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=Abstract=
Changes of Myocardial Ultrastructure During Open Heart Surgery

Jin Hur, M.D.*, Joon Hyuk Kong, M.D.~<, Jong Tae Lee, M.D.#*

Background: Cold blood cardioplegic solution has been used to protect myocardium during
open heart surgery with the hypothesis stating that it provides more oxygen supply to
myocardium compared to crystalloid caridoplegic solution. We repeatedly infused cold blood
cardioplegic solution to achieve myocardial protection. We biopsied a small portion of
papillary muscle of patients with mitral wvalve repilacement or double valve replacement
during aortic cross-clamp time and evaluated the method of myocardial protection through
the observation of changes in ulirastructure. We then analysed the relationship between
changes in ultrastructure and peak postoperative CK-MB value and SGOT value. Material
and method: We report observation on changes of myocardial ultrastructure, postoperative
CE-MB and SGOT, and electrocardiogram in 31 patients who underwent cardiac operation.
There were 11 males and 20 females, and they ranging in age from 28 to 69 years(mean
48.3). Result: At ten minutes after aortic cross-clamp, the mean myocardial mitochondria
score was 2.08 0560, it was 2.3770.558 at 40 minutes, and it was 2.36%£0.523 at 70
minutes. Mitochondrial score increased significantly at 40 minutes compared to 10 minutes
(p<0.05) and there was no increase at 70 minutes compared to 40 minutes. Mean value of
postoperative peak CK-MB and SGOT were 37.3 £ 17.06IU, [44.5% 125.51U respectively. We
were not able to find any new Q wave in EKG after the operation. There was no
significant relationship between myocardium mitochondrial score and mean value of
postoperative peak CK-MB and SGOT. Conclusion: In conclusion, with this study the cold
blood cardioplegic solution. was incomplete in preserving ulrastructure of myocardium even
with satisfactory results in serum enzyme and EKG evaluation.

(Korean Thorac Cardiovase Surg 200H;33:707-15)

Key Waords @ 1. Myocardial protection
2. Cardioplegic solutions
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Table 1. Clinical characlenstics of the study patients(n=31)

Ape (yrs)
Mean = 5D 4831109
Range 28-69
Sex
Male Ll
Female 20

Atrial fibrillalion 22(710%)

Functional class(NYHA)

I _
il 8(25.8%)
m 17(54.8%)
I\ 6(19.4%)

Eticlogy of valve disease

Congenilal 1{3.2%)
Degenerative 4{12.9%)
Rheumaric 26(83.7%)
Operalive procedure

MVR 15(48 4%)
MVR+AVR L11(35.53%)
MVR+CABG 4(12.9%}
MVR+ASD 1(32%)

Aorla cross clamp and cardiopulinonary bypass lime

ACC time {min)

Mean--SD B4.5+254
Range 47-151

CPB time {min)
Mean = SD 120.0+28.9
Range 72-193

NYHA; New York Heart Association, MVR; muiral valve
replcemeni. AVR; Aortde valve replacement, CABG, coronary
arlery bypass prafl, ASD, patch closure of atrial septal
defect, ACC; aorta cross clamp, CPB; cardiopulmonary
bypass
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Table 2. Compositicn of the cardioplegic solution for cold
hlocd cardioplegia

Componemé: o mEé/L
Na+ 1460.8
K+ 77.1
Cat+ 2.8
Cl- 173.4
Laclate- 23.7
HCOy 459
pH 8.54
Osmolaricy 432 mOsmolfL
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Fig. 1. Mitochondral score. A, Score O
Normal structure with well preserved coristae,
matrix and gradies. B Score 1t Relafively
well preserved structure but absence of
mitochondrial - granule.  C Score 2
Clanfication  of malnx  with  absence  of
granuleflow ampltude sweling). D. Score &
Clanfication of matrx and destruction of
cristag {nigh amplitude swellingl.E  Score 4.
Destruction ol cnstae  and  mitochondrial
membrane

Table 3. Correlaton coefficient of milochondnal score with
postoperative peak CK-MB and SGOT

milochondnal scote CK-MB SGOT
10 minute 0252 043

40 minute 096 0.319
70 minute 139 -(1.238
Linal 0144 0.032

All values of correlation coefficient were not sigmficani

= | i

gER A (02 AT AT 370, 40E el A
H= A a4 W o] AR AL 127 Few,
AR 7= 31E A, CK-MBHAR= 308 2 SGOTZ A}
£ 31l Allsldh 10 rpe] e R E R el Alaae] et
L 2083056009 4082 2370558 702 236
052324, 408 mlelEZmelol da 10wde] Tl w3
o

FrelalA ek np<0.05), 02t 404 %Moﬂ% H zfe]
7} galem 708 #E 10fe] vlE f2ldk el ol
slov FrlslgickFg 2).

