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~ Abstract -

The enzyme activities of creatine kinase (CK), its isoenzyme MB (CK-MB) and of
lactate dehydrogenase isoenzyme 1 (LD-1) have been used for years in diagnosing
patients with chest pain in order to differentiate patients with acute myocardial
infarction (AMI} from non-AMI patients. These methods are easy to perform as
automated analyses. but they are not specific for cardiac muscle damage. During the
early 90's the situation changed. First, creatine kinase MB mass (CK-MB mass)
replaced the measurement of CK-MB activity. Subsequently cardiac-specific proteins,
troponin T (cTnT) and troponin I (cTnl) appeared and displacing LD-1 analysis.
However, troponin concentrations in blood increase only from four to six hours after
onset of chest pain. Therefore a rapid marker such as myoglobin, fatty acid binding
protein or glycogen phosphorylase BB could be used in early diagnosis of AMIL On
the other hand, CK-MB isoforms alone may also be useful in rapid diagnosis of
cardiac muscle damage. Myoglobin, CK-MB mass, ¢TnT and cTnl are nowadays
widely used in diagnosing patients with acute chest pain. Myoglobin is not cardiac-
specific and therefore requires supplementation with some other analyses such as
troponins to support the myoglobin value. Troponins are very highly cardiac-specific.
Only the sera of some patients with severe renal failure, which requires hemodialysis,

AYAA A%, dFA @7 U9 317-1, Fdusn I9he Jgeintad TEL. (053) 620- 3631 FAX. (053) 6286682

13



—" 3 -

have elevated ¢TnT and /or cTnl without there being any evidence of cardiac damage.
The latest studies have shown that elevated troponin levels in sera of hemodialysis
patients point to an increased risk of future cardiac events in a similar manner to
the elevated troponin values in sera of patients with unstable angina pectoris. In
addition, the bedside tests for ¢TnT and c¢Tnl alone or together with myoglobin and
CK-MB mass can be used instead of quantitative analyses in the diagnosis of patients
with chest pain. These rapid tests are easy to perform and they do not require
expensive instrumentation. For the diagnosis of patient with chest pain, routinely
myoglobin and CK-MB mass measurements should be performed whenever they are
requested (24 h/day) and ¢TnT or ¢Tnl on admission to the hospital and then 46 and
12 hours later and maintained less than 10% in imprecision.
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AN B 3%, 2 FFAJA ECG &4 STEIY9 15
, mV o4 4% 32 1.0 mV °% 3sd T
BAPERSFF(acute coronary syndrome,  wave inversion, 3) AF®A &A: aspartate
ACS) s 34 UFAR 2= ¥  aminotransferase(AST),  creatine kinase
A48 Z(acute myocardial infarction,  (CK), lactate dehydrogenase(LD)# 1 %
AMDZ Ed3¥ P4F(unstable angina, 1 EZ(isoenzymes). @-hydroxybutyrate
UA)S 4% ynd 23180t 428489 dehydrogenase(HBD), LD-1 59 3% %
AR Bx Arke ACS @xle] AA 4 28R A5 F Holx M oS uE
el A5 7123 482 223 At e ATE ASRAFY A2 EXE-ARN ]
FHNSAAZe BT Aoz 42 U | o
A BA T F 289 AFTEe] 20-40%9 ZAE Q7)o Eax 23 qAld CK-
e %%ﬂ“l(Grunby 1993), °] #Ae] MBmass, cardiac troponin T(cTnT), cardiac
AW o)) AAE AAHECG)Z Ago] <]  troponin I(cTnD) % myoglobing % &
£ 397 Bol Azt 84 Arks ¥FF0]  AoA o]&¥ & A HJATH(Elis, 1991).
THMcQueen 5, 1983: Keffer, 1996). B3t 243 AGHAP|HY $Ho 2 ojF AHAAES
AY JAFL HFY FASO) visld ASEA oFA A AP F Jow, JSHEe] ¥R
Z9| Wio] 3o} AP ) A@rt £TEY. o1 PA AUEET BA3 FolA Algol &
WHO1971, 1994914 Ak AMIS] 37t dig 3 e A% oltk(Delanghe &, 1990).
A AgA e 1) AFAA ¥y & YER EnoNEe AT ARHYE AR #Ad
ZE MY ¥R g3 208 o)A A&He A2AEA B ol A 53] 433 EE B
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Fig. 1. Diagram of a section of thin filament with troponiri complex.

