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Development of a New Index for
Mortality Prediction Due to Hemorrhagic
Shock using Lactate Concentration
and Perfusion in S-D Rats

Jae Lim Choi, B.S.*?, Joon Yul Choi, B.S.2%, Wan
Hyung Lee, B.S.%, Min Kyung Kwon, B.S.2% In Chul
Park, M.D., Ph.D.5, Deok Won Kim, Ph.D.*2%#

Purpose: We proposed a new index for predicting death
resulting from hemorrhagic shock, which was calculated by
dividing measured lactate concentration by perfusion.
Methods: Using 24 Sprague-Dawley (S-D) rats, we
induced uncontrolled hemorrhage and then measured
blood lactate concentration and perfusion in addition to vital
signs such as heart rate, blood pressure, respiration rate
and temperature. Perfusion and lactate concentration were
measured by laser Doppler flowmetry and a lactate concen-
tration meter, respectively. We collected the data for 15
min, which consisted of 3 intervals after homeostasis, and
thus obtained a new index.

Results: The proposed index revealed an earlier death pre-
diction than lactate concentration alone with the same tim-
ing as perfusion. The new index showed generally better
sensitivity, specificity and accuracy than lactate concentra-
tion and perfusion. Using a receiver operating characteristic
curve method, the mortality prediction with the proposed
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index resulted in a sensitivity of 98.0%, specificity of 90.0%,
and accuracy of 93.7%. The mortality prediction with the
proposed index resulted in a sensitivity of 98.0%, specificity
of 90.0% and accuracy of 93.7%.

Conclusion: This index could provide physicians, in emer-
gency situations, with early and accurate mortality predic-
tions for cases of human hemorrhagic shock.

Key Words: Hemorrhagic shock, Perfusion, Lactate,
Mortality, Rats
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Abramson &< 94 $ALE Ao
Al s =7 AT W 0] L} Aol
AIZE FRF BE ARG 4] vl A3, AutE A
(cardiac index), 2tA23 5 (oxygen delivery, DO,), At
A2 (oxygen consumption, VOy) = 528k x}o] 7} &l
QAR FH A FEE g Aol 7t S &Rl
o9, 3 Vandromme 55 557 gt g3 24 5
S7F &4 APEER 789 28438 giske o £
Azt BRuSATy. Bk 94 A5 H sk gl
g7 9 A7 FAe Fosk, WA SA N (pulse
oximetry), NIRS (near—infrared spectroscopy), #l°]
A TZ2] F%=449 (aser Doppler flowmetry) 55 %
st ATFE0] AP gy,

olF ZAR, B ATFA = AHE Y oE vixlo] 3
(uncontrolled hemorrhage) = F%3F & Aa] A5 (Huk

T, 4%, S5, ARt opyet, golA mEeE ol &
z“f_} :",_]_E th,]. x%uugl] 7(—]1\} lr:l;‘ zxﬂ ]_oﬂr,]. :LE]

B0 £ YA A E A AN2E AR2A T
W] B (AL SR/ S AL A} JES TR
She WAE, Sol= 9 A8ue) BE %S shlck
CHadnt
1. 43 52 =4

2 A= AF 320904 400g9 FH A

(Sprague—Dawley rats) 24v}g] & AFg-3Fict 7|4 24
e S YR A PO R Ura, FEFS 156w 11100 ¢

2.0, 2.5, 3 mlZ 8o 7} 7+ 8npE]d wj gkl &
HJ A4 100g & Ado] 6.1%0) 22, o= AA JAF
% 32.8%, 41.0%, 49.2%2] Ed dF= = ol A
2o A% 27} Class III, IV, IVel ald¥+= 3t (Class ©:
10~15%, II: 15~30%, I1I: 30~40%, IV: 40%°]*}) o] 2}
5 . A8 & vhE = Isoflurane A€ 35 v
71(RC2, VetEquip, USA) & AHg-stalom, v £9 A
A FEE 5%, A Al 1~2%% AH&3tSiTh & A

