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Additive prognostic value of NT-proBNP over TIMI risk score
in intermediate-risk patients with acute coronary syndrome

Akut koroner sendromlu orta riskli hastalarda NT-proBNP’nin
TIMI risk skoruna prognostik katkisi

Nihan Kahya Eren, M.D., Faruk Ertas, M.D., Umit Yiiksek, M.D., Cayan Cakir, M.D.,
Cem Nazli, M.D., Mehmet Késeoglu, M.D.,' Oktay Ergene, M.D.

Departments of Cardiology and 'Biochemistry, izmir Atatirk Training and Research Hospital, izmir

Objectives: We evaluated the prognostic value of N-terminal
pro-brain natriuretic peptide (NT-proBNP) for further risk
stratification of intermediate-risk patients with non-ST
elevation acute coronary syndromes (NSTE-ACS).

Study design: The study included 137 intermediate-risk
patients (85 men, 52 women; mean age 62+11 years) with
ACS, based on the TIMI risk score (scores 3 to 5). Serum
NT-proBNP levels were measured 12 hours after the last
anginal episode. The patients were divided into four groups
according to the following NT-proBNP quartiles: 17-310 pg/ml
(n=34), 313-688 pg/ml (n=35), 724-2,407 pg/ml (n=34), and
2,575-24,737 pg/ml (n=34). Primary endpoint of the study
was mortality. The mean follow-up was 21.8+7.1 months.
Results: There were 27 deaths (19.7%), 14 of which were in
the 4th quartile (4th vs 1st, 2nd, and 3rd quartiles: p=0.02,
p=0.01, and p<0.01, respectively). The first three quartiles
did not differ significantly in this respect. In Kaplan-Meier
analysis, patients in the 4th quartile had the lowest cumula-
tive survival (log rank test, 4th vs 1st, 2nd, and 3rd quartiles:
p=0.041, p=0.026, and p=0.009, respectively). NT-proBNP
level was significantly higher in nonsurvivors than in survi-
vors (p=0.01). In univariate analysis, mortality was also asso-
ciated with the TIMI risk score, ejection fraction, and age.
Patients who died were older (65.6+11.9 years vs 60.7+11.0
years; p=0.048) and had a lower ejection fraction (46.3+11%
vs 54.1+£9.8%; p<0.001) than patients who survived. Mortality
rates corresponding to TIMI risk scores of 3, 4, and 5 were
25.9%, 29.6%, and 44.4%, respectively (p=0.58 for TIMI 3 vs
4; p=0.001 for TIMI 3 vs 5; p=0.013 for TIMI 4 vs 5). Cox pro-
portional hazards regression analysis showed that only TIMI
risk score was an independent predictor of mortality (hazard
ratio 2.3, 95% confidence interval 1.4-3.8, p=0.001).
Conclusion: NT-proBNP has an additive predictive value
over TIMI risk score in predicting long-term mortality in
intermediate-risk patients with ACS.

Key words: Angina, unstable; biological markers; coronary dis-
ease; natriuretic peptide, brain; prognosis; risk assessment.

Amac: N-terminal pro-beyin natriuretik peptid (NT-proBNP)
duzeyinin, orta riskli olarak siniflandiriimig, ST yukselmesi
olmayan akut koroner sendromlu (NSTE-AKS) hastalarda
daha ileri risk derecelendirmesine katkisi arastirild.
Calisma plani: Calismaya TIMI risk skoruna gére orta
riske (skor 3-5) sahip, NSTE-AKS’li 137 hasta (85 erkek,
52 kadin; ort. yas 62+11) alindi. Son angina ataginin 12.
saatinde alinan kan 6&rneklerinde serum NT-pro BNP
dizeyi 6lculdi ve hastalar NT-proBNP dUzeyine gére dort
ceyrege (kuartil) aynldi: 17-310 pg/ml (n=34), 313-688 pg/
ml (n=35), 724-2,407 pg/ml (n=34) ve 2,575-24,737 pg/ml
(n=34). Hastalar ¢alismanin birincil sonlanim noktasi olan
mortalite agisindan ortalama 21.8+7.1 ay takip edildi.

