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= Abstract=

Cardiovascular Changes of Cat in Hypothermia

Young Soec Ahn, Chang Mann Ko and Woo Choo Lee

Department of Pharmacology, Yonsei University College of Medicine, Seoul, Korea

Hypothermia is an essential preparatory procedure for cardiac surgery, which lows the
metabolic rate and myocardial oxygen demand. However, hypothermia itself is a stress enough
to change the tonus of sympathoadrenal system, especially the cardiovascular responses to
the catecholamines.

It is reported that the positive chronotropic and inotropic response of catecholamines is
exaggerated during hypothermia because of decreased norepinephrine uptake at the junctional
cleft or decreased catecholamine metabolism. On the other hand, there are evidences of
diminished catecholamines responses in low temperature and further, interconversion of adre-
nergic receptors is also suggested.

Present investigation was planned to observe the cardiovascular changes and its responses
to catecholamines during surface hypothermia in cat.

Healthy mongrel cats, weighing 2~3 kg, anesthetized with secobarbital(30 mg/kg), were
permitted to hypothermia by external cooling technic. Esophageal temperature, ECG(lead ]I),'
heart rate, left ventricular pressure with dP/dt, carotid artery pressure and left ventricular
contractile force were monitored with Polygragh(Model 7, Grass), and the respiration was
maintained with artificial respirator(V 5KG, Narco).

Followings are summarized results.

1) Surface cooling caused progressive decrease of body temperature and reached 18.8+
0.8°C and 16.9-0.6°C in 120 and 150 min respectively, after immersion into ice water, and
ventricular fibrillation was developed at 20.4+0.65°C.

2) Heart rate, blood pressure and myocardial contractility were decreased after initial
increase as the body temperature falls.

3) Systolic and diastolicdd P/dt of left ventricular pressure were decreased and that the
decrement of diastolic dP/dt was more marked.

4) On ECG, ST depression, Twave inversion and prolongation of PR interval were prominent
in hypothermia, and moreover, the prolongation of PR interval was marked just prior to the
development of ventricular fibrillation.

5) The cardiovascular responses to catecholamines, especially to isoproterenol, were suppre-
ssed under hypothermia.
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HAsE o =3 18 mm ¢ strain gauge arch(cotten,
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g mokol mewdddA 944% Aeg {4
7 & Q&3 £ B2 A& 4P LrWA Y&
24 594 Aede Agsigen L telethe-
rmometer (46 TUC, yellow spring)& o]-§35t¢ Ax
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g Aeol d21 34°C, 50°C, 26°C & 22°Co A n g} o)ty dP/dt ¢ ¥ = 37°C 4] 1.169 4 30°C, 28°C
wE4st 247 132,744.9, 106.645.8, 72.646.0 o ®267Col 4 1.42, 1.87 8 2.84% FA3 AL 4
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Weh At 37.5°Celq 64.7+7.1mmHg, 5% T-=b AE2A FF 26.9£1.2°Cell 4 ST
36°C ol 4 66.94+6.6 mmHg 2 dA] ¢ A& uQl
o8& A gastd 22°Cl A 26.7--7. 0 mmHg & Surface  Hypothermia
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I o g FrbEtol A absted 37.5°C ol A 22.440.4
mmHg, 30°Col4& 43.7+4.7mmHg 2 3¢ =
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+2.9mmHg & y& =g 2yl g 4243
He QAo Zad 34°C oA 114.9%S v}et
WEErt AR} Fddle] 22°Col A 37°C &) 225
ol W8l 62,8+13.1%, 20°Cell A= 36.4+13.8%%
A8HAl oo ol e} (Fig. 2, Fig. 3).
' AL 37.5°ClA A deke] £27 9y dP/
dt &= 3,650+80 mmHg/sec & el 7 - * '
QAR <] &L e 34°Col 4 4,275+270 mmHg/ 0 €0 20 180
sec o] A WA T K o} AAls ZF& 3kl 28°C o] Duraticn of Cesting (min)
3,383117 mmHg/sec Evlel v 7 o] = F4 3] A

