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A Clinical Study on Myocardial Metabolism in Warm Versus
Cold Continuous Blood Cardioplegia

Wan Ki Baek, M.D.*, Hyuck Kim, M.D.*, Weon Yong Lee, M.D.*, Jae Hyeon Yu, M.D.*,
Hwan Kook Yoo, M.D.* Chan Young Rha, M.D.* Yoon Seop Jeong, M.D.*, Eung Soo Kim, M.D.*,
Jae Jin Han, M.D.*, Young Tak Lee, M.D.*, Kang Yung Lee, M.D.™, Hurn Chae, M.D.**,
Young Kwan Park, M.D.*, Yung Kyoon Lee, M.D.*

A clinical study was designed to evaluate myocardial metabolism during continuous cold blood
cardioplegia (Group A, n=10) in comparison with continuous warm blood cardioplegia (Group B, n=
10), in a prospective randomized manner.

Myocardial metabolism was assessed in two ways: either by collecting blood from coronary sinus
before and after cardiopulmonary bypass or by collecting blood from cardioplegic affluent and
effluent simultaneously at the beginning and at the end of cardioplegia. The former samples were
assayed for gas analysis, lactic acid and cardiac enzyme (CK, LDH, SGOT) and the latter for gas
analysis and lactic acid as a maker of anaerobic metabolism.

The results were as follows.

1) Myocardial metabolism was shown to be continued in the state of cardioplegia at lower

temperature as evidenced by high oxygen extraction of cardioplegic solution in Group A.

2) Anaerobic metabolism occuring at lower temperature in spite of continuous cold blood
cardioplegia can be significantly reduced by continuous perfusion of normothermic blood
cardioplegics as evidenced by significant reduction of lactate production in Group B (p < 0.05).

3) Better myocardial protection can be achieved by employing continuous warm blood cardioplegia
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as evidenced by less cardiac enzyme release in Group B after cardiopulmonary bypass.

(Korean J Thoracic Cardiovas Surg 1994;27:427-34)

Key words : 1. Myocardial protection
2. Heart arrest, induced
3. Cardioplegic solution

A =

AlApge) i o wHste} ghA ARl A
2l AlE BEH ol &l A @2 IAlo] RolA| L o=
hedl, we Wl AS5HEE B 114 B
73 (aerobic environment)E Sj3}at = glol+=
b ks leh gk 2bd 3t 3714 A A (aerobic ar-
rest)7} 7F53tcla A E o), AAALE o A 71| ) ALES
Wolmely] g3kl 5H o2 WEE & AH L FE
E 9uly} glon, e3]|8] A 7|Fov AEute oy
{membrane stability), ollv]x]e] &4 F2o] ZmHA Euf
welshtn ¢ 5 e

B Aol AAEA] dE AdF BE A A
I 8 AR AN S A7 A5 FFAA w o] A A
Ha-g Fotel ol oY A= He] HPA A #| (ischem-
ic arrest)?} obd &71A A A (aerobic arrest)S T2
S1E7hE Y2em, wat ARAAe) LEste] I 4
ejabel wehE mastel 44T QRN el dF A3
2 AA A seich

B Eo|

19923 34 o] % AlEH] FHegol A MAlsEE A

1A} =8 tAko 2 —5].031;} 3l 6]:24
5 9sle] FRES Y2 F TR o] 7
—L [e]

ql 74 &
& AzRzesre g WHAAA Y (cold blood cardi-
oplegics) & ALAF3IA I o} & +& AN

(warm blood cardioplegics)& A& #AFslgon, o)F &
F Aslgd Ay &35 3o AAE AdR A, we
g Fo} SFbFo] FHbE A
o7t F 0dde oy &
TE AT, 28AAAN [F{FTE Broz HHston
Ao PHAHE AT 489 £ 13.54], BT 474+ 13.3
Algon o] Adul= AT 3/7, BE 4/60]9ch AT

Table 1. Comparison of the variables between two groups
Group A Group B p value
N 10 10
Disease entities
Valve 6 6
Coronary 3 4
Valve + Coronary 1 0
Sex (M/F) 3/7 416
Age (year) 489 +135 4741133 NS
B wt (kg) 525+123 554+ 98 ° NS