108, 404, 708, 3% 9 FT eio|EF ol At 5
=¥ CK-MB &3 AE 7He| A-dAle 717} 0252, 0.096,
0039, 0.144 & 025724 F23k kA7) g sdTi(Table 3).
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Fig. 2. Miochodrial score according 1o aortic across—clamp
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New Q wave

Fig. 3. Postoperalive maan values of CK-MB and SGOT and
the occurrence of new G wave an EKG

TEF CK-MBH x| 2] d72 37.3%217.061U42, SGOT
ZAY AL 1445 12655U% 00, AT 7=
Pl Alwg Quie) Wkl daflolA glelvlFig. 3).
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Fig. 4. Postscheric subendocardial biopsy In a patent of 41
year old lemale undergcing double valve replacement 10
minutes aiter aorhic cross—clamp. The cardiac muscle tissue
reveals  well  preserved  ultrastructure,  Most  of  the
mitochondna are normal and they show [bss of guanules
(Criginal magnification x 10,000

%

Fig. 5. Poslischemic subendocardial biopsy of lhe same
patent In Fig. 4. 40 minutes arer acric cross-clamp. Mosl
of the mitochondria are swallen, Focal clearing of matnx
density and loss of granule are noted. Dilataton  of
sarcopiasmic  reficulum 18 seen(Onainal magnilication
10,000}

d
bl

T oE deaT ATEEE Slak] A S gl
o]
3

AEE3 9% 29 duelnk Bing 599 sk o
e BA4 ARAe slepel Aol uE B AeE
=39 £ 7, @atle ® o Aloe) Bag Fo|o], A2

