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=Abstract=
Clinical Experiences of Continuous Warm Blood Cardioplegia:
Valvular Heart Surgery

Chong Kook Lee, M.D.*, Seung Il Park, M.D.*, Jae Min Cho, M.D.*, Jun Ho Won, M.D.*

Hypothermia is widely acknowledged as fundamental component of myocardial protection
during cardiac operations. Although it prolongs the period of ischemic arrest by reducing
oxygen demands, hypothermia is associated with a number of major disadvantages, including
its detrimental effects on enzymatic function, energy generation, and cellular integrity.

The ideal way to rotect the heart is to electromechanically arrest it and perfus it with
blood that is aerobic arrest. However alternative technique has been developed, based on the
principles of electromechanical arrest and normothermic aerobic perfusion using continuous
warm blood cardioplegia.

To determine if continuous warm blood cardioplegia was beneficial in clinical practice
during valvular surgery, we studied two groups of patients matched by numbers and clinical
characteristics.

Group included is 31 patients undergoing valvular surgery who received intermittent cold
crystalloid cardioplegia. Group II included 30 patients undergoing valvular surgery who
received continuous warm blood cardioplegia.

Our results suggest that the heartbeat in 100% of patients treated with continuous warm
blood cardioplegia converted to normal sinus rhythm spontaneously after the removal of the
aortic cross-clamp, compared to only 31% of the cold cardioplegia group.

After operation, pericardial closure rate was 90% area in the warm group, compared to
35% area in the cold group.

12 hours after the operation, the total amount of urine output in the warm group was
greater than that in the cold group(2863+ 127 ml versus 2257=* 127 ml; p<0.05).

After the operation, left diaphragmatic elevation developed in 55% of the cold group but
in 0% of the warm group.

“qAEn 4FelHeE Fregsnal

Department of Thoracic and Cardiovascular Surgery, Yonsei University Wonju College of Medicine
= FEL 19964 FAEI oA TAH S
FASY 979 99 119 AAEFHY : 97d 1€ 19
AR : o]F (220-701) N E YFA] dAE 162, AFo s FE et w A, (Tel) 0371-741-1321  (Fax) 0371-42-0666
=E AFA F AANAY AFLFAL NaFF g gl

ke —+

-

rke

—353 -



521 4]
1998;31:353-61

CK-MB level in the warm group was significantly lower than cold group(2.28+0.62
versus 9.9612.12; p<0.01) 1 hour after operation and CK-MB level in the warm group was
significantly lower than cold group(1.80%1.01 versus 6.00%1.74; p<0.05) 12hours after

operation.

Continuous warm blood cardioplegia is at least as safe and effective as hypothermic
technique in patients undergoing cardiac valvular surgery.
Conceptually, this represents a new approach to the problem of maintaining myocardial

preservation during cardiac operations.

(Korean J Thorac Cardiovasc Surg 1998;31:353-61)

Key word : 1. Heart Arrest, induced
2. Heart Vavle Surgery
3. Myocardial Protection
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AT B3 e Q7 AAA S ol & +& 4C 17
F AAA Al Wonju crystalloid cardioplegia®K ™ 16mEq/L,
Mg 2mEgLyE UEd Ad ¥ FU)AA  cardioplegia
filter(C.A.S filter, Bently, U.S.A)E ©]-43}¢ Kg% 20ml 5%
g 2 258 7HAo® K 10 mE 37} FYSIT ice

sglom A4 5= 28T FAE A A FAS
W7k AR x| o2 A}-8-3 Wonju crystalloid cardioplegia®] &
]2 Table 13} ZCK(Table 1).

28 44 AAR DL o] $3F warmT-> oxygenator blood
9} crystalloid cardioplegia® 4:1% EE3l FYE 4 S+
cardioplegia delivery system(MP-4, 3M, US.A)S o332
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Table 1. The composition of Wonju crystalloid cardioplegia

“solution

- 50ml -

‘ : 1,0001U
Na* 140mEq/L
K" 18mEg/L

Osmorality 320~330mOsm/L

Table 2. The composition of warm blood cardioplegia.