2} AAFES] HAAA L golr izt g},
ARt gX)ZHAPS (cardiac markers)

AAAAA A FAA: 2L A& (minor
myocardial injury)elyt AMIe] Z7\E7d)
a3 el dAE 24 (Gibler 5, 1995)
ECG ZAAt2 Ado] g giatel H3g HA=
AR 2R weE 0T 2ol 4 2SR ¥
E 4 UtH(Wu 7, 1999).

1) SFEANAR F59 AR 43T ol
Az Az 12 237 a9 Hed 3
oy @39 L HIE XY F Us 4
x7l & AL, 2) BECG AR 93] 2d
o] otd AN FEF 2 4AZIA 48412
ol AABHe AAEA A& oz HAlA D
o) 203 APt A4}, 3) FF 23 484
¥ o) Fo) AAse HARA €8 oo d2

L=

AAe] Asge] BAY FRE F & & BA
2 5z o) A& BAL 2R A
Abs}. 4) $FAe)H ECG B4 So2 Add
AMI 849 AeS glshe AL Solct,

D 2)9] %o 32 Fawrt v
Be 529 Uzd A3dE 29 344 A
We AgERdol A7le BAL o] 4 o
o, 3)7 4)9 A 718 Tl BHH HAR
£ 223 338 AT F 9A%
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Qs ol Hoj, A2elM CK-MB, CK-
MMe 598549 CK-MB2¢ CK-MM3 %

Tt
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ol TAYA71PS Y (high-voltage electro-
phoresis) 2.2 & 4 e, 35 2443
AARE717b oy del ol &dA @3 it
a8Y CK-MB $9184 B¥4 K &3 §%
w2 & R 24-30/ 7k F-8-5HApple, 1989,
Swaanenburg %, 1998).

2) Myoglobin

Myoglobin®& Ao\ FFZANE &2

80 ol PR ol AREo|gAY v
Z2IAE TS = g0 9A ZHAEAN
Feshe BRE AFE wselth RIA, EIA,
latex-enhanced immunoassayd % 30%
ol 2388 & & e ALUdy 5e= &
A ¢ QA Hew, AMI Bt Hlad 27]
ol 1-3A13t Fofl ¥4 RaAE de FeS 2
o 35 o7 F 6947 ¥4 B =2 F
3 ol ARtk gcHApple, 2001).

Myoglobin®] 943 84 #% 23 ¥
0-4A13E Alol9] AMI Aol §-88H o] Bt
¥ CK-MB masstt 4% troponinXE2 43
3 FEY del g7l wWEolAt, myoglobin
& FAZ &3 Nz e & dernE AMI
9] 94434 g Bolxs} 80% olste]7]ol AHE
de o APEn)

CK-MB massA¢ myoglobin $3-& 42¢&
3& BolFes JeEpAle %ovt, myoglobin
o] 3 carbonic anhydrase 19| ¥|&& A2
£749) Bolxg FAd 4 Ivh(Vaananen
5. 1990, Vuori 5, 1996).

3) ARzt glycogen
phosphorylase BB
AAFAR (fatty acid binding protein,

FABP)#} glycogen phosphorylase BB
(GPBB)= AMIY A&FEAzZ 244 #} ¢l
oW (Wodzig 5, 1977: Krause 5, 1996),
AZERA FA4T S dov, A 5ol
Ho)zx 3tk GPBBE °}3F 444 71ES
sl ghol AHAJo] HojA A%, FF HAL
Ho| /NEEA myoglobing tE A&EA
A AAlZ Z43E 2E 4 A% (Rabitzschv
. 1995).
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Fig. 2. Plot of the appearance of cardiac
markers in blood vs time after
onset, of symptoms.

