) in
hemorrhagic shock patients. It will be very helpful, if we
recognize that changes. Heart rate variability, which is one of
the parameter used to assess for cardiovascular system, is
non-invasive method. So it may be used to evaluate the
changes of ANS. The objective of this article is to
investigate the sequential changes in HRV according to
bleeding volume in hemorrhagic shock in rats. Forty Sprague
-Dawley rats(300-350g) were subjected and randomly divided
into 4 groups. Each groups were bled by withdrawing venous
blood at a rate of 0, 2, 2.5, 3m/100g/15min to make a shock
status. I observed blood pressure, heart rate and HRV in 90
minutes in control group and until to death in bleeding
group. Mortality increased in the 4th group significantly. On
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the comparison of HRV in the period of pre-hemorrhage,
hemorrhage and post-hemorrhage, there is no difference in
heart and Low frequency/High frequency (LF/HF) ratio between
mortality and survival group in bleeding group. Heart rate of
mortality group was higher than that of survival gourp in
the period of post-hemorrhage. LF/HF ratio showed inverse
proportion to heart rate. Mortality increased in the case
bradycardia was seen in the period of bleeding, tachycardia
and decreasing LF/HF ratio in the period of post-bleeding.
Further investigation will be needed to use these HRYV
changes more conveniently in the shock patients and clinical
settings.

Key Words @ heart rate wvariability, hemorrhagic shock,

autonomic nervous system
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