High K* Low K*
St. Thomas 1,000ml St. Thomas 1,000ml
solution(II) solution(II)
NaHCO; 10mEq NaHCO; 10mEq
KCl 100mEg | KCl 10mEq
total K* 120mEq/L| total K* 30mEq/L

] o] w A3 crystalloid cardioplegia®™ St. Thomas(Il)-£-2}
ol KCI& A7k §-4o] S ck(Table 2).
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Fig. 1. Schematic of blood cardioplegia delivery system
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22 Z37ke] YA 8| coldo] 11:20, warmZo] 1:1
ojfon] HF AFL coldyo] 4791234, warmT°] 469
+2.54), AF WA BSA)E coldFo] 1.5520.03 m’, warmT-°]
1561002 m'E FTY 544 FoAe] Qe w3
Ejection Fraction(EF)E coldT-¢] 45.7%4.7%, warmT°| 48.0%
44%2 AL JdthTable 3). TEL coldiolA HE
wt X8 5o, SR X3E 134, EHE“" 4 SEyd
2|3 gel|, SR A3e Y AHEY 1AHE0] 44, TE
# A Fze] 1919512, warm-oll A YHE“—‘.‘ ot A3
o, 231 X3k 134, HEH 2 FRFY X%E 69,
3 A&E 9 A 1Age] 49, SEH A e
| 2624 FE7He] Fo 7 Aol K (Table 4).
A7) 7 A7 e A AR coldie] 166.2E
AR T 1254169%, warmTo] 208.6+ 1228 ¥ 1562196
2 wamr oA A - F-2) B Ao (p<00D) o] A&
FEA L AAAY AL 329 TAA] 22+ ofE
o] fgle® AR,

A dEH A sAEE Al olgrkAe] A7k
cold-¢] 36.8£2.8%, warmto} 465135822 warmT-ol| A
T8 Aot p<005) £F nFxEY BFS AAAR
B A3t Alwl7] ofek Ajgbe] ZojA R2® A
th w3 £33 AR coldTolA 1,769%136 ml, warmz-ol
A 27031196 mlZ warmT-olA Fr&3HA] Fo] A=l
B(p<0.01) °|RA-E £EF AFAL AAA Y] F902 F
AYe e} F7h2 st 2wog wjEFge] F/HE Jo
2 o AZIKTable 5).
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Sex (Male:Female) 11 : 20 15 : 15 ns*
479+2.3 46.9+*25 ns

Age (years)
1.55+0.03 1.56+0.02 ns
45.7+47 48.0*t44 ns

Body Surface Area(m®)

Ejection fraction (%)

* ns; no significant differences

Table 4. Operative procedures.

Aortic Valve Replacement 5 5

ns
Mitral Valve Replacement 13 13 ns
Double Valve Replacement 8 ns
MVR + Tricuspid Valve Annuloplasty 4 ns
Redo Mitral Valve Replacement 1 ns
Total 3 30

cases cases

MVR; mitral valve replacement
ns; no significant differences

Table 5. The pump, ACC time(min} and the amount of
urine output during CPB.

208.6+12.2 p<0.01

1662194

CPB time (min)

ACC time (min) 1254+6.9 -156.2+9.6 p<0.05
ACC off ~Pump stop(min) 36.8+£2.8 46.5%33 p<0.05
Urine output (ml) 1769+136 2703196 p<0.01

* CPB: Cardiopulmonary bypass
ACC: Aorta Cross Clamp

%% crystalloid cardioplegia®] AME-FE coldT 3217%
147 ml, wam 4,705%353 mlZA warmTolA wl-¢ @&
o] AR Y] AgHglon, A $HF BT HuA 2
F $EX cold? 4.7210.15 mM, warm¥ 7.99£0.19 mMZ.
A warmZ oA ¢ S-25HA B9k m (p<0.01) o] AL T
59 2F $90) Ak AAA NS d53ew e
7] wj&elet.

