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Effect of Topical Hypothermia on Myocardial Protection from Ischemia
— Experimental study using isolated rat heart perfusion technique -

Jong Bum Choi, M.D.", In Ki Song, M.D.", Jae Sung Lee, M.D."
Soon Ho Choi, M.D.", Young Hoe Moon, M.D.”"

Currently numerous methods are in use for myocardial hypothermia as a myocardial preser-
vation modality for cardiac operation.

During cardiac ischemia after crystalloid cardioplegia(4C GIK solution), topical cold
saline(Group I, n=9), topical ice slush(Group II, n=9) and topical ice chip(Group III, n=10)
have been compared for myocardial surface cooling in the isolated rat heart model of cardio-
pulmonary bypass.

During postischemic period, hemodynamic functions(aortic flow, coronary flow, peak aortic
pressure and heart rate), biochemical enzymatic activities and cellular injuries with electron
microscope were evaluated in this isolated rat heart perfusion model.

Postischemic aortic flow, cardiac output and peak aortic pressure in Group I and Group II
recovered better than-Group III.(p<0.05)

Postischemic creatine kinase and lactate dehydrogenase leakages in Group II and Group IIl
increased more than Group 1 and postischemic mitochondrial swelling in Group III was more
severe than Group I, and Group II.(p<0.05)

These results suggest that topical cold saline was the better method than topical ice slush

or topical ice chip as a myocardial preservation modality in the isolated rat heart model of
cardiopulmonary bypass.
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o] 4ol Fatdell (d&E, ice slush)& <183 7%,

m A58
= Qg4 (ice chips)g AH&7F A2+ whiio] 414
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Agefatoe 2 170~250gm F T F3H DA
(Sprauge-Dawley rats)& ©1-83 ct(Table 4).

©iA diethyl ether 717 vh3l st 41X & Aa
& 9§ o=l A0-g 5 8zl 500IUE F4st of 2
EZe] AFENEFT o} AAE AE3led 4T 44
gl =FH

AEue)s) AAE Tyers®, ol™® Sl o) Wy
= 5 OREE S (isolated heart perfusion system)
o) v} 23 Langendorff ¥¥ 2.2 80cmH,0 o]t
A BEE A9gch AFP 22+ Krebs-Henseleit
bicarbonate buffer&° (Table 1)¢] |5l o, o]
golo] Ag el TREHA 37.5CTR 7hes
I 95% Ab4 s} 5% ol AbBlet4e] EYLLR X
o] 4bsBob o 450~500 mmHg, ol AbEteb4L R}
oF 31~34mmHg & F+AE 5 dsch o] 4l A&
H 2E gRe 20xm¥ FHYFUe(Gambro®
arterial blood filter) & 241 A W3 shioj A
A A,  Langendorff#F (nonworking
heart circulation) -Eqtoll o3& H o] T sl Y
9 Afole] HAlutFw-g HoH3LR o] Hfel] 16FrA
¥ehE Yo A

ztej A Al A43E(Standard working heart circula-

AEE

wjztol A AlabE(nonworking  heart

15cmH,0%°| ot e 2 buffer

14 2423l 80ecmH,0 Foldlol

Azle AeipAa e dFApo WFeA Ho2
)

Table 1. Compositions of Solution
Krebs-Henseleit bicar- GIK solu-
bonate buffer(mM/L) tion(mM/L)

