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atients with acute left main (LM) coronary artery dis-
ease represent a high-risk population and mortality 
of LM stenting in the setting of acute coronary syn-

dromes (ACS) is high.1–3

Montalescot et al recently reported the results of patients 
with ACS and LM disease included in the Global Registry of 
Acute Coronary Events (GRACE) between 2000 and 2007.4 
In this population, overall in-hospital mortality was 7.7%, and 
for comparison, in-hospital mortality was earlier reported to 
be 3.7% in the Expanded GRACE registry.5

LM stenting has been carried out with increasing frequency 
during the past years. Nevertheless, patients with unprotected 
LM disease still challenge the interventionist, especially in the 

setting of ACS.6,7 Therefore, a parameter allowing for risk 
stratification of this high-risk patient group may be of great 
value. Natriuretic peptides such as B-type natriuretic peptide 
(BNP) and N-terminal proBNP (NT-proBNP) have been shown 
to be of prognostic value not only in patients with chronic 
heart failure, but also in patients with stable coronary artery 
disease and those with ACS.8–10

Therefore, we aimed to examine the prognostic value of 
NT-proBNP at admission in patients with ACS undergoing 
acute LM coronary artery percutaneous coronary intervention 
(PCI).

Received January 31, 2011; revised manuscript received July 19, 2011; accepted July 22, 2011; released online September 3, 2011  Time 
for primary review: 21 days

Cardiovascular Center Cardiology, University Hospital Zurich (L.J., S.T., M.P., M.F., T.F.L., R.C.); Biostatistics Unit, Institute for Social 

and Preventive Medicine, University of Zurich (K.R.), Switzerland

The first two authors contributed equally to this work (L.J., S.T.).

Mailing address: Roberto Corti, MD, Cardiovascular Center Cardiology, University Hospital Zurich, CH-8091 Zurich, Switzerland.  E-mail: 

roberto.corti@usz.ch

ISSN-1346-9843  doi: 10.1253/circj.CJ-11-0095

All rights are reserved to the Japanese Circulation Society. For permissions, please e-mail: cj@j-circ.or.jp

Prognostic Value of N-Terminal pro-B-Type Natriuretic  
Peptide in Patients With Acute Coronary Syndromes  

Undergoing Left Main Percutaneous  
Coronary Intervention

Laurenz Jaberg, MD; Stefan Toggweiler, MD; Marietta Puck, MD; Michelle Frank, MD;  

Kaspar Rufibach, PhD; Thomas F. Lüscher, MD; Roberto Corti, MD

Background: Patients undergoing acute left main (LM) coronary artery revascularization have a high mortality 

and natriuretic peptides such as N-terminal pro-B-type (NT-proBNP) have been shown to have prognostic value in 

patients with acute coronary syndromes. The present study looked at the prognostic value of NT-proBNP in these 

patients.

Methods and Results: We studied all consecutive patients undergoing acute LM coronary artery percutaneous 

coronary intervention between January 2005 and December 2008 in whom NT-proBNP was measured (n=71). We 

analyzed the clinical characteristics and the short- and long-term outcomes in relation to NT-proBNP level at admis-

sion. Median NT-proBNP was 1,364 ng/L, ranging from 46 to 70,000 ng/L. NT-proBNP was elevated in 63 (89%) 

patients and was ≥1,000 ng/L in 42 (59%). Log NT-proBNP (hazard ratio [HR] 3.51, 95% confidence interval [CI] 

1.55–7.97, P=0.003) and left ventricular ejection fraction (HR 0.95, 95%CI 0.91–0.99, P=0.007) were predictors 

for all-cause mortality. Log NT-proBNP was the only independent significant predictor of cardiovascular mortality. 

In-hospital mortality was 0% for patients with NT-proBNP <1,000, but 17% for those with NT-proBNP ≥1,000 (P= 

0.036).

Conclusions: NT-proBNP is a strong predictor of outcome in patients undergoing acute LM coronary artery stent-

ing. Mortality in such patients is high, but those with NT-proBNP <1,000 ng/L may have a favorable short- and long-

term prognosis. Further research, including a larger patient population, is needed to determine the optimal cut-off 

value for NT-proBNP in patients undergoing acute LM coronary artery intervention.  (Circ J 2011; 75: 2648 – 2653)

Key Words: Acute coronary syndrome; Biomarker; Left main disease; Mortality; Outcome

P

ORIGINAL ARTICLE

Ischemic Heart Disease



Circulation Journal Vol.75, November 2011

2649NT-proBNP in LM PCI for ACS

Methods

Patient Population
The University Hospital Zurich is a tertiary referral clinic 
treating approximately 450 cases of ACS (ie, unstable angina 
pectoris and acute myocardial infarction [MI]) each year. Be-
tween January 2005 and December 2008, a total of 86 patients 
presenting with acute MI or unstable angina underwent acute 
LM coronary artery stenting. All patients whose NT-proBNP 
level was determined on the day of admission were included for 
analysis (n=71). There were no exclusion criteria. Data from 
in-hospital outcome were collected in all patients and a tele-
phone follow-up was carried out to assess long-term outcome. 
The study was approved by the local ethics committee. Patients 
whose NT-proBNP level was not measured presented with  
a higher creatinine at admission (123±88 and 94±33 μmol/L, 
P=0.038), had a lower peak creatine kinase and presented 
more often with a previous MI. Otherwise, patient and pro-
cedural characteristics, as well as in-hospital outcome, did 
not differ.