s = g A3 A AL cold
31%, wamZ-Z 100%E warm7-oll A "5 £ A3E 49
2w, &3 A A F-49 EHAME coldTo] 35% area,
warm-°] 90% area® warmT-oAE AF-Fe] A WA}

2“'1-1
2 rlo
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Table 6. The amount of used crystalloid cardioplegia and
the highest potassium level, the rate of spontanuous heart
self beating(%) and the rate of pericardial closure area(%).

Crystalloid Cardioplegia(ml) 3217+147 4705353 p<0.01

K* Highest(mEqg/L) 4,72£0.15 7.99£0.19 p<0.01
Spontaneous self beating(%) 31% 100%
Pericardial closure(area %) 35% 90%

Table 7. The ventilator weaning time(min), the amount of
urine output during 12hours after operation, the rate of left
diaphragmatic elevation(%), and the level of CK-MB after
operation.

Ventilator weaning time(min) 1458229 1180+102 ns

Urine output (ml)
#PO 12hours

Left diaphragmatic elevation

22571147 2863+ 127 p<0.05

0
(% of cases) 5% %

CK-MB (%)
#PO 1 hour 9.96+2.12 2.28+0.62 p<0.01
#PO 12 hour 6.00£1.74 1.80%£1.01 p<0.05

CK-MB; creatine kinase-muscle brain
PO; post operation
ns; no significant difference

Table 8. The cases of the using inotropics and vasodi-
lators,

Dopamin/Dobutamin(5 ug /kg/min®] ¢ A}-8)

20(66.7%) 19(67.9%) ns
Time (hour) 47.8+16.5 19444 ns

Nipride(0.5 g [kg/min ©]4 AF&)
Cases 13(43.3%)

22.6+5.1

Cases

10(35.7%) ns

Time (hour) 21.3+5.0 ns

ns; no significant difference

A go} Wl B2 AT BHE T 5 S tH(Table 6).

&% FRAAANA AT F7] DAL coldTellA
1,458 2298 warmTol A 1,180+ 12%F-2 % warmTo]A <l
T 3E7) olgAzre wgkev BATA e e
(p=0282), &% 12417t 5 2HFL coldio] 22571147
ml, warm7°] 2,8631t127 ml2 2 warmTolA EAHLE F
o3 w2 B Aol wEH $thp<0.09).
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—356 —



o591 4] °lFs 9
3|

1998;31:353-61 28 A™X|A| ortzs

Table 9. Antegrade/Retrograde cardioplegia blood gas analysis(coronary sinus, ostium).

Antegrade
Affluent 7.42+0.01 327.6126.7 30.0*+1.4 99.94+0.0 14.0+1.1
10min coronary sinus 7.371£0.01 68.6+17.5 355+£1.3 79.5%+6.1 13.3£1.0
60min coronary sinus 7.41%0.01 82.1£10.6 32.6%1.5 93.6+1.9 16.7+1.0

Retrograde ‘
Affluent 7.45+0.01 322.6+12.5 28.1%£1.5 99.9£0.0 135+1.0
10min coronary ostium 7.371£0.03 34.4%3.9 36.5+2.5 66.21+42 14.6£1.0
60min coronary ostium 7.35+0.02 28.8+2.6 354+1.9 50.9£5.0 145x14