Bulgular: Yirmi yedi (%19.7) élimle karsilasildi: bunlarin
14’0 dérdincu ceyrekte idi (4. ¢ceyrege gore 1, 2, 3. gcey-
rekler igin sirasiyla p=0.02, p=0.01 ve p<0.01). Oliimler
acisindan ilk G¢ ceyrek arasinda anlaml farkhlik gérilmedi.
Kaplan-Meier analizinde en dusuk kimiulatif sagkalim yine
dordiinci geyrekte goriildi (4. ceyrege gore 1, 2, 3. ceyrekler
icin sirasiyla, log rank testi, p=0.041, p=0.026 ve p=0.009).
NT-proBNP dizeyi 6len hastalarda, yasayanlardan anlamli
derecede yiksekti (p=0.01). Tekdegiskenli analizde, mor-
talite ayrica TIMI risk skoru, ejeksiyon fraksiyonu ve yas ile
de iliskili bulundu. Olen hastalar, yasayanlardan daha ileri
yastaydi (ort. yas 65.6+11.9 ve 60.7+11.0; p=0.048) ve ejek-
siyon fraksiyonu daha dislktl (%46.3+11 ve %54.1+9.8;
p<0.001). TIMI risk skoru 3, 4, 5 olan hastalarda mortalite
orani siraslyla %25.9, %29.6 ve %44.4 bulundu (TIMI 3-4
icin p=0.58; TIMI 3-5 i¢in p=0.001; TIMI 4-5 i¢in p=0.013).
Cox oransal risk analizinde sadece TIMI risk skoru mortalite
icin bagimsiz éngdrdiriict olarak bulundu (risk orani 2.3,
%95 glven araligr 1.4-3.8, p=0.001).

Sonug: Orta riskli AKS hastalarinda NT-proBNP, uzun
dénem mortalitenin éngoérilmesinde TIMI risk skoruna ek
bilgi saglamaktadir.

Anahtar sézctikler: Angina, kararsiz; biyolojik belirteg; koroner
hastalik; natrilretik peptid, beyin; prognoz; risk degerlendirmesi.
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Unstable coronary artery disease, i.e., unstable angina
and non-ST elevation myocardial infarction, is the
most common cause of admission to coronary care
units, accounting for 60-70% of all admissions due
to acute coronary syndromes (ACS).'”! Patients with
non-ST elevation acute coronary syndromes (NSTE-
ACS) constitute a heterogeneous group that varies
widely regarding the severity of the underlying coro-
nary artery disease (CAD), prognosis, and response to
treatment. Risk stratification of patients with NSTE-
ACS is mandatory to initiate appropriate medical and
invasive therapies. Among several scoring systems
proposed to assess this heterogeneous group, the
TIMI risk score is one of the most frequently used
systems.®! Patients with the highest risk for subse-
quent events usually benefit the most from an intensi-
fied pharmacological treatment and early mechanical
intervention.*-%! On the other hand, it is often difficult
to further improve the prognosis of low-risk patients,
and these patients usually benefit more from a con-
servative management presenting a lower risk for side
effects. However, for intermediate-risk patients, it is
still not clear which would benefit more from invasive
therapies or from a conservative strategy.

Brain natriuretic peptide (BNP) and N-terminal
pro-brain natriuretic peptide (NT-proBNP) have
shown promise for risk stratification of patients with
NSTE-ACS.3! In NSTE-ACS, high levels of these
markers have been associated with a two- to three-
fold greater risk for death at 10 months.® In this study,
we hypothesized that NT-proBNP could be used to
identify a higher-risk subgroup among intermediate-
risk ACS patients.

PATIENTS AND METHODS

Patient selection. Between June 2004 and June 2006,
a total of 168 patients were admitted to the cardiology
department of our hospital, a tertiary center, with the
diagnosis of NSTE-ACS. Of these, 31 patients (18.5%)
were lost to follow-up. The remaining 137 patients (85
men, 52 women; mean age 62+11 years) comprised
the study group. Baseline clinical characteristics of
the patients are shown in Table 1.

Inclusion criteria were as follows: (i) the presence
of typical cardiac ischemic chest pain and/or ECG
changes including ST-segment depression or T-wave
inversion associated with chest pain, and/or (ii) raised
troponin I levels (>0.04 ng/ml), and (iii) a TIMI risk
score of 3 to 5.

The TIMI risk score for each patient was the sum
of seven variables, assigned 1 point for each existing

variable: age =65 years, =3 risk factors for coronary
artery disease, use of aspirin within the past 7 days,
known coronary artery stenosis =50%, =2 episodes of
angina within the past 24 hours, ST-segment deviation,
and elevated cardiac biomarkers. In patients without a
prior coronary angiogram to conclude coronary artery
stenosis, 1 point was accorded to a history of myocar-
dial infarction or coronary revascularization as sug-
gested by the authors of the TIMI risk score.l'*!3!