Foll A AREE TEvHE e =l Z1dd AEglel
AHE7Hs sk, 71317 E‘rol d o =47 vHElsE =

2 %3
Hol Jbsagith. £ A FEAA 539 2EdAS
Fvl, 4N A A F7 IS ok s TR
Uk el 49 F0) sEAsE HAasteta, 49
vk A A7 b5 # g0l ek

AHS npH3 & o w AT IFE A E-9
o] BEEyd Hadte] HAE silon, Tl 54
S H3 5 dE 9 24 gauge 7FEIH (Becton

Dickinson, USA)E 44] a9l x, 48] & <

iin)
i
o
7

Gk Ao ddstsitt 29S Y3 5 e 24
gauge 7HHEIE Aglstgion, dd#S AX 28 /%

A (Pump 11 plus, Havard Apparatus, USA) ] 14
itk AsE JteEEe ddEe g YEF
(Choongwae Pharma Co., Korea) 3} A 2945 &3
sk galog YA} = E Yue g9 2y T oA

< 98 wE:EHT A sE AP dAgEn o
gigte] AsEdds]e U 2 Tu Al #d it
2 2239t (AF A M5 2011-0116).

AAE, 9, 35, ALY oGz 1 AT E
PowerLab 8/30% (AD Instruments, Australia) ©.2 ¢
g ol tjA g ’\lii HEsto] JiR1E HFHE AEst
Atk HE As= 1kHzO MZY Znsz 245190
Al 7kl utet oqﬁﬁnii SAetHA Attt A s
HE549 vis A= F3l], Animal bio amp® (ML136,
AD Instruments) & %3}"13}. Zmlokl piezo—resis—

16 MSI Sensors,

tive silicon $F& 414 (1620 Pressure®,

Australia) &} #FA] #2351

o% 12 ol g3to] ZH A &
QAN FE A ot B Y Ao £o 4%

AL ol &sto] RASIGT S&FTE H e FFolM A=
o] & o]ojx|+= F-E-& piezo respiratory belt transducer
©® (MLT 1132, AD Instruments) & o] &3}o] F29] o
WA W3S o] g3ste] F5 Tl A2 rectal probe
for rats® (MLT1403, AD Instruments) ¢} t—type pod®
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(ML312, AD Instruments) & ©]4-3to] 4 glc}. &
E5H 5 cm ol ARl 2EAE At FAA
& A& E SHSATN.

#F+ 483te LDPM (laser Doppler perfusion
monitor) ZH]Ql PeriFlux system 5000 (Perimed,
Sweden) ¥ 7% Z 28 (Probe 407, Peimed) & AMg-3}o
%;g] 5]_03 o u% g‘ﬂ_ﬂg] QEZ 9} ol Hl—u].t]—oﬂ IZH i]j g} %]

2 glo] L& o] g3ko] Rtk LDPM 7715 Fa &
780 nm 3H39] HolA W ZgHo PGS E5 v
of YArEH, o)A W wjA dyto] gl A AP
(red blood cel) ol AR & Ao &) HhALE 11, o]
u We) Fukg wgp dojdrh, Wel Fukg Mg 54
ol (@t 0.5~1.0 mm) o] 7 W A7 Aot =
of wha} el wialg "o zgzH o] PMNEE ) V)

719 B AATIZ Hmote A HH, AdF9 e £
«] wol nldsis #RE 29T 54 GHe 49 @
21 PU (perfusion unit) & S AH?. 32Hz9) AMEH 5
W F385 o, A4 T2 73e PSW (Perisoft for
window) & A1 32 =5 A7 1 BA 519t
Ak %= 31 gauge®] A&d 471 (BD Ultra—Fine
II, Becton Dickinson) & thE] el AFqiste] vha |8
gtk Ad & =3 AEYS E8) =47 (Lactate Pro
LT-1710, ARKRAY, Japan) 2 24t 555 57430}
4719 &4 W9+ 0.8~23.3 mmol/Lolt}. 13] 574 &
HQo AL 5 plo]m, A AI7HE 60271 A8 5T

>,
heied)