Peak A: early release of myoglobin or
CK-MB isoforms after AMI: peak B:
cardiac troponin after AMI: peak C: CK-
MB after AMI: peak D: cardiac troponin
after unstable angina. Data are plotted
on relative scale, where 1.0 is set at AMI
cut off concentration.

(Lh) CK-MB mass &2 wH

AMI Ao &9 gold standard HAPEL
2 43U CK-MB $98273re #4
AHE CK-MB mass 322 tiA|s]o] 7ta
Qe AAoltt CK-MB mass 2349 @z
2719 BARGHAA HIZo sEPiRAgR
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Table. 1. Diagram of a section of thin filament with troponin complex

Cardiac markers Mollecular ~ Above URL in Peak value in Return to
in blood weight(KDa) blood blood normal in blood
hours hours days

AST 105,000 34 1528 5

LD 140,000 6-10 60-144 12
LD-1 140,000 510 60-144 12

CK 83,000 39 10-20 3
CK-MB 83.000 38 10-20 3
CK-MB isoform 83,000 0.52 2-4 1
Myoglobin 17.800 1-3 4-7 1-1.5
c¢TnT 37,000 3-8 15-120 14
cTnl 23,900 31 10-20 10
GPEB 94,000 1-2 4-8 1-2
FABP 1-2 4-7 1-1.5

14,500

A" (chemiluminescence immunoassay)<]
Az gREPed, A&, quzs L
=7t n, BAA wEQat wig AL Al
7goltt, o] 719 542 AY CK-MB
mass®] 240| ng/mL 992 &Ao| sF5st
A =HA2em(Brandt ¥, 1990, Jorgensen
£.1990), CKY CK-MB &4 843 2%
ABch Ba& ) g ol 4ol Y BA AU
tHGerhardt 5, 1991). =3 ] 71¥& A%
3 Fujel Ago ZHA) WolAFrt Hol A
A} AEAdo] sl FE Ao A B
tgs] #8314 HAth

CK-MB mass $3& AMIdA 23 ¥ 4-
AT Foll FHAE "o} AR FHT
A58 4Nz Foln F3| Zaso] 48-T24
7+ 3o FaEY ol £33 FIS HE=
reinfarction®] Aol #-835R%, FAelA
myoglobinel\} FABPREth= 7] AMI A
de 4 A3t Wodzig 5, 1977).
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(ch) Alaeate] x|EHAlR! troponins

A7 troponinsl¥E troponin T(the
tropomyosin-binding component, TnT),
troponin I(the inhibitory component, TnD$
troponin C(the calcium-binding component,
TnC) 0] Z8A X9 F2 myofibrilsd 94-
97%7y EAste], d¥e M XA 3-6%7)
EANPL.

AE} troponins

4% troponinsolE ¢TnT, c¢Tnl¢ cTnC
So] 28A X9 F2 myofibrilse] £,
A% ZATEAG oA AR &3A
troponins7t £¥#d Aoz fEE

TnTe 71%& ZA4X9  tropomyosine
filament®] T2 troponinc] Z#3FH=E 3,
TnlE actomyosin ATPase® AAldhe 92
30, TnCe Zfolen 2she 48 It
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Table 2. The upper reference limits(URL) and cut off values of the cardiac enzymes
and new cardiac proteins for the diagnosis of acute myocardial infarction in
yeungnam university hospital.

Marker CK Lol ck-MB  CKMBhyoglobin Tt ¢Tnl
Method =~ fonetic Enzme  pqr  pIA - ECLIS IMT
(instrument) (Hltachl 747) (REP) (Vitros)  (Opus) (Elecsys 2010) (Vitros)
Unit U/L U/L UL ng/mL  ng/mL ng/mL ng/mL

3.38(s)  19-92(M) 0.1(s) 0. l(s)

URL 230 190 M o3 1276(F) 08(p)
Storage of 2-8T, bdays 2-8C, 24hrs 28T, 1w
sample freeze freeze freeze 20T, dws freeze -20°C 12ms -20C 4ws

ECLIeS(electrochmiluminescence immunoassay): EP{electrophoresis): IMT
(immunometric technique): ElA(enzyme immunoassay): s(serum): p(plasma); M
(male): F(female)