- 7110 —



3

oA

000:33:707-1

2

- W ®oay T
Polal W Al T N R RS Wﬂoaﬁ%
e T W ol a ™ —_— 7 o= — = 5 - —n
. SEETREER OEFLT NERE T I SCICHE - S
= TR REWW T Ww&ﬁmamrﬁomo% ooy v g WX W o B L e e B A
N RN o e e TR ol H N R 7 o B T oo o= g o, X
Mo w W u:.ul%,]_wr o oy 3 W A AT [CaRT R VR TIPS e G O L La__%muﬁ
= B R D H —_ ) B Lo Lo | = RS el R Moo "
ol T o — g = i oA 2 g ) r g Ke e R o so W —_ e
T 2V Eew TEsETAE e TEEWTYE s FR P et g T F T
o B4 EQﬂﬂomﬂLm.ﬂ_ uillﬂﬂz E HTrfz_ﬁ_l.@-g oo AT R o ﬂcmt.ﬂol
ﬂ_b%ﬂﬂo_m_u w W w E R e o = 4 g e K kR o ﬂazﬁ% —_ =n do Th
—_ =g ~R ! 0 — of ® _ B 4 ﬂ
PR Wﬁy? hmod...“ .HL_N_LfEM z_o_ﬂ.au./‘iﬂm,ﬂduo nmﬂ],mmL Eﬁ:,o ﬂLt,»n&uMMu.}wlﬂ lﬂuqrﬂ
i i T Ty I K T w o3 LA
I Mu%hlfﬂumhal1__}%_ud%h% swm ErT R I =T
=3 ..VwM HT T ]_Flwmo 2 A .WADM& .Mv TR o ™ B = .al.._klu _.i NWL o .AH‘.\_AJD m.rzl._ﬂﬁ.ﬂo .Wu pl m._,o
= W ot o — ] " N [ = Eh = = R — 2 = L
_ﬂu,%uxngmﬂ w_i.%mf%%mhmﬂ_]zmwémom%n% wl__ﬂfmﬂga.ﬁﬂmnﬂ T 9 %n,mﬂﬂ,ﬂu namumm%
= —n =r o T~ o . = [ T P e i
= & oﬂaﬂo A —~ @ LN =) = To — = - B ocdl.l,zh___onl... = fo ™
R Lh%%%%mmm,_%gifaﬂ%n%m_m mmmroﬂ%aﬂﬂ%%ﬂiﬁ%ﬂmﬁ 7W%ﬁ
no = o A = et R w o M T = UGN C O ok :
ENS o HF T ool Voo wE = AL S e Ko &2 o a e U ) | alJ 0B =
03 d AT < I ) o =1 n = —, TS H —_ mwo,l.V
ulwwg R R T N o ygﬁwﬁwalﬁa%waﬂﬂ.% < o
mtﬂx%% Ko e MR B ﬂoﬂamMﬂdﬁuldhﬁ%ﬁjwmﬂ%%? uEﬂuﬁﬂﬂﬂjH% B o W
0 — . = _ o T = — I~ © ~ ___m.ll = _
° v_uomuLuﬂ,hlﬂzﬁeT_a c)x,ﬂuml1iaﬂ %xpmﬂ]fa,{ﬁl%w_t A o Ko 8o 2
o E\L. ™ =1l e W vy W 5 ol r4 & 5 4 i__.‘.t wo 2|2
arcmMﬁ;mfm%ﬂgﬁzﬂ@g mmﬂ%aw&maﬂ@ R B e U F Mamuuzm,ﬂmaw
o ,,Cm.ﬁzﬂﬂ,ua T T ey BT B A gm oo w o ow < s = M_lo_nﬂ_faﬁllmin )
%4%9m@ﬁ%ﬁi%%ﬂﬂﬂ%%mﬁAfﬂ_aﬂ_ﬁﬂ@ﬂ%gmﬁiﬂmmcﬂﬁa%mm%aaﬁmmou_m_x
- ~ = o T —_ o =i - a = = —
%mgmLmﬂﬂoa?_}rﬂ%zﬂuﬁv mwﬂiﬂrm%Auaﬂmn_kﬁ,;mﬂ.m@ﬂﬂ1Wwﬂﬁw%uy%
W o A0 Mo 2 o oA do — "= ® - g5 & o= = A H g R - T o L
e} e Ll o_a o) ‘.’D E_H = = w2 E N ) G_ L3 o O# ™~ = — = Se~a PR i = )
ﬂnﬂzH%ﬂ?%ﬁﬂ##%%&mAn%ﬂa ﬂ#w&%ﬂﬁaEwm%ﬁc@ﬂi%mﬂuh% -
D NI oo oo w5 M L T TR W
q.#coﬁ.umnmﬂr]dﬂz,_fMaE_.aLL7Wei%_ﬂwﬂﬂzo <
o= CCT il R R RS R ;
Tob o TR oW bR R R
—_— .IOL —g mE o
AT EL YT ToRFTAAR T A
of 8% 4 = @ - TR & T mo s oy o Ak
@ = X o . ﬂﬂ}deﬂﬂ S o e e Gl ol B ok oy
ES ¢ GG A T ol N R - ol o B g o RO
§=c 8 N %Wzﬂﬁ%_t RS B o =~ om oy R
=l pp ﬂﬂﬁmﬂﬂ‘ﬂﬂ Preran frxsEl o
eD..mﬂ B L.“.N.Jﬂ.lﬂ_n = = —_ b h %o T _.A.I..Ql
=E=sc¢ W ﬂLmﬂ@Aﬂﬂ%Lf A LR IR =R T
e " w2 R = Gl S = RS
BPOE o aﬂ%m.y%]& il Ew L By ogg g3 E
2= 47 grs BT & E T R oo B R
V,S..ﬁ| E AR }“ﬁa,,m,l, R S A 0 M B =P
L2z d = TR g T ﬂﬂaﬂa KRR ﬁﬁﬂo = % T T g )
= =7 MT ﬂ_/lJuo . ..;._ﬂ%qn_ 3 ?_..__uu_a.h = =R T F & OF ol T
22585 ﬂm,n_u zroga.mﬂlm_lﬂmﬂuw o MW% MmﬂoszaE}ﬁr,_ oA
_2 80 =l = s = 0 3 - M._O.FL.W]QT
© % Q. o —_— ﬂ RN R 0_1_ =<0 O_ T 0__I] — = Y gy 3
= z g nH '~ = e S o o S o Mo a
53”2 i TG e - R ORI . S 5 0 e o
o = =) L_L ﬂf -/ = = ;I%E‘ A_.E E ty = —_ ol E..H le.l ] i
g ® =< e S P Rl T < ® o T B oF g5
EnFo T = 2oy e BET R T E O e 8w
g o s m =X = o g Wz 5 CC N e E b
228¢ A ek ﬂﬂal%ulom RGN Mo eT g
©»SEG - o B T T %Lb1iRﬂ%ﬂ4§ S I R A-
o £ 3 = 7 R N R R - = ™ B S N
= o o R e Al S B 0 —_ =0
oo d , — ] = ] oo B, -t
585 5 e ﬂamﬂwo_mw%,%%%lﬂﬂﬂﬂ ﬂ,mulvmwo_im
.md.m% _An_AJ b SM]ﬂdEAT M.._ﬂﬁagﬂxlbf ﬂ,.qodoa.%a%ﬁiﬂoﬂl
702 g o 5 ﬂuﬂﬁ%,olﬂmqol@l%ﬂﬁmr&ulﬂa% ,.ﬂmlaoiﬂﬂwﬁ_wﬂ_a
PL S E S % _ 5 A URECIN el By ol o T 7
S S5E Ho % gﬂmq_h%%mfﬁioﬂc_eqa11_f%hywy\aa4ﬂML“%‘;]OE%
R - B T = = ™ o o ® o — Joald Ay A N
(88 SRt iTiTEETETETsLAEY;
@ = Z o = e I ©
L asc o=

