
Journal of Cardiology (2011) 57, 303—310

avai lab le at www.sc iencedi rec t .com

journa l homepage: www.e lsev ier .com/ locate / j j cc

Original article

Clinical significance of the measurements of plasma
N-terminal pro-B-type natriuretic peptide levels in
patients with coronary artery disease who have
undergone elective drug-eluting stent implantation

Yoshiyuki Masaki (MD)a, Kazunori Shimada (MD, FJCC)a,∗,
Takahiko Kojima (MD)a, Katsumi Miyauchi (MD, FJCC)a, Kenji Inoue (MD)a,
Takashi Kiyanagi (MD)a, Makoto Hiki (MD)a, Kosuke Fukao (MD)a,
Kuniaki Hirose (MD)a, Hiromichi Ohsaka (MD)a, Atsumi Kume (MD)a,
Tetsuro Miyazaki (MD)a, Hirotoshi Ohmura (MD)a, Akimichi Ohsaka (MD)b,
Hiroyuki Daida (MD, FJCC)a

a Department of Cardiovascular Medicine, Juntendo University School of Medicine, 2-1-1 Hongo, Bunkyo-ku,
Tokyo 113-8421, Japan
b Department of Transfusion Medicine and Stem Cell Regulation, Juntendo University School of Medicine, Tokyo, Japan

Received 6 January 2011; received in revised form 23 January 2011; accepted 29 January 2011
Available online 8 March 2011

KEYWORDS
Coronary artery
disease;
N-terminal
pro-B-type
natriuretic peptide;
Drug-eluting stent;
Cardiovascular events

Summary
Background: N-terminal pro-B-type natriuretic peptide (NT-proBNP) is a diagnostic biomarker for
patients with congestive heart failure (CHF). However, the clinical significance of measurements
of NT-proBNP levels in patients with coronary artery disease (CAD) who have undergone drug-
eluting stent (DES) implantation has not been fully elucidated.
Methods and results: We recruited 280 patients with documented CAD who were scheduled for
elective coronary intervention and also age- and gender-matched 140 healthy subjects. Sub-
jects with acute coronary syndrome, ongoing CHF, and stage IV or V chronic kidney disease

were excluded. We measured the plasma NT-proBNP levels and followed the CAD patients who
have undergone DES implantation for up to 62 months until occurrence of major adverse car-
diovascular events (MACE). Plasma NT-proBNP levels were significantly higher in CAD patients
compared to control subjects (p < 0.0001). In the CAD group, 25 patients developed MACE and
the NT-proBNP levels in the MACE group were significantly higher compared to that in the non-
MACE group (p = 0.005). After adjusting for the confounding factors, high NT-proBNP levels were
observed to be independent factors for CAD (p < 0.0001) and MACE (p = 0.021).
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Conclusions: These results demonstrated that the measurements of NT-proBNP levels may be
useful in identifying high-risk subjects among CAD patients who have undergone elective DES

ardiology. Published by Elsevier Ltd. All rights reserved.
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& Johnson, Miami Lakes, FL, USA). All procedural decisions,
including device selection and adjunctive pharmacotherapy
were made at the discretion of the individual PCI opera-
implantation.
© 2011 Japanese College of C
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high level of N-terminal pro-B-type natriuretic peptide
NT-proBNP) is a useful marker in diagnosis of acute and
hronic congestive heart failure (CHF) and also an important
redictor for future cardiovascular events in those patients
1—6]. NT-proBNP levels increase in patients with chronic
idney disease (CKD) and are significantly correlated with
stimated glomerular filtration rate (eGFR) in patients irre-
pective of CHF [7,8]. Several reports also demonstrated
hat NT-proBNP levels were significantly higher in patients
ith stable coronary artery disease (CAD) than in comparison

o patients without CAD [9]. Also a high NT-proBNP level pre-
icts cardiovascular morbidity and mortality independent of
raditional risk factors in patients with stable CAD [7,10].

