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Abstract : The studies were carried out to investigate the phygiological changes in deep
hypothermia in rabbits. Sixty rabbits were continuously cooled with femoral arterio-venous
bypass circulation to rectal temperatures of 34.0+0.3C(mild hypothermia), 30.0+0.3TC
(moderate hypothermia), and 25.0 4 0.3 C(deep hypothermia).

The results obtained in these experiments were summarized as follows: In mild, moderate,
and deep hypothermia, MAP, HR, RR, pH, pCO,, pO,, Na', K*, HCT, PLT, glucose, L-lactate,
BUN, and creatinine were analyzed. During hypothermia, a statistically significant decrease of
MAP occurred between 307C and early 257T(Start) of rectal temperature while significant
increases occurred between baseline(38.7°C) and 30C. Significant decreases of HR and RR were
observed in the rabbits, particularly those changes appeared to similar patterns in proportion to
hypothermia. Significant decreases of pH occurred between 34T and 25T, and significant
increases of pO, and pCO, were observed continuously in the hypothermic rabbits. The
hypothermia had no significant effect on blood Na* and serum creatinine. Blood K* significantly
decreased from 3.1+0.5(baseline) to 2.6 +0.6mmol/1(34C) with the hypothermia for about 30
minutes, and significantly increased from 2.4 £0.6(25 C(S)) to 2.7 £0.5mmol/1(25 C(E)) with the
hypothermia for 2 hrs. HCT significantly increased to 34 C, thereafter, continuously increased to
25T (Start, End). PLT increased to 34C, thereafter, continuously decreased to 25 (Start, End).
Also PLT decreased significantly from 414.3(307C) to 308.8 X 103/mm’(25°C, Start). Significant
increases of blood glucose and L-lactate occurred between 30T and 257T(Start, End). Slight
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increase of serum BUN continuously appeared with the hypothermia.

These results, such as characteristic changes of the significant decrease of pH and PLT at 34T,

the significant decrease of MAP at 30T, and the significant increase of glucose and l-lactate at

307, suggest that homeostasis of rabbits to hypothermia rapidly decreases at 34~30C of rectal

temperature. Therefore, we suggest that, during the period with the rapidly decreased homeostasis,

the very carefully control and treatment need to recover hypothermic animals under the

circumstances of the various hypothermic experiments and emergency medicine.

Key words : hypothermia, rabbit, hematology, blood chemistry, electrolyte.
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Fig 1. Scheme of experimental model.
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Table 1. Monitoring data, Hematology data, blood chamistry data in the bascline aneshetized rabbits prior to induction of hy-
pothermia and the mild, the moderate and the deep hypothermia.

Deep for 2hrs(25.0+0.3T)

Parameters Baseline Mild Moderate
(38.7£0.6%) (34.0£0.37C) (30.0£0.3C) Start End
MAP 58.0+12.6° 68.5+12.1° 78.4+124° 62.7%15.1°¢ 66.2+12.3"
HR 219.1:+304* 185.9430.5° 158.1+17.9° 95.9412.0° 104.9414.0
RR 67.2421.4° 55.5+17.0° 489+16,7° 312+13.8¢ 317+155¢
pH 7.3240.07* 7.30+0.06° 7.25+0.05° 7.09£0.06° 7.06+0.08°
pCO, 552+9.5¢ 63.5+124° 7094125 92.5+17.0° 92.9+422.3*
p0; 65.6:+13.6° 98.2+26.5° 128.1£33.0° 159.5+42.1° 148.0436.6°
Na* 137.9+2.7 138.7+3.1 139.6+4.3 138.8+3.0 1389451
K 31105 2.6+0.7 25+06" 24%06° 2.740.5°
HCT 3374+34° 36.0+£42° 36.8+4.1° 37.1432% 379+3.8
PLT 390.1+152.1° 438.3+159.0° 414.31166.7* 308.8+149.9° 274.1+166.4°
Glucose 194.5+47.0% 179.5+49.8 163.4+45.6° 209.8+49.2° 241.4+56.6°
L-lacrate 1.02+0.57¢ 1.51+0.56° 1.88+0.77¢ 4.05+1.66° 4934183
BUN 229+4.7 251452 262454% 27.446.0° 29.5+6.0°
Creatinine 1.3140.30 1342037 1.38+0.41 1.38+0.43 1.50+0.50