- 712 —



=T
T

=]

A

-

u] A2 w4
AEe

114

=

o]

=
Al Al o]

3
o #Al

ol|, Vienlen-Johansen
=

1

P

T

o
1417k 2

fa &

=

=

Ay
12k ]

o
s

5

. L

Aol A=) Alel
1

Az

al

5 4

3-707-15

9]

2000;3

spolet

(sarcoplasmic reticulum)®] Zhgpolg o]

=gl Eoal oy ﬂﬂﬂfﬂﬂgi_em w_mnnunﬂﬂﬂa BOR R S A %%H
oAl w s oo oo TR BT 2 ] " O B gH i T
pme bl DEEmd by T Ve o s ha A E
e R O I A maE Sl =P Elg L
G T N L IR TP p R SN oy TxoE e o T %
e 4 s T T R - m_,_w_owuﬁpﬂoﬂw TR 8 K N B W
B SWE Wmag TP T NwmR oW, BTN R gk
G Rt o W o omt Y N o W EET R of d E e
BB e AP ar o oK < G o
BT e FWED IS AT L Tw 2 T 2wl @V
._ﬁaiﬂ_mﬂ E,H&fﬂ]ﬁ ‘.lz‘._\ﬂ.lLUO;EM..MﬁTTH/WL HC.M_MO mm .,OHT %nm.ﬂﬂ,l.ﬂ]__.l.o_aoﬁﬂ
Bl BT L G Ee YL T8 ggw R LR B BT
ﬂ,m’% Wo%ﬂ_uni.__wﬁ nmﬁmﬂlhww‘wh.lﬁ_mﬂl Afd.l.lmwomx?_%nl_,vlﬂaa_._;awmﬂumleg_.mﬁ__l
T WM R FEwe g - I e, -
am wmkeg o S T wmopk < Mo g K R S 20 B w o + ok 2 o
& g te SN 4 E e wE B L e
FEE D, xRN rEsEE bk flgroel  bwg
ele eadw meEA_d4F Fe LmakEs Toopm®
FEO B e TR RS LB ERATET g b TR
eﬁagﬁ;kﬂ .t o oy R E o 5 2 TVH o TCW o ow o W
Wi ERTE iR 4B RO Tmd DR me ol g
o ) S| iy ! [ o n . J Soo
g L Ex & o oA dy s 2 B r,um%c_oﬂpllm?ﬂyo% 1)
I R B Rl A - T e O B
ok I TRTE ;2T R LR By
IR ol e A S R O = O I S
ﬁlﬂLAoﬁMAuz._mMWﬁ s Moﬁalmmﬂﬂ . ﬂ]mﬂxix.ovmwf].maﬂmP
IR B RN R - N NI L T
R T T T e R SWE M @Ak e §oRon e
ﬂm»ﬂ@%ﬂ%ﬂﬂﬂhﬂuﬂﬂaﬂﬂ%m%%%wﬂ R W Sl I
CEl WK o R T R oE OF e W Koy e B gy A WY
R R B S i z%ww{%ﬂgﬂ_@?ﬂréw
- 0 o 3
Te b LI TR e s T A bRt Sy b _2FTT 4 hes
— & . = bt —_ T J— ol
S e R R A S I Tl . -
ars] Tt ™ y ﬂ_mo ATd .Hl Lf <n .,i Hoon ‘ﬂJAE = 3 7 ﬂu R " ~ ol =) .H,E MM _.&_._._
e Rty TR S el N e T pE e L
CHE EmAN L P T RS e TIT R
i = —_ o . ! LoDk SR D By
SR o A TR ecrd LT T ey m oW gD
CEh T T RSl ey T o B oob 7 o PR ]
imfmwﬂlwk%%ﬁﬂ%ﬂﬂﬂmuMWWE@ O_Eﬁ&._oﬂﬂom_%;_mm_ah_o“
il I Il e i o T -
! = —_p = == —
ﬁﬂ.m ﬂ_ﬁojﬂﬂ%,%u Mﬂm@ﬂ%@mﬂwﬁuﬁﬁﬂa Hm® BT aE T oo
R E R m i Te g B R GT I T mh T, YR
naﬂ%]u%%xﬂ%%,_Aﬂwo,aﬂﬂop7;“,.fﬂ_ IER i L
ﬂi.l,ﬁ..w:.m: &_O‘NHV..X_.W_I.HU ﬁMMHNHmﬂF.O”.‘ NELT ‘ﬂwl“..‘/._o_a ﬂ%ﬂoﬂﬁw
T e ey Lo e P i R I
.WLﬂqufAﬁ.E]U%MHﬂﬁﬂquoEMEQJ?.:_T._.OI.WWJ .ﬂmﬁ‘mﬂ‘ﬁlﬂc,ﬁ_uﬁé__u&lkx_t.ﬁ
O — . — - = JR—— B -2 —_—
e N E gy Ty  TEEINT S e Tkl f g
Blool ge o WO o 4t 2 B o B B e T = el IR S i
AR Moms o WX T e B U o e e < M o N BE W
Pl B R e % @z 5 oo R T o XM®E N w e
1nm\m%ﬂoinuﬁl%mam@ﬂrﬂﬂ%mﬂﬂri_z%.%H%ﬂﬂﬂmﬂ,ﬁﬂ@%ﬂ
P R Sl i G A T e R e i i T i S
R R R I I I I Al T R e e e S R A
™ biool e B oAk xew BT o A A T R W MR 9 R oE N T e m F