Currently, drug-eluting stents (DES) have become the
tandard of care for the treatment of CAD [11]. Recent
dvances in DES such as sirolimus eluting-stents (SES) have
ubstantially reduced angiographic and clinical restenosis
cross broad lesion and patient subsets. However, there
re no data available regarding the predictive value of NT-
roBNP levels for future cardiovascular events in patients
ith stable CAD who have undergone elective DES implan-

ation.
The purpose of this study is to assess the clinical signif-

cance of the measurements of NT-proBNP levels in stable
AD patients who have undergone elective DES implanta-
ion. We hence compared NT-proBNP levels between the
table CAD patients with CKD stages from I to III and
ho were scheduled for percutaneous coronary intervention

PCI), and age- and gender-matched apparently healthy sub-
ects. We then followed the CAD patients for up to 62 months
fter DES implantation until occurrence of major adverse
ardiovascular events (MACE).

ethods

ubjects

e recruited 280 consecutive stable CAD patients, who were
cheduled to undergo PCI from September 2004 to Decem-
er 2006 at Juntendo University Hospital. The documented
AD, defined as more than 75% stenosis in at least one major
oronary artery, was diagnosed by coronary angiography at
early 2 weeks prior to PCI procedure as a safety-check
or dual antiplatelet therapy. Patients with acute coro-
ary syndrome, ongoing CHF, and CKD stage IV or V were

xcluded. We also recruited 352 apparently healthy sub-
ects who had undergone a medical check-up at a medical
enter in the urban area during December 2004 to Jan-
ary 2005. After computer-based random selection, 140 age-
nd gender-matched healthy subjects were enrolled as the

t
n
i
h
g

ontrol group. None of the control subjects had a history of
ardiovascular disorders or systemic inflammatory diseases.
ll subjects gave written informed consent and the ethical
ommittee approved this study.

lood sampling and biochemical analysis

ollowing overnight fasting, whole blood samples were
rawn from the subjects. Samples from the CAD group
ere collected immediately prior to PCI. Following cen-

rifugation, plasma samples were aliquoted and stored at
80 ◦C until further use. The plasma NT-proBNP levels were
easured using a commercially available immunoassay kit

Elecsys proBNP, Roche Diagnostics, Basel, Switzerland).
he lower limit of detection was observed to be 5 pg/ml.
he intraassay and interassay coefficients of variation
t different concentrations of NT-proBNP were as fol-
ows: 2.7% and 3.2%, respectively, at 175calculated
sing the following /ml; 1.8% and 2.3%, respectively, at
962 pg/ml. The eGFR was calculated using the follow-
ng equation: eGFR = 194 × age−0.287 × Cre−1.094 × 0.739 (if
emale), as described previously [12]. CKD was classi-
ed into five different stages, defined with eGFR ≥ 90,
0 > eGFR ≥ 60, 60 > eGFR ≥ 30, 30 > eGFR ≥ 15, and
GFR > 15 ml/min/1.73 m2 for stages I, II, III, IV, and V,
espectively [12]. Levels of total cholesterol, triglyceride,
nd high-density lipoprotein cholesterol (HDL-C) were
easured using the standard methods. The values of

ow-density lipoprotein cholesterol (LDL-C) were calcu-
ated using Friedewald’s formula. HbA1c (JDS) (%) was
easured by the previous Japanese standard substance

nd measurement methods and HbA1c method (National
lycohemoglobin Standardization Program-certified).