2 o) Asteuizsl Solze 42t 83%9 69%  Lolok wr}. AARH] AMEALA AAIF cTnl
olQi. o] AAt within-run CVE 6.0%- 9 #3A%¥ Dade Stratus 0.06 ng/mL,
8.3% (47 7.3%) Qotx 3l FEEF 6  Sanofi Access 0.2 ng/mL, Behring 0.4
24N 7t Fo| LA A7} 95%2 HlwA £  ng/mL. Abbott AxSym 0.4 ng/mL %ol
o, FAARUEE 52 AAPieZ A8 k. AMI 349 ¢Tnl 83xe 99 URLA

9 5-408) o)}ez Yehimz ofd e

Aziolo| AREAK HAS ADE  cut-offAe W) wet thEtnz FAM 3
%<) WoE Aok Bk,
Judsta gBde 2&gdd A83 oFW $(000 w2 349 ¥

NRAFAZA AAE LA 3300 F ECLIS e 9% cTnT ‘2 CK-MB mass¥
e ®29 o, & FAAke SFWEA @b o FAIl . wad. 23 7Fs HaAE
2 Aozt ez %‘}.z_“éHw: A Rdelt 44 ¢TnTE 0.027 ng/mL., CK-MB massX&
sleof gt 1.12 ng/mL& Jehgesi, c¢TnT AA] 3

a8y AFEAA HAAE ‘4‘-‘37&*} z  Ar: 25EdNE 6.73%, AszdME 8.
myoglobin, CK-MB mass 2 ¢TnT €9 @  91%, CK-MB massile Z¥E 9.9%, A¥
AR e S4WHel Zow H\"”ﬂ 9B AR % 8.771% = 10%°|32 ¥iud Aol
Mg 7IAA ®dh. 22Y ¢Tnlg #uxE Aok ES300(Bochringer manhein, germany)
2390y 7o) AT Folr} glemz B & ol &% 24t riEHe] wimes FEATre
e Y3 &gz o] Wgd WE FuAE 0.9902 429 VA=t Exchx @},
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b ARABAL] AAEA AL

o ARATA A FHE AMIS] Fedo] o
2ed A% 715 7HR SxEd 43, A
Apzie] @ o) Vehrl wjEoltt. Al
B2 gallbe 4380l glol myoglobin
A}, CK-MB mass¥7} Asso] dehdn
(Schultz 5, 1986, Musso 5, 1999). cTnTs}
cTnl HAAFe AZER ofF So|g ez
dHR L Yot AZEAE T w2 w
AARAZ g2 cTnTA7 gt
B3% tHBahayna &, 1995 Li &, 1995
Muller-Banderoff 5. 1987: Musso &, 1999).

¢Tnl FAk= ¢TnT Bt € So3oz 4+
Az i), ¢Tnle 49 AN UYehizn
HAl2&dd e YeptAl feth(Bodor ¥,
1995). A= 280|9%¥Z (Duchenne
muscular dystrophy) ¢4l ¢TnT 9%
o] vlAZdN 2AHA gow, T AFA
o)A TnTA Y A A= Fee) 50l
dAA 3 ot AMI #xe A¢ ke 84
v Jehdoin ¥k (Musso §, 1999). 23
U cTnlAe T A%83 SxlA e 34A3
A9 & A= YERIT). Ling {19994
o2 T AR @A A2E3] el
cTnlxN e 4% cTnig 4% A8 ARE
(re-expression) 22 A9stx yrt. Y AF
Agzl)M A creatinineX|®t myoglobinX],
CK-MB mass#], ¢TnTA 2 cTnXle F%
B L JeEnA gon B3y troponinA)
7} A&H #4E Bole ¥H creatinine?
cut-of A& FEE £ Y32 T

aad Ooi 5(2001)8] HAFEXFA}A

—
[]

20

A& troponinA 7+ 713t <jFe AHo) 3l
tha sEd cTnTA7} 0.010 ng/mL ol3
2, 0.010-0.099 F % 0.100 ng/mL |42
o] AEL 27 6%, 43%. K%, A
WAL 72 0%, 14%. 24% 2 Jeht} 89
EAERNAN  ¢TnTA7F 0.100 ng/mlL &
ol A7IAEE EYT 3T

(}) Reinfarction® AZEAA}

AMI 8Are] 20-30%+< reinfarction®2
A#Ys8, reinfarctiond] AgolE ¥Alg
% A7 de Aol &L troponinX Eth
£ myoglobin¥ ¢ CK-MB massX7t © F
. agiv AA fAGE troponinA 7t F
on A7l o Seo|Ac)7|E sHGerhardt
. 1999).