oA
uf, 38 A7k

[«]

i

1

_‘17‘_1_
hul

=

| ==

=

325

A

2

7

]

oHo
il

ol il as] ¥
A48 A4

©

T

=& AH

H0E717)

A
hu )

— 713 —

- —

3, FAE AL 2 vho|Rex

Aakelvel &5 gleka shgick



A
S o] HUE FEAIIS A A2
o <

A ok vk HEAY AR Ads BEY o gt
= ehlo) gl I AEn B R AReke BE 3
HMERE Balderman 500 2lsbH ARx, Az 472 gl
Al 5o olvk abed] ARe sed Ald=sAet
WHELAANE AR % QAT A Sl EEEel
A5 ARTAE £85I

X

>

o,

oM

—!‘ [s3 0)‘
>

We A wpo|EE=do ATt HEY
Ak 0] A e A Rl 4082 Ao) frolslA FrtE)
Qi 70de] AL FAHCR oA kghAt vt F7}
sfelA w7z BEdE ARgd WE gAYl 2%
Astcla shch 248 TV A 99 A2EI
o7 IAEd S REE AEE RSN a5 A
o] WA FollAe] CK-MB ¥ SGOTH |9 o 7
Zb 149410 W 291IU4LY, ﬁ}%?g]&,h] o1 i
32710 9 16730 ok dhee) .Li
D SGOT #3A 2] AF 47 37
Az Qute] WA A glo)x
J

AT wHEsE e Hag By

A sl A

—4 nE ]
A ﬂ&#/‘iﬂ% :5 ; wes), AQeET dREL 3 A
Al
1:1

1%1:74}‘] A A

11"

Z PATEE g xim 9 2 gtk sk

1. Buckberg GD. A proposed ‘solution’ lo the cardioplegic
controversy. J Thorac Cardiovase Surg 1979;77:803-13.

2. Krukenkamp 1B, Silverman NA, Levisky S. The effect of
cardioplegic oxygenation on (ke correlation between ihe
linearized  Frank-Starlmg  relationship and  myecardial
energetics in the gecnng post-ischenrie leart. Circulation
1987;76(suppl V' ): V -122-8.