A Lo 23~25°C, 5 40~60%% A5}

<+ : Lactate concentration measurement

l il 5
S F5589 a1, Fig. 1o vehd u}g} 7L°] A7Fe] 43
= BAFs] fletel %A =9 (fixed volume hemor—
rhage) o] AlZHEl 13 $o me] Zole] 75%5 Hdsto]
v A o] %3 (uncontrolled hemorrhage) & F X3 tHe.
wau AGH LS 28 717t & £ HX3517] 94 &5
d UEFI A9t E39 A-RA e gzten,

A A3E B8 mgolA Ed%S AASITE 1ol A
o 282 A 9] TEAFAY 2 ATt A&
o A 2 AL AY A1 0%, 15~3089Y =4
T2H, A T 158 7K Fk| e 58 1 E, 1 FR e
30+ AL E A5, MA A8k Aoy A
g xa Aol 1508711 =439t} (Fig. 1) AL &3
*8 3

(Fig. 1). gAt
dRio]7] witel
£ = AHgstsith
29, A9, 3% Hermit, 3} spline X7, o] & 7}

A s Bs A9y A8 Fig. 29 2ol 992
AEE 53 A & AdS53S 23st A5392
RMS (root mean square) 2*}F(mmol/L)E T3t} A

Resting Bleeding Post bleeding
I I | | | I [ | [ [ ] [ ] 1 [ I
I 1 —i 1 | 1 1 1 1 1 1 |
16 20 25 35 40 45 75 105 135 .
4 1jl+ + 32+ ++ + + 4+ 190 (mn

Tail amputation

I Interval | I Interval Il I Interval Il

30 31 35 36

T

Data normalization
at 30 min

Fig. 1. Experimental and data analysis protocol.

40 41

45 (min)
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#4& LabVIEW 2009 (National Instruments, USA)
2 A 22 O9E Fl Asow AFHG oA, T
Z-2 RMS 24 k& 2l AF B S AFE-sho] do]E
£ Hitsto] ARESIATH(AE: 0.71+0.47, 32k Hermit:
0.75%£0.44, 3%} spline: 0.94£0.56, FTH: 1.20+

0.75; FHF+EFHA}, n=24). A 2 A9 Az
g4 WLEL v 1Rkt 30% Feke] BHERE £40

ARgsklTh HAl Aol o A —% # 23}str] ofa] A
& AlZ ¥ 30%S 7]Fo® LDPMO® 543 35, 2
A SRS 10092 garststo] 458704 oAl st
g Axtstlth(Fig. 1). Atstd 24 5 (%) /37
(%) 8] vl& T38te], APE o5 AxE AT 4
T7He 30~45% 0% - offr= A A, <] JHA 7}
458 7H A AERA T = A, SHAANAY A e A4
= 5 AP ES A5S BANEH] Sai A A
SPSS 18.0 (SPSS Inc, USA) & o] g3 7 wellM =
7] (at rest) Agtd HFE9 Apo]E Kruskal—Wallis
test® &t ¥ &R 1, Mann—Whitney U testE 3}
/‘E—é— TT_qu. /\].nl— = 7]-3] x%)\]. T 7= 1:11 xﬂo].g]n_:. Z];j,_
o Hlus 6}3\0“1 9 $$01005°6}J 5 SAA
o o Sl A0% FHas AT A% Bk
Fig. 13} 7Zo] 3 -,‘%HH 4537 A 5 3 A T

Ao
ot

o

—

354, 111 36—40%, 1111 41-45%) 02 ir &, 7 54

7o ROC (receiver operating characteristic) #H

WS A gate] AUC (area under curve) & T3St}

Cut off #h& A o529 ntEe} Solwrt Huj7t =
AROE A7ttt

d 1
1. €0l olot Me|atd Hapo| St
Kruskal—-Wallis test® %3l vjmst 23} 2, 2.5, 3 ml
T AT 27 BE AR MEEl ol 9t

(p>0.05). AA 247} F 2 mlTE BF AE, 3 mliT
B5 APGEReltE. 2.5 mlT e A9 4vtEe AL, 4nkEle
AP 2, 2.5, 3 mIvte] AR 1e o] W
som ol AFA FYFo] ASTHF gAY 2IF
o] W& 7 yhell §17] witolth A%A 233 ne dos
Fe Aol 29S B A4 29 v&2 2 mlvre] A
) »g%&421% 25 mliE F AE 79 4 46.1%, AP
79 A% 48.6%, 181 3 mlTE 54.5% % E}(Table .
A O A EY AelA AR 8 355, @