ngiographic analyses

elective coronary angiography was performed at baseline.
he number of stenotic vessels was recorded as 1-, 2-, 3-
essel disease or stenosis of the left main artery. Lumen
arrowing by >75% of the prestenotic diameter was con-
idered to be clinically significant for stenosis, except for
he left main artery where a narrowing by >50% was consid-
red significant. Quantitative coronary angiography (QCA)
ssessments were carried out in all patients. The PCI was
erformed by implantation of DES (Cypher®, Cordis, Johnson
or. Intravenous unfractionated heparin and intracoronary
itroglycerin were administered before the PCI. After stent
mplantation, angiographic optimization was performed by
igh-pressure dilatation to achieve an acceptable angio-
raphic result. Intravascular ultrasound (IVUS) was carried
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Figure 1 Comparison of logarithmically transformed N-
terminal pro-B-type natriuretic peptide (NT-proBNP) levels
between the control and the coronary artery disease (CAD)
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out according to the operator’s decision. Procedural suc-
cess was defined as a residual stenosis <20% without major
complications. Dual antiplatelet therapy (aspirin 100 mg and
ticlopidine 200 mg or clopidgrel 75 mg) was prescribed for at
least 2 weeks to all the patients treated with DES. In the CAD
group, selective coronary angiography was performed after
PCI to assess restenosis.

Follow-up

All the patients were implanted with DES. A total of 262
patients, who had undergone a follow-up coronary angiogra-
phy, were followed for up to 62 months (median 46 months).
The primary endpoint of the study was MACE. MACE was
defined as all cause death, nonfatal myocardial infarction
(MI), unstable angina, refractory angina requiring PCI or
coronary artery bypass grafting (CABG), and admission for
stroke.

Statistical analyses

Continuous variables are expressed as mean ± SD and cat-
egorical variables are reported in percentages. Statistical
intergroup differences were analyzed by the chi-square
test, one-way ANOVA, and the Student’s t test. Correla-
tion between the two parameters was determined by simple
linear regression analysis. A value of p < 0.05 was consid-
ered to be significant. Chi-square tests for homogeneity
across strata were applied for categorical variables. We
selected log NT-proBNP levels, which were normally dis-
tributed, for analysis because the plasma NT-proBNP levels
were not normally distributed. Logistic regression analy-
sis was performed to identify independent factors for the
CAD including the following variables: age, gender, body
mass index, eGFR, LDL-C, HDL-C, prevalence of hyperten-
sion (HT), prevalence of diabetes mellitus (DM), and log
NT-proBNP levels. Cox proportional hazard analysis was per-
formed to identify independent predictors for the MACE
including the following variables; age, gender, eGFR, multi-
vessel disease, prevalence of DM, and log NT-proBNP levels.
We examined the sensitivity and specificity of various cut-
off values of independent predictive factors for predicting
survival and created receiver operating characteristic (ROC)
curves. We divided each group into two sub-groups based on
their cut-off values (determined by the ROC curve analysis),
examined the results of Kaplan—Meier survival analysis, and
compared the difference in survival rates using the log-rank
tests.

Results

Characteristics of the subjects

The characteristics of the subjects are shown in Table 1. No
significant difference for age, gender, prevalence of smok-

ing history, distribution of CKD stage, triglyceride, or blood
glucose levels between the two groups were observed. The
CAD group showed higher prevalence of HT (p < 0.0001), DM
(p < 0.0001), and metabolic syndrome (p = 0.01), and also sig-
nificantly higher levels of body mass index (p = 0.009), waist

a
(
w
M
a

roups. Lines within boxes represent median values, with top
nd bottom lines of boxes representing the 75th and 25th per-
entiles.

ize (p = 0.0003), and HbA1c (JDS) (p = 0.011) compared to
he control group. Levels of total cholesterol (p = 0.009),
DL-C (p = 0.009), and LDL-C (p = 0.009) in the CAD group
ere significantly lower compared to the control group

p < 0.0001, p < 0.0001, p = 0.009, respectively).

lasma NT-proBNP levels in the CAD group

lasma levels of log NT-proBNP were significantly higher in
he CAD group compared to the control group (p < 0.0001)
Fig. 1). Negative correlation between NT-proBNP levels
nd left ventricular ejection fraction has been previously
eported [4]. We then divided the CAD group into the Previ-
us Event (+), including previous history of MI, PCI, and CABG
n = 133) and Previous Event (−) (n = 147) groups. Plasma
evels of log NT-proBNP were significantly higher in the Pre-
ious Event (+) group compared to the Previous Event (−)
roup (p = 0.006) (Fig. 2A). However, plasma levels of log
T-proBNP were also significantly higher in the Previous
vent (−) group compared to the control group (p < 0.0001)
Fig. 2A). It has also been reported that NT-proBNP levels
ere increased in patients with left ventricular diastolic dys-

unction [13]. To study this effect, we excluded the patients
ith HT and DM from the Previous Event (+) group. Plasma

evels of log NT-proBNP were observed to be significantly
igher even in the Previous Event (−) HT (−) DM (−) group
n = 23) compared to the control group (p = 0.0003) (Fig. 2B).