3. Rousou JA, Engleman RM, Breyer RH. et al. The effect

hematocrit

level of oxygenated

preservanan. ]

of temperature  and
cardioplegic  solutions on  myocardial
Thorac Cardiovasc Surg 1998;32+75-9.

10.

13.

14,

15.

16

17.

19.

- 714 —

. Gundry

. Valen

HHE A
2000:33:707-15

Mullen JC, Khan N, Weisel RD,
during cardioplegia  and  posioperative
Thorac Cardiovasc Surg 1987:96:558-63

SR. Sequeira A, Coughlin TR, McLaughhn JS.
Postoperative conduction  disturbances:

et al. Awrial actvity

arrfythinias. ]

@ cowparison of

blood and crystolloid  cardiaplegie.  Ann Thorac Surg
1989:47.384-90
. Schnabel PA, Gebhard MM, Pomykaj T, el al

Myocmdial protecnon’ left ventricular ultrastructure after

different forms of cardiac arrest. ] Thorac Cardiovasc

Surg 1987,35:148-58.

. Wilson GI, Axford-Galley RA, Bush BG, el al. European

versus  Nortlh  Amerwcan  cardioplegias  comparison  of
Bretschmeider’'s and Roe's cardioplegic solution m a
camine model of cardioputmanary  bypass.  Thorac

Cardiovase Surg 1990;38:10-14.

. Balderman SC, Bhayana IN. Masud ARZ, Michalek S.

Periaperative mvocardial wifarction: A diagrostic dilemma.
Ann Thorac Swg 1980;30:370-77.

Schaper J, Scheld HH, Schmidl
Ultrastructural  study  comparing  the

U, Hcherlein F.
efficacy of five
different methods of intracperative myocardial protection
in e human hearr. J Thorac Cardiovasc Surg 1987,92:42-
55,

Bing OH, LsRaia PI, Gaasch WH,
profeciion previded by red blood cells during cardioplegia.
Circulation 1982;66(suppl I ):1-81-4.

CR, Yamoz M, Vecchione IJ,
oxvgen delivery to the myocardum during hypothermia by
perfusion with 2,3 DPG-enriched red blood cells. Ann
Thorac Surg 1980;30:527-35

el al. Independent

et al. Improved

. Sakai A. Miva J, Sohara Y, el al. Role of red blood cells

cold  blood
cardioplegia. Cardiovascular Reseaich 1988;22:62-66

Eugene J, Lyons KP, Otl RA, cl al. Regronal myvocardial
Amn  Thorac

w the coronary  microcirculation  during

perfusion  of cardioplegie  solution
1987;43:522-6,

Hears DJ, Slewart DA, Braimbridge MV. Hypothermic
arrest.

Surg

arrest and  potassts metabolic and  noyecardial

protection  during  elective  cardic  arrest.  Circulation
Research 1973;36:481-9.

Balderman SC, Binetie JP, Chan AW. Gage AA. The
opnumal temperature for preservation of the wivocardium
durnmng plobal ischemia. Ann Thorac Surg 1983;3:605-14.
Kay PH. Technigques w extracorporeal circulation, 31d ed.
Bulierworth-Heinemann Lid. 1992;88-137.

Saydjari R, Asimakis G, Conti YR. Effect of wcreasing
catdieplegic  solutiow  onm  postischemic

J Thorac Cardiovasc Swmg 1987,54.

volume  of

nrvocardial recovery.

234-40.
Takahashi A, Chambers DJ, Brammbridge M.V, Hears DJ.
Optimal  myocardial  protection  durtng  crystallowd
cardioplegia.  Interrelationship  between  vofume  and
duration of nfusion. J Thorac Cardiovase Surg 1988;96:
730-40.

Catinella FP, Cunningham N, Spcencer FC. Myocardial



o5 7]
2000:33.707-15

22,

24, Flameng

. Buckberg GD  Studies of controlled reperfusion

protection  during  prolonged  acrric  cross-clamping.

Comparison of blood and crystileid cardioplegia ) Thorac
Cardiovasc Swig 1984;88:411-23.