Pump time (min) 1454 £45.0 146.1 +30.0 NS

Clamp time (min) 98.4+£40.7 839+277 NS

A} g A)E-2] iﬂﬂ—’i‘i&% &k Abak (cannulation) % A|
gatadct A 23t )4
A 2. _?_Mu(}% ZF zéﬂ{s‘l— 3}5_ _ng A /\] 24 2] x] 7],,;3],
O A
o

Ju = HelR e ohe

_4

(retrocardioplegia cannula)&
A RS Al ol o) 2] %]
= °J'§5L(pressure port)S % } o3 9] Holl A A
o] gt & A U =R
HH A A 2|2 AVl F s HL]ri i3} naF AA
o (high potassium crystalloid solution)o] 4:1 2 &3} o]
HFHER st A AN e 2=z E 913}o] Shil-
ey BCD (blood cardioplegic delivery) kit-& AF-8-3lgit}. o
EF A E ol Al A 2] & Foodk 200~ 300ce B #5735}
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Table 2. Composition of warm cardioplegic solution ' /P“Ess‘f“’?:igﬂg?**}::7,,,, .
Induction Maint g @, f'i’l@’ ‘_‘
- 1 B hanee (/ 4 r ¥ \»A Retrocannula lnseriion Uatare bypass
Normal saline 1000 ml 1000 ml ) Samping trom "8
Potassium chloride 120 mEq 30 mEq 2 Exgmuw cen
Magnesium suifate 18 mEq 18 mEq ‘ o ( )
Sodium bicarbonate 12 mEq 12 mEq Bampling o "AT and 78" smutansouely
CPD solution 20 ml 20 ml - of ( )

Antagrade cardloplegla before soris release

Sampiing from “A" and “B" simuttaneoualy

OXYGENATOR | agry retease

CARDIOPLEGIC ° Sampling from “8* alier bypass weaning
RESERVOTI

Table 3. Composition of cold cardioplegic solution

Fig. 1. The schematic drawing of cardioplegic delivery and
Induction Maintenance

sampling
Normal saline 1000 ml 1000 m]
Potassium chloride 65 mEq 40 mEq
50% glucose 15 ce 15 cc

Table 4. The samples were drawn from cardioplegic affluent and effluent and requested for ABGA, cardiac enzyme and lactic acid
as shown above

Samples form Requested for
Cardioplegic affluent  Coronary sinus Gas analysis ~ Cardiac* emzyme ~ . Lactic acid
Before bypass O O O O
During bypass
At the start of cardioplegia O O O O
At the end of cardioplegia O O O O
After bypass O O O O
* Cardiac enzyme includes CK, LDH, SGOT
ARAAE GEsielon A ARRA7} FED Foll i N
qaq ARAA At B Axse BFYAYo]
el AR xR & B} [50cc o] £5 8 AL AP AFA|A AR5 25 Quatro Pro 3.0 ¥ SAS 6.04 ¥4 pack-
ARRAE FAse] DA BFFE} A4S AL age® [BM PColA H85jo] 24 % EAA e m 4
S steich Py x|ofe] soixl AAAe) YL Table A= FF FERAD Jehioch T 77be] SAA v
2, 33 7o}k += Wilcoxon rank sum test & ©]-8-3}o] p < 0.05 F=Fof| 4]

oA H= 1) A7) 7hs AA S ol" AF AA4]A A TAA S AEsHA T
7}.3—3}_ 5}] J}Alzhﬂlioﬂk] 2) /;J jx 01;__/&]9,}, r,HE

W zake 71 AA A 3% ¥ 200cc ] FER Ardnt

200cc = JFI F, ol A A (affluent) 7} FAF

ANEFs 3 e ARAA (efﬂuent)dl/ﬂ shol o #2te] Al AFr|7bgel e 4l Al 3
(Fig. 1), DellA AR dQezHes 728 (gas S Tl dEA o2 Fabg] FEspdlon olF &5
analysis) ¥ E47AHCK, LDH, SGOT)o} B4t (lactate) Aol g Folu} SibZo] 47 o 52 A ¢ skl o),
215, Dol A AR A2 e 7faRA 2 R A AT 32 489 + 13.54], A F 52.5 +12.3
2 215k0] 415 9] 25}l c}(Table 4). kg 2 B8] 47.4 + 13.3kg, 554 +9.8kg 9} v matu] =
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Table 5. Prebypass levels of the variables taken from cor-
onay sinus
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Table 6. Postbypass levels of the variables taken from cor-
onay sinus

