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ABSTRACT

Background and Objectives : The BNP concentration varies considerably after the onset of AMI, and this makes
it difficult to determine the right time to measure the BNP as a valid prognostic marker. The aim of this study was
to examine the early changing patterns of BNP and to decide on the suitable time for measuring the BNP as a
prognostic marker after the onset of AMI. Subjects and Methods : From Feb 2002 to May 2005, we analyzed the
changing patterns of BNP in 321 AMI patients. BNP (Triage®) was measured at the acute phase (<24 hr), the
early phase (2 to 6 day), the late phase (1 to 4 week) & the long-term phase (>4 week) after the onset of AML.
The end points were major adverse cardiac events (MACE) and cardiovascular death (CVD). Results : The mean
BNP was 306.2£802.8 at the acute phase (mean: 9.5 hours), 251.9%592.8 at the early phase (mean: 5.1 days),
103.1£172.9 at the late phase (mean: 26.8 days) and 179.7 =353.3 pg/mL at the long-term phase (mean: 45.9
days) . There were no significant differences of the demographic factors between the MACE and Non-MACE group.
Multivariative analysis showed that early phase BNP (p=0.007) and male gender (p=0.009) were significant risk
factors for MACE. The early phase BNP (p=0.037) and age (p=0.022) were the significant risk factors of CVD.
On the ROC curve, the early phase BNP for predicting the CVD risk was 186 pg/mL (AUC=0.87, p<0.001). The
Kaplan-Meier survival curve showed that the survival rate was higher for the patients with an early phase BNP<186
pg/mL than it was for those patients with a BNP =186 pg/mL (p=0.000). Conclusion : The early levels or changing
patterns of the BNP concentrations following AMI showed different patterns of change depending on several prog-
nostic factors. The early phase (2 to 6 day) BNP concentration after the onset of AMI could be used as a significant
prognostic marker. (Korean Circulation ] 2006;36:526—534)
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Fig. 1. Therapeutic strategy and result in patients with acute myocar-
dial infarction. PCI: percutaneous coronary intervention, AMI: acute
myocardial infarction, M/F: male/female.

Table 1. Demographic, therapeutic, and laboratory characteristics of
patients in Non-MACE and MACE group

] Non-MACE MACE
ariaples (n=235) (n=86) P

Age (year)* 59.7+12.00 69.6+11.40 0.253

Male (%) 155 (65.9) 48 (55.8)  0.095
Risk factor (%) T
Smoking 71 (30.2) 27 (31.4) 0.849
Diabetes 93 (39.6) 43 (50.0)  0.094
Hypertension 113 (48.1) 46 (53.5) 0.391
Dyslipidemia 80 (34.3) 30 (37.0) 0.661
PCI (%)
Primary 143 (60.9) 46 (53.5)  0.467
Elective 76 (32.3) 20(23.3)  0.450
Rescue 7(2.9) 1(1.2) 0.100
Thrombolysis (%) T 57 (24.3) 17 (19.8)  0.398

Cardiac enzyme*
CK-MB (ng/mL) 3.9+10.90 25.9%£75.80 0.003
Troponin I (ng/mL) 1.0£4.57 6.81+20.60 0.006
Initial BP (mmHg)* 128.034.00 120.1£45.80 0.063
BNP conc. (pg/mL)*
Acute phase (<24 hr) 177.0%£537.60 658.7 =1207.80 0.001
Early phase (2-6 day) 145.3£253.30 680.5+1139.70 0.001
Late phase (1-4 wk)  105.5%£181.60 85.3+£89.50 0.276

Long-term phase 156.3 £359.00 308.5£316.40 0.557
(>4 wk)

. by Chi-square test for dichotomous variables, T: by student t-test
for continuous variables. MACE: major adverse cardiac event, PCI:
percutaneous coronary intervention, CK-MB: creatinine kinase-MB,
BP: blood pressure, BNP: brain natriuretic peptide, Conc.: concen-
tration
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Table 2. Angiographic and echocardiographic characteristics of pa-
tients in Non-MACE and MACE group