AlZH | HitsE AZH | Hiss Azt | Hiss AZE | HMss
(&) | (mmol/L) (&) | (mmol/L) (&) | (mmol/L) (&) | (mmol/L)
0 13 0 13 0 13 0 13
15 15 E- 15 15 15 15
20 12 20 | 12 Bl | 20 | 12
25 1 25 1 25 1 25 1
30 12 30 12 30 12 30 12
35 21 35 21 35 21 35 21
40 26 40 26 40 26 | 00 0 26
45 32 45 32 45 32 45 32
75 26 75 26 75 26 75 26
105 2 105 2 105 2 105 2
135 2 135 2 135 2 [ 135
150 2 150 | 21 150 | 21 ["150

Fig. 2. Protocol for testing to determine the best interpolation method among four ones with the sample data set.

Table 1. Mean= standard error of the experimental results for the three groups

Total hemorrhagic rate (%) Shock class

Group Tail bleeding (ml/100 g)
2 ml (Survival; n=8) 0.47+0.05
2.5ml (Survival; n=4) 0.26£0.09
2.5 ml (Death; n=4) 0.42+0.13
3 ml (Death; n=8) 0.27£0.05

41.2+0.88 1 (n=4) & 1V (n=4)
46.1+1.4 IV
486+2.1 IV
545409 IV

Total hemorrhagic rate (%) = volume controlled hemorrhage (%) + tail bleeding (%)
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FRE gadgon, A4 vEE AN 37 a9t $AETh B A4 BERG R0l me, 338
(Fig. 3). A1 (30%) & Aol &7 8 A A2H B AE T3 AME 7 7R Aol vt f-2Ekeltt (Fig. 5B).
2 35 % BolAw, v Tasgla, deha) B AA T /BAFE T AG oS A8 A APE TollA]
3B oo A FL= XY (308) Tk Z Z AA S, AE Y] A9 AR sk AL o
o8 BEs] ST (Fig. 3). A& 7 (Fig. )& 29 th(Fig. 6). & T3 AV 29 Aol= 338 7H st
Fb AU, WS BES, BRY ot AT T S 90w (p<0.01), 3TRREE 1 Aok F93
AEE HAo, g F Auk, 99 %5, A R (p<0.001). ) A¥Z Fgtal Bud £ Aol A Ak X
F BEE o] wolm, 24 $E9 3% F/45He 4% H/b 24 SERTe MET B gov, A4E 73
S HolAWE A A F(AE F 10%) LA 1A= APE ] AR apo] 8] fref/do] A wEe) drel v
A SE S AUk AL A% AR PR AE F 8 R 94 ks A8 998 5 99
BF AH3) gFas
A OE X B RBY HS
2. Xe & Mol & X 7O| H3}
7 A kA, A w3, 28 A A9l
A@ AH 08-S 100% 71 FOR & A4 2] 4 & AEA AEI TS W £ AEUA
T AL I A I B STFeAINE, AV o] o] & o7 #gasy] 98 ROC ABE 18 W 7te
A F7hekgion, 38RE e T A T 3 etk ROC AN AUC, WIZHE, Solwg}
A s Ase A% Aot 9SS RARAT Fig. T el A A A% AR FEYL
5A). R A AMY F2 4 731 (31~358) ol A AUtk G T NIEe} So|EE Hrd grolth
ZHad 5 BA 71 (36~408) oA F7F 5 A A5} B4 F2HT (31~35%) o AEF AES 7HE
,g r 70
£ e e
o | o
2 o
& 30 g
= 0 8
E; , 0 E
g':: ) [ VPPV e S S S B S S S -,I, 0
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
A Time (min)
=+—HR (bpm) .- RR (bpm) =-4-TEMP('C) —=— SBP (mmHg) —=—DBP (mmHg)
180 N=12 o N=11 N=10 N8 N6 N=3 N,
160 Bleeding pe_rlod'; P I L] i
S 140 : : L =
= 120 . S
5 100 - T 8 £
2 & g
2 o -, B
20 : e i
0- T — h— 3¢~ - & L