Mild : mild hypothermia, Moderate : moderate hypothermia, Deep : decp hypothermia, MAP : mean arterial pressure(mmHg), HR : heart rate(beats/min),
RR : respiration rate(breaths/min), pCO; : partial pressuree(tension) of carbon dioxide, artery{mmHg), pO; : partial pressure(tension) of oxygen, artery
(mmHg), Na* : sodium ion(mmol/1), K : potasium ion{mmol,/1), Ghicose : {mg/dl), L-lactate : (mmol/1), BUN : blood urea nitrogen(mg/d!)

Values are expressed as mean+8D(n = 60).

adecSigniﬁcan difference among bascline, mild, moderate, and deep at each parameter: p{ 0.05(Mean size : a)b)c)d)e).

)9 MeFE 181 25CO)% 25C®Y T+ A9 Sbreaths/min)o] o 27|74 E HA A TZY A7} e}
o U2 BE A S Ao QA THp € 0.05). wor 2% FA7F Bus 25T(E)31.7415.5breaths/
Au4(HR)S] W3 Fig 2014 B ule} o] base-  minhAE BdE sE5o #MstE HolX gtk
line 4~2(219.1+30.4beats/min)& A AH8 91(130~325beats) 25T (S)% 25T(E)Y Aol 2 Adstne ztzte] 2L
min) o] ARom, A &o] 30T(158.1+17.9beatyy M EAFHA {5 F o] Yebrhp ( 0.05).
min)2 AEH7|1 7R ALHA 2 el wEe A HogtA MEHE Y HUSA At : pHY Hzhe
oy ALAA ZFaFME Bt a8 oF Aol Fig 394 E& wheh o] baseline(7.32+0.07)2 A4
25T(S)(95.9+ 12.0beaty/min) & AFHH AL Wi baseline  $(7.36~7.44)"° B} Thh & FFo A AE o] A
o] ok 50% FFEOE FAHYL, o]F 25T(E)104.9+ A 20| deep hypothermia®] A} 7} € w7}A] Aukx oz
14.0beats/min)7} 2] = Z & F718 A2 Z YEgton, 7t acidosis7} A 3tEE FHE By o, 53 300(7.25+
LEFZE S92k A=A THp 0.05). 0.05)9 4 25T(S)(7.09+0.06)0)] o]2&= FHA oA 7
ZETRR)Y W= Fig 2014 B vho} Zof base-  FAI7E % A Vet FAHY #94E baseline
line(67.2+ 21.4breaths/min)-& A A4 9] (30~60breaths/min) 3 34T Ato] & Aty 2 AL il A AR AT (p ¢
®ur} 2o FE A AFE o] & 2o] 25T(S)31.2113.  0.05).
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Fig 2. MAP(mean arterial pressure), HR(heart rate), and RR
(espiratory rate) values from baseline(38.710.6T) to deep
hypothermia(25+0.3C), 25(S), 25(E): start, end of mainte-
nance for 2 hours at 25+0.37C, respectively. Values are mean
+SD(n=60). a b ¢ d e: significant difference among base-
line, 34, 30, 25(S), 25(E): p ¢ 0.05. Mean size : a)b)c)d
Ye.

pCO,9] W&t Fig 304 B uho} ol baseline(5s.
2+9.5mmHg)o] %44 9)(28.5~51.5mmHg)”" & %7k A8
g FEoA AZso] Ho] A AstHd w2t £
oto] A3} Zrbete AFE BAoH, 53] 30C(70.9+
125mmHg)7tA & @ud F/HEAE Bilod 1¥F
25C(S)92.5+17.0mmHg)e] o2& $ A4 F B
Z712 JeEhyth 25T©)s 25TE)Y FAA Y AL

7751

7.50

7.254 :\m

7.00- c

pH

6.75-

125+

100+

754

pPCO, (mnHg)

50

25~

300
]