As the release of NT-proBNP is markedly increased
in patients with heart failure due to diastolic dysfunc-
tion or systolic dysfunction, and in patients with severe
renal impairment,'® patients presenting with heart fail-
ure symptoms or signs, with a previous history of heart
failure, or those with a serum creatinine level >2 mg/dl
were excluded to eliminate these confounding factors.

All patients received standard treatment as rec-
ommended for ACS including aspirin, clopidogrel,
low-molecular weight heparin, glycoprotein IIb/IIla
inhibitors, ACE inhibitors, beta-blockers, and statins
as appropriate.l'’! Patients were submitted to coronary
angiography (CAG) and/or revascularization at the
discretion of the treating physician, taking the related
guidelines into consideration.'”! Angiographic data
were recorded. Severe stenosis was defined as 70%
or more stenosis in one of the three major coronary
arteries (i.e. left anterior descending, circumflex, and
right coronary arteries) or 50% or more stenosis of the
main coronary artery.

The study was approved by the local research eth-
ics committee and all patients gave informed consent
to participation.

Follow-up. After admission, complete physical exam-
ination was performed and blood chemistry was
assessed. The patients were evaluated by two-dimen-
sional and Doppler echocardiography for left ven-
tricular function on the second day of admission.

Table 1. Baseline clinical characteristics of the patients

n % Mean+SD
Age 61.7+11.3
Male 85 62.0
Female 52 38.0
Hypertension 69 50.4
Diabetes mellitus 40 29.2
Hypercholesterolemia 76 55.5
Smoking 56 40.9
Horizontal ST depression 87 63.5
Coronary artery disease 61 445
Troponin | (>0.04 ng/ml) 112 818
NT-proBNP (pg/ml) 2209+3739




Additive prognostic value of NT-proBNP over TIMI risk score in intermediate-risk patients with acute coronary syndrome 3

Patients were followed up for a mean of 21.8+7.1
months on the basis of outpatient visits or telephone
contact. We defined the primary endpoint as mortal-
ity from all causes.

Measurement of blood NT-proBNP levels.
NT-proBNP levels are subject to marked dynamic
changes in patients with NSTE-ACS."¥ Natriuretic
peptides rise continuously during the first 24 hours
after the onset of ischemia.'”! A recent meta-analysis
demonstrated that the prognostic value of natriuretic
peptide measurement was similar when blood was
obtained at the time of first patient contact or in the
following hours or days after admission.*” In order to
standardize NT-proBNP levels, blood samples were
collected 12 to 18 hours after the last anginal episode.
Blood samples were drawn into standard sampling
tubes. All samples were centrifuged within one hour
at 2,000 rpm for 20 minutes. Serum and plasma were
obtained and stored at -20 °C and all samples were
processed within six months after sampling using the
Roche Diagnostic NT-proBNP assay on an Elecsys
2010 analyzer.

Statistical analysis. Patients were categorized into
quartiles according tothe NT-proBNP levels. Continuous
variables were presented as mean =+ standard deviation
or median, as appropriate, and categorical variables
as percentages. Differences in categorical baseline
variables between the NT-proBNP quartiles were
evaluated with the chi-square test or Fisher’s exact
test. Differences in continuous variables between the
NT-proBNP quartiles were evaluated with one-way
analysis of variance and further with post hoc pro-
cedures. Differences between the survival and non-
survival groups were analyzed by an unpaired t-test
or Mann-Whitney U-test for continuous variables as
appropriate, and chi-square test for categorical vari-
ables. Correlations between two continuous variables
were sought using the Pearson correlation coefficient
or Spearman rank correlation coefficient if variables
were not normally distributed. Association of various
variables with mortality was assessed using the Cox
proportional hazards model. Cumulative survival rates
were calculated using the Kaplan-Meier method and
the differences were determined using the log-rank
test. Data were analyzed using the SPSS (version 14.0)
statistical package, and a p value of less than 0.05 was
considered to be statistically significant.

RESULTS

Patients were categorized into quartiles according to
the NT-proBNP levels, which were 17-310 pg/ml (st

quartile, n=34), 313-688 pg/ml (2nd quartile, n=35),
724-2407 pg/ml (3rd quartile, n=34), and 2,575-
247737 pg/ml (4th quartile, n=34). Table 2 shows
baseline characteristics according to the quartiles.
Patients in the highest quartile were older and exhib-
ited a higher female ratio (p<0.001). Local wall
motion abnormality was more frequent (p=0.008) and
ejection fraction tended to decrease (p<0.001) in the
upper quartiles. There were no significant differences
between the quartiles with regard to troponin level,
TIMI risk score (3 to 5), history of coronary artery
disease, cardiovascular risk factors (hypertension,
diabetes, hypercholesterolemia, smoking), or treat-
ment at discharge. However, a separate analysis taking
NT-proBNP as a continuous variable showed a posi-
tive correlation between troponin I and NT-proBNP
levels (r=0.336, p<0.001).

