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Summary

Cardiac myosin light chains are released from the infarcted myocardium soon after the onset of
infarction, and the level of myosin light chains in the serum reflects infarct size, regardless of the pres-
ence of early coronary reperfusion. In this study, we used serum myosin light chains and assessed
changes in left ventricular function to evaluate the effects of intracoronary thrombolysis on infarct size,
with special reference to the interval between the onset of infarction and the time of reperfusion.

Forty patients with acute myocardial infarction who underwent coronary angiography and in-
tracoronary thrombolysis for the left anterior descending artery (LAD) early after the onset of infarc-
tion were categorized in four groups: in group A (n=9) the LAD was already patent at the start of
intracoronary thrombolysis, in group B (n=12) antegrade flow in the LAD was achieved within three
hours of the onset of symptoms, in group C (n=10) antegrade flow was achieved later than three hours
after the onset of symptoms, and in group D (n=9) antegrade flow in the LAD was not achieved.

The peak appearance time of creatine phosphokinase (CPK) in group D was significantly later than
in the other groups. The total release of CPK in group C (3,119+414 IU/l) was greater than that
in group A (1,332+346 IU/l) (p<0.01), but the total CPK release in group D (2,525+525 IU/[1) was
not statistically different from those of any other group. In all four groups myosin light chain I ap-
peared in the serum from the first day on and reached their peak values between the third and fifth
days. The peak values of myosin light chain I were 14.7+2.1 ng/ml for group A, 16.3+2.3 ng/ml for

ERARFESESR H=RE The Third Department of Internal Medicine, Faculty
H RSO AR 7-3-1 (T113) of Medicine, University of Tokyo, Hongo 7-3-1, Bun-
*ZHEOERE BEREE VS — kyo-ku, Tokyo 113

FRERT A E KA EFRET 1 (7101) *Center for Cardiovascular Disease, Mitsui Memorial

Hospital, Kandaizumi-cho 1, Chiyoda-ku, Tokyo 101
Received for publication April 28, 1989; accepted May 31, 1989 (Ref. No. 35-KS5)

— 521 —



B, kIR WA, Es

group B, 24.6+2.4 ng/ml for group C, and 25.1+1.8 ng/ml for group D. The peak myosin light chain
levels in groups A and B were less than those in groups C and D. Twenty-nine of the 40 patients
had no previous episodes of infarction, and these 29 patients were classified in two groups according
to the Forrester’s subset class on the first day: four of seven patients in group D were in subsets
IT, IIT or IV; whereas, the majority of patients in groups A, B and C were in subset I. In addition,
most of the patients in groups A and B had no left ventricular aneurysms, but six of eight patients in
group C and five of seven patients in group D did.

Lower myosin light chain levels and a lesser incidence of mechanical complications of infarction
in patients, in whom spontaneous reperfusion occurred or successful thrombolysis was achieved
within three hours, may indicate a reduction in infarct size among these patients. CPK would not be an
appropriate index for evaluating the effects of intracoronary thrombolysis because of the washout phe-
nomenon which accompanies early reperfusion. Thus, the determination of serum cardiac myosin light
chain levels is an effective means in evaluating the reduction of the infarct size induced by early

intracoronary thrombolysis.
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Table 1.

DR R/ & MR TR AR EE

Study patients

Location of

Sex First MI/ Duration from occlusion
n Age with previous onset to ICT ———
Male/female (hours) Proximal LAD/
distal LAD
A 9 59+5 8/1 6/3 4.8+1.2 6/3
B 12 57+2 12/0 12/0 2.5+0.1 7/5
C 11 60+1 7/3 8/2 5.7+0.8 9/1
D 9 55+3 8/1 7/2 4.0+0.5 7/2
40 57+9 35/5 33/7 4.1+0.4 29/11

MI=myocardial infarction; ICT =intracoronary thrombolysis; LAD =left anterior descending artery. Values

are expressed as mean+SEM.

A=the LAD was already patent at the start of intracoronary thrombolysis; B=antegrade flow was achieved
within 3 hours of the onset of symptoms; C=antegrade flow was achieved later than 3 hours after the onset

of symptoms; D=antegrade flow was not achieved.
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Fig. 1. Comparison of peak appearance time
of creatine phosphokinase (CPK).