200+

pO, (mmHg)
@

100 c
7 d

e

0 Bascline 34 30 5(5) 256
RECTAL TEMPERATURE(C)

Fig 3. pH, pCO,, and pO, values from baseline(38.7+0.6T) to
deep hypothermia(25+0.3T). 25(S), 25(E): stan, end of
maintenance for 2 hours at 25+0.3%, respectively. Values
are mean+SD(n=60). a b ¢ d e: significant difference
among baseline, 34, 30, 25(S), 25(E): p € 0.05. Mean size : a
Ybhycerdye
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Fig 4. Na(sodium), and K'(potassium) values from baseline(38.
7+0.6TC) to deep hypothermia(25+0.3T) 25(S), 25(E) : start,
end of maintenance for 2 hours at 25+0.37, respectively.
Values are mean+SD(n=60). a b c: significant difference
among baseline, 34, 30, 25(S), 25(E): p { 0.05. Mean size : a
Ybhe.
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Fig 5. HCT(hematocrit), and PLT(platclet) values from baseline
(38.7+0.6T) to deep hypothermia(25+0.3T) 25(5), 25(E):
start, end of maintenance for 2 hours at 25+ 0.3, respec-
tively. Values are mean+SD(n=60). a b c: significant diff-
erence among baseline, 34, 30, 25(S), 25(E): p € 0.05. Mean
size:a)b)e.
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Fig 6. Glucose, and L-lactate values from baseline(38.7+0.6C)
to deep hypothermia(25+0.37). 25(S), 25(E): start, end of
maintenance for 2 hours at 25+0.3T, respectively. Values
are mean+SD(n=60). a b ¢ d: significant difference among
baseline, 34, 30, 25(S), 25(E): p 0.05. Mean size: ayb )¢
) d.
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uebyet. 34T e 30T 283 30T 25C(5)Y A2d
A e FAZHA F40] YEREA okt

Creatinine®] ¥ =¥ 3HE Fig 7914 2= wpe) zo] ¢
A 719 BUNZ uhizbA 2 247ke] A gl s
Fol 4w sideH, & HaE Aoy A2
o] AYEF=2 el $71E BY AR Yy 4
ALozre] F4L2 JeA gt

2.254
2.004
1.754
1.50+
1.25+4
1.00+

CREATININE (mg/dZ)

0.754

404

354

30+

BUN (mg/df)
o

25 b

d

20

0 Baséline 3’4 3‘0 25‘(3) 25’(E)
RECTAL TEMPERATURE(C)

Fig 7. Creatinine, and BUN(blood urea nitrogen) values from
baseline(38.70.6C) to deep hypothermia(25+0.3T). 25(S),
25(E): start, end of maintenance for 2 hours at 25+£0.37T,
respectively. Values are mean+SD(n=60). a b ¢ d: sig-
nificant difference among baseline, 34, 30, 25(S), 25(E): p{ 0.
05. Mean size: a )b )c)d.

L

Monitoring ZiAt : Baselineo] 48] MAPE A/ 4
Bo thd e £E0E YERTh oA A8z
op3 e 52 Y8t FoH xylazined} ketamine 18
T FARHE Y5t T halothaned] JEAA A o
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3 A 24l Ao 2 AZET

A €L FE8AXFE mild hypothermiagl 34Tl
o] 27|74 = Z7}59 o0, HR% RRE =3 &
T2 7489, 2% moderate hypothermia®] 4EjQ)
ARLE7}30CE AIEHAS W74 = MAPS] A 47
¢l 7<) HR3} RRY| &4bg 7HA7} oo At} Seward
9} Robinson’& A A 229 Hgd utg o 272 WA
=9 32.2~35C A}ol9] organ system2 E¥7]E HER)
o, 2w EL g BN T BE}E Jlolt &
Qom, ARHLo] 322T o|3tE BAAA HEH &
& AUt organ systemd] 715 =@ A 7] AlF3}
2 59t} Klainer*s mild hypothermiar] & &4 9 wu}
o} Z7}a}n progressive(moderate) hypothermia J el & &
Fao ZAZ $EFUT AT F Jivaef al°T} Ahn
"% 2%7)(mild decrease: 1~27 )9l & catecholamine2] o 7}
A 5EZ79 229 A4S FHE QY
Aubg, AutE g gely JFEUYel Fore, A%
A AAeFg 7zt A7 AAn322T o)
Fugto] Z7HIHE A A4 e vt o] vt
AH oz ZEFHT, ojold A¥ete] wAHTD Y
th. 12|} Lanier et al 2 7} E L2 13~14TY 2
7t AEF7NE o] &8t HERH 25 E 3BTAA
dojmg e AL FEAdEs dded 28 294 X
oA MAPE baseline(37C)oll A wrh <F3te] F7HE
283 HRE Z4agvn LRt