Fig. 3. Changes of vital signs (A), perfusion and lactate (B) in the death group, Error bars indicate standard errors.
HR: heart rate, RR: respiration rate, TEMP: temperature, SBP: systolic blood pressure, DBP: diastolic blood pressure.
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10 15 20 25 30

=&~ Perfusion (PU)
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Time (min)
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%%EH 71 2 AUC(0.804) 9} 76. 7%
ATHTable 2). 24t FE2] 735
Lol A AUC7} 0.5 vjto g FEa} APgS

A7E obd ek, 4] 7k Mol A = AjEeE A3
2 AUC(0.949) 9 3= (90.4%) & EoF3Uth
o A A R IR AUCE S7H oW, 4
71.3%°0 1A £4 730 el A TR

=]
T':

m ok HE
Nl o

LN = |
1_,_’_@[

oF mpR A 2 Ak A E 7} 7HE 2 AUC(0.980) 2F
F%(93.7%) 5 BAAFU, 77 IS Al gstas #5771
ik Foo ve) o w23 Jee s no

1 =

e
_,_

=

K

E s % Pe i
E g5 & bkl i 111y o o % &
% 300 450 2
S 250 40 2
‘% 20077.-t-l'4"A"‘-.-r‘—l—l—‘-l-l-‘—h—‘-l-‘-‘-‘-‘d-l-l-i-A:‘JA:‘H 30 ‘é:
[=%
= 20 &
E |
8 ___ 10 E
% 0 T T *W"l'"r“ —T T T - T T T T 1T T T T T 1 0
0 10 20 30 4 50 60 70 80 90 100 110 120 130 140 150
A Time (min)
—+—HR (bpm) o RR (bpm) =—4— TEMP('C) —=— SBP (mmHg) —=— DBP (mmHg)
N=12
b fbiesting! o
i period 2
S 140 LT T = ! ar
o 120 &-‘—L; §'10 °
5 A 8 E
-] - E
= 5+ 6 @
5 4 g
o ; 4 Eﬁ
] -2
0 T T *'T;'F"‘("'F‘:"rﬁ'ffii — 1 T 1 1T 7T T T T T T T T T 1 1 T T T T T : 0
B 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Time (min)
—+—Perfusion (PU) —&—| actate (mmol/L)

Fig. 4. Changes of vital signs (A), perfusion and lactate (B) in the survival group, Error bars indicate standard errors.
HR: heart rate, RR: respiration rate, TEMP; temperature, SBP; systolic blood pressure, DBP: diastolic blood pressure.

Interval | Intervalll  ~ Interval lll

100 =

0 H HllE g i
30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
~ p<0.05 Time (min)

~ p<0.01
—+-Death (n=12) -=-Survival (n=12)

Lactate concentration (%)

= p<0.001
A

Cut-off value

Interval | Interval Il Interval [l

200
__180-
160
140
120
100

D kk kkk Ak ok
K

*k Kk

Kk kkk kA

Perfusion (%)

88-- : N N= 10; :
30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
«. p<0.05
pr.:o o Time (min)
=+ p<0.001

—+Death (n=12) -=-Survival (n=12)---Cut-off value

B

Fig. 5. Relative changes (%) in lactate concentration (A) and perfusion (B) after the hemostasis, with the beginning of the
hemostasis (30 min) set at 100 %, Error bars indicate standard errors.
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2.5 ml, 3 mlrOo® o] AFA £8E RSl 2 AFH 28& A2 AFoA, dolA 2E5Y 7% 57
mltS B AE8A T, 2.5 midtS A& Abdo] v HE T3l nAERE S A7, 189 2097 2849
Fom, 3 miir EF APt & AFoA = AR % 134 A2 (jejunal mucosa) o4 9 vlA 77} 2
AEE Tl mElelX e £3o] Y4 SR 4L A A Ak sFQith. T3 Kaiser 5272 oA &&
= Zlatlth. A4 AHE 278k AL AP oS 2] o|m| A & o] &3to], EHE Yo7 HA Y HEF %I
of A A xE AFE7] flste] AAATE Farsto oA #Fe SHo] Wy +%7] dt, Bt A d
975 2ml, 2.5 ml, 3 mlTEoE Urd A AAHEA w2, 97] B HEREERNER) AT £