The CPK peak appearance time in group D is
significantly later than that in other groups.
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Fig. 2. Comparison of total release of creatine
phosphokinase (CPK).

Total release of CPK in group C is significantly
greater than that in group A.
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Fig. 3. Serial changes in the serum levels of cardiac myosin light chain I in groups A,

B, C, and D.

Cardiac myosin light chains appear in the serum from the first day of infarction, reach its peak
level between the third and fifth days, and remain elevated for more than 10 days. The levels of
myosin light chain I in groups A and B are lower than those in groups C and D.
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Fig. 4. Comparison of peak myosin light chain
I levels.

Peak levels of myosin light chain I in groups C
and D are greater than those in groups A and B.
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Fig. 5. Comparison of left ventricular ejection
fraction.

There is no statistically significant difference
among the 4 groups.
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Fig. 6. Correlation between left ventricular ejection fraction (LVEF) and peak levels of

cardiac myosin light chain I (LC).
The correlation is statistically significant.

The slope of the regression line for patients with re-

perfusion (groups A, B, and C) is similar to that for patients without reperfusion (group D).
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Fig. 7. The number of patients with or without mechanical complications of infarction

by group.

There are relatively greater number of patients with the Forrester’s subset II, III or IV in group D

The majority of patients in groups C and D have
a left ventricular aneurysm; whereas, the majority in groups A and B do not.

in comparison with patients in other groups.

RUTERIZRZE <, 76 4 52 11, 11, IV g
WEFhHThole. BUEMEEER BT IEE
B OFEIZOWTIE, TERE T DR VIR
Ziroc A B, BaficlkL<t C @, D o
e 84 6 4, 7 fith 5 FI BT E BT,

% %
TMREBRREOHRIZ O VTR T TIREL D

randomized prospective study 2R EhTE Y,
ETROBD, ELBEOHER L DKT, HK
HLLLTOREMENEALMzEhT W 33, &
MRFDOOHERITLNER Y S 5HE Y, B0
e & BITDIMERIC RO, Bieric BEEMERRZE
e sz LB bh TV 5 (wave front phenom-
enon)®¥. ZoDio, FEERKIC X 3 EMOM R
HHRIEMEEOEEL L bk D T35, L

— 526 —



T o TABREOHR L, FBIEL L HER1E
bh3ETOREELDBEECEVWTHRITILE
b5

—7%, EERTRREOREPEEY A X ORE/D
CEoThiehbSh3DThHhE, FIBFEDNK
Bz, BEEOBLL WO BA» LR EhAIE
BBV, = EITflx DEFICBNTEESA X
OEILBREEMITVW Z L, BESHED
FrOLEETHAY. Z0Ld>RBEAIDL, #
3k, BERFREOHRAZICHWL TV SRR
HigE, Dra—H, EEEERECIER
BEES), ¥V v ALYy F S T4, CPK 2
Ths. Lrl, EZEEHLRLOELEER,
MITEENPHEL M ZTTTCERL, EEHE
Fi b B, O BEESREVEBET 5, Wb
W 5 &MU (stunned myocardium) BEFET B
TERFMLNTR VED, LFLLEEROERE
DIELRIBRYVEBRY. ZYTLALFYYFI T
LrFMEEICERSH, ¥ FEEARSHERE
#C 0 FHIZ REET H 5. Shell & OHE? LISk,
CPK REEE* CRMCKMT 28EL LTE
BEhTs Lrl, CPK gz
HIFEET IBRTH I, ZoHHELE
BOLHOFBLRZTIF 5100, Hx 3K
HI'96 X OBHER"Y T, REXEHICHERZ
fTorcA, CPK 2k v BH#l, »ok ) kEic
BEEELOH 2 b3 5 7<% (washout phenom-
enon), CPK it & & @BIIR A MLIR AR B
PREHET S LREETH I LERELT
&7z,

BAZDHIA Y VEBSHOREERBEEL, *
DHEFRMEREHEOMICLTE . 34 ViR
OFHER, BMERICB T 2EERSAREE
BYRH L ERA AR LIS EERR iz v
T, Z2OREEPECHBIECETE2EREMNCK
W29, %7 CPK A2EnXdhEERLER
D, BREIFER?ZORHEEICKETEETIEY
Thd. O LFIAYVEESLIOBES
HThY, ZOWMHBESBRTHIZLIZES

OFEEE R/ & AR AR

LoriEEEshD. Fokd, FxORITIE,
4V VBGHHE L EEEROHBEER, £
BRPRBIT X S A4 o VIR I L AEERHE O
RERALR T, FERENH & JEERENG L TEX A DR
o 2D Lo TI 4 v VB ORIEE,
TR MRS RREOROHENIHEREL LT
ERThaLEZDNS.