B 4843 2709 #3ste 34T & MAPY 4
%3 HR, RRY 747} veht 94 71¢9 Klainer',
Jiva et al®, Seward} Robinson’ 123 Ahn'*e] ¥ 9}
Blmate] £ o HR¥} RRo| #airMe o Avtdnal
B $ AUt o] AE SEA AT AP A A A
ALz FrdM o AolHelgtn Atgdth ded
gAso dFUES A SEHA AF2Fe
Ae)H B3 A Aojs, & Age AAE I9H
22 AALEE FuAA BAHE HE Yud &
A2 AAHY HRE & F vt AREh WA
B Age AnE Lanier er ol 9 3 W mke Aol
o el Holet A=, 19 R YL vzt E
o 2 Age AnE g EY AL Y
olFul N 2 Aol ARHE F7hs FAd B
59 Zole YA 1 WFolw 2ot n AFRET &
RRY| #ale] 2 Ado] A5 FoE PH ol v

oﬁ 0‘)1. Ul

H

R
[t

o #FHEFY YREL AFEEFE AL dEd
W @a 4 glou 9 Lanier ef al ¥2] MAPS} HRO ¥
33o)E we{dle] ¥ o RR: 2 H¥9 Ao {4}
A UERE 22 AlRET

2 Ao moderate hypothermia 4EjQ) 30T oAM=
MAP9] 443 HR, RRY ZA4E UEY &4 7Isd
Klainer", Jiva er al®, Seward$} Robinson’ 28] 1 Ahn'¢]
dRWEY T AUY e RAS 3FFY a2
23 Buigto] Z/MEHE FAHH Ak e
o] w02 7rE|dthe A W idte £ o moderate
hypothermia A Ejo A &= A4 ejale] S <l A H L
Z3 Ao frd AHXF Atold TEAHY A
24 Wt Yetdota g dd.

1% H-2o] ul& A3dE o] deep hypothermiagl 25T ¢
FRAA ST FAFRE) SdANA MAPE 30T ]
st 438 ZAHUAeH, HRF} RRL baselines] of
50% %02 A=} Haskins™= A A &3 Bd
A W ARy} 25TE AstHE 2T
(100%)3} W) iLste] HRo| 40%, T2 Eto] 30T (100%)
o ujo} v)wate 10%2 ZAdHT s Klainer's
severe hypothermiaA] 4@ <t3} ol ksl AU A E wiyl,
g3 e 2R F e Tl YEdT L &3
t}, Patton3} Doolittle™ 2 7} & dlA 0.2 ¢ 5T &85
£ o] gdle] $AHe 2 E 25T HoJEe] & sur-
face cooling AL 3P0 19 E oA HRE tfx
T(100%)3} ¥lmsted of 30% FEo2 #ARon, MAP
= 30T(100%)Q 99} H]Bae] 60%2 ARG T Hi
9k 2 AYoA HRE baseline(100%)2 B} 2 8o
44~48%, MAPE 30T (100%)E 7)$ S 2 3} 80~84%9]
FFo 2 rAadd 99 Y& vustd & o 4¥F
3 A2 fregd ol & Holgd ALHE
tAe FERolE YA WIHAA R g FAE A
o fAlstia Alg "t} £33 RRE MAPS} HR9| ®3}
Folg mEdte] B o) & H¥ W&} KA e
e Aog FHP.