NaCl 118.0 0.5

KCl 4.7 21.3

CaCl, 2H,0 25 -

MgS0, 7H,0 1.2 -

KH, PO, 1.2 -

Na-EDTA 0.5 -

NaHCO; 25.0 8.3

Glucose 111 2775

Regular

insulin ' - 20 units

Lung

Cardioplegia
Reservorr

N
Aortic . COxygen i
1 Flow : Lung
-3
‘ _____ Atriol
Elosticily eservoir
ChatAner
atrial‘ "
Reservor ;
Pressu Pump
T i —'G
ransducer * Coronory Fq L _)
Heart Chamber
Reservour
Fig. 1. Working heart perfusion apparatus. A glass

lung is used as an atrial reservoir to attain full
oxygenation of the perfusate.
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A4 Ademdgd oA -FYeE e aortic
flow)& 80cmH,08 Folatd olAWe Faiviele
g s o = A4 AR ZETE(coro-
nary flow}& 718 HdBdoRels] FEES
Zdslddch = Ho ol EY 4359 (peak aortic
pressure) 3 Alw}%4-E Dynograph(Sensor Medi-
cs) Aol A FA gt o] YA HAHQ Al &A
4] #-& Langendorff F2H(v) 2t 4 #31) 1085 o}
2 5R-Fok vl Aol FEHRES AT o5 20
EEG A4 TS AYT obg 5E 2 o

8 - 13°C

Cold Saline
(Group I)

Jce Slush

(Group II)

~3C, FEE)E HER ASE
AR (—1~—4C)akE A4 4+E A 3222 8
oo, ofs AYaBoRe TE AolH FY3}
A 4CY GIK #4% «Hg3cH(Table 1, 3), (Fig.
2).

AL A 179 4 9vte] A 23 4 9ehe], A 3T
A4 10°tel 7t ej EEglon, AEd] 433 =
7ok HEQ 2 FAolE 3e)s} gledeH Table 4).

7152 44 o TR UEoe] BEMBER L A
3%, AubFo] ¥t 2208 oinkgl S, = 7
Hql AukrFol ETAAl HololFW £57q
{peak aortic pressure)& Roli v A4
A A8 s,

2 Agel o] &3 Agaba L 71 F2] B4 AQ4
cHsle g9 dA s 210 ol AEet AFEA Y
90%°1 4 #+AE 4 A ct(Table 2).

A 2%, 1R 3L

(=)
T
=
~

>3

o M o

Ice C?hip
(Group TII)

Fig. 2. Cardiac hypothermic methods.

Table 2.

Effect of‘ Time on the Performance of Modified Isolated Working Rat Heart Preparations(n=7)

Duration of Perfusion

Determination

20min 60min 90min 120min 150min 180min 210min

Heart Rate 281+13 286+14 288+14 296+15 303 7 305+ 9 294+10(105%2)
(beats / min) - ’

Aortic Pressure 1202 3 117+ 2 117+ 3 116+ 3 115+ 3 1151 3 1141 3( 94%2)
(mmHg) 67t 5 63t 4 63 5 61t 4 59t 5 59% 5 58+ 5( 84t4)

Coronary Flow 76+ 8 89% 9 88+ 9 90+ 8 92+ 8 91t 7 90+ 8(111+%4)
(ml/ min/gm dry wt)

Aortic Flow 144+14 132+13 134%11 139+11 138%13 137%11 136%12( 91£3)
(ml/ min/gm dry wt) 222%17

Cardiac Qutput 221+19 22117 229+15 230+19 229%15 226%16( 98%4)

(m}/min/gm dry wt)’

All values * standard error

Numbers within parentheses are recovery percentages of the working modes.
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tine kinase, lactate dyhydrogenases} aspartate ami-

Table 3. Experimental group

Group Topical hypothermia Temperature
I Cole saline 8—13C
11 Ice slush 0.5— 3TC
11 Ice chip —4—-—-1T

Table 4. Body Weight and Dry Weight of Hearts

notransferase®} A X E & 3lenl o] &8 o

e 208 EFak A FHF AP gHo2
Azhsle] g4 AAA ol go] ¥AHLA SlFE
SEE 3087 EFYEe APFN vlmEGc
(Fig. 3).