AEoEEHE, ERLEX S RIA Y RGN
EORKIESRE M 2, EHIRNMAREMBERE
PEERCRETHRE, BELOFERETO
Bl EEICRBWT, IAY VB ORHED
LELbDTHS. BHEICL-THEDLE
hAENFERATEARY—EICRD X5, Ll
TARICEERE 2 I RE L TR 21T
Sl FORER, BRBHERE & 3 REFEAERE
Fhlc B 3 I 4 v VB OB, 3 FELL
%, EHE, FEEERFAL Y LEREETD
o, &i6iz risk area VX V—FLRB XD,
ER TR I BERE & R ERICRE L
Tb, ZOMERIIFAKTH o7

D EEORBNAIHE IEL 0EROREL
B TRETEY, BRIKERRTIFEEOKE
XThHBHLEZLND. SEOKRETIE, FESR
EBlIZfR - T, Ad#oEENETHS For-
rester 3L BUHIO EEBUROEEL b -
T, HEEICBIT 5 HERAEOHE O 2E & HBeREt
Liz. #Bix Fig. 7 o5FRT X 5 i, &MH#Ho
Forrester ¥HIIFEFEMSITRE 2 RTHI1%L
&, EEEMEYECERZ 3RS HEER
B, EEERECHEI VISP o, ZThb Ok
BRiA v vBHomHETTRIAEIEL, &
D2HTHEYA ABKEDP > LERBLT
WaHLoEEXLNS.

DEofERE, BEBIRANMLEQEFEREIC X VE
EEMBVLBIZLEFRLTVWE L EXLH
5. L2 L 3RfLI%, BERECRST I+
VISR RE TR L ER a o L
b, BRI X 2 EERGE/ NIRRT, RESR IR
LA BWTERI Th o722 LR & h /-

— 527 —



W’Q‘K; 7—k#1 Fé!‘ﬁ\) &17]’

THETHIE» LEERICES ETORES, &
BREDESME 2 ELAT ARIEERERTHS
TEREVIRLBEShTWE R, SHEOKRET
X, EeEEEHBERBOE» > b, BYEER
DEDE, BEEMRHLIE RolbiFTHS.
T2~ DEFIZ B Wi, risk area k& X
RO, ZLOTHERRD Y, KHLEDL
i & BEE% O R B ORI — kT H v B
RV SIS LITEMEZER, FEHARNETS
ZEBRBETHS .

AgEcirahniz CPK ofERiE, I4vy
BEHTHBONLLDERELSER T T b
%, CPK iy, 3 s, BEsEH©
BLEER2 LY, HBEERKEhoEELZLN
SIEFHMBETIE, Thi ) bEEE L -k JE
BEERE < CPK B fEH BRI fho 3 3
IV - TE,PoZ PO LWL MR LD
2, EEERSES R 3871k CPK i3 washout
HEEZ, Iy EMcmPBEHLTWS. L
ehoT, 3EFILIE, EEFE T CPK MitH
ENBELEETh 72013, BEENAEN-Z
z Lizhnx <, washout ZHBIz X v, BATHEZEL
B oL CPK 0EREh- izl ®
LEEshs. —7F, Swain 530 3IFHAERICE
FaERT, KEETomp CPK {HixapE
OEEIVLLLADPRLL B LEZRELTL
5. SEIORFT, FEFERECR TS CPK o
MHER LT LLEEE RS AP0,
washout ¥ ZF e o7z LTz T, Swain
DFET IO, BELH»L0 CPK iz
MEEX VDol tE2RLTVELDOTHS
5. zht CPK FiHHBICET 28R, 2hE
TOBMER, BRATOMELEHTZL0T
H 510, RHEERIEERLME» >0 CPK
OFHE, FlezoFMERBIcKE2EELEX
5. Lo, CPK FHHEIZ X - TEBRPN
MRRERENFERCRETHREZHET S Z
ik, REEchrLtEXLNS.