B AgolA HFF o] 30TAM 25TE A8HY
NAAA UEbd MAPY 94 e AaFAE 57
ok g on & AN LA 2HA LR FEH
A Ued HR3}F RRO] #st3Ae YA vl BAR
Zrdge A A F dAT

YUotA HH U HAHSA ZAt: Baselined| X 7

ki

Bl
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o] & pHS} pO,9) A3} 18] 2 pCOY F7te AP 27|
of o€ nFAYg FGA 719 Aol AL
t}, 2 ¥ E-E mild, moderate 18] 1
A 25T o] 271742 pHY A& A s e 12 n
pCO,%} p0,2] Ao 39 AZAA 77} ey
t}. Lanier et al®& 19] B3] A pO,== baseline(37T)
9] 153mmHg¥t} i #7138 166(35C)~180mmHg
(33T)Z, pHE 740014 739(35T)~74033T) .2 UE
ST Bustsith

B H¥J A% mild hypothermia AHEjQl 34T A <
pH} pO,= baselined} vjm gt 242 vl 3 a9 o
50%9) %7+& JEbAT. Lanier et al ¥9) B3 E3} ]
@3t he FEIOE AT ¥R Y F
AE AY FA30 L B4Hed oldd FEA e
ITFE Ay dEdAM ot A2 o= YAF
E9 pCOE /A7 Hetd SFFE UHHoE £
A wiate, £ Ao M e AP HAM FaAH
A ALEEH NO:0,9 7h2u &S 1:12 FA3SA
on B AZAHANAE A A8 FE b
Ate] Az AA SEAA ALY Yrld sEFES 8:
22 2T F AAse FHoE APE YU |
Zo &9 Aol vEhd £ 9le Z0E Aladr

Jiva et al°3} Blair er al>'& A A e} 9] AAL 270
A FF9 AFL FF UMEFOE YE, AA
2%ol AYHW TFT, 43 SEFF HIBV Y 2o
g Fdte 3EFFFY Yol Ad 3 g 15
< & pCO% A M AR E 7)ol Frhetn ojej @
W= 2% Agd 8 0,9 AMFHE frestn
a4 g & Co, "310!] g aFeEe Fad ¢ vk
3 Rusgrl 25F Jivaer al’2 AH £F0) TG
9 AAAY Qi% doim dA&d 0, 2HE 7
A1 g

B A% oA moderate hypothermia /€] 1 30T ol A U
Ehd A QL pHY acidosissh pCO,9 42 44 &
8 8259 Y& FA TG AbgE, ok £ 4
Holl A ¢te] gtAE o ABAY p0,9 £¥FHE AT

deep hypothermia T

B gzt dojubal @3 37 9L AR
& AUAQ 259 B8] FaBol 42 0,9 207

228 2ol 12 2 902 429 £ 034
A1) 0,8 7h2lgo] 50%0l % 01} sample 33 Ao =
A SEA 2ol g FESEQ 0% 2H T

F AFAEd BAAL FHAME 0, FFY #A
2 Q% 249 Aspp FaE Aok sy vz ¢
9} 7471 JEhg 22 Van't Hoffs lawol wt& Ho|g
AzZ+AT) Van't Hoffs lawoll 33} Jiva ef al’& % 20]
2% = FEY UE oxyhemoglobin 2] FH9] F
drolFo] UM, 1 238 2 tig Atk gE0]
Zadtn gy B Ao o)y TR Y o
T2 0,9 #ste] 744 Rolet Atadrt

a%F #Lo] §% A3tE o] deep hypothermia *} e}l
25Ty FAANRY FAFRAA pHE & H acidosis
7} AstE gl on pCO,9) T2 A3 p0,9) A &H
717k delgth £3) pCo,9 g4 F7ho ojstd
Ahn'3} Elder™& A 3-A| 0] 25T ol5te] AejolA 7
28 WFANAY B a9 HEXENY g2
A HFTFH AL 50%9] Frhe A Al
8% F/HE F AL sgoen E 15F At
25T Ev 2 03t A9 A A mucociliary ac-
tivityts A2 2ashs whd, Arjaxe ¥
FOREE FH o 22y ogd AHEL HEX
HE AH 0,9 #abg #4717 g pCOY F3
3 F7hehe Ao E Adag