Non-MACE MACE

Variables (n=225) (n=68) )
CAD extent (%)* (n=293)
1VD 119 (52.9) 24 (35.3)  0.010
2VD 61 (27.1) 23 (33.3) 0.279
3VD 37 (16.4) 21 (309) 0.012
IRA (%)* (n=292)
LAD 102 (45.5) 33(48.5) 0.671
LCX 25(11.2) 9(13.2) 0.642
RCA 95 (42.4) 26(38.2)  0.536
LV EF (%)
Initial (n=305) 52.9+12.10 459*14.70 0.032
FU (n=105) 53.6114.00 47.3£16.60 0.941
LV filling (%)* (n=305)
Normal 30 (12.8) 3(4.2) 0.001
Impaired relaxation 185 (79.0) 46 (64.7) 0.001
Pseudonormalization 10 ( 4.3) 8 (11.3) 0.001

Restrictive 9( 3.8)

LV dimension (cm)Jr

14(19.7)  0.001

LVEDD (n=284) 534+0.62 546085 0.112

LVEDD FU (n=105)  5.48%0.68 591+1.07 0.044
WMSI T

Initial (n=288) 1.4+032  153+037 0214

FU (n=101) 1.38+0.34 1.53%0.46 0.043

*: by Chi-square test for dichotomous variables, T: by student t-test
for continuous variables. CAD!: coronary artery disease, VD' vessel di-
sease, IRA! infarct related artery, LAD: left anterior descending ar-
tery, LCX: left circumflex artery, RCA! right coronary artery, LV EF:
left ventricular ejection fraction, LVEDD: left ventricular end diastolic
dimension, LVESD: left ventricular end systolic dimension, FU: fol-
low-up, WMSI: wall motion score index
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Fig. 2. Follow-up rates of plasma BNP concentration at each phases. MACE: major adverse cardiac event, BNP: brain natriuretic peptide.
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537.6 vs, MACE* 658,7+1207.8 pg/mL, p=0,000)2} %
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Table 3. Acute and early phase BNP concentration according to sex,
infarct area, SHF and MACE

Acute phase BNP
(mean) pg/mL

Early phase BNP
(mean) pg/mL P

Sex
Male 213.7£7224 0.002 171.6%t474.8 0.000
Female 465.3£906.4 417.6+171.6

Infarct area

Anterior 287.2£733.4 0.993 281.3%£620.5 0.003
Inferior 250.51744.0 128.7+217.8

SHF
Yes 686.1£1237.7 0.000 671.8%£1083.5 0.000
No 178.6+498.6 179.9+442.1

MACE
Yes 658.7+1207.8 0.000 680.5+1139.7 0.000
No 177.0£537.6 145.3+253.3

Boldfacing indicates variables that retained statistical significance. BNP:
B-type natriuretic peptide, SHF: systolic heart failure, MACE: major
adverse cardiac event
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1492266+ 101174 1515340
0 ' | ' | | | '
Acute Early Late Long-term
<24 hr 2—6day 1—4 week >4 week
(Mean 9.5 hrs) (Mean 5.1 days) (Mean 26.8 days) (Mean 45.9 days)

Fig. 4. Plasma BNP concentrations at acute, early, late and long-term
phase of patients in survival and death groups. Significant difference
between survival and death groups at acute and early phase BNP con-
centrations expressed as *: p<0.05. BNP: B-type natriuretic peptide.

BNP pg/mL
800
+
65841207+ 680+1139= —& MACE
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308+316
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+ +
177 £537% 145+ 253 156359
85+89
0
Acute Early Late Long-term
<24 hr 2—-6 day 1-4 week >4 week
(Mean 9.5 hrs) (Mean 5.1 days) (Mean 26.8 days) (Mean 45.9 days)

BNP pg/mL
800
686+ 1237+ 671+ 1083+ . S (D
& SHF (-)
600
*: p<0.05
400
299+317
210+£201
200
1784498+ 179 & 442+
89167 108226
0 | | |
Acute Early Late Long-term
<24 hr 2—6 day 1—4 week >4 week
(Mean 9.5hrs)  (Mean 5.1 days) (Mean 26.8 days) (Mean 45.9 days)

Fig. 3. Plasma BNP concentrations at acute, early, late and long-term
phase of patients in MACE and Non-MACE. Significant difference
between MACE and Non-MACE groups at acute and early phase BNP
concentrations expressed as *: p<0.05. BNP: B-type natriuretic pep-
tide, MACE! major adverse cardiac event.

