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Objectives. To investigate the relationship between representative acute-phase inflammatory reactants

U highly sensitive C-reactive proteihl hsCRPL] serum amyloid A proteih] SAALAnd interleukin-&! IL-6T]

and the severity of acute myocardial infarction and patient prognosis, and to identify the most useful pre-
dictor of the three.

Methods. This study investigated 132 consecutive patients admitted within 8 hr of onset of first acute
myocardial infarction and successfully reperfused with primary percutaneous coronary intervention.
Acute-phase] [J 24 hr from onset[blood samples were taken for evaluation of inflammatory reactants

0 hsCRP, SAA and IL-60] and peak creatine phosphokinase levels were measured every 4 hr after admis-
sion for 48 hr to assess myocardial infarction infarct size. Left ventriculography was performed in the
chronic stagel 20+ 9 days post-admission[to analyze left ventricular ejection fraction and regional wall
motion, using Killip’s classification to determine acute myocardial infarction severity. Logistic regression
analysis was used to quantify the usefulness of the reactants as predictors of patient prognosis.

Results. Both hsCRP and SAA showed significant positive correlations with peak creatine phosphoki-
nase. hsCRP and SAA showed significant inverse correlations with left ventricular ejection fraction and
regional wall motion in the chronic stage. Multivariate analysis identified SAA as the best predictor of
severe heart failurk] Killip’s classificationJ, O [0 SAA was the best predictor of a major cardiac event

U shock, cardiac death[]

Conclusions. These results suggest a strong correlation between acute-phase SAA and the clinical
course of patient outcomes after acute myocardial infarction, such as cardiac function, heart failure and
cardiac death. SAA may be the most useful acute-phase inflammatory reactant for predicting the prognosis
after acute myocardial infarction.
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Table 10 Patient characteristics

Number of patients 132
Agel yr, meant SD[ 69+ 11
Men 861 6501
Diabetes mellitus 30280
Hypertension 6581 490
Hyperlipidemia 50 390
Smoking 60 4601
Pre-infarction angina pectoris 64 4801
Elapsed timé&] hr, mean+ SD[ 4.8+ 5.0
Culprit lesion location
LAD 6 460
RCA 581400
LCX 181 140
Multivessel disease 58410
TIMI gradé] pre PCIO
0 991 750
1 261 200
2 4 30
3 Bl 20
Thrombolysis 0
Stent use 10T 810
1008 %.

LADUO left anterior descending artery ; RCA[ right coronary
artery ; LCXO left circumflex artery ; TIMIO Thrombolysis in
Myocardial Infarction; PCI0 percutaneous coronary interven-
tion.

Table 20 Clinical course and laboratory data

Killip’s classification

Groupl 6514900
Groupl] 26] 200
Groupl 191 140
Groupl 201 1700
Ventricular arrthythmiél VT, V{[J 46] 350
Cardiogenic shock 201 170
Death o 50
hsCRPI mg/di[] 3.55+ 4.22
SAA] p g/did 228.9% 311.2
IL-& pg/miO 89.2+ 119.9
Peak-CPKJ 1U//O 2,710+ 3,087
BNP] pg/miQ] 334.2+ 488.7

Continuous values are mean+ SDO O [0 %.

VTO ventricular tachycardia; VfO ventricular fibrillation ;[
hsCRP[ highly sensitive C-reactive protein; SAA[L serum
amyloid A protein; IL-60 interleukin-6 ; CPK[O creatine
phosphokinase ; BNPL brain natriuretic peptide.
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Fig. 1 Relationships between inflammatory reactants
Abbreviations as in Table 2.
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Fig. 2 Relationships between inflammatory reactants
and peak creatine phosphokinase
Abbreviations as in Table 2.
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Fig. 3 Relationships between inflammatory reactants
and left ventricular ejection fraction
LVEFU left ventricular ejection fraction. Other abbre-
viations as in Table 2.
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Fig. 4 Relationships between inflammatory reactants
and regional wall motion
RWM O regional wall motion; SD [ standard devia-
tion. Other abbreviations as in Table 2.
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Table 30 Predictors of severe heart failure