2 AgoA AAALe] 30TAA 2B5TE A3
Al el A L}E}"} pCO, 9| ‘3}_-_ S ENY 2E AT
pHS] 4o A2l :’1‘ e Fo g sittn AbgEn

Na'e] 5% % 1—}‘)1]*1 F87HA ool 94
HE Y ¥Ee %’i‘ﬁoﬂi K'9] baseline> A4+ 9
Hop 2 Ao AFEY 4TAA FAT TAT
S HYchp(0.05). 15 30T 25CY FA A FH7AX
gt FaFAE el o, §A 24 =
7hahe gAE e
o] ko] McKean ef al & 24 < A A 233}
HE Aajde o)Ae A xd Naf, K ATPaseQJ o A
of 7198 nTEYFH AUEFITS L,
A A2 vEe 93U ZEFES *ﬂ*]% &
Jrt T Bt 4 Lanier et al *S /S O R
3 AAL Ao, Na's baseline(37C)2} 148mmol/]
o M 147(35C)~149(33 C)mmolAZ, K' & baseline(37T)<)
3.6mmol1o] A 3.2(35C)~3.233 C)mmol1 2. LHEFL} Na'=
Lo #3te fo4gol AU, K'e 44 A #A
gz Basgo

B A% Ael vwete B9 McKean et al 9 3

2 %

e m. rir oo
8, 2
Fkﬁ. )’i o] N
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FobE tha A v mild hypothermiad] &3 = 34T
o Lanier ef al *9) Y43} 433 HA18 Ao By
5tk F219] u4o B3} Boelhouwer ef al = A}
A4 A5 NZEESF R AXLFY TS dE3d
A9slgEdl o] A2 cellular membrane jon-pump mechanism
ol #% hypothermia®] E Y 4 glom &, K'&= HE
W2 ge $E53, 00 H'e AT ge2 =449d
3T 1E B o] /M2 ARLEv A4SE o
M98 E AAY woled 1A S catecholamined] Z7}
o of&f s H> 53 ofvtE ML Fxo] o7 p2
receptors®] 2§ 93 Aoz Hova Husgo.
o] 9t T 3te] Seward$} Robinson’-& %79 cold stress
+ growth hormone, glucagon, cortisol, catecholamines®] <=
& F7HN7IY 2 Y

ot B Ay AL 2r)d #3es 340y F
A% s Aol iAol &%k catecholamine?) %7}
o] ¢Jgt Ao 2 MztE 0 deep hypothermia®] F 2] A] 23}
FEAteldA UEY K9 FrtE t5H 43t dat
A Agol 349 #EFTEE FUHA Aol Algd

=

£ A¥o M HCTY &L A A Ao A 23 A 714
£ /M8 dEyen, PLTE 4T s da
718 e 2% AFEANA #AEAG. o]
Axto] #8te] Kanter'= A2 o] B4 a9
Boz WA £43 YHo kot Al IR
nZE o]t Husgth Ahne 4R 257} 2-3C
AE HAHE YAl 2 3 T4 @4 & hema-
tocrit, hemoglobin ¥ % 18] 1L total serum solids S Z7}A|
71E 9910 & ¢ 9t ik Ahn", Thomas er al
28] 1 Blair®= hematocrit?] A4 2 &5 7} Y L&45E g
HHN = FFE F/H7I FYPARY Frhe 2
Aol AT E olue AT RBCY £8&
oF71 A1 A Z“—*i* FHbsE v g o] Yolut AUy
AL TG Y 252 & 4ET Y g
& T v 3 ¥ %53* 2 AR LR
WY IALEIN HAh® FAFOZ <% bleeding
time?] @AL WAANZITT BBt Kanter’$}
Rand et al & AL E7} 27T 0)8tY o AHAEE
Z748tha B 8kdth. Patton} Doolittle™ e HCTo
8lo] baseline2 7|53t d 34ToAlA = 7% Z7HE, 300 E
14% 18 1 25CAAME 20%9 F7+7F ddchn 2 g8

=3

At

A8 2% vudtd & i fo)A ddd E
o el Aol A4 KT A4 719
LTS 248 405, 59 HCTS 4049 e

%7} catecholamine®] ¥4 Z 714 721814 H]ZC},]