ollow-up

ACE was observed in 25 patients (death: 3 patients;
onfatal MI: 2 patients; unstable angina requiring PCI: 8
atients; CHF admission: 4 patients; CABG: 4 patients;

nd stroke: 4 patients). The characteristics of the MACE
−) and MACE (+) groups are shown in Table 2. There
ere no significant differences between the MACE (−) and
ACE (+) groups except for prevalence of DM (p = 0.004)
nd HbA1c (JDS) levels (p = 0.004). There were also no
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Table 1 Comparison of clinical characteristics between the control and CAD groups.

Control CAD p value

No. of patients 140 280
Age (years) 58 ± 7 58 ± 6 NS
Male (%) 126 (90) 252 (90) NS
Body mass index (kg/m2) 24.0 ± 2.6 24.9 ± 3.1 0.009
Waist (cm) 85.1 ± 7.7 88.1 ± 8.2 0.0003
Hypertension (%) 31 (22) 193 (69) <0.0001
Diabetes mellitus (%) 16 (11) 130 (46) <0.0001
Current smoker (%) 47 (34) 95 (34) NS
Metabolic syndrome (%) 47 (34) 131 (46) 0.010
Chronic kidney disease NS

Stage I (%) 10 (7) 40 (14)
Stage II (%) 98 (70) 181 (65)
Stage III (%) 32 (23) 59 (21)

Estimated GFR (ml/min/1.73m2) 70 ± 13 72 ± 16 NS
Total cholesterol (mg/dl) 213 ± 34 185 ± 36 <0.0001
Triglyceride (mg/dl) 145 ± 85 150 ± 73 NS
HDL-cholesterol (mg/dl) 63 ± 18 43 ± 11 <0.0001
LDL-cholesterol (mg/dl) 122 ± 34 113 ± 31 0.009
Blood glucose (mg/dl) 108 ± 28 112 ± 37 NS
HbA1c (%) 5.8 ± 1.0 6.1 ± 1.4 0.011
Previous myocardial infarction (%) (−) 98 (35)
Previous CABG (%) (−) 27 (10)
Previous coronary revascularization (%) (−) 51 (18)
Ejection fraction (%) (N.D.) 62 ± 13
No. of diseased vessels

One (%) (−) 97 (34)
Two (%) (−) 95 (34)
Three (%) (−) 84 (31)
LMT (−) 4 (1)

F
c
D
p

Values are mean ± SD. CAD, coronary artery disease; GFR, glomerular
lipoprotein; HbA1c, hemoglobin A1c; CABG, coronary artery bypass gra

igure 2 Comparison of logarithmically transformed N-terminal p
ontrol, the Previous Event (−), and the Previous Event (+) groups a
M (−) groups. Lines within boxes represent median values, with t
ercentiles HT, hypertension; DM, diabetes.
filtration rate; HDL, high-density lipoprotein; LDL, low-density
ft surgery; LMT, left main trunk.

ro-B-type natriuretic peptide NT-proBNP levels (A) among the
nd (B) between the control and the Previous Event (−) HT (−)
op and bottom lines of boxes representing the 75th and 25th
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Table 2 Comparison of clinical characteristics of MACE (−) and MACE (+).