(ch) gAL3l(thrombolysis)2t A&EAZ

gA L 2AFAEAT HAF A=
o AFHcIM A FF WL F FA ¥H
£38 AR ZE ARBAR AR E ¥
FoHe ASEn o el AsdEdt(Apple,
1994: Burlina &, 1994: Voss 1995:
Henderson 5. 1998). Apple(1999)e] =2
¥ myoglobin®, CK-MB mass%, c¢TnTA
2 TnAle ¥ARAE 5 90E U9 re-
perfusion 249 < 80%9) dvixet Solx
£ 7%z .

o] A3 oY $(199%6) AMI ¥
AZA 83 cTnTA9 R peakx]7} Ve
EANDE ABFTL 952240, ARF &
Fe 24.3+10. 408 foEAd FRE
o) BREHAY T o) SR £
Aol lgitka &t

p==

[0}

o
[

A

-
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Table 3. Revised risk classification of patients with UAP/non-ST-segment elevation MI

High-risk characteristics

Rest angina with at least 1 of the following:
Prolonged ongoing ()20 min) chest pain
ST-segment deviation in 2 continuous leads = 1.0 mm

Angina with signs of heart failure
Angina with hypotension

Elevated serum levels of cardiac markers of ischemic injury (troponin T,
troponin I and/or creatine kinase-MB)

Intermediate-risk characteristics

Prolonged (»20 min) rest angina now resolved with a least 1 of the following:

Diabetes mellitus

Age )65 y

Deep T-wave inversions in > 5 leads (particularly during pain)
New canadian cardiovascular society class III or IV angina within past 2 wk

Nocturnal angina

Pathologic @-waves of previous infarction

Low-risk characteristics

Normal or unchanged electrocardiogram findings but at least 1 of the following:
Increased angina frequency, severity, or durational
Angina provoked at a lower threshold of exertion
New-onset angina within 2 weeks to 2 months of presentations

() 24T &4

222 ey A8A 8A myoglobinA| 7

gt CKA7F A43t 2 Fxe W4 Held
Fedd. a8y 2H28 &34 A 33
oz HAR ¢TnTA 2 cTnAe A9 9%
& ¥z gEda FHVoss 5, 1995 Muller-
Bardorff &, 1997).

(mh AArEst AFEA

WA I 2R AFFey F8 7
HEe &3 422349d, 4% seFde
myoglobinX$} CK-MB mass?|7} &4 3<%
ez zh He AA9 Ho]El7}

A A =2
Fe T

21

g g3ic}, 718 83 ¢TnTA7F 1.5 ng/mL ©]
o] EHAAAH 29 T AJIANE Bohe=
B3% gyti(Adams 5. 1994).

(b FE8Ae =S AZEAR

B ¥4 % (unstable angina pectoris,
UAP) 8xz¢M 149 ¥eMe cTnTAl
7} 0.2 ng/mL ©139 2% B 4FE Ugt
Yz, 34 dhdezeE 0.050.2 ng/mLgl
AL AL A2ANos A/t BT ALY
thn g,

Antman (1988, 1996)% Lindahl %
(1996)°] w29 cTnlX7t 34 42849 F
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& BAAL € & on, BRFHEAY A
% 9% B4 FaF AR E G 3
t}. Christenson $(1998)2 @&Ate] X &=
cTnld B} ¢cTnTA7} 3029 7E71 o
2% ¥3d. O'Rourke 5(2001)2 UAP
% non-ST segment elevation M8} S¥E
o] A2& AR BE reviewdH AFEAA
9] jischemic injury® EAAZ cTnlx%}
¢TnTX), CK-MB mass 5 3¢S 1839
ER oz AgP3AHE 3).