A 28] Ay dAFoE A&7 ST Ao JEE o Ugsty w2A sttty ekqlvy ey A
2Z Lee T2 AHE o] &3 28 &3 AHNA A4 g ATl RS HolA =&Y 7 S A5
F4 298 FEsty 5w § 1w E Addsto], vlAo & W, <5 sol Z2BEE A3 FAeto] SA 6] v
g5 fFEslfloy, & AdFdAe A8 AFES Fust of BlAFAQ SHoleta & 4 itk HolA =&Y o]y
o, %4 28 F& &, 1F Tl ngE ddspinps™ 2 A E B3 7 5P oA =&Y fE SR
Vo meoAe 2% JFHOoE FET T H| oo W 298 54o] Tbsetd A4S 919k 13] AAL
3l 2> ol QA A 27 &S Y8 9 4 =7 28F 3 guE o

FEE g A AE W A BES BFE B 0P Lima 57 38 4 A G40l 12 23 (@R
=43, 35, 25) 02 AR FolErl, ol @ 2ANA IR

B ATl AL Aol REe] £% YU MF AL ARF PUE 27 A9 £ dvka sk o
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Fig. 6. Changes of proposed index, Error bars indicate standard errors.

Table 2. ROC-AUC, sensitivity, specificity, and accuracy of the three intervals for the three variables

Variables ROC-AUC Sensitivity (%) Specificity (%) Accuracy (%)
L actate/perfusion 0.748/0.949/0.980 65.0/90.9/98.0 80.0/90.0/90.0 72.5/90.4/93.7
Perfusion 0.804/0.875/0.875 75.0/81.8/82.4 78.3/78.3/76.7 76.7/80.0/79.3
Lactate 0.411/0.764/0.887 -/67.3/90.2 -[75.0/76.7 -[71.3/82.9

ROC-AUC: receiver operating characteristic -area under the curve
The data show the values of the intervalsI/11/111, respectively



SR8 = 7 e F2 AREAEE FUSS E
]Ikl

F 0 A o] Fof gHE Al FHE JpA 4
S T 5 Qlof, A4 v YL Fug A s E 547
E ARSI S-S g AEE OEA YA Aded
AAAE Agsto] o]Fojxon, 4ee] o MES W
HA07 F5ste o] 7hsstith dAFH ] A5 BE n
g, AW =5 F7r(retro—orbital sinus), ¥% A9
(saphenous vein) oAl 2@ o] o] Foj At} 781} wHE
A APo] o] ¢, B2 A £ F FHI w4
8] Zol=o] Aol FA Ag7] wWEe] B Aol = A

Fi SIS g =
Richard 57& 44
Hzx JAFZANY ARE 7

&
g 7%
wEtE 242 AEAtD HUh o e LAY E3

Fu
N
et
—YY‘—]'
offt
>
<
e
Ju

53 A g 4TS B
B AE ARl
Aol o8 3o}
Y& WAL, Y

A= 9FE 29 AA

Nlo o
%
flo
%
X
i,
=
N
et
oX,
Ex
u

o2
o%t

ol Aol A o] x| A F] B
23 BApo| A =T} ALY

=}

A

g8 2ol Yol EYPol

49z Agstgon, Ay

A7 52 A8 5 458 o) F4E WAH B ¥4
k9

dr oo HUoZ ofy

bt

~ i
>
net
o
1o,
-
=
flo

-
P 2 RN o
o rlo

Al

X

N
oX,
fu)
~
>
1o
ol
N
N
H
)
NN
N
ol
N
N
ofi
o
N
23

2

for
o

i

o M
O

o,

%
Ju o

o,
>,

o g
m ;Lol o I o |
L ol
o o o
o
2

N
f

$a%
o

ay =
o A mY

o

)

o
2 X

N |
M i

i
(o,
oN,
o
i
et
% 8
offl
>,
=
olo
_O|L
2

ol
[N
_0|L
£l
x
s
=
1A
ox
_o|£
=

[0 QY o
H oL
N
e
2
off
b
lo,
s
o
e
N
=
=
Ho
N
mﬁ(_:
o
R = o

X
N
-~
ol
L
o
of
o
32
o

reorlr

MBS
mL o
=
N
X

=
o 18
_‘ég‘i—m
i =
\(rﬂ
o 3
b 2

g W
L ol

k)