Of the study group, 118 patients (86.1%) under-
went coronary angiography. Baseline angiographic
findings are presented in Table 2. NT-proBNP level
was correlated with the extent of CAD (r=0.236,
p=0.01). NT-proBNP levels were significantly higher
in patients with three-vessel disease (1,849 ng/ml) than
in patients with single- (564 ng/ml) or two-vessel (477
ng/ml) disease (p=0.009 and p=0.002, respectively).
Three-vessel disease was significantly more prevalent
in the 4th quartile compared to the other quartiles
(p=0.01). After CAG, 48 patients (40.7%) underwent
percutaneous coronary intervention, one of which
was unsuccessful, 34 patients (28.8%) underwent
coronary artery bypass grafting (CABG) surgery, and
36 patients (30.5%) were treated medically. In the lat-
ter group, 13 patients had noncritical atherosclerotic
lesions, 15 patients had significant stenosis that were
not suitable for revascularization, and eight patients
refused surgery or died before the planned date of
surgery. Nineteen (13.9%) patients were not submitted
to CAG and revascularization due to comorbidities
and advanced age (n=10), patient’s refusal to invasive
strategy (n=6), and lack of social security (n=3). These
patients were older (70.5+11.6 vs 60.5+£10.8; p<0.001)
and had significantly higher NT-proBNP levels com-
pared to those undergoing CAG (3,518 ng/ml vs 605
ng/ml; p<0.001). Baseline NT-proBNP levels accord-
ing to the revascularization status of the patients are
given in Table 3.

Concerning the TIMI risk score, 60 patients
(43.8%) met three variables, 50 patients (36.5%)
met four variables, and 27 patients (19.7%) met five
variables. Patients with a TIMI risk score of 5 had
higher NT-proBNP levels than those with a TIMI
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Table 2. Baseline characteristics and angiographic data according to the quartiles

1st quartile (n=34)

2nd quartile (n=35)

3rd quartile (n=34)  4th quartile (n=34)

%  MeantSD % Mean+SD %  MeantSD %  Mean+SD P

Age (years) 571+11.5 59.4+9.6 61.3+11.1 69.0+9.4 <0.001
Women 1.5 19.2 26.9 42.3 <0.001
Hypertension 58.8 48.6 55.9 67.6 0.45
Diabetes mellitus 17.6 34.3 29.4 35.3 0.35
Hyperlipidemia 471 65.7 52.9 55.9 0.46
Smoking 52.9 42.9 441 25.3 0.09
Aspirin the last 7 days 67.6 60.0 50.0 441 0.22
ST-segment depression 55.9 68.6 55.9 73.5 0.31
Known coronary artery disease 41.2 571 471 324 0.20
Anginal attacks (n=2) 88.2 60.0 64.7 41.2 0.001
Troponin | (ng/ml) 1.2+3.4 1.4+1.8 3.6+7.5 22+23 0.10
TIMI risk scoring 0.31

TIMI 3 471 40.0 471 41.2

TIMI 4 471 371 324 294

TIMI 5 5.9 22.9 20.6 294
Ejection fraction (%) 57.5+6.8 54.9+9.0 48.8+12.1 48.9+10.7 <0.001
Local wall motion abnormality ~ 35.3 54.3 70.6 70.6 0.008
Treatment at discharge

Aspirin 100.0 971 971 971 0.79

Beta-blocker 79.4 82.9 85.3 85.3 0.90

ACE inhibitor 82.4 74.3 88.2 79.4 0.51

Statin 58.8 771 67.6 76.5 0.30

Nitrate 70.6 71.4 67.6 61.8 0.82

Calcium channel blocker 8.8 22.9 5.9 5.9 0.07
Angiographic findings (n=118)
Extent of coronary artery disease 0.01

No severe stenosis 17.6 3.0 10.7 91

1-vessel disease 41.2 27.3 50.0 18.2

2-vessel disease 29.4 48.5 28.6 13.6

3-vessel disease 11.8 21.2 10.7 59.1
Left main coronary artery disease 2.9 6.1 3.6 0 0.69

risk score of 3 or 4 (for TIMI 5 vs 3: 2,024 ng/ml
vs 729 ng/ml, p=0.013; for TIMI 5 vs 4: 2,024 ng/
ml vs 634 ng/ml, p=0.011).

