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Experimental Studies for Preventing Reperfusion Injury after
Myocardial Protection in Hypertrophied Heart
— An Evalution of Myocardial Blood Flow in the Hypertrophied Left Ventricle —

Mutsumi UEDA

Department of Surgery (Section 2), Sapporo Medical College
(Chief : Prof. S. Komatsu)

To determine the optimal method to prevent reperfusion injury after myocardial protection
with cold cardioplegia (CC), in which *SMC solution was used, we studied and compared the differe-
nce between the myocardial and reperfused blood temperature at the reperfusion period. Ten dogs
with the left ventricle hypertrophied, weighing 6 to 10 kg, were anesthetized with sodium pentobar-
bital (25 mg/kg) and were subjected to total cardiopulmonary bypass (CPB) with mild hypothermia.
Myocardial ischemia was then induced by aortic cross-clamping for one hour with CC. The experi-
mental dogs were divided into the folloing 2 groups, consisting of 5 dogs each.

Group I : The difference of temperature in myocardium and perfused blood was kept around 5°C
at the time of reperfusion.

Group II: The myocardium was rapidiy reperfused with warm blood (35 c) in CPB at the time of
reperfusion. The myocardial injury was evaluated by the measurement of endocardial (Endo) and
epicardial (Epi) blood flow with the hydrogen gas method and a hemodynamic study (Aortic pres-
sure=AQP, left ventricle pressure=LVP and LV peak dp/dt) was also evaluated before and after
ischemia.

Results: All five hearts in Group I spontaneously recovered to a normal beat and all dogs could
be weaned from CPB. The percent recovery of myocardial blood flow at one hour after the release
of the aortic cross—clamping in Group I was 74.3+17% in Endo and 61.5+13% in Epi as compared
with the preischemic values.

Whereas, in Group II, these values were significantly reduced to 17.24+9% in Endo and 15.8+
9% in Epi as compared with the values of Group I (P 0.05). The ratio of Endo/Epi was also
significantly higher in Group I than the level of Group II. In the hemodynamic studies, AOP, LVP
and LV peak dp/dt at 1.5 hours after the release of the aortic cross-clamping which revealed an
excellent percent recovery (65.8% and 67.3% and 62.0%) as compared with the value before
ischemic states in Group L

Whereas, in Group II, these values were significantly reduced, so that the ischemic arrested
myocardium with C. C should gradually reperfuse with hypothermic blood after the release of the
aortic cross—clamping and that the difference of myocardial and reperfused blood temperature should
be kept within 5°C. (Received May 15, 1984 and accepeed May 28, 1984)
Key words: Hydrogen gas method, Reperfusion injury, Myocardial protection,

Hypertrophied heart, Mpyocardial blood flow
*SMC : Sapporo Medical College
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Table 1 Comparison of stable left ventricular hyperivophied dogs and control.

LV /Body RV+LV RV /Body
Control em/kg LV/RV Body gm/kg om /kg
No. 55— 2-28 5.00 1.71 7.9 2.91
” 35 3.53 1.33 6.2 2.67
” 3-14 5.42 1.85 8.3 2.92
” 3-21 5.24 1.75 8.2 3.0
” 4-18 4.64 1.33 8.1 3.5
” 4-25 4.09 1.13 7.7 3.63
” 5- 7 5.45 1.5 9.1 3.63
” 5-19 4.28 1.36 7.5 3.14
n=8 Mean+SDE #4.7010.2 A1.49+0.8 ® 7.87+0.2 A3.18+0.12
Hypertrophy
No. 55- 6-30 6.40 2.13 9.4 3.0
7 10-31 6.32 4.00 8.5 1.57
7 11-10 6.43 2.25 9.3 2.85
7 11-14 8.33 2.50 11.6 3.33
7 11-17 5.56 2.0 8.33 2.77
7 11-25 6.43 1.50 10.7 4.29
7o 12- 4 9.03 2.2 13.1 4.16
7o 12-12 6.67 2.0 10.0 3.33
n=8 Mean+SDE ¥6.90+0.3 A2.32+0.24 ©10.12+0.5 A3.16+0.28
%p<0.01 Ap<0.01 ®p<0.01 AN.S.
LV: left ventricle heart weight (gm)
Body: body weight (kg)
RV: right ventricle heart weight (gm)

LOS* : low output syndrome
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Fig. 1 Ilustration of experimental design.