Fig. 5. Plasma BNP concentrations at acute, early, late and long-term
phase of patients in SHF and Non-SHF. Significant difference between
SHF and Non-SHF group at acute and early phase BNP concentra-
tion expressed as *: p<0.05. BNP: B-type natriuretic peptide, SHF:
systolic heart failure.



Table 4. Multivariative analysis of independent risk factors of MACE
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Table 6. Multivariative analysis of independent predictors of CVD

95% CI 95% CI
Variables Odd ratio ——— p* Variables Odd ratico ——— p*
Lower Upper Lower Upper

Age (years) 0.959 0.919 1.001  0.057 Age (years) 1.140 1.048 1.240 0.002
Sex 0.222 0.071  0.691 0.009 Sex 3.464 0.784 15.310 0.101
Hypertension 1.228 0.519  2.903 0.640 Hypertension 0.322 0.086  1.204 0.092
Smoking 1.019 0.402  2.587 0.968 Smoking 1.836 0.350  9.632 0.473
Diabetes 1.078 0.444  2.616 0.869 Diabetes 2.284 0.567  9.201 0.245
Dyslipidemia 1.443 0.603  3.450 0.410 Dyslipidemia 0.984 0.257  3.769 0.981
Serum creatine (mg/dL) 1.157 0.684 1959 0.586 Serum creatine (mg/dL) 0.592 0.268  1.309 0.195
Serum CK-MB (ng/mL) 1.002 0.997 1.007 0.445 Serum CK-MB (ng/mL) 1.005 0.998 1.011  0.159

Serum troponin I (ng/mL) 1.003 0.979 1.028 0.811
Initial systolic BP (mmHg) 0.993 0.980 1.007 0.325
Acute phase BNP (pg/mL) 1.000 0.999  1.001 0.794
Early phase BNP (pg/mL) 0.998 0.997  1.000 0.007
LV ejection fraction (%) 1.020 0.961 1.083 0.514
WMSI 0.594 0.079 4.487 0.614

Serum troponin I (ng/mL) 0.953 0.892 1.019 0.159
Initial systolic BP (mmHg) 0.992 0.973 1.012  0.443
Acute phase BNP (pg/mL) 1.000 0.999  1.001 0.507
Early phase BNP (pg/mL) ~ 0.998  0.999  1.002 0.252
LV ejection fraction (%) 0.962 0.890 1.041 0.334
WMSI 0.483 0.034  6.792 0.590

! by multinominal logistic regression model. Boldfacing indicates va-
riables that retained independent risk factors in the multivariative mo-
del. CK-MB: creatine kinase-MB, BP: blood pressure, BNP: B-type
natriuretic peptide, LV left ventricle, WMSI: wall motion score index,
CI: confidence interval, MACE: major adverse cardiac event

Table 5. Multivariative analysis of independent risk factors of CVD

95% CI
Variables Odd ratio ——— p*
Lower Upper

Age (years) 1.126 1.107 1.247 0.022
Sex 7.243 0.922 56.926 0.060
Hypertension 0.151 0.023 1.015 0.052
Smoking 3.445 0.429 27.699 0.245
Diabetes 1.552 0.328 7.331 0.579
Dyslipidemia 0.813 0.159  4.150 0.804
Serum creatine (mg/dL) 0.805 0.280 2.319 0.688
Serum CK-MB (ng/mL) 1.004 0.997 1.012 0.256