%?Aﬂi FEF/H S Yol 9 Aoz As
S0 PLTY Z-$ol X & 34074 47k 71819 o
AL HCTY mE g5oz A 48 T Sl
dg AW B Hee ded AEd d4ad 5
Jteka AL R g

NS AA - EEFL 30T #Aas g
ALY FRA7A F718dth Llactates 30C7HA
T S 17}"‘*1]% YERoY 2% fAAZR
T E & T2 F7HE U, A4
A 25T vzl%i"] 7t A Er o

ARALF L guoos thAHE AEHA 7] 7439 glycogen
'7230 %719} hypothermial 4] A © T, Curry$} Cur-
ry® 1813 Baum er al “o] 93}H Z7]9) cold stresst=
growth hormone, glucagon, cortisol, catecholamines®] 4~
F7H09, olele Wske Ao U4 10
of vgse 1¥FEFE oty B
S EAALFE AFHOR Yo R in-
WE g SA g fgo] $E3}E insuline] 3
Fole B7stn TxoA F9 o] 2 30T o5ty 4
FAZAM = AsA A dtt s

Holdcroft™ol] ¢]8} 9 lactate®] 7+ tjAbE A3 A A
Z A M= 7FAs I, CHA}H /\Pii} hyperlactatemia
£ qgAA & doH, AHLF Jd-L glycogen A
el 173 AHL&FE ofy) ]i“:}l’ g At & Reul-
e’ 7h2A] glycogen A mzE AHE dFete
AdGFo] dojd & vk Husgoh

&AM vehd 3937 Llactated] ¥ 4o
o gase Eadéd A YW 5o 448

th. 3] Lactate®] 30T)A 25T 9 $xA12 Ajo)d)
LEhd —3—1 & hyperlactaternial™ 8] &b 314, o] A&
D22 FF BE 2A5 0] UERY lactic acidosis

e /gif’“?_l ZAoZ Atgdr) dgo] olA base-
lined] & FFollA 0TAA Y Fae 4g2r)d ¥
o] ¥ xylazine®] pancreas®] insulin B8] & JA3HA
Vq o2 uehE hyperglycemia® 9} insuline o #|2}H&

& gloy 89S F7HA)7) = halothane™s] Q8 wj &
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ol Aoz AlgH .

Benson et al“'2 oA xylazineg ZHFALE I

EHEH FA4 A F77F AR eH 15084 X
£ Ho]al 36089 baselineo 2 BAHG 2 Bt
Greene ef al *& Tol| Al xylazine S FHAF G T 608
ADXE BYT, 18080 E AL ELE Eolsitn
LI 1=

B2 A A xylazine & ketamine o] & 30T 7R A
ALE Frested 288 A0S g A8 A A 14
g EaHae] 34A0] ol AL el BT g
Z HARFEE g GAZA xylazineo] o) g hyper-
glycemia®] ZAF A7 YEhGE FEolgtn Algd.
T3 30TAA FFFEol AR o]y deaA
%% U202 halothaned] A &2 Q A& Aoz 4z
T oy & M E 0TAR AL FEde
%9t halothane®] %2 1.0%2 FX Y2 215 deep
hypothermia @AH|Q! 25CY FAAZA7AA = FAH o2
EFEE 02-05%2 2717 £ g 25T FAER
A FA3 AT wetA 300 FEAA 25T £
FEHAE AL halothane ] A S A gle Ao
A7) g o] Azlel §%de FEFES A4
& 52 913 hyperglycemia®} i1 AlZ H T}

BUNE baselineo| A 2A)7F%¢F] deep hypothermia2]
FA7E BuUE 25T olEI|AA AR L] AstHe
2o Az} £712 ey Creatinine® BUN#} n}zl 7t
A2 2479 gxdle FsEFFE AU AN
o, plastyet A o] AYPHFE 4+ FIHE B
d AR YERH.