Table 2 Chemical cardioplegia.
SMC Solution '

K* 20.0 mEq/L
Mg** 24 .5 mEq/L
Ca? 2.0 mEq/L
Na* 41 .7mEq/L
Cl- 1.0mEq/L
PH 7.8
OSMO. 368.0 mOsm
5% G 750.0 ml
aqua 120.0 ml
1.1% CaCl, 10.0 ml
Aspara 70.0 ml
7% NaHCO; 50.0 mi
Total 1,000.0ml
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Fig. 2 Change of myocardial temperature.
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Fig. 3 Hemodynamic data.

LV : Left ventricular systolic pressure
dp/dt ; Maximal rate of rise of left ven-
tricular pressure.
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Hemodynamic % Recovery (II)

Group [ OmeewmO AQ  syst. press.
Rewarmmg<| y
gradually O==0AQ diast. press.
Group II s
Rewarming ] @ AC syst. press.
100 rapidly ®==—@AQ diast. press.
n=5
Mean +SDE
751
501
251
%

30 60 90 120
Reperfusion

Fig. 4 Hemodynamic data.
AQO; Aortic.
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Tl EHARI0EE5ET LI, OEFCsEL,
DFRBMTE, MTEEEREFCEE L L
AfnEEs LAR (END) s04bEf (FPD o
m#E K (END/EPI FLOW RATIO) ofE T4 %
b, T BEKREDIRRE Y AR 30 5B 1.01£0.2, 60 5
f£0.95+0.13, 905 fi51.060.11, 120 3 fE 1.06+
0.13, 150 4 1.51+0.33, 180 4B 1.17+0.19, T
b, MB35 ME0.58+0.2, 604 fH0.94+0.08,

.90 7> {8 0.78+0.16, 1204 fE0.75+0.18, 150 5 f&

0.67+0.16, 180 5 0.61+0.18 TH -7z 1504 &
180 S ECHRBRICEBOEN D » 1o Fig. 11). U
EHBNMKEY T ORER TR D &, 1 BHEXEIRENE
Bt 30 5 fE, O PSR 34.329%, OAEMS7.1E
8%, 60 2 fEIX % £ 52.3+7, 53.2+7, 905 fE
63.9+16, 74.0%23, 1204 {E80.9+8, 88.3%11,
150 5 £ 80.4+8, 71.9+2, 1804 {E67.0+4,
64.313TH Y, NBETIIINHBEIIRFRFR 34.5+
11%, 36.3+12%, 604 {H77.3+14, 77.1+9, 90
> {E55.3+12, 61.7+12, 1204 fE 47.4+11,
57.7+13, 150 % i 33.9+£10, 52.2+16, 180 % f&
14.5+8, 21.7+12 TH 1= (Table 3). MmFTEIRERY
BROBERYE TEOEERRT &, KEIRNHE
E, IEGE, AZIHHE X X O S dp/dt O
I B304 8 T, 84.4+6%, 58.0+4.3%, 80.4+
10%, 69.0+9.4%, 604 fE X % 4 F 5 82.947,
54.2+5.8, 80.8%+1, 76.8+7, 90 % {E 77.2+4,
65.72, 100=4.5, 100%+6.2, 120 7 f& 83.1+3.5,
50.9+7.3, 87.9+5.4, 99.3+9, 15045 {H76.1=+
3.5, 51.4%2, 76.0+4.1, 87.5+7, 180 5 88.9=+
12, 37.5+4, 70.4+2, 77.8+5 Th-tn ZHISHL
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2 : ., 5

Fig. 8 Histology at 180 min. after aortic unclamping in Group I (myocardium) (H-E stain) (X

Fig. 9 Histology at 180 min. after aortic unclamping in Group II (myocardium) (H-E stain) (x100)
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Fig. 10 Wavy fiber (left) and contraction band in Group II
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Fig. 11 END/EPI flow ratio (Control)

2 . contraction band (x1500)