Adverse events. During the follow-up period,
there were 27 (19.7%) deaths, two of which (1.5%)
occurred during hospital stay. One of the in-hospital
deaths occurred after CABG surgery. Mortality rates
were higher in patients who were not submitted to

CAG and revascularization, in patients who refused
CABG surgery, and in those awaiting the time of
surgery (p<0.001; Table 3).

According to the NT-proBNP quartiles, there were
five deaths (14.7%) in the 1st quartile, five deaths
(14.3%) in the 2nd quartile, three deaths (8.8%) in
the 3rd quartile, and 14 deaths (41.2%) in the 4th
quartile. Mortality was significantly higher in the 4th

Table 3. Mortality rates and baseline NT-proBNP levels according to the revascularization status of the patients

n Mortality % P NT-proBNP (ng/ml)* p

Percutaneous coronary intervention (+) 47 4 8.5 0.000 510 0.000
Coronary artery bypass grafting (+) 34 2 5.9 634
Medical treatment after coronary angiography

Noncritical stenoses or lesions 29 4 13.8 750

not suitable for revascularizationt

Refused CABG surgery 8 75.0 2,204

Conservative strategy 19 11 57.9 2,774

tOne patient with unsuccessful PCl is included in this group. *Median values.
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Figure 1. Survival functions.

quartile (for 1st vs 4th quartile: p=0.02; for 2nd vs 4th
quartile: p=0.01; for 3rd vs 4th quartile: p<0.01), but
the first three quartiles did not differ significantly in
this respect.

Kaplan-Meier curves showing the relationship
between the cumulative survival and NT-proBNP
quartiles are presented in Fig. 1. Patients in the 4th
quartile had the lowest cumulative survival (log rank
test, p=0.041 for 4th vs 1st quartile; p=0.026 for 4th
vs 2nd quartile; p=0.009 for 4th vs 3rd quartile).
NT-proBNP level was significantly higher in nonsur-
vivors than in survivors (3,241 vs 619 ng/ml; p=0.01).

In univariate analysis, mortality was also associated
with the TIMI risk score, ejection fraction, and age.
Patients who died were older than patients who survived
(65.6+11.9 years vs 60.7+11.0 years; p=0.048). Based on
the TIMI risk score, there were seven deaths (25.9%)
in patients with a score of 3, eight deaths (29.6%) in
patients with a score of 4, and 12 deaths (44.4%) in
patients with a score of 5. Patients with a TIMI risk
score of 5 had a higher mortality rate than patients
with scores of 4 or 3 (p=0.58 for TIMI 3 vs 4; p=0.001
for TIMI 3 vs 5; p=0.013 for TIMI 4 vs 5). Ejection
fraction was lower in patients who died than those who
survived (46.3+11% vs 54.1+9.8%; p<0.001).

Cox proportional hazards regression analysis that
included baseline variables that were associated with
mortality in univariate analysis showed that only TIMI
risk score was an independent predictor of mortality
(HR 2.3, 95% confidence interval 1.4-3.8, p=0.001; p
values for NT-proBNP quartiles, age, and ejection frac-
tion were 0.066, 0.052, and 0.074 respectively).

DISCUSSION

In the present study, the role of NT-proBNP for fur-
ther risk stratification was investigated in patients
with NSTE-ACS having an intermediate-risk profile
(TIMI risk score of 3 to 5). Mortality in the 4th
BNP quartile was significantly higher than the lower
quartiles and patients who died had significantly high-
er NT-proBNP levels than patients who survived.

Several studies have shown that there is a strong and
independent association between BNP or NT-proBNP
levels and mortality in NSTE-ACS."3! Although the
results of this study were in line with previous studies
with respect to the association between mortality and
NT-proBNP, our data demonstrated that the degree of
this association was not so strong among NSTE-ACS
patients having an intermediate risk profile. Some
explanations for this discrepancy may be offered. First
of all, patients were selected after being categorized
with the TIMI risk score and only those having a risk
score of 3 to 5 were included. Therefore, patients were
already assigned to an intermediate-risk group by
a scoring system validated by large clinical trials.!
Secondly, in the majority of previous studies, higher
BNP levels were found to be related to comorbidi-
ties such as age, hypertension, diabetes mellitus, and
hypercholesterolemia.?! The reason for the strong
association between BNP level and mortality in
unstable CAD is not fully understood, but one reason
may be that BNP level also increases in the presence
of comorbidities which are all associated with a worse
prognosis.”!! In our study, there were no differences
between the NT-proBNP quartiles with respect to
major cardiovascular risk factors (i.e., hypertension,
diabetes mellitus, hypercholesterolemia, smoking,
and known CAD), which might have reduced the
strength of association between NT-proBNP and
mortality. Thirdly, in this prospective observational
study, some patients underwent revascularization
and some patients did not. One of the suggested
pathophysiologic mechanisms underlying the increase
in BNP levels during ACS is the severity of ischemic
insult.”"! Therefore, timely performed revasculariza-
tion may have reduced the prognostic power of high
NT-proBNP level and the strength of association
between mortality and NT-proBNP.