219 ol A% 53 AL e £78L coldZolM 55% 2 o3t ATEAE Fo|] T AnpEq] ATEIY]
FAE Y o, warmToll M= AL 5 0 FE3] AFEo] gtor] AAE dofgt AR I Y] Aut
¢ AZEE CK-MB AN E &5 1474 cold =0} $to? ob] 71 ol AbAel AAA A dEME =
0] 9.96%2.12%, warmT-0] 2.28+0.62%3 coldF-ol| A+ Hj$- Aol o327} 9t} 1950 ) Bigelow SV o8] 29 A
T SV BAoH(p<001), £F RAZIME cold?o] & 2Hle] 7ME FoT AT B3 3 84F ¢4 Holgt
6.00%1.74%, warmT-¢] 1.80=1.01%%E warmLol4 AZiE4 o o] A2 g8l dEle A2 AL AZ JAE 9
A5 B ke B 5vHp<0.05)(Table 7). u91A ZFaAIAIeE R 712E £ glen A AR
=% SugKgmin ©]4e] AE $FA|(Dopamine or A FLAGFAE AAA) A ARE FAdE FeF
Dobutamine) AH&-2 coldd 20 case (66.7%), warm- 19 case A S HL2E FAD0E Zelth AL 289 FAHd
(61.9%), AF&-3F A 742 coldT 47.8%16.54]7F, warm-2 19.4 E EFy o] Wbl a4 U5, AX AN, 2a
T44A 2 wamt oA Hed FAE FoAe A A, Fold, ATP A7 o4, x4 Abkol4, pH, AFY
©ou, 0.5ugKgmin ©]4F9] vasodilator(Nipride) AHE2 cold?  FAE Foll gL mx= dAe] 9o w3 AL aWe
13 case(43.3%), warmT- 10 case(35.7%), AH&&F A 7HE coldT HEY AAAR Qb o Fof A AAFI HolA
22.6%5.1A72F, warmi- 21315041722 JA] BAH of 8t} o]d A|FE A HE Y AHF &b LA}

2L ATHTable 8). A AP,
dH d% 28 ARAY AEA YT BEY AT B3e 202 947 <A Ao] A7) 7)Ao
Tl A hE A RS T3 £HDFA EA ole AP Ak AR Fod AR Aol uelA
£ Ata 23271 80% o) HA AFFE FA8I5L, 4 FEF A AT e A7) JAHLE ARE A <]
e A, & 5719 AA AA A

PUFAle Ae 23 E7} 50%04 =

102 2 6032 A# 3t i pH pO,, pCO, Y
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Toronto group®l A1 %12 ™ Torontod] ATF-AFE<] &3 A=
28 AAA N AF wpe Ao IAANETE F
3+ A3 BEHOZF crystalloid solutionT} bloodE 1:42] ¥]
7 EFE AL FFAN. AREY Agel A=
1:49) W2 TYPs}e] AL ggen & At Ao
A crystalloid®] A-&¥Fo] Wo| %2 = o] hemofilters ©] 4
sfo] &5l AAsG -

Ae A5 E crystalloid solution 5% D/W 1L: KCl
100 mEq/L: magnesium 18mEq/L: THAM(trihydroxyphosphate-
dextrose) 40 ml: and CPD(citrate phosphate-dextrose) 20 ml%
F4% Freme's solutions AHE-3F1om A4 A] B2 induction
% crystalloid solution 1L potassium 40 mEg7} 7HR
infusate®  B}Fglth Ao R Eolrl= blood-crystalloid
mixtwe®] HF LF FET L
A ZEolME 11 mEgL A%
mmin®] £E2F FY3}L, o
o &x7 Felsin] FAAUE 4L HoE 40 mmHgo]
A2 FAGIS). AREL ¥ 150~250 mbE A3
o £ABFAlE 70~80 mmHg, FHTFAE 35
mmHg ©|3} =7 78}
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g At sA FEE AlSY] o|g7tA ] AL At
Fo) Apzrrt georeh 18 B Ao coldTo) 36.8
B warm-o] 45682 % wamZolA Aoy 1 olf+
2F FEE AAAE 2437 YT AT itk
e A AT Ad AN AAEANNE wamT
83%3ld u|5te] coldTolAE 41%% FA HRH o &
FAY AL % warmT oA 100%, coldZ-4lA 31%E warm
ZollA AD A Afee g $4T Aoz vERih
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