E 2 Ag ol @4 AAAAF 24 w5 30
(4% oixlat)e] T2 227 229 Y
AEA (ATl & oMe] HEA)e a4 ¥y
|4 A tal Al S A AR & 272225 (1A
A4l A BPHY 2AFE wbE)E o] 0.1mol
phosphate buffer® X% 6.25% glutaraldehyde®
ool 90E7F AMmHY (pre-fixed)&t =& 0.1mol
phosphate buffer® 2% 2% Osmium tetroxide -&
Aol 241 7H50F F 314 (Post-fixed) st graded ethyl
alcohol(30, 50, 60, 70, 80, 90% )2 @<3dlgich ot
<+ 24 224 epoxydl Esidld F&H(polymeriza-
tion)s}3 Hitach H-500 A=l&de]Z o2 zaMgich
-2 & 400000l 4 AbRl2 vhA] 2eB R Bloldlo]
80001 & &g gich,

Ao F 262 A Bl A A 2R BF Fo} $-9)ql
A Acsl AR 1 TR Ausle w4t
Al A ZAUEY ] FHY 2209 BEFo]
E 3 FHEY Aokl o vlEEELE R

2

Group

Body Weight(gm)

Dry Weight{gm)

I(Cold Saline)
1I(Ice Slush)
II(lce Chip)

189+14.2(n=9)
188+15.7(n=8) NS
220£12.1(n=9) NS

0.14+0.006(n=8)
0.133+£0.010(n=7) NS
0.152+0.006(n=8) NS

All values are means % standard error of the mean.

10" 30" 120" 20" 30°

) W 5

£ |Pre-Ischemic 5 8 Post-Ischemic

% | Working \ Ischemia % 2 Working

:2 Control ,__2 "q Recovery

! L] 1] 1 ! @

5 1 1 1 5 %

- N O e
+ T ) t k— 1T
Cardioplegic CK Biopsy
infusion Determination

Fig. 3. Experimental time course.
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g4 AAAF 5509 ard 4 T A A ¥
G S5 AErake] A 4L = A 4
4T Al AT &2l Aol gloies, v

...La
rir

2 AlZlee)l oF whEek, AlwgEek(cardiac out-
put), o HF5H F%714 ¥ TEHA-LS A Tl A
25 A2 s &Ex|d] w&) 231= gdcH(Table
5).
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Table 5. Hemodynamic Variables before Arrest and as Percentage Recovery during Reperfusion

Reperfusion(%) of Prearrest Value)

Group n Variables Prearrest Smin  10min _ 15min 20min _ 25min _ 30min
1 9 AF 99+ 4(ml/min/gmDW) 3625 43+6  49+6 5216 5416 55£55
CF  65% 4(ml/min/gmDW) 7145 7046 7246 73%55 7246 7316
CO  172%10(ml/min/gmDW) 513 544 5812 604 61+4  62%4
PAP 115% 3(mmHg) 8741 88+2  89+2 89+2 90+2  90%2
HR 286 13(beasts/min) 10043 99+3  99+3 100%3 99+3 100+3
I 8 AF  105%11(ml/min/gmDW)  34%10 46%12 53112 56+12 56+11 57411
CF  65% 6(ml/min/gmDW) 8313 8744 8744 8615 87145 874
CO  169%16(ml/min/gmDW)  53%6 6247  67+7 68+7 6817 69%7
PAP 114% 2(mmHg) 86+4 88+3  89+2 8925 90+25 90+25
HR 294 16(beats/min) 10246 1014 10143 10144 10043 100%3
01 8 AF  97% 8(ml/min/gmDW) - 1724 2116 2626 ° 316 3446 3616
CF 59+ 3(ml/min/gmDW) 643" 624457 64+57 62157 6414 641457
CO  156%10(ml/min/gmDW) 32427 35:4"  38+5™™ 41+57™ 445" 45145
PAP 115% 2(mmHg) 82427 8242 8312 84+2 8442 85+2
HR 2712 10(beats/min) 100+4 10246 10216 103%5 103+5 10244

Values are means * standard error of the mean.