=

2
x
)

S
oy 1
ol
ol

=
-

H
do
o
Hox
=
o2
of,
|o
ox
N

e HN
Y

v

o

olo OOJETI)

2
)
4u
ox [
= =

=
o,
N

=
>
ol
z
M
o I
O 1o

ok
o2
I
|
R
Q& lo

o oN i S o oo Ok @ ml N oo 2 N o e O
lo X qju
23
%

2
N
2
o Ho
H
olo
Al
ox
olet
-3

oL
N
)

>

_()|L
B
e ©
b
il
o
Jo o
o rir
N\
E
1o

ﬂ.
o &2
o

o

=
)

o E
|\
o,
=9
O
rO
g

oft N

o Ho oX
DN
o ;,' o

=

e 1T =

o
1o
uV) o

o g [0

o

LU I A
o
£ o 2
=2 o
I
-4
=
>
g rr
l-ﬂ.l l_o(, ) HE oX
d
=
| e )
o 2

glo &
i

o
= 4
)
o
N,
o
ful
32
o
offl
ol
o
°

1

Aol AW AL 100%3 dol ATHQ W kS §
3 nestnh 2o EEHE AAAES 4L F
11, AA 18 e 4 oA =AY AR Hlold
B50] 94 7] W) Y A gE FaAAE 57 9
A, 4 SelA el F7h A7 B e s,

4 £

Q) AA AT BT AR Aste] B8 &3
A48 e Fahe 49 Bk w9 A2

el AA AFR 240 Y

o S rlo

R
I
ox L of
Bl

o

ol
ol

T (et ox N Lo

-
ol
Lo

4

)
>

2
ofN
tlo
1o di @

>
_O|L
s
oZ
W
=~
=
s
o=
2
i)\t
N
7<)
i
2
>
_O|L
52
ful

o e

o o o RIom e lo
2 r
Ju
1o
w2
o F—.>'-4 o
- o
ki
i
offt
>
2
A
o
_0|L
2 R
WA
24
off
ki

o
B b
dlo
e
m
o
N
3@
H
N
4
<
oo

)
rlo
ox
X

=2 o
)
olr

X,
o
M
[iss
2
N
32
2o
Siid
1%
-4
N,
N

ol
dr
1o o d
>
=)
1
ox
B
L
I\
X
ot

2
N
o
2
ﬁ‘ 4
Mok b
A

AN

el
1o
o
1o
rot
>4
o
F

DCE R [ A

w
= b o 2

kil
fo 4
o}
Y,
221; B b
o
L E o &
o b
>~
il
(o _oi
2 Q9
o,
rot, rﬂi
B
B
L o
o qo net 8

AL AV A% AR Y A gol AFesh, N)E
o A AT Fol AT F A 2H9 ANk FUE
AR5 weste] FUH £ B AYS oS
AmzA e Aol ZtE £a, £ 4A A5 F
A e W Aol AlE ARd wie FEH
2 #4350l 284 23 8440 JUE e S B
Ao AENY NF, AW 8 2% AR B B 5
o £gol W Ao AnH

1. World Health Organization. World Health Statistics 2008. 1st
ed. Geneva: World Health Organization Press; 2008. p. 46-7.



val

IS 2 Ao SE2F

i

=1

£ 0I88 20N S-A 239 A2 0I5 XIE Y /49

10.

11.

12.

13.

Murray CJ, Lopez AD. Alternative projections of mortali-
ty and disability by cause 1990-2020: Global Burden of
Disease Study. Lancet 1997;349:1498-504.

Deakin CD, Hicks IR. AB or ABC: pre-hospital fluid
management in major trauma. J Accid Emerg Med
1994;11:154-7.