20. Vinten-Johansen J. Edegerlon TA, Hansen KI, et al
Surgical  revascularization of wacute (1 hour)coronary
occlusion:blood  versus  crystalloid  cardioplegia.  Ann

Thorac Surg 1986;42.247-54

. Prasad K, Bharadway B, Card RT. Effects of blood and

crystalloid cardioplegia on cardiac function at organ and

cellular  levels  during cardiac  arrest.
Angiology 1988;39:23-33,

Shapira N, Kish M, Jochim K, Behrendt DM. Comparison
of the
myvocardial comgractility in man. I Thorac cardiovasc Surg

1980;80-647-55.

hypothermic

effect of blood cardioplegra to  crystalloid on

. Card RT, Prasad K, Bhaiadwaj B, ci al. High 2,3-DPG

blood cardioplegia and myvocarchal preservation during
cardiopulmonary bypass. Angiology 1988,39:123-31,

M, Daenen W, Sialpaeri G,
Ultrastructural and cvtochkenncal correlates of wmvocardial
J Thorac

W, Borgers

protection by cardiac  hypothermia in
Cardiovasc Surg [980;79:413-24,

I,

after

ischemia, I When 15 cardiac muscle damaged irreversibiy?

30.

31

. Fenchel

4 3 9

HelseE Ao nlMTEe et

olMlF =0 ol#E gk

Viten-Johansen I,

ol & 2] =] 1998;31:739-48,

WE, Mills SA, el al
Reperfusion injury after temporary coranary occlusion. T
Thorac Cardiovasc Surg 1988;95:960-8

Johnson

. Shaper I, Hehrlein F, Schlepper M, Thiedemann K-U.

Ultrastructural alterations dwring 1schemia and reperfusion
in  human hearts during cardiac surgery. J Mol Cell

Cardiol 1977:9:175-89.

. Bittar N, Koke JR, Berkoff HA, Kahs DR. Histochemical

myocardinl  cells  after
cardivpulmonary  bypass. Circulation  1975;51,52:suppl  1'16-23
Balderman SC. Bhayana IN, Binelle P, Chan A, Gage
A4
witrastructure and lugh-energy phosphate n man. T Thorac
Cardiovasc Surg 1981;82:860-9

M, Van der Vusse GI,
effects  of
aorta-coronary bypass grafimng. ] Throrac Cardiovase Surg
1983;85.738-08.

G, Seybold-Epting W,
HE, Schlile W,
biechemical changes of human papillary
during differem methods of mduced cardiac arresi. Thorac
Cardiovase Surg 1979;27:241-4.

and structiral  changes In humion

Perioperrative Preservation of myocardiol

Flameng W. Bargers et al

Cardtaprotectenve fidoflazine in  extensive

H, Huh CH,
Ultrastructural

Seiter
Hoffmeister and

feart muscle

J Thorac Cardiovasc Surg 1986;02:483-7. 33 g e, o]gnl, MM 5 BuMEY 22 oldsF
slgE, Fuld, 258 5 ATR HE HMEe 2 MZEYE, E52A 1998;31:7-12.

-2zas-

M AE AAARL wAA A de] vl 4o ¥o}h g s EEE 4 glvke spd ] AL

ol gtoh Aaks Ao 13 E Hskd 9E AAR HEEelshA St A3ke 9 ols whela )

$& ARG BB o) Ak ATl FITAH A AAee] ol ATR HaE BAYeD

# B AZRIHE Frislg o, vlaExs] dslsl £F CR-MBE LR 9 SGOT #2912 AgaAS

PAAT, o W P AN T e AUFETAE D02 PAE2e Was F CKMB

3
SGOT 2|2, AAEE zAEl¢c) 4
A 483490k Fa o5 AgE 1027

AZ wholeZEeloh AR §23

f
c.

W3k 9% & glei bk

C

A2

L WAl 117, o4} 20eldn dFdLe Hd 84|, i AR
AZE2 Hi nje|EEZE e} Ak 20810578,
407-742] -2 23720559 % 70842 AL 236105424 1087 v 4086 2wl kel v
(P<0.05), 40:¢7 el W3] 0= F77) gl $55 CK-MB W SGOT 2 wx| ¢ Higre bt 37.3=
17061U % 1445126550053, AA% ZAabelld 463 A28 Qule] wkille Ao glgle

AaBAle slddel AE oA Frpdate] ® EE Al A
< AT vATERY B EgAsg e @y as W AAx A alEa s AaE 8o
AMeeEd 2L W AT 244 AZRE G907} S AL A5 AT vy Tre)s whe

o=

A -

— 715 —