Hazard ratid] 95%CI0  p value

Univariate analysis

Table 401 Predictors of major adverse cardiac events

Hazard ratid] 95%CI0O  p value

Univariate analysis

Age 1.2010.540 2.750 0.63
Sex 1.00 0.4702.410 0.88
Diabetes mellitus 1.261 0.5203.080 0.61
Hypertension 0.6 0.270 1.390 0.85
Hyperlipidemia 1.091 0.4102.920 0.24
Smoking 0.781 0.340 1.790 0.55
Multivessel disease 2.21 1.0205.040 0.045
Elapsed time 0.5810.170 1.770 0.32
VT and/or Vf 4.62] 1.980 10.790 0.0004
Pre-infarction AP 1.07 0.490 2.350 0.87
hsCRP 3.201 1.2508.250 0.015
SAA 5.400 2.210 13.190 0.0002
IL-6 2.100 0.830 5.350 0.11
BNP 14.100 3.760 52.870 [0 0.0001
Peak-CPK 2.691 1.150 6.2900 0.022
Multivariate analysis

Multivessel disease 2.581 0.430 14.800 0.30
VT and/or Vf 10.351 1.780 60.1300 0.0092
hsCRP 1.200.2107.710 0.79
SAA 8.381 1.150 60.520 0.035
BNP 39.804.330358.710  0.0011
Peak-CPK 3.200.52019.710 0.21

Age 1.791 0.700 4.570 0.22
Sex 0.891 0.3402.320 0.81
Diabetes mellitus 1.3810.500 3.810 0.53
Hypertension 0.4410.160 1.190 0.11
Hyperlipidemia 1.14]1 0.360 3.5400 0.83
Smoking 0.661 0.2501.730 0.40
Multivessel disease 2.400.9406.150 0.07
Elapsed time 1.02] 0.310 3.350 0.98
VT and/or Vf 10.06] 3.37030.100 [0 0.0001
Pre-infarction AP 1.681 0.640 4.1400 0.31
hsCRP 4.64] 1.640 13.090 0.0038
SAA 13.62] 4.720039.300 00 0.0001
IL-6 3.18]1 1.990 24.680 0.026
BNP 7.001 1.990 8.030 0.0025
Peak-CPK 3.0 1.1708.030 0.022
Multivariate analysis

VT and/or Vf 28.3912.110382.560  0.012
hsCRP 0.8810.070 10.140 0.68
SAA 47.612.890781.310  0.0068
IL-6 6.7 0.540 84.160 0.14
BNP 16.06] 0.690 374.40 0.084
Peak-CPK 1.641 0.160 17.200 0.68

Severe heart failure : Killip’s classificationJ or[J .
CIO confidence interval ; AP0 angina pectoris. Other abbreviations
as in Table 2.
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Major cardiac events : Cardiogenic shock or cardiac death.
Abbreviations as in Tables 2, 3.

s000000000O0O00O00O00b0O0bO00ObO
goooocooo
cooboooooooOooobocOoOoboboOoooon
goboooooooooocoooooooOoocooon
gobooooooooboobooooo

goooo

gboooooooboobobobooooooog
U hsCRPOUODO SAAODDOOOODOOODOOO0O
goobooobobbooobsaAAddonoooono
gobodoobbooboobboobbooooboo
gobooooboobobooboobobooboon
gooooood

J Cardiol 2003 Aug; 421 21 49-56



goooooooooooooocoooooon

goooo

goo:0ooboboboboboboboooboooooboooooobooboboboDbOooD
gooooobobobobooobobooboboboboboochbob0asCcRPLOOOOO
gob0AdMSAAO0D0DO0boobDeIL-s0O0000boboooboboobobooboon
goobobobobooooooobobobobooooobooo
gobo:0bo0ooosgopobooooobbooobobboooobboobobbooobooDbo
Oo0oooboobob 120000000240 0000000nKsCRPOSAADIL-600000O
O2+x90000000000000000C00DO0O0O00O0COOOODOOOOO0O0OO regional
wall motionU O U O0O0O0O0OO00O000OO00OCOKIipdOOOOOOO0OO0OOOO4000000
gboooboooooboboomcepkMOOOOOOOOmMpeak-CPKIMOOOOOOODOO 300
gobboobooobobooboobbooboobobooboobboon
gdd:hsCRPUOSAAD peak-CPKU DO DOOOOUOOIL-600000000O000KCRPOODO
SAAJ000O0OO0DO0bO00b00bobobobboobobobo0oKilipO0bOOobDOoOOOn
goboobbooobuoboboobboobbOooDbhasCRPOSAADODODOODOODOOOD
gobogosaAAbgobooobooooobooboobobboobooboobooboob
000000 wCRPOSAADOD IL-eU0DO0DO0ODOOOOOOODOODODOD SAADODOO
Uo0:000000D0000Db0b0b0b0oboosSAADODsCRPOUDOOOOOOOOO
gobogooooooobosaAdbooboobooboooobooobooboobobooboo
goobobobobooooobooboboboboooooooo