= R Fig. 1. Changes of esophageal temperature by
= oFAE vebigiel. slslr) <k dP/dt o 4 surface hypothermia in cats.
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Fig. 2. Effects of hypothermia on contractile force(CF), carotid arterial pressure(CAP), left ventricular
pressure(LVP) and electrocardiography(ECG) in cats



—dT 29

& 23.741.0°Col A T-st A=E vhehyleh,
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Fig. 7. Dose-response of norepinephrine(NE) on the Fig. 8. Dose response of epinephrine(EP) on the
blood pressure during hypothermia, in cats. blood pressure during hypothrmia in cats.
Vertical bars indicate S.E. of means. Vertical bars indicate S.E. of means.

Table 3. Effects. of isoproterenol on the heart rate(HR), Systolic pressure(SP) and diastolic pressure
(DP) of the normothermic or hypothermic cat

0.1 pg/kg 0.3 pg/kg
Before After Before After
HR (rate/min) 37°C 146.3+15.2 196.8+ 9.6 149.5116.4 223.8+ 5.5
25°C 48.5+ 6.2 62.3% 4.6 49.3+ 6.6 67.3+ 5.1
SP(mmHtg) 37°C 96.5+ 8.4 111.0+11.4 108.04 9.1 127.3+15.3
25°C 61.5+ 7.6 66.01% 5.7 61.5+ 7.6 60,8+ 4.7
DP(mmHg) 37°C 67.8+10.8 41.84% 3.9 70.5+12.3 33.0% 5.5
25°C 30.3% 6.5 26.3+ 5.5 30.84% 5.9 23.8% 5.5
+ Values are mens+S.E. of mean
2, Fie. 8), el ate] B8] A& zpas)h obgeE AdwAlY A

o]¢] wr3le] Isoproterenol & A4l L 37°Cell A Y o] @AsHl debdel 5 AYES, AZ4EH H

Wre Bt} 25°C o4 4579 27F & olskrjyer s WL AdAe wel ASHo2 FidHH A FE

Aurgs] BE F3iEq on] AWELZ1Ee i A A A (cardiac standstill)yv} 4144 $(ventricular
78S Ve g ek (Table 3, Fig. 9). ~ fibrillation)el] =}=1A] =,

2 AgdA Aedgez A% A4AFE FET

o & 20.4°C el A wgstgon oz at A4 0] (1983)4

: B3l Qxgtel of e A4AFe] LA
AA Y AL A dAA A WELE 2 e B woe] dor AT irritability $IF
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Fig. 9. Dose-response of isoproteranol(IP) on the
blood pressure during hypothrmia in cats.
Vertical bars indicate S.E. of means.

(Hegnaver ¥ Angelakos 1959), =J4t&=

% Kortz, 1956), 4253 % (Montgomery 5 1954)¢]

gtz db 0] (1983) AWl catecholamines

FEAsE & 8qloletm vt EY f-48a &

AAFAZ AES7 7t A 4= A5

4ol AdHE ¢ B@vT @

T =S dole] b Fae AolE glof AR
shA Aol Algat stk e Zod Ao A
B4 8 4L 3 dehAE 5 Agage
A+ Fas), AALon Qg AW 229 A2
W2 Qe zh4 sk, 3] ubSek(stroke volume)-&
AEGAY, i el T2 AGe ALy 47
of wel WAs st 16~20°C el AL 4] Lol
A8 Aggrel 2~38  Folxl o (Bigellow 1950,
Thauer 1961). %=& A=A = P-RAAY o,
Q-T 742 43, QRS ¢ o243 T-sle) A= &
AtA e, oled ARy AYAAY wEe
T AHNAE AFAT 4 319l

T AT A eaAd del A4 AR p&
3, 44 HARE AT Otvlgke Fisim
(Gerola &, 1959), A¥lE47} 74522 isovolume-
tric maxima = A 4Al Lol A9 e AALA w)
3 o] S71gheh(Doi, 1920). 2.8} isovolumetric mi-
nima & 22547 F& A4 o] Q4] gk (ventri-
cular end-diastolic pressure)s =4 ul ot (left auri-
cular pressure)$] k4 (Berne, 1954; Goldberg, 1958)

(Swan

5 owEHe o) 97 ahs £37 9t gl wek 2
1

27} u] ekgle}(Thauer, 1961).