THHTRI0SME LT EL60.5511%, 44.6+
11%, 51.4+15%, 37.0+14%, 60 % fiE 84.9+9,
71.3+9, 69.6+17, 59.6+t19, 904 {6 59.1+13,
50.1+7, 60.5+14, 59.3+16, 1204 fE 46.2+15,
64.1+4, 49.2+15, 45.6+16, 150 % fi 46.9+11,
45.8+6, 51.0+13, 46.3+13, 180 % fi 27.3£15,
51.4+4, 25.7+14, 19.4+10 T % -~ 7= (Table 4).
DT KEINRIRGRIAHE, I A HE DR RIHER 273
diastolic pressure time index (DPTI), tention
time index (TTD X 020t DPTI/TT I %k
#z. DPTI, TTI o #lEfiE vk 1 # 60 & fE 22,875+
474, 2,375+353, 120 %A 1,646+108, 2,223+390,
180 4 i 2,851 +£581, 2,259+412, II T 3607 fE
NERF H2,911+210, 3,117+402, 120 4 fE
2,595+462, 2,639+337, 180 4% fi 1,675+545,
2.303+267 T#H v, DPTI/TTI offE 12 I & 60 5 1H,
1.2140.11, 120 % & 0.86+0.19, 180 % fiE 1.33+
0.17THH, IBFETRHLTAZ40.93£0.12, 0.98+
0.16, 0.73+0.1 TH - = (Table ).
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Table 3 Myocardial blood flow % recovery (Comtrol)
>kRep. 30 min. Rep. 60 min. Rep. 90min. Rep. 120 miﬁ, Rep. 150 min. | Rep. 180 min.
Group I ) o o, o) o, o
2IEND 3.3+ 9% 52.3% 7% 63.9+16% 80.9+ 8% 80.4+ 8% 67.0+ 4%
Gr"g’\lg 34.5+11 77.3+14 55.3+12 47.4+11 33.9+10 14.5+ 8
n=5 N.S. N.S. N.S. N. S. p<0.05 p<0.05
Group I 37.1+ 8 53.2+ 7 74.0+23 88.3+11 71.9+ 2 64.3+ 3
_ %°EPI
Gro‘g’PF 36.3+12 7.1+ 9 61.7+12 57.7+13 52.2+16 21.7+12
n=>5 N.S. N.S. N.S. N.S. N.S. p<0.05
*2END; Endocardium N.S. : no significant *°EPl; Epicardium #* Rep.;Reperfusion
Table 4 Comparison of hemodynamic % recovery in Group I and II (Control)
Rep. 30min. | Rep. 60 min. | Rep. 90 min. | Rep. 120 min. | Rep. 150 min. | Rep. 180 min.
Group 84.4+ 6% | 82.96% 7% | 77.2% 3.5% | 83.16+ 3.5% | 76.1+ 3.5% | 88.9%12%
Peak AO press SR D0 O (/0 e 20 B Th wevse I Sas
Group II
Peak AO press 60.5%+11 84.96+ 9 59.1+13 46.2 =15 46.9+11 27.3%15
Group 1 .
Diast. press 58 =+ 4.3 54.2+ 5.8 65.7+ 2 50.9 £ 7.3 51.4+ 2 37.5+ 4.2
Group II
Diast. press 44.6+11 71.3+ 9 50.1% 7 64.1 = 4 45.8+ 6 51.4+ 3.7
Group 1
Peak LV press 80.4+10 80.8+ 1 100 + 4.5 87.9 = 5.4 76 + 4.1 70.4+ 2.8
Group II
Peak LV press 51.4%+15 69.6+17 60.5+14 49.2 £15 51 +13 25.7x14
Group 1
LV dp/dt 69 + 9.4 76.8+ 7 100 =+ 6.2 99.3 £ 9 87.5+ 7.2 77.8+ 4.9
Group 1I
LV dp/dt 37 *+14.5 59.6+19 59.3x16 45.6 *16 46.3+13 19.4%10
Table 5 DPTI/TTI ratio (Control)
Rep. 60 min. Rep. 120 min. Rep. 180 min.
Group I 2875+474 1646 +108 28514581
DPTI  — Group 11 2911+210 2595+ 462 16754545
Group 1 2375+353 2223+390 2259+412
TTI —L Group 11 31174402 26394337 2303+267
DPTI _{: Group I 1.21+0.11 0.86+0.19 1.33+0.17
TTI Group II 0.93£0.12 0.98+0.16 0.73£0.1
N. S. N. S. p<0.02

n=5 Mean+SDE
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3-4 END/EPI FLOW RATIO, DPTI/TTI »» > &
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OB & DA R & o mitE % ~3 END/EPI
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