Af, Aortic flow. CF, Coronary flow. CO, Cardiac output. PAP, Peak aortic pressure.

HR, Hart rate. DW, Dry heart weight.

* €0.05 versus Group I, ** (0.05 versus Group |
7 <0.05 versus Group II, ™ <0.05 versus Group II
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2. M2E2(Creatine Kinase, Lactate dehydro-
genase, and aspartate aminotransferase) ity

o ®1t

Ha4 AAxFe wated 4 AAE3e 77kql 20
FTEG5ERALE Ao FES € EEMEE
R o} creatine kinase, lactate dehydrogenase, aspar-
tate aminotransferase(SGOT)®] EA 3§ F43%
o}, 2 5839 CKEBAS+ 1708234 )d s 23
(2-58)3 3T (2 )4 A2 Frbslded(p
€0.05), 2054 & HAEE 170 30+10.0
IU/5min./gm DW, 2%°] 100+23.9 IU/5min./
gm DW2 233 33o] 17l @3 S7t=Usk(p
<0.05).

= AST(SGOT)E # T4telol FAA Apelzt §
2, LDHE 3Fsbel 173 23l s Sk d=Hp
<0.05).
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Table 6. Administered amount of cardioplegic solu-
tion(GIK) (ml/gm DW)

Cardioplegic dose number

G

roup 1 2 3 4 total amount
1 66+3.5 45+3.4 43123 43+44 131196
11 68+6.4 46129 49£3.0 46x4.7 141194
111 61+3.2 361£3.2 42+30 38%+29 11618.0

DW, Dry weight. All values are means * standard error
of the mean.

010 #?(mean*standard error, n=>563), Al 2Tl 4
0.4740.011 p%(n=523), A 3FAN4 0.588+0.017
#3(n=478)% 3Fo| 173 27 ul&ll §Fo) tj A
T2 2o F9lor (pc0.05) 134 27 4bo]ell & 57
A Aol 7t g sich(Table 9).

4. NIX|He| BRMMR H|m.

2 48EY ARAAY BAAL TED Aehel
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T o AR AL FA ARANY g £

o1 oA
W s A AR ToNA A okek AL FAL ] A

Table 8. Total leakage of creatir;e kinase, lactate de-
hydrogenase and aspartate aminotransferase
during reperfusion(IU/ 30min/gm DW)

Group CPK LDH AST
1 30+10.0(6) 56+12.4(4) 10X2.6(4)
11 100£23.9(6) 104+16.9(6) 16£3.6(6)
11 207+53.3(8) 120%21.9(6) 28+£7.1(6)

* €(0.05 versus Group I, Numbers within parentheses
are numbers of heart preparations.
DW, Dry heart weight.

ner 0—0 GIK - Cold Saline
®—=a GIK - Ice Slush
A—A GIK- Ice Chip
60}
B
L
bl
5
&
30}
i
L n 1 3

0 30 60 90min

Fig. 4. Administered amount of cardioplegic solution.

Table 7. Creatine kinase leakage in coronary flow during reperfusion
Group(n) 0—>5min 5--10min 10—15min 15—20min total
1(6) 10£3.6 10£3.6 621 4%1.2 30+10.0
11(6) 39+12.0° 2627 20+5.5 16£4.0° 100+23.9°
111(6) 92:1+28.4° 53+12.2° 35+7.9 27465 207+53.3
h]

* €(0.05 versus Group I, All values are means * standard error.
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Table 9. Mitochondrial surface area calculated from myocardial cells of left ventricular apex at the end of
postischemic working heart circulation.

Group No. of mitochondria Mitochondrial surface area(n®)
1(3 specimens, 9 blocks) 563 0.434 + 0.010

11(3 specimens, 9 blocks) 523 0.417 + 0.011

111(3 specimens, 8 blocks) 478 . 0.588 + 0.017”

** €0.001 versus Group 1 & II. All values % standard error.
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