NT-proBNP is released in response to increased
intraventricular pressure or wall tension. Levels of
NT-proBNP correlate with left ventricular dilatation,
remodeling, and dysfunction in patients presenting
with acute myocardial infarction.”>?*! Hence, it seems
that elevated BNP levels reflect a greater degree of
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myocardial dysfunction and are associated with a
greater risk for death. However, association between
elevated NT-proBNP levels and mortality has been
found to be independent of heart failure or left ven-
tricular ejection fraction.’811:1324 Elevated levels of
natriuretic peptides have been documented in patients
with ACS in the absence of detectable myocar-
dial necrosis.”™ These data indicate that mechanisms
other than left ventricular dysfunction play a role in
NT-proBNP elevations in ACS. Several studies have
suggested that elevated BNP levels may be a marker of
the extent and severity of ischemia. Brain natriuretic
peptide levels have been shown to increase transiently
after exercise in patients with stable angina pectoris
and correlate with the size of ischemic territory dur-
ing nuclear stress imaging.”” Sadanandan et al.l*
demonstrated that elevated BNP levels in patients
with NSTE-ACS were associated with a tighter culprit
lesion diameter stenosis. Palazzuoli et al.*®! found that
patients with 3- or 4-vessel disease had higher BNP
levels than patients with 1- or 2-vessel disease among
patients with stable angina pectoris and NSTE-ACS
with preserved systolic function. Our results are in
accordance with these studies. In our study, 3-vessel
disease was significantly more prevalent in the 4th
quartile, and patients with 3-vessel disease had sig-
nificantly higher NT-proBNP levels than patients with
1- or 2-vessel disease.

In accordance with the previous studies, segmen-
tal wall motion abnormality was more prevalent and
ejection fraction was lower in the upper quartiles,
both of which might reflect permanent left ventricular
dysfunction secondary to myocardial necrosis or tem-
porary left ventricular dysfunction secondary to acute
ischemic insult, with its magnitude related to the size
of the jeopardized myocardium.

The TIMI risk score was developed and adapted
for patients with unstable angina.®! The usefulness
of this score has been validated by the results of
the PRISM-PLUS and TACTICS-TIMI 18 trials.’!
These studies indicated that a positive troponin test,
among all other variables, was the most impor-
tant predictor of outcome and imposed therapeutic
implications.””! Additional biomarkers have been
investigated to increase the predictive accuracy of the
score. Tello-Montoliu et al.?® investigated the role of
NT-proBNP, C-reactive protein (CRP), troponin T,
and D-dimer in improving the predictive accuracy
of the TIMI risk score in patients with NSTE-ACS.
Troponin T, CRP and NT-proBNP were all predictors
of adverse events. In all patient groups with a low,

moderate or high risk profile based on the TIMI risk
score, the presence of two or three elevated biomark-
ers increased the event rate twofold in comparison
with no or one elevated biomarker. They also found
positive correlations between these biomarkers. In
our study, the only independent predictor of mortal-
ity was the TIMI risk score. High NT-proBNP levels
were associated with mortality. However, there was no
association between mortality and troponin I eleva-
tion. This may be explained by the relatively small
number of patients without troponin I elevation (n=25,
18.3%), which might have reduced the discriminative
value of troponin I for prediction of mortality between
the two groups. On the other hand, we found a posi-
tive correlation between NT-proBNP and troponin I,
which can be explained by the infarct size. We feel
that incorporation of CRP, in addition to NT-proBNP,
into the TIMI risk score might have improved the
prognostic accuracy of the TIMI risk score.

In conclusion, these data suggest that increased
NT-proBNP level is a weak-moderate predictor of
long-term mortality and has an additive prognostic
value over TIMI risk score in ACS patients with an
intermediate risk profile. NT-proBNP is also associ-
ated with the extent and severity of myocardial isch-
emia in this group of patients.