AR T, EHIRNMLEEEREORE R

MY aiewic, ERTITEREICR > TRz
fTole. Z0le®, £ 10 Filfik L Bk
FlcogitLieolc. HERZRETIEFRIZL
Bizbies. = LIZMBRIMIT O FEERME 4 OF
BIR O TEREIR 2 & OfFHIFENRT, BEREO
BRIFRESCHNE, SPIREDLNY, FHEHS
DFEBIIRR 2 L LMATEIRED B L 22 £13, £ D
KERFEFTHAH. SEOBRHNCRBESHL
TR DD, hbDEEFIChEHRR
METH LRI TELRDb o, SHBELITEFZ
#Eh, prospective RRFETIMLENR H 5 5.
ZFORE, AV VBRERHEEROGE LI DL
¥, REMICEERZHEELES AT, BB
WY ORISR % FHIE+ 5 Ric A 2 51E
ThoHLEZLNS.

PAE, AR CREnRREREPEERICK
ETRRE, ECFHEEDE O E D b RE
Lic. EFI% ERTTITBREICRE L TR L
R, BAEBOES L 3 BELNICEBREICK
LIFIT I VBEHO HERBI L TB
D, EBBHSHECEEL LI VIRET, Th
SORTHEERNIBD LA Z LW REh —
5, EREEROIEELshTE CPK i3, B
FEFIC X 5 washout Dz, MREEREDOL)
BofEL LTRMERD S Z LSRRI

B #

DFEEHREH XV e+ 204
VB OMHEY, HEEEEY FEMICKBL,
POBEEROKE LTIV, Z0BEEF
ALT, EeiRANILEARRESEERCRIET
BFRE, IAVVEBEKHEE L EDEEOELD
mhD, HEERFERE CORM L OBBEIZH W
THETL 2.

I BERE R & TERA MR AR &
v, EBTATEIC BIEREL F+5 4012 L
ToXoeHE L. A B SHEEEIREZEH
BAEEIC T ICIEfTHE LA 23 2 & W IR (n=9),
B3 RGES 3 RERILANIC EBROEIC RS L 72 iER

— 528 —



(n=12), C B : i 3 BEEILIEIC BBEIC R
L IEER] (n=10)), D # : BEEBREKT
FRICHEBOESR O L dr o T2 fEH] (n=9).

7vrF vy v#xr—+ (CPK) H&EEHER
B, D BECho 33Xy FERRIEELTY
7z. CPK e C g (3,119+414 1U/) k
YViEfE (p<0.01) ThH o725, D g (2,525+525
1U/1) CildfhE L E2Bdhh o, I4 Y VIR
ST FAEWH L v FH A EE Y, KH3~5HH
CEEEICE L. 34T VIREEEMIT A B
147+2.1 ng/ml, B £ 16.3+2.3 ng/ml, C £ 24.6
+24ng/ml, D g 25.1+18ng/ml TH v, A &,
Baptrd CHRIC D BIVAEKETD
> 7.

PIEEEF| T HAEY A o Forrester 43 31 6] &
iwky, Tge IL L IV o 2@icbiy 5 &,
A B Cgc Il @#gEXEhoznizlhL, D BT
FREERUEF®E L, 7H% 44128 11, 111,
IV B#nFhnThole. BEHEHESEECEG
DERBUROBEIZOVTIE, EREIZDEWV
EFOEN-7 A B, B skl C#, D
HTixzhZh 84 641, 74HI% S5 HIHRHME
W Tz,

HAEBUES & 3 REFEILANICEHERIC I L 72
BTI4A v VIBHOMHBEI L, £ EBRNE
PHEDOBEENRES sz ik, ThbDHETHE
EERBIL LW EEZ DT —F,
CPK xHE#fic X v washout Zh, FBHHRAN
MARYSFRREFFMOERL L TR AHEYIT D -
Iz
PEoz &b, BHIEERIEERRDICE
MThBZ LN, MPIFy VBEOREIZEY
~Ehie.