E AFAAE A £3174 At 4‘*%7] o] 3o} db/dt
ok, o187l A dP/dt-‘; Ao FA3kg o) Iso-
volumetric maxima & E7t2 0]-‘47] dP/dt o w4
#%7) #w dP/dt7h H§ AAER 297t S E

&2+ g

B 53} ohgel

QE A WA
a4 R B LT FAT Yol & 2eal
o

Norepinephrine 3--2 epmephrmeQ] Ak gl 4l
2428 Z4Ese AL s (Cotton X
Brown, 1957; Booker, 1960; Salzano 2 Hall, 1961
Szekeres '“‘ Léonara, 1969), 25°C 01] 4—‘; 2y A 8-
8] 1/5% 743kt (Koella 5, 1954) o]¢l] Hidhed cate-
cholamine & Alwr4= Zr}a s} -%Ez{ kel wel 3}
A& supersensitivity g 4be]  vEhdEE  FA
(Schreider o Gillis, 1966)= glom L 7Rz
A Aol A catecholamine &) A F47+4 (Sacks,
1970; Oppermann-%, 1971), =WAEL 49 4
(Schneider ¥ Gillis, 1966; Mufioz-Ramirez %, 1973)
o] 2% Catecholamine ] 3o &gt FFHH
gle}h, ¥ Kunos ¥ Szentivanyi(1968), Nickerson
8 Kunos(1977)& 2oz Q3 f-52A7F a-+&
Aol & RA3IE o] supersensitivity & Jelivtzn 3
ek Aeddl G A4 $AE 3 444
& A2 supersensitivity @ 4oz A9gdsx b
(Falck 5, 1972).

2 oH T ALEE 4L et EAE AR
rgel B A¥oE f48A RS Al U
AF& =g

Duncan g Broadley(1978)& =244 ¢ isoprena-
lineo] 8% A5 % +539 37t p-+84 3
| 24 Bl A% Aelzk F

et ot UrtE F5& FR Zxm g Aot

47 olEl g A EE F2 HEA A Aot
Edades A4 ¥ £ 4gs A& norepine-
phrine @ epinephrine o] 213 Z%9 W3 ggde
v, 238 f-4-23 FEdHGFE4Q isoproterenole] 9
g AwtE4 St "dok 87 Eash AR skA 3k
Hel, AANAE AEGANALE g o849
ZAE WIEctE S84 BAE it AR A
o2 AAEE o]k oz AL FTFdor T Al

adenylate cyclase 2]
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1) mofolol AZTAYAFA A2 120 # 150
Bl 18.84+0.8°C ¢ 16.9:+0.6°C=E & 3] 4= ¢
26, SHF 20.440.65°C ol A J14dAFo] LA sAA
AR delniet

2) AE4 deh, AZ4EFYL AR Al o=}
Z7e] QA Fo g Frhsta ol FelE AFHq P&
7F vebyet

3) A-est7el #el FAAGS 57 dP/dtz]
o] gtsl dP/dt X & R5F &stg ot 2 9= dAE
Z7hekg o

4) AestFer Axzgd S-TA5s T-g A=
A o] Z7 26.9+1.2°C 9 23.7+1.0°C &l A e}t
= P-R7AL A% Frshd A44% 24 A&
=438 F7HE gl

5) ]-£.¢] 4 = norepinephrine, epinephrine ul-2-oj
H] & isoproterenol yi-g-o] &3] E3}5 ol vt.
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