Study limitations. In this prospective observational
study, some patients underwent percutaneous coro-
nary intervention, some patients had CABG, and some
only had medical therapy. Revascularization time also
varied among patients especially in those whose
revascularization procedure was surgery scheduled
at a later time than the index event. These differ-
ences might have affected event rates. The number of
patients was also small; thus, the association of the
studied variables with the prognosis should be inter-
preted cautiously.

REFERENCES

1. Fox KA, Goodman SG, Klein W, Brieger D, Steg PG,
Dabbous O, et al. Management of acute coronary syn-
dromes. Variations in practice and outcome; findings
from the Global Registry of Acute Coronary Events
(GRACE). Eur Heart J 2002;23:1177-89.

2. Hasdai D, Behar S, Wallentin L, Danchin N, Gitt AK,
Boersma E, et al. A prospective survey of the characteris-
tics, treatments and outcomes of patients with acute coro-
nary syndromes in Europe and the Mediterranean basin;
the Euro Heart Survey of Acute Coronary Syndromes
(Euro Heart Survey ACS). Eur Heart J 2002;23:1190-201.

3. Antman EM, Cohen M, Bernink PJ, McCabe CH,
Horacek T, Papuchis G, et al. The TIMI risk score for



Additive prognostic value of NT-proBNP over TIMI risk score in intermediate-risk patients with acute coronary syndrome 7

10.

11

12.

13.

14.

unstable angina/non-ST elevation MI: A method for
prognostication and therapeutic decision making. JAMA
2000;284:835-42.

. Cannon CP, Weintraub WS, Demopoulos LA, Vicari R,

Frey MJ, Lakkis N, et al. Comparison of early invasive
and conservative strategies in patients with unstable
coronary syndromes treated with the glycoprotein ITb/I1la
inhibitor tirofiban. N Engl J Med 2001;344:1879-87.
Diderholm E, Andrén B, Frostfeldt G, Genberg M,
Jernberg T, Lagerqvist B, et al. The prognostic and
therapeutic implications of increased troponin T levels
and ST depression in unstable coronary artery disease:
the FRISC II invasive troponin T electrocardiogram
substudy. Am Heart J 2002;143:760-7.

Lagerqvist B, Husted S, Kontny F, Stahle E, Swahn E,
Wallentin L, et al. 5-year outcomes in the FRISC-II
randomised trial of an invasive versus a non-invasive
strategy in non-ST-elevation acute coronary syndrome:
a follow-up study. Lancet 2006;368:998-1004.

de Lemos JA, Morrow DA, Bentley JH, Omland T,
Sabatine MS, McCabe CH, et al. The prognostic value
of B-type natriuretic peptide in patients with acute
coronary syndromes. N Engl J Med 2001;345:1014-21.

. Morrow DA, de Lemos JA, Sabatine MS, Murphy SA,

Demopoulos LA, DiBattiste PM, et al. Evaluation of
B-type natriuretic peptide for risk assessment in unsta-
ble angina/non-ST-elevation myocardial infarction:
B-type natriuretic peptide and prognosis in TACTICS-
TIMI 18.J Am Coll Cardiol 2003;41:1264-72.
Sabatine MS, Morrow DA, de Lemos JA, Gibson CM,
Murphy SA, Rifai N, et al. Multimarker approach to risk
stratification in non-ST elevation acute coronary syn-
dromes: simultaneous assessment of troponin I, C-reactive
protein, and B-type natriuretic peptide. Circulation 2002;
105:1760-3.

Jernberg T, Stridsberg M, Venge P, Lindahl B. N-terminal
pro brain natriuretic peptide on admission for early risk
stratification of patients with chest pain and no ST-segment
elevation. ] Am Coll Cardiol 2002;40:437-45.

. Omland T, Persson A, Ng L, O’Brien R, Karlsson T,

Herlitz J, et al. N-terminal pro-B-type natriuretic peptide
and long-term mortality in acute coronary syndromes.
Circulation 2002;106:2913-8.

James SK, Lindahl B, Siegbahn A, Stridsberg M, Venge
P, Armstrong P, et al. N-terminal pro-brain natriuretic
peptide and other risk markers for the separate predic-
tion of mortality and subsequent myocardial infarction
in patients with unstable coronary artery disease: a
Global Utilization of Strategies To Open occluded arter-
ies (GUSTO)-1V substudy. Circulation 2003;108:275-81.
Jernberg T, Lindahl B, Siegbahn A, Andren B, Frostfeldt
G, Lagerqvist B, et al. N-terminal pro-brain natriuretic
peptide in relation to inflammation, myocardial necrosis,
and the effect of an invasive strategy in unstable coronary
artery disease. J Am Coll Cardiol 2003;42:1909-16.
Scirica BM, Cannon CP, Antman EM, Murphy SA,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Morrow DA, Sabatine MS, et al. Validation of the
thrombolysis in myocardial infarction (TIMI) risk
score for unstable angina pectoris and non-ST-elevation
myocardial infarction in the TIMI III registry. Am J
Cardiol 2002;90:303-5.