Markovchick VJ, Pons PT. Emergency medicine secrets.
4th ed. Philadel phia, PA: Mosby; 2006. p. 28-32.

Wilson M, Davis DP, Coimbra R. Diagnosis and monitor-
ing of hemorrhagic shock during the initial resuscitation of
multiple trauma patients: a review. J Emerg Med 2003;24:
413-22.

Abramson D, Scalea TM, Hitchcock R, Trooskin SZ,
Henry SM, Greenspan J. Lactate clearance and survival
following injury. J Trauma 1993;35:584-8.

Dutton RP. Current concepts in hemorrhagic shock.
Anesthesiol Clin 2007;25:23-34.

Vandromme MJ, Griffin RL, Weinberg JA, Rue LW,
Kerby JD. Lactate is a better predictor than systolic blood
pressure for determining blood requirement and mortality:
Could prehospital measures improve trauma triage? J Am
Coll Surg 2010;210:861-7.

Lee JH, Choi JL, Chung SW, Kim DW. A survival predic-
tion model for rats with hemorrhagic shock using an artifi-
cial neura network. J Korean Soc Emerg Med 2010;21:
321-7.

Kim DW, Choi JL, Park YS. Surviva prediction in rats
with fixed-volume hemorrhage using a logistic regression
equation. Shock 2010;33 Suppl 1:14.

Choi JL, Kim DW, Park YS. Prediction of blood loss in
rats during fixed volume hemorrhage using a regression
model. Shock 2010;33 Suppl 1:14.

Lima A, Bakker J. Noninvasive monitoring of peripheral
perfusion. Intensive Care Med 2005;31: 1316-26.

Deckardt K, Weber |, Kaspers U, Hellwig J, Tennekes H,
van Ravenzwaay B. The effects of inhaation anesthetics
on common clinical pathology parameters in laboratory

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

rats. Food Chem Toxicol 2007;45:1709-18.

Davis JA. Mouse and rat anesthesia and analgesia. Curr
Protoc Neurosci 2008;Appendix 4: Appendix 4B.

Leahy MJ, de Mul FFM, Nilsson GE, Maniewski R.
Principles and practice of the laser-Doppler perfusion
technique. Technol Health Care 1993;7:143-62.

Takasu A, Sakamoto T. Effect of induction rate for mild
hypothermia on survival time during uncontrolled hemor-
rhagic shock in rats. J Trauma 2006;61:1330-5.

Goodrich C. Endpoint of resuscitation: what should we be
monitoring? AACN adv Crit Care 2006;17:306-16.

Lee KR, Chung SP, Park IC, Kim SH. Effect of induced
and spontaneous hypothermia on survival time of uncon-
trolled hemorrhagic shock rat model. Yonsel Med J 2002;
43:511-7.

Capone A, Safar P, Stezoski SW, Peitzman A, Tisherman
S. Uncontrolled hemorrhagic shock outcome model in
rats. Resuscitation 1995;29:143-52.

Kentner R, Rollwagen FM, Prueckner S, Behringer W,
Wu X, Stezoski J, et al. Effects of mild hypothermia on
survival and serum cytokines in uncontrolled hemorrhagic
shock in rats. Shock 2002;17:521-6.

Pestel GJ, Fukui K, Kimberger O, Hager H, Kurz A,
Hiltebrand LB. Hemodynamic parameters change earlier
than tissue oxygen tension in hemorrhage. J Surg Res
2010;160:288-93.

Kaiser ML, Kong AP, Steward E, Whealon M, Patel M,
Hoyt DB, et a. Laser Doppler imaging for early detection
of hemorrhage. J Trauma 2011;71:401-6.

Arnold M, Langhans W. Effects of anesthesia and blood
sampling techniques on plasma metabolites and corticos-
terone in the rat. Physiology Behav 2010;99:592-8.

Diehl KH, Hull R, Morton D, Pfister R, Rabemampianina
Y, Smith D, et a. A good practice guide to the administra-
tion of substances and removal of blood, including routes
and volumes. J Appl Toxicol 2001;21:15-23.