NT-proBNP
NT-proBNP was determined using a microparticle enzyme 
immunoassay (Roche Elecsys, Basel, Switzerland). Normal 
values of NT-proBNP were defined according to age and sexr 
as published by Galasko et al: ≤100 ng/L for males <60 years, 
≤164 ng/L for females <60 years, ≤172 ng/L for males ≥60 
years and ≤225 ng/L for females ≥60 years were considered 
normal.11

Endpoints
The following endpoints were analyzed: all-cause mortality, 
cardiovascular mortality (non-cardiovascular deaths were cen-
sored at the time of death), the need for target lesion revascu-
larization including unplanned coronary artery bypass grafting 
(CABG), MI, stent thrombosis and major bleeding, which 
was defined as intracranial or intraocular hemorrhage; any gas-
trointestinal hemorrhage; bleeding at the access site (inguinal 
hematoma ≥5 cm or requiring intervention), retroperitoneal 
bleeding; urogenital hemorrhage; a need for transfusion of 
packed red blood cells; a decrease in hemoglobin ≥4 g/dl; any 
other major bleeding. Definite stent thrombosis was defined 
according to the Academic Research Consortium classifica-
tion.12

Statistical Analysis
Statistical analysis was performed using SPSS 15 (SPSS Inc, 
Chicago, IL, USA). Continuous variables are presented as 
mean ± standard deviation or as median and interquartile ranges 
(Q1, Q3). Categorical variables are presented as absolute and 
relative frequencies. Continuous variables were compared 
between groups using Student’s t-test (parametric variables) 
and Mann-Whitney U test (non-parametric variables). Correla-
tion between lesion severity and NT-proBNP was assessed via 
Spearman’s correlation coefficient, including calculation of 
the 95% confidence interval (CI) using Fisher transformation. 
Lesion severity was visually estimated and classified as 0%, 
20%, 50%, 70%, 90%, 91–99% and 100%. Categorical vari-
ables were compared between groups with the chi-square test 

Table 1. Patient Characteristics and Procedural Details

Overall population 
(n=71)

Left main culprit lesion 
(n=35)

Non-left main culprit lesion 
(n=36)

P value*

Age (years, mean ± SD) 69±11 69±12 68±10 0.871

Male sex 49 (69%) 25 (71%) 24 (67%) 0.664

ST-elevation MI 17 (24%) 11 (31%)  6 (17%) 0.145

Diabetes mellitus 24 (34%) 9 (26%) 15 (42%) 0.155

Hypertension 51 (72%) 25 (72%) 26 (72%) 0.941

Hypercholesterolemia 44 (62%) 23 (66%) 21 (58%) 0.522

Current smoker 17 (25%)  9 (27%)  8 (24%) 0.779

Positive family history 36 (51%) 15 (42%) 21 (58%) 0.122

Prior MI 27 (38%) 17 (49%) 10 (28%) 0.071

Previous CABG 21 (30%) 15 (43%)  6 (17%) 0.016

Cardiogenic shock (Killip class IV) 17 (24%) 12 (34%)  5 (14%) 0.044

NT-proBNP (ng/L, median (Q1, Q3)) 1,364 (280, 2,797) 1,666 (370, 3,195) 883 (237, 2,092) 0.110

Peak CK (U/L, median (Q1, Q3))  297 (99, 2,191)  343 (107, 2,160) 240 (102, 2,425) 0.782

Peak troponin T (μg/L, median (Q1, Q3)) 0.7 (0.0, 4.3)　 0.7 (0.1, 4.1)　 0.6 (0.0, 4.3)　 0.771

Creatinine (μmol/L) 94±33 94±43 94±20 0.996

Clopidogrel loading dose (300–600 mg)  71 (100%)  35 (100%)  36 (100%) NA

Gp2b3a use 31 (44%) 16 (46%) 15 (42%) 0.731

Distal left main intervention 46 (65%) 27 (84%) 19 (61%) 0.039

RCA stenosis >– 70% 15 (21%)  5 (15%) 10 (30%) 0.126

Drug-eluting stent use 66 (93%) 32 (94%) 34 (94%) 1.000

Total stent length (mm, mean ± SD) 20±6　 19±5　 21±6　 0.577

LVEF (%) 52±15 49±17 54±13 0.225

LVEDP (mmHg, mean ± SD) 18±6　 18±7　 19±6　 0.208

Systolic pressure (mmHg, mean ± SD) 122±26　 119±27　 127±25　 0.953

IABP use 27 (38%) 12 (35%) 15 (42%) 0.584

*Left main vs. non-left main.
MI, myocardial infarction; CABG, coronary arterial bypass grafting; NT-proBNP, N-terminal pro-B-type natriuretic peptide; CK, creatine kinase; 
LVEF, left ventricular ejection fraction; LVEDP, left-ventricular end-diastolic pressure; IABP, intra-aortic balloon-pump.
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and Fisher’s exact test, where appropriate. Kaplan-Meier esti-
mates for time-to-event endpoints were compared using the 
log-rank test. Cox regression analyses were carried out to 
estimate hazard ratios (HR) including 95%CIs. Multivariate 
regression