Group A Group B p value Group A Group B p value
pH 736 £0.07  742+0.03 NS pH 736+ 0.07 742+ 0.03 NS
PO: (mmHg) 284+ 43 308x 27 NS PO: (mmHg) 389+ 138 326+ 0.6 NS
O: content (ml/dl) 8.1+ 1.1 85+ 1.2 NS O: content (ml/dl) 70+ 1.0 65+ 1.1 NS
CK (1U/L) 7551202 64.3+183 NS CK (IU/L) 332.0£200.9 2000+ 48.1 NS
LDH (IU/L) 302.8 £59.1 3483 +247 NS LDH (IU/L) 760.8 = 372.6 610.0 £ 154.2 NS
SGOT (IU/L) 212+ 52 263+ 5.7 NS SGOT (IU/L) 670+ 468 478+ 14.0 NS
Lactate (mg/dl) 187+ 62 224+ 83 NS Lactate(mg/d!) 497+ 106 333+ 64 <0.1

Table 7. Comparison of the variables between cardioplegic affluent and effluent at the beginning of cardioplegia
Group A Group B
Affluent Effluent Affluent Effluent

pH 7.52 £ 0.20 7.44 £0.19 7.34 £ 0.06 7.31 £0.05

PO: (mmHg) 481.0 £ 116.9 2994 +94.5 4852 = 77.1 1414 £47.6

O: content (ml/dl) 58+ 09 65+ 1.0 69+ 20 7.7+ 1.9

Lactate (mg/dl) 172+ 88 247+ 8.6 205+ 6.4 245+ 78
o]k gladom Als7] FHEAIZE W el EW AR X E upasba] A7S Bedvh(Table 7. 8, Fig 2). W34
Ao} 1454 +458 2 984 +40.78, BTo] 146.1 + £ 9] &2 F A3} -2 (effluent-affluent / affluent) 4] %3
3035 % 839277822 Ar] & zlo]E Kol x| o} 2 FEE o] A e] ZI E-S A TN 66.7 + 76.8

sledc}(Table 1).
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Bodow (p<0.05) AbARske] A T A TellA] 379
+13.0%., Biell 4] 70.8 £ 9.0 % 2 B ol A &4 we 7b
25 Jeh ok (p<0.01). A= 28 2 e 2Aalkz 9]

% }gur Av\ﬂc;:m g o] 2z A TolA] 60.2 +

4%, +18.5%, BTolA] 89 +24.5%, 67.2+9.0%
i*u‘zézlvi 2 Fo] Aol Wk gl s Bl
(Fig. 3).

A7) ol"k & AAA AFbwerE AAs] A 3%
Holo] 7pARA A Y AlAE e} AAH = 637 P
Lo CK, LDH, SGOT ¢} #4bx] 25 A FollA] o] =2
27 E Vel o) o] BAIE o 2| 3}#] ol]s}al
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At the Start of
Cardioplegia

wgr]
WE o 28 AFXIo| AL TEA| AITHA}

At the End of
Cardioplegia

pH pH
8.0 8.0 Clwarm group
Ocotd group
7.0 i 7.0 } \ l ‘ l \ [ I
Atfluent Effluent Affluent Etfluent
PO2 (mmHg) PO2 (mmHg)
700 700
600 - 600
500 500
s00 |- : 400
300} : % 300
200 200 %
100 - -E- 100
1]
Atfluent Eftluent Aftluent Effiuent
©O2 content (ml/dl) 02 content (mi/dl)
10 10
sl sl
[ ]t 8
4 sl
2 2l
0 [}
Affluent Effluent Aftluent Eftluent
Lactate (mg/dl) Lactate (mg/dl)
60 60
50 sol
40 40~
30 - 30
20| 20}
10~ 10—
[
Atfluent Effluent Affluent Effluent