Willard®= who} BUN3} creatinine®] 4% 7} Z7}8hc}
AFA 3hgo] 228 AL vtk H90 2

E olelg Bat shockst B4 221 A%EH
Astel 713 Yo AAFHEAA AT AN A
B A7 A S Ad A #4 E 2jabe) 710" A
2ol AAA Agd & A gy 9% g3
o ¥ o FFoly a3 AP 7]AE AFA A
o o3 opr1d 4 Aok At

Vandam3} Burnap®, Hardy$} Bard” 2] 3 Morales et
al& hypothermia7} A& x| Alzto] Aojx W A
s, AEFHRBAIF} AFA o 3-E(GFR)o] 4o,
30Tl M GFRE tier Ao 50% +~Foleha M 183
t}. Patton et al & 25T AEH G 8%, GFR

rir g

283 RBFE A& #24 ¢AM 239 718X ¥
W3kef 242k 40, 30 183 25%7) A AT B nd
At

liva et al*S WA k7t HET % Fie nz3
DAFY AHE olF Aoy 2 AHe W, F2EF,
A48 FAYAE dod HYA4ol Frtddy 9
th. Sewards} Robinson’t= A% 2Z6l| A, A4Fe &
AYAbE -0 AERSE Ao 242838 Y
o4 ¢ 9lga gt

o2k £ g4 UEhd BUNY A AQ "Vkﬂr
creatinine®] @3k F7h= A A9 Azt 7198 A
&gkl o3 RBFS} GFRE] 7o o3 Aoz *PE%

1 FEEY AA 2 30TdA 9
MAPY 94 gle A9 glucose, actated] {95
F7hs EA A o|RE AA 2o Qi WA Y
J o] 34~30°C-§:’— 1Mo ste] FA3 AsHr) gEA

B webd AL FHEHo|Y $F ¢
‘E oA sejsta] & of ol FAAel F23
B AR 9 g 2Fely X &7}
- qoE ARL AT

4 E

2 AYLE FNEEU ENE 2ANRFLE 53
o HEHE A EL g A dgE g
A Psach E7 605 AALE7) 340403
C(mild hypothermia), 30.0+0.3C (moderate hypothermia)
Z1gj 2 25.0+0.3C(deep hypothermia)ol] o1& wj7}A fe-
moral arterio-venous bypass circulation® 2 A& 02 A
ALs FE3tdct

EAYAA 4L AHE 2oy g 2ot

Mild, moderate ~12] 1 deep hypothermia’] ¢] MAP, HR,
RR, pH, pCO,, pO,, Na*, K", HCT, PLT, glucose, l-lactate,
BUN 28] T creatinine> ZA}S 1t} MAP+= baseline(38.
7T 30T AFLEAME FI4 e FHE B
b 30T FA A Q) 25T AloldlME S9A e
%Z\:% et} Deep hypothermia® & =5 @A HRa}

R 994 Slv 745 2929 53 HRY RRY W
i‘ré’ﬁ"ﬂf dAE Wl AA ASE YedG pHE
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34cst 25T AtolelA fr9A AE FaE vedon,
pCO,% pO,+= deep hypothermia® F T él= FA A A %]
£302 94 A& F7HE el Hypothermiad]
ol A Ueld Na'g) 22 #9904 sle H3E Yey
| &3kom vk K'e baselined A 34Tl 4 2l
g 29oH 25C®)9AA 25TEAE HoA
Z71E JEbTh HCTE 34T7HA £994 de F
Yeten a1F 25TAE A4S ey
A F72 & YEYh PLTY 4§ 4T e
Z Yoy 2F 25Tk A& 2aAgE
Yetdd. £3] PLTE 30T 25T FXAF Afolo
M AEE FoaeEs Boln Zadgth 3 Lelac
tatel 30T} 25T Afeld A 94 e 718 UER
o} BUNE ¢7het 27h5:M8 A& 02 Yetden,
creatinine2 94 = WEHE HojA Yl

o] 47} o] 34TojA 9 pHE PLTY F & 74 11
g3 30T A9 MAPY 944 Qe #4% 99 L-
lactate®] F9) & F7te SR H o, o] A& A2 of
3 E7)9 344 o] 34-30TE 7[HLR s G323
A=) B A2 ARAT gHEM AL By
Agoly $7 A ZHAAM nefdtd £ o ofy
& el 43 gade AFdAAE e AdE

ZAol A5/ aWHE Aoz A8S AU
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