CAD MACE (−) CAD MACE (+) p value

No. of patients 237 25
Age (years) 59 ± 6 59 ± 6 NS
Male (%) 215(91) 21 (85) NS
Body mass index (kg/m2) 24.8 ± 3.1 25.0 ± 3.5 NS
Waist (cm) 87.6 ± 7.3 90.1 ± 9.4 NS
Hypertension (%) 161 (68) 19 (76) NS
Diabetes mellitus (%) 100 (42) 18(72) 0.004
Current smoker (%) 78 (33) 12 (48) NS
Metabolic syndrome (%) 106 (45) 15 (60) NS
Chronic kidney disease NS

Stage I (%) 29 (12) 5 (20)
Stage II (%) 157 (66) 14 (56)
Stage III (%) 51 (22) 6 (24)

Estimated GFR (ml/min/1.73 m2) 72 ± 15 71 ± 17 NS
Total cholesterol (mg/dl) 186 ± 34 180 ± 40 NS
Triglyceride (mg/dl) 150 ± 72 150 ± 85 NS
HDL-cholesterol (mg/dl) 43 ± 11 44 ± 14 NS
LDL-cholesterol (mg/dl) 114 ± 31 106 ± 34 NS
Blood glucose (mg/dl) 109 ± 34 115 ± 38 NS
HbA1c (%) 6.0 ± 1.3 6.8 ± 1.8 0.004
Previous myocardial infarction (%) 82 (35) 10 (40) NS
Previous CABG (%) 24 (10) 3 (12) NS
Previous coronary revascularization (%) 44 (19) 7 (27) NS
Ejection fraction (%) 63 ± 13 63 ± 14 NS
No. of diseased vessels NS

One (%) 83 (35) 6 (24)
Two (%) 82 (35) 7 (28)
Three (%) 69 (29) 12 (48)
LMT 3 (1) 0 (0)

Lesion type NS
A 7 (3) 0 (0)
B1 37 (16) 5 (20)
B2 68 (29) 5 (20)
C 125 (53) 15 (60)

Stent size (mm) 2.92 ± 0.39 2.86 ± 0.34 NS
Stent length (mm) 23.1 ± 5.6 23.6 ± 5.3 NS
MLD

Pre-PCI (mm) 0.47 ± 0.32 0.42 ± 0.33 NS
Post-PCI (mm) 2.72 ± 0.46 2.66 ± 0.43 NS

Reference diameter
Pre-PCI (mm) 2.74 ± 0.45 2.71 ± 0.46 NS

ary a
c; CA
terve

s
t
l

M

Values are ±SD. MACE, major adverse cardiac events; CAD, coron
lipoprotein; LDL, low-density lipoprotein; HbA1c, hemoglobin A1
MLD, minimumal luminal diameter; PCI, percutaneous coronary in

significant differences between the two groups regarding
concomitant use of medications including antiplatelets,
beta-blockers, angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, nitrates, insulin use, and
statins. Plasma levels of log NT-proBNP were significantly
higher in the MACE (+) group compared to the MACE (−)
group (p = 0.0045) (Fig. 3). The cut-off value of log NT-pro-

BNP for MACE determined by ROC curve analysis was 4.93
(NT-proBNP level 139 pg/ml). Kaplan—Meier analysis demon-
strated that the patients with high log NT-pro-BNP levels had
a significantly higher prevalence of MACE during the entire
follow-up period (log-rank test, p = 0.0058) (Fig. 4). The

L
H
b
i
m

rtery disease; GFR, glomerular filtration rate; HDL, high-density
BG, coronary artery bypass graft surgery; LMT, left main trunk;
ntion.

ame trend was observed after dividing the CAD group into
wo groups using cut-off value of 125 pg/ml of NT-proBNP
evel (data not shown).

ultivariate analyses
og NT-proBNP levels as well as body mass index, LDL-C,
DL-C, HT, and DM were observed to be independent for CAD
y the multivariate analysis [odds ratio 3.79, 95% confidence
nterval (CI) 2.62—5.48, p < 0.0001] (Table 3A). In addition,
ultivariate Cox proportional hazard analysis showed that
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Table 3 Univariate and multivariate analyses.