Fig. 2. Change of pH, PO:, O: content and lactate level at the start and at the end of cardioplegia.
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Table 8. Comparison of the variables between cardioplegic affluent and effluent at the end of cardioplegia
Group A . Group B
Affluent Effluent Affluent Effluent
pH 7.29 £0.11 7.23 £0.08 7.24 +£0.05 7.18 £0.05
PO: (mmHg) 456.5 + 55.8 204.2 + 93.5 4577+ 61.6 148.2 +45.5
O: content (ml/dl) 56+ 1.3 55+ 14 6.5+ 1.7 62+ 22
Lactate (mg/dl) 247+ 9.7 377+ 120 27.1+ 48 290+ 54
cX oy LOH {luR}
At the Start of Cardioplegia At the End of Cardioplegia R [P — -
. ~ soo|[Jcont grove 1000
\ 400 800
o - ° T ‘ L i 200 ) 400
-50 L{‘—’ -50 uJ J 100 200 ﬁ] m
i i i
-100 1 o [ l[i_] o A —
[ Cold group warm group [ ] Cold group warm group i) e —
* p<.05 o "
Fig. 3. Comparison of the change rates of the variables be- .0 s rl
tween two groups v - o i
30 . "
o 0 |
PreCPB PostCPB PreCPB PostCPB
t} (Fig. 4). Fig. 4. The blood levels of cardiac enzymes and lactate be-
fore and after cardiopulmonary bypass
o
MAEel Ao, 552 41344} (perioperative myo- z2dodE b E FEA|olE BRI 4 glri= Aol 4
cardial damage)-2 &% 3txl9] o 55 E=fsiA| st 7} ARrad dd "7 E 9 Hodsd o) F 53] g
A 3 g e g A A olow, Az e B A A AL 9] 33HA A1 #] (chemical arrest) & =35}
£3ge) HA 9 BasteE BRI ANE F A o} AROAES Polmel: el x JTaA T
FHAZY 0% AT FAE BH Qe ARTFE o] HYYUNF WAAFOZH E3bAQ
Buckberg 52 M3l Qlth ol FE T AS AFEZE 7HeA ks Aol &) Jake) da) 54
o AFF Y Foo BT AJ A YN Hw e
A A Ao o2y ATEAE Fol] AT & AN ES B A A Y] AW DT A S BAE
Q) A2REHe] 23| Aol gov AL rhop wuzgw Sl A) AR ) 1913t Al Al o] 3
F AZuEol Aol gk o] F AL FE 9 4 g 2oz ekl v AT 2 4 A
9o TAAAE Fojed Yol Ok ST AN A9 FUD A Eih FE ekl A obd
- Shumway Sofl o3 =9i= 2adl oz 414 ge] oz 7} got 5%*;1**?% FAAHE Fabe] 1 b
9 B4 BT Aaje) shhz Alelgol g, Ao] Q25 gl o] S aiae} A Basg S
Al A o] A B AA afell o] 82 ATRES 53] ZAolet & ¢ Qlof 2 FAE A& e
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Al A pgo A 7 S48 g3 1 g e,
EF AR AN S AP B[FAA A ¢ S AdstHA
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brane stability), o\ 2| 2] &-&ZHoj| 4] Belslc)y &

olr,}.l*?' b A=) it 0]24]77}-1 Lgﬁﬂ/u Hzle] o R =%
o)L HA 4 ZA (hemoglobin curve)?] #Zo]%E (left
shift)ef] <) gk Z2]of| A2 AbAfrale] zhie}l Hoeo] 7]
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1
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A3 AT SR S8 DBF AP ALVRE B
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29l &8 A% (warm heart surgery)-2 o] 4| 7}=] 9]
Aol U3l Mg & ulye] T HU)Hel feuton
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o ]5’— M%% Al Abshod 1z, —"i—?‘é
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AR A G BFA|)

AiLoM -‘r‘:—ﬂ]
= M’Ct‘“ (Fig. 4),.5%
FAREL SRR ey AH AL T HuAE
w7tz A& FA3chd BAA R {3 alo] &
Bl = olg e g Azt
A4 @eE (02 content)?] 7§ T4 BE
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6. A7) o] ¥ FAAWFoR K 3T A A
FEALX S} HAkH = AT o Ftov SAH R
8] 8}A] = ob3hd -

ol ¥ e AFNEL AAL AAA sl x A
=2 AR dr)= sh A2 dAlgEe Al4Ey
BEAAAA S AGpFsle] 57|14 &7 (aerobic en-
vironment) A F3td = AFdaEe] 7] A o A (anaerobic
metabolism)e] L} 9)-&-& A A1} o).

ol-2e] LAY A N ALAF= FrIA dALE 4
A7 =3 5 AREL F7) A w7} A)AbsbRo] A
A2fE g JEAAH AN 9 ASFPF R} S AT
58 7R X slck AERS = gk
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