<]

24| 7|0

A2l 27g ASHAle] Bz sl
Ze A7t iy AREA A AFAU HE
AR Az 21 e AFolH, 42749 2
70 AZHAe F=E ¢ 4 3 oe
cytosolic compartment ®BThe myofibrillary
ZiA fH7] Wiz AZFoz FFF
CK-MB mass#|7} ¢4 =g°] dta 3§t
(Gibler &, 1995). 727133 168413 F9
73 ¢TnTxe 242 A7l AEANN {2
& B5ax2 FAY A4 279 3] Y
B3% rHKragten ¥, 1996).

FUAGME 24t £3UQ ELISARZ 4
Ag ¢TnTel AFH 129 hallium-201 single
photon emission computed tomography
(SPECT)ge o1& A73Ae 379 4
RAZAAN r=0.74Z ¥l23d & FRBAS
Yehichs Bavt itk (A28 F, 1997).

~Tanaka $(1997)] ©2% AMI ¥9¢) =
A% £FA% ¢TnT ¥ cTnd FHX e
o Aol Atta ok AR Fet B
7t AL AAe AV dSede AAx 2719 4

wl
=

22

AEAZ A7 dARME A9 o

Al POC ZA
(point of care test, POCT)

HZ Fd FL AgAdAM THstx 443 2
FHE A& 5 e A &5 s AMI A
o] wi$- -85 Wgo] A=A e o
A& ANEL BB ZAe nFstnes BgA
oulg wEsleiol FHFRA F, 1995 AR
%, 1996: Antman %, 1996: Gerhardt ¥,
1997: Hamm %, 1997: Penttia %. 1998:
Apple ¥. 1999 Penttia 5, 1999). °IE
% c¢TnTx ZAAK] TROPT Rapid Assay
(Boehringer manheim, Germany)g ©]%
g 3 AFolAe dRlzE 0.77-0.87,
=& 0.91-1.00 H=olAth

5o

2 8

AL EAA SRAAGEQ  myoglobin,
CK-MB mass. ¢TnT 2 ¢Tnl 59 e
ZI\AEo| B3l AWBRYOW o]E HALE
9] Bo|x9} oo Wil AWEST, A
ZAQ &FAZAAR CK, CK-MB, LD-13¢
iz $948 Anngc, oG A28
olf BAX e Wiy} gl HAMT B R
AR AL e § enz gxe 94
T ulg B4 S 83 JTL FEIT

A ARAA e 84 cTnT¢ cTnlde
AYHE RojAR WAANRA  BrAjelA
troponind9 5L EFHI oulE st
At d832gelyg ART 7o) A &
€ 71% myoglobin, CK-MB mass, ¢TnT %



¢Tnl $9 Ade ZAARHZANE 2714 o2
Z%sld AMIQ) AgS FHgted o]831d
Zt. £3 o|E ZAke 244 Wi At 7}
Saok 819, ¢cTnTY ¢Tnl A 5 47
T QA 46/ AAT F, 124 A
o 27 ERske 59 ARY T2EZS 7L
AW A48 gx9 zr)Avy 27 AR
o XA L&A Wte] 8 Aol

3

MO
rot

FEA, A, Fa2A, 98, AL, =@
A, AYA: FANIZANZ] AN
Troponin T Rapid Assay Kite f-84.
£87] 52(6): 1116-1121, 1995. ,

28%, A, olFA, =3H, oPH, =¥
F: BAFFCE VAT ExdA A28 F
< z7] ¥As] 918 TROO-T rapid assay
o 84, A 7(2): 188194,
1996.

N33, AdS, 2ed. AR, oA, ol
3, Y F8A8A troponin teh
AAe] =Av)skel ATTA. hhiHA
52(1): 66-74, 1997. '

o343, olg7, Hxg, Adw, 28I ACS:
Centaur"s o] &% ¥A AZEAA Al
S84 B e EEA) 19(6): 637-
641, 1999.

ojWlg AYER, WAY WFF FAAS FF
g, 474 #E9ag8dA ¥4 Troponin
To) 444 <o), tighlises]Al 50(1): 8-
18, 1996.
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