Univariate analysis Multivariate analysis

OR 95%CI p-value OR 95%CI p-value

A. Analysis for CAD
Age 1.01 0.98—1.04 0.314
Male 1.00 0.50—1.96 0.999
BMI 1.10 1.02—1.18 0.001
Estimated GFR 1.00 0.99—1.02 0.217
LDL-C 0.99 0.98—0.99 0.010
HDL-C 0.90 0.88—0.92 <0.0001 0.90 0.87—0.93 <0.0001
HT 7.80 4.86—12.51 <0.0001 4.45 2.23—8.88 <0.0001
DM 6.72 3.79—11.89 <0.0001 4.39 1.83—10.52 0.0009
Log NT-proBNP 3.59 2.74—4.69 <0.0001 3.79 2.62—5.48 <0.0001

Univariate analysis Multivariate analysis

HR 95%CI p-value HR 95%CI p-value

B. Analysis for MACE in patients with CAD
Age 1.02 0.96—1.09 0.491
Male 0.61 0.21—1.77 0.359
Estimated GFR 0.99 0.97—1.02 0.824
Multivessel disease 2.29 0.99—5.28 0.051 2.75 1.23—6.14 0.014
DM 3.52 1.42—8.76 0.007 2.64 1.09—6.43 0.032
Log NT-proBNP 1.61 1.15—2.26 0.006 1.48 1.06—2.07 0.021

CAD, coronary artery disease; MACE, major adverse cardiac events; OR, odds ratio; CI, confidence interval; HR, hazard ratio; BMI, body
mass index; GFR, glomerular filtration rate; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; HT,
hypertension; DM, diabetes mellitus; NT-proBNP, N-terminal pro B-type natriuretic peptide.

the levels of log NT-proBNP were a significant and indepen-
dent predictor of MACE. The adjusted hazard ratios for MACE
were higher by 1.48 (95%CI 1.06—2.07, p = 0.021) times in the
high log NT-proBNP group patients compared to the low log
NT-proBNP group patients (Table 3B).

Figure 3 Comparison of logarithmically transformed N-
terminal pro-B-type natriuretic peptide (NT-proBNP) levels
between the MACE (−) and the MACE (+) groups. Lines within
boxes represent median values, with top and bottom lines of
boxes representing the 75th and 25th percentiles. MACE, major
adverse cardiovascular event.

Discussion

This study demonstrated that the plasma NT-proBNP lev-
els were significantly higher in CAD patients even without
a history of HT, DM, CHF, MI, or coronary revascular-
ization compared to the apparently healthy subjects. In
addition, high NT-proBNP level was a significant and inde-
pendent predictor of MACE in CAD patients after the elective
DES implantation. To the best of our knowledge, this is
the first report that demonstrates the significance of the

Figure 4 Kaplan—Meier curves for MACE-free survival in
patients with coronary artery disease according to high and low
N-terminal pro-B-type natriuretic peptide (NT-proBNP) groups.
MACE, major adverse cardiovascular event.
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measurements of NT-proBNP levels in identifying the high-
risk subjects in CAD patients who have undergone elective
DES implantation.

Our findings are consistent with those of reported
studies, which have demonstrated that the elevation of
NT-proBNP level is associated with CAD [7,9,10]. BNP
is synthesized as pre-proBNP1—134 mainly in the ventric-
ular myocardium by various stimuli such as mechanical
stretch, myocardial injury, ischemic injury, endothelin-1,
angiotensin II, interleukin-1�, and �-adrenergic agonists
[14]. Pre-proBNP1—134 undergoes rapid removal of a 26-
amino acid signal peptide, which results in the formation
of proBNP1—108. Subsequently, proBNP108 is enzymatically
cleaved to biologically active BNP1—32 (BNP) and biologically
inactive NT-proBNP1—76 (NT-proBNP) [14]. BNP and NT-
proBNP have differential modes of clearance. BNP is cleared
by receptor-mediated binding and removal by natriuretic
peptide receptor-C as well as through the activity of neutral
endopeptidases [15,16]. On the other hand, NT-proBNP lacks
active clearance mechanisms and is cleared by organ beds
with large degrees of blood flow such as kidneys [14]. There-
fore, the NT-proBNP levels, rather than BNP, are thought to
be associated with renal function as well as age and gen-
der differences [17,18]. In the present study, prevalence
of CKD stages from I to III was identical between the CAD
patients and the age- and gender-matched controls. More-
over, higher NT-proBNP level may reflect subclinical levels of
ventricular systolic or diastolic dysfunctions. However, NT-
proBNP levels were significantly high even in CAD patients
with no history of confounding factors for ventricular func-
tion such as HT, DM, CHF, MI, and coronary revascularization
when compared to the apparently healthy subjects. There-
fore, ventricular dysfunction and renal insufficiency may not
sufficiently explain elevation of the NT-proBNP levels in CAD
patients.