Morrow DA, Antman EM, Snapinn SM, McCabe CH,
Theroux P, Braunwald E. An integrated clinical approach
to predicting the benefit of tirofiban in non-ST elevation
acute coronary syndromes. Application of the TIMI Risk
Score for UA/NSTEMI in PRISM-PLUS. Eur Heart J
2002;23:223-9.

White HD, French JK. Use of brain natriuretic peptide
levels for risk assessment in non-ST-elevation acute coro-
nary syndromes. ] Am Coll Cardiol 2003;42:1917-20.
Braunwald E, Antman EM, Beasley JW, Califf RM,
Cheitlin MD, Hochman JS, et al. ACC/AHA 2002 guide-
line update for the management of patients with unsta-
ble angina and non-ST-segment elevation myocardial
infarction-summary article: a report of the American
College of Cardiology/American Heart Association
task force on practice guidelines (Committee on the
Management of Patients With Unstable Angina). ] Am
Coll Cardiol 2002;40:1366-74.

Lindahl B, Lindbéck J, Jernberg T, Johnston N, Stridsberg
M, Venge P, et al. Serial analyses of N-terminal pro-B-
type natriuretic peptide in patients with non-ST-segment
elevation acute coronary syndromes: a Fragmin and
fast Revascularisation during In Stability in Coronary
artery disease (FRISC)-II substudy. J Am Coll Cardiol
2005;45:533-41.

Talwar S, Squire IB, Downie PF, McCullough AM,
Campton MC, Davies JE, et al. Profile of plasma
N-terminal proBNP following acute myocardial infarc-
tion; correlation with left ventricular systolic dysfunction.
Eur Heart J 2000;21:1514-21.

Galvani M, Ferrini D, Ottani F. Natriuretic peptides
for risk stratification of patients with acute coronary
syndromes. Eur J Heart Fail 2004;6:327-33.

Jernberg T, James S, Lindahl B, Johnston N, Stridsberg
M, Venge P, et al. Natriuretic peptides in unstable coro-
nary artery disease. Eur Heart J 2004;25:1486-93.

de Lemos JA, Morrow DA. Brain natriuretic peptide
measurement in acute coronary syndromes: ready for
clinical application? Circulation 2002;106:2868-70.
Richards AM, Nicholls MG, Yandle TG, Frampton
C, Espiner EA, Turner JG, et al. Plasma N-terminal
pro-brain natriuretic peptide and adrenomedullin: new
neurohormonal predictors of left ventricular function
and prognosis after myocardial infarction. Circulation
1998;97:1921-9.

Sadanandan S, Cannon CP, Chekuri K, Murphy SA,
Dibattiste PM, Morrow DA, et al. Association of elevat-
ed B-type natriuretic peptide levels with angiographic
findings among patients with unstable angina and non-
ST-segment elevation myocardial infarction. ] Am Coll
Cardiol 2004;44:564-8.



8 Turk Kardiyol Dern Ars

25. Marumoto K, Hamada M, Hiwada K. Increased secre- Lakkis N, et al. Ability of minor elevations of troponins
tion of atrial and brain natriuretic peptides during acute I and T to predict benefit from an early invasive strat-
myocardial ischaemia induced by dynamic exercise in egy in patients with unstable angina and non-ST eleva-
patients with angina pectoris. Clin Sci 1995;88:551-6. tion myocardial infarction: results from a randomized

26.Palazzuoli A, Deckers J, Calabro A, Campagna MS, Nuti trial. JAMA 2001;286:2405-12.

R, Pastorelli M, et al. Brain natriuretic peptide and other 28. Tello-Montoliu A, Marin F, Rold4dn V, Mainar L, L6pez
risk markers for outcome assessment in patients with MT, Sogorb F, et al. A multimarker risk stratification
non-ST-elevation coronary syndromes and preserved approach to non-ST elevation acute coronary syndrome:
systolic function. Am J Cardiol 2006;98:1322-8. implications of troponin T, CRP, NT pro-BNP and fibrin

27. Morrow DA, Cannon CP, Rifai N, Frey MJ, Vicari R, D-dimer levels. J Intern Med 2007;262:651-8.