J Cardiol 2003 Aug; 42] 2[1 490 56

55

oo

10 Plutzky J: Inflammatory pathways in atherosclerosis and
acute coronary syndromes. Am J Cardiol 2001 ; 88: 10KO
15K

2[00 Retterstol L, Eikvar L, Bohn M, Bakken A, Erikssen J,
Berg K: C-reactive protein predicts death in patients with
previous premature myocardial infarction: A 10 year fol-
low-up study. Atherosclerosis 2002 ; 160: 4330 440

30 Stefanadis C, Diamantopoulos L, Dernellis J, Economou E,
Tsiamis E, Toutouzas K, Vlachopoulos C, Toutouzas P:
Heat production of atherosclerotic plaques and inflamma-
tion assessed by the acute phase proteins in acute coronary
syndromes. J Mol Cell Cardiol 2000; 32: 43052

4[] Ikeda U, Ito T, Shimada K: Interleukin-6 and acute coro-
nary syndrome. Clin Cardol 2001 ; 24: 7010 704

50 Blankenberg S, Rupprecht HJ, Bickel C, Hafner G, Meyer
J: The role of inflammation and infection in acute coronary
syndrome. Herz 2001; 26: 90 1& in German with Eng
abstr[J

600 Geppert A, Steiner A, Zorn G, Delle-Karth G, Koreny M,
Haumer M, Siostrzonek P, Huber K, Heinz G: Multiple
organ failure in patients with cardiogenic shock is associat-
ed with high plasma levels of interleukin-6. Crit Care Med
2002; 30: 19870 1994

70 Link A, Bohm M, Nickenig G: Acute coronary syndrome:
Better risk stratification by determination of inflammatory
parameters? Med Klin 2002; 97: 630 69] in German with
Eng abstr(]

81 Maekawa Y, Anzai T, Yoshikawa T, Asakura Y, Takahashi
T, Ishikawa S, Mitamura H, Ogawa S: Prognostic signifi-

J Cardiol 2003 Aug; 421 2[1 49-56

cance of peripheral monocytosis after reperfused acute
myocardial infarction: A possible role for left ventricular
remodeling. J Am Coll Cardiol 2002; 39: 2410 246

900 Sturk A, Hack CE, Aarden LA, Brouwer M, Koster RR,
Sanders GT: Interleukin-6 release and the acute-phase
reaction in patients with acute myocardial infarction: A
pilot study. J Lab Clin Med 1992 ; 119: 5740 579

1000 Liuzzo G, Biasucci LM, Gallimore JR, Caligiuri G, Buffon
A, Rebuzzi AG, Pepys MB, Maseri A: Enhanced inflam-
matory response in patients with preinfarction unstable
angina. J Am Coll Cardiol 1999; 34: 16960 1703

110 Sabatine MS, Morrow DA, de Lemos JA, Gibson CM,
Murphy SA, Rifai N, McCabe C, Antman EM, Cannon CP,
Braunward E: Multimarker approach to risk stratification
in non-ST elevation acute coronary syndromes :
Simultaneous assessment of troponin I, C-reactive protein,
and B-type natriuretic peptide. Circulation 2002 ; 105:
17600 1763

1200 Pietila KO, Harmoinen AP, Jokiniitty J, Pasternack Al:
Serum C-reactive protein concentration in acute myocardial
infarction and its relationship to mortality during 24 months
of follow-up in patients under thrombolytic treatment. Eur
Heart J 1996; 17: 13450 1349

130 Sakkinen P, Abbott RD, Curb JD, Rodriguez BL, Yano K,
Tracy RP: C-reactive protein and myocardial infarction. J
Clin Epidemiol 2002; 55: 4450451

1400 Morrow DA, Rifai N, Antman EM, Weiner DL, McCabe
CH, Cannon CP, Braunwald E: Serum amyloid A predicts
early mortality in acute coronary syndromes: A TIMI 11A
substudy. J] Am Coll Cardiol 2000 ; 35: 3580 362