Serum troponin I (ng/mL) 0.934 0.860 1.013  0.100
Initial systolic BP (mmHg) 0.998 0.974 1.022 0.842
Acute phase BNP (pg/mL) 1.001 1.000 1.002 0.177
Early phase BNP (pg/mL) 1.002 1.000 1.004 0.037
LV ejection fraction (%) 0.946 0.855 1.046 0.278
WMSI 0.558 0.015 20.404 0.750
*: by multiple logistic regression model. Boldfacing indicates varia-
bles that retained independent risk factors in the multivariative model.
CVD: cardiovascular death, CK-MB: creatine kinase-MB, BP: blood
pressure, BNP: B-type natriuretic peptide, LV: left ventricle, WMSI:
wall motion score index, CI: confidence interval

0.002)7} =32 CVD oI5 QIAk=A] 2u|7} IITKTable 6).

MACE®} CVDE &3t 4=~ Q= 27| 373]7] BNP E9]
ABE E ofoli 7] 9J5le] MACEW ¥} H] MACER, 18|1
CVD<#} H] CVDs o2 ZF AR BNP 5s &
Astglon ohAsk 3l A nlzt ISd 27] 47
BNP =E2 ZFAJSE ROC curveAl MACE 9= BNP HE=
199 pg/mLoj|A =7} 53.2%, E0|%7} 83.1%, accuracy
(08} AUC)7} 0.715(p<0.001) (Fig. 5), CVD ¢j|Z BNP %%
= 186 pg/mLoA AFIE 81.5%, Eo|% 79.9%, AUC7Z}
0.855(p<0.001)(Fig. 6), 183l FAJA SHF o|Z BNP %
L 151 pg/mLO|A] AYIE 65.6%, E0|% 72 9%, AUC7}
0.713(p<0.001) & UEPtTtHFig. 7). 7] 47| BNP &

*: on Cox proportional hazard regression model. Boldfacing indi-
cates variables that retained independent predictors of cardiovascular
death in the multivariative model. CK-MB: creatine kinase-MB, BP:
blood pressure, BNP: B-type natriuretic peptide, LV: left ventricle,
WMSI: wall motion score index, CI: confidence interval
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Fig. 6. On the ROC curve, the AUC of early period BNP concen-
tration for predicting MACE in patients with AMI was 0.715 (sensi-
tivity 53.2%, specificity 83.1%), and optimum cut-off point was 199
pg/mL (p<0.001). ROC: receiver operating characteristic, AUC: ac-
curacy, BNP: B-type natriuretic peptide, MACE: major adverse car-
diac event, AMI: acute myocardial infarction.

9] ROC 344 CVDo|So]| efvleel Solwrt 7P &3k
© BNP 186 pg/mLE 7|&0 & ZHJSE Kaplan—Meier AJ=E
LAAF A AEZ-2 BNP <186 pg/mL A} o] {25}
Al(p=0.000) =3kcH(Fig. 8).
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Fig. 7. On the ROC curve, the AUC of early phase BNP concentra-
tion for predicting survival in patients with AMI was 0.855 (sensiti-
vity 81.5%, specificity 79.9%), and optimum cut-off point was 186
pg/mL (p<0.001). ROC: receiver operating characteristic, AUC: ac-
curacy, BNP: B-type natriuretic peptide, AMI: acute myocardial in-
farction.
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Fig. 8. On the ROC curve, the AUC of early phase BNP concentra-
tion for predicting left ventricular SHF in patients with AMI was
0.713 (sensitivity 65.6%, specificity 72.9%), and optimum cut-off point
was 151 pg/mL (p<0.001). ROC: receiver operating characteristic,
AUC:! accuracy, BNP: B-type natriuretic peptide, AMI: acute myo-
cardial infarction, SHF: systolic heart failure.
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Fig. 9. Kaplan-Meier survival curve of cumulative survival rates in
patients with acute myocardial infarction divided into 2 groups accor-
ding to BNP concentration. Patients with BNP > 186 pg/mL differed
meaningfully from patients with BNP<186 pg/mL. The significant
difference between patients with BNP =186 pg/mL and with BNP<
186 pg/mL within group was expressed as *: p=0.000. BNP: B-type
natriuretic peptide.
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