X &
1) Rentrop P, Blanke H, Karsch KR, Kaiser H,
Kostering H, Leitz K: Selective intracoronary
thrombolysis in acute myocardial infarction and

unstable angina pectoris. Circulation 63: 307-316,
1981

DR R b MRS

2) Ganz W, Buchbinder N, Marcus H, Mondkar A,
O’Connor L, Maddahi J, Berman D, Charuzi Y,
Beeder C, Peter T, Shah PK, Shell W: Intracoro-
nary thrombolysis in evolving myocardial infarc-
tion. Am Heart J 101: 4-13, 1981

The ISAM Study Group: A prospective trial of
intravenous streptokinase in acute myocardial in-
farction (ISAM): Mortality, morbidity, and infarct
size at 21 days. N Engl J] Med 317: 1465-1471,
1986

White HD, Norris RM, Brown MA, Takayama
M, Maslowski A, Bass NM, Ormiston JA, Whit-
lock T': Effect of intravenous streptokinase on left
ventricular function and early survival after acute
myocardial infarction. N Engl J Med 317: 850-
855, 1987

Guerci AD, Gerstenblith G, Brinker JA, Chandra
NC, Gottlieb SO, Bahr RD, Weiss JL, Shapiro
EP, Flaherty JT, Bush DE, Chew PH, Gottlieb
SH, Halpering HR, Ouyang P, Walford GD, Bell
WR, Fatterpaker AK, Llewellyn M, Topol EJ,
Healy B, Siu CO, Becker LC, Weisfeldt ML: A
randomized trial of intravenous tissue plasminogen
activator for acute myocardial infarction with sub-
sequent randomization to elective coronary angio-
plasty. N Engl J Med 317: 1613-1618, 1987

The TIMI Study Group: Comparison of invasive
and conservative strategies after treatment with
intravenous tissue plasminogen activator in acute
myocardial infarction: Results of the Thromboly-
sis in Myocardial Infarction (TIMI) Phase II
Trial. N Engl ] Med 320: 618-627, 1989
O’Rourke M, Baron D, Keogh A, Kelly R, Nel-
son G, Barnes C, Raftos J, Graham K, Hillman
K, Newman H, Healey J, Woolridge J, Rivers J,
White H, Whitlock R, Norris R: Limitation of
myocardial infarction by early infusion of recom-
binant tissue-type plasminogen activator. Circula-
tion 77: 1311-1315, 1988

ISIS-2 Collaborative Group. Randomized trial of
intravenous streptokinase, oral aspirin, both, or
neither among 17,187 cases of suspected acute

myocardial infarction: ISIS-2. Lancet 2: 349-360,
1988
9) Van de Werf F, Arnold AEF: Intravenous tissue
plasminogen activator and size of infarct, left ven-
tricular function, and survival in acute myocardial
infarction. Br Med J 397: 1374-1379, 1988
10) Vatner S, Baig H, Manders T, Maroko PR: Ef-
fects of coronary artery reperfusion on myocardial
infarct size calculated from creatine kinase. J Clin

Invest 61: 1048-1056, 1978

3

~

4

~

5

~

6

~

7

~

8

o

— 529 —



B, A, BA, @A

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

Isobe M, Nagai R, Yamaoki K, Nakaoka H, Taka-
ku F, Yazaki Y: Quantification of myocardial in-
farct size after coronary reperfusion by serum
cardiac myosin light chain II in conscious dogs.
Circ Res 65: 684—694, 1989

Tamaki S, Murakami T, Kadota K, Kambara H,
Yui Y, Nakajima H, Suzuki Y, Nohara R, Takatsu
Y, Kawai C: Effects of coronary artery reperfu-
sion on relation between creatine kinase-MB re-
lease and infarct size estimated by myocardial
emission tomography with thallium-201 in man.
J Am Coll Cardiol 2: 1031-1038, 1983

Blanke H, von Hardenberg D, Cohen M, Kaiser
H, Karsch KR, Holt J, Smith H, Rentrop P:
Patterns of creatine kinase during acute myocar-
dial infarction after nonsurgical reperfusion: Com-
parison with conventional treatment and correla-
tion with infarct size. Am J Coll Cardiol 3: 375-
80, 1974

Shell W, Mickle DK, Swan HJK: Effects of non-
surgical myocardial reperfusion on plasma crea-
tine kinase kinetics in man. Am Heart J 106: 665—
669, 1983

Isobe M, Nagai R, Ueda S, Tsuchimochi H,
Nakaoka H, Takaku F, Yamaguchi T, Machii K,
Nobuyoshi M, Yazaki Y: Quantitative relationship
between left ventricular function and serum car-
diac myosin light chain I levels after coronary
reperfusion in patients with acute myocardial in-
farction. Circulation 76: 1251-1561, 1987

Nagai R, Yazaki Y: Assessment of myocardial in-
farct size by serial changes in serum myosin light
chain II in dogs. Jpn Circ J 45: 661-666, 1981
KHRE, RIGHE NNUEE: SO0 T
AR EBMPE MHI AT VIR T ORES X
VR LGEEREC BT 2 ZOBKMEE. AN
70: 1098-1104, 1981

Nagai R, Chiu CC, Yamaoki K, Ohuchi Y, Ueda
S, Imataka K, Yazaki Y: Evaluation of methods
for estimating infarct size by myosin LC2: Com-
parison with cardiac enzymes. Am J Physiol 245:
H413-419, 1983

Isobe M, Nagai R, Takaku F, Yazaki Y: Infarct
sizing after reperfusion by two-dimensional echo-
cardiography and serum cardiac myosin light chain
II in conscious dogs: Dissociation between early
left ventricular wall motion and ultimate infarct
size. Jpn Circ J 59: 1100-1107, 1989

Isobe M, Nagai R, Takaku F, Kashida M, Yama-

21

22

23

24

25

26

27

28

29

30

— 530 —

~

~

~

~

)

)

~

)

~

)

guchi T, Machii K, Yazaki Y: Biochemical assess-
ment of the effects of coronary thrombolysis by
serum cardiac myosin light chain levels. J Cardiogr
16 (Suppl X): 13-21, 1986 (in Japanese)
Forrester JS, Diamond GA, Swan HJC: Correla-
tive classification of clinical and hemodynamic
function after acute myocardial infarction. Am J
Cardiol 39: 137-145, 1977

Roberts R, Henry PD, Sobel BE: An improved
basis for enzymic estimation of infarct size. Cir-
culation 52: 743-754, 1975

Norris RM, Whitlock RML, Barratt-Boyes C,
Small CW: Clinical measurement of myocardial
infarct size: Modification of a method for the esti-
mation of total creatine phosphokinase release
after myocardial infarction. Circulation 51: 614—
620, 1975

Reimer KA, Jennings RB: The ‘‘ wavefront phe-
nomenon ’’ of myocardial ischemic cell death. Lab
Invest 40: 633-644, 1979

Mathey DG, Sheehan FH, Schofer J, Dodge HT':
Time from onset of symptoms to thrombolytic
therapy: A major determinant of myocardial sal-
vage in patients with acute transmural infarction.
J Am Coll Cardiol 6: 518-525, 1985

Heyndrickx GR, Millard RW, McRitchie R],
Maroko PR, Vatner SF: Regional myocardial
functional and electrophysiological alterations after
brief coronary artery occlusion in conscious dogs.
J Clin Invest 56: 978-985, 1975

Kloner RA, DeBoer LVW, Darsee JR, Ingwall JS,
Braunwald E: Recovery from prolonged abnor-
malities of canine myocardium salvaged from
ischemic necrosis by coronary reperfusion. Proc
Natl Acad Sci USA 78: 7152-7156, 1981
Braunwald E, Kloner RA: The stunned myocar-
dium: Prolonged, postischemic ventricular dys-
function. Circulation 66: 1146-1149, 1982

Shell WE, Kjekshus JK, Sobel BE: Quantitative
assessment of the extent of myocardial infarction
in the conscious dog by means of analysis of serial
changes in serum creatine phosphokinase activity.
J Clin Invest 50: 2614-2625, 1971

Swain JL, Cobb FR, McHale PA, Roe CR: Non-
linear relationship between creatine kinase esti-
mates and histologic extent of infarction in con-
scious dogs: Effects of regional myocardial blood
flow. Circulation 62: 1239-1247, 1980