150 Casl MT, Surina B, Glojnaric-Spasic I, Pape E, Jagarinec



56 oooooooo Ood

N, Kranjcevic S: Serum amyloid A protein in patients with
acute myocardial infarction. Ann Clin Biochem 1995; 32:
1960 200

160 Passni F, Morelli B, Seveso G, Lazzati L, Beria G, Del
Rosso G, D’ Urbano M, Cafierro F, Mariani G, De Servi S:
Comparative short-term prognostic value of hemostatic and
inflammatory markers in patients with non-ST elevation
acute coronary syndromes. Ital Heart J 2002 ; 3: 28033

170 Kimura K, Kosuge M, Ishikawa T, Shimizu M, Endo T,
Hongo Y, Tochikubo O, Umemura S : Relationship
between myocardial damage and C-reactive protein levels
immediately after onset of acute myocardial infarction. Jpn
Circ J 2001 ; 65: 67070

1800 Borras Palle S, Gomez Martinez E, Romero Rodrigo A,
Campos Ferrer C, Molina E, Valentin Segura V :
Inflammation study in unstable angina and myocardial
infarction without ST segment elevation: Value of ultra-
sensitive C-reactive protein. An Med Interna 2002 ; 19:
2830 288 in Spanish with Eng abstr[J

1900 Sheehan FH, Schofer J, Mathey DG, Kellett MA, Smith H,
Bolson EL, Dodge HT : Measurement of regional wall
motion from biplane contrast ventricurograms: A compari-
son of the 30 degree right anterior oblique and 60 degree
left anterior oblique projections in patients with acute
myocardial infarction. Circulation 1986; 74: 7960 804

2000 Morishima I, Sone T, Tsuboi H, Kondo J, Mukawa H,
Kamiya H, Hieda N, Okumura K: Plasma C-reavtive pro-
tein predicts left ventricular remodeling and function after a
first acute anterior wall myocardial infarction treated with
coronary angioplasty : Comparison with brain natriuretic
peptide. Clin Cardiol 2002; 25: 1120116

210 Anzai T, Yoshikawa T, Shiraki H, Asakura Y, Akaishi M,

Mitamura H, Ogawa S: C-reactive protein as a predictor of
infarct expansion and cardiac rupture after a first Q-wave
acute myocardial infarction. Circulation 1997; 96: 7780
784

220 Miyao Y, Yasue H, Ogawa H, Misumi I, Masuda T,
Sakamoto T, Morita E: Elevated plasma interleukin-6 lev-
els in patients with acute myocardial infarction. Am Heart J
1993; 126: 12990 1304

230 Omland T, Persson A, Ng L, O’Brien R, Karlsson T,
Herlitz J, Hartford M, Caidahl K: N-terminal pro-B-type
natriuretic peptide and long-term mortality in acute coro-
nary syndromes. Circulation 2002; 106: 291302918

2401 Darbar D, Davidson NC, Gillespie N, Choy AM, Lang CC,
Shyr Y, McNeill GP, Pringle TH, Struthers AD :
Diagnostic value of B-type natriuretic peptide concentra-
tions in patients with acute myocardial infarction. Am J
Cardiol 1996, 78: 2840287

250 Omland T, Arkvaag A, Bonarjee VV, Caidahl K, Lie RT,
Nielsen DW, Sundsfjord JA, Dickstein K: Plasma brain
natriuretic peptide as an indicator of left ventricular systolic
function and long-term survival after acute myocardial
infarction: Comparison with plasma atrial natriuretic pep-
tide and N-terminal proatrial natriuretic peptide.
Circulation 1996; 93: 19630 1969

2600 Walter DH, Fichtcherer S, Britten MB, Posin P, Auch-
Schwelk W, Schachinger V, Zeiher AM: Statin therapy,
inflammation and recurrent coronary events in patients fol-
lowing coronary stent implantation. J Am Coll Cardiol
2001 ; 38: 20060 2012

270 Strandberg TE, Vanhanen H, Tikkanen MJ: Associations
between change in C-reactive protein and serum lipids dur-
ing statin treatment. Ann Med 2000; 32: 5790 583

J Cardiol 2003 Aug; 421 21 49-56