Previous studies have reported that NT-proBNP level pre-
dicts cardiovascular events, independent of traditional risk
factors in patients with stable CAD [7,10]. The present study
also demonstrated that the higher NT-proBNP level is an
independent predictor of MACE even in CAD patients who
have undergone elective DES implantation. After the adjust-
ment of factors such as age and DM, higher NT-proBNP levels
were still found to be significant for MACE. The reason why
elevations of NT-proBNP levels predict future cardiovascular
events may reflect subclinical levels of inducible ischemia
[19]. Natriuretic peptides are secreted from the ventricle
in response to ventricular stress from volume and pres-
sure overload. Therefore, elevations of NT-proBNP level may
reflect adverse hemodynamic alterations. This can proba-
bly explain the mechanism by which elevation of NT-proBNP
level is associated with CAD, as discussed above. It has
been reported that elevations of NT-proBNP level may also
reflect vascular dysfunction, in which the natriuretic pep-
tides produce the proliferation of vascular smooth muscle
cells and change its contractility [10,20]. We did not study
these vascular functions in the present study. Clinical studies
to investigate the association between NT-proBNP level and

vascular function (e.g. flow-mediated dilatation of brachial
artery) are required in the future.

Different prognostic values have been reported between
BNP and NT-proBNP [6,21]. Compared to BNP, higher
NT-proBNP level is superior in predicting mortality and
309

orbidity in patients with CHF [6] and in patients with stable
AD [21]. NT-proBNP is more stable than BNP in the blood
tream due to lack of both biological activity and active
learance mechanisms. Indeed, BNP and NT-proBNP have
ifferent half-lives, which are 20 min and 120 min, respec-
ively. In addition, NT-proBNP is stable for at least 72 h in
hole blood at room temperature and requires no additives

17]. In this study, we could not elucidate the difference
n clinical significances between BNP and NT-proBNP. Nev-
rtheless, a single measurement of NT-proBNP level may
rove to be a sensitive and an accurate marker to pre-
ict future cardiovascular risks in patients with stable CAD.
owever, further studies are needed to elucidate this prob-
bility.

The following are some limitations in our study. Firstly, it
s a single center study with a small sample size. However,
e prospectively enrolled consecutive CAD patients, who
ad undergone elective DES implantation and observed a
ignificant association between NT-proBNP levels and MACE.
tudies with larger sample size are needed to confirm this
ssociation. Secondly, we did not measure the plasma NT-
roBNP levels during the follow-up period as we needed to
larify the meaning of reassessment. Thirdly, the plasma NT-
roBNP level might have been affected by the treatments,
ncluding the use of antiplatelets, anti-hypertensive agents,
nd lipid-lowering drugs; however, the prevalence of medi-
ations at baseline was not significantly different between
he patients with and without MACE. Fourthly, the detailed
ata of systolic and diastolic functions evaluated by echocar-
iography were not available for all subjects. The values of
eft ventricular ejection fraction were identical for the two
roups. In addition, a higher NT-proBNP level was a still sig-
ificant factor for MACE after the adjustment of risk factors,
hich may link to ventricular function such as age, HT, and
M.

onclusions

hese results demonstrated that the measurement of plasma
T-proBNP level may be useful in identifying high-risk sub-
ects among CAD patients who have undergone elective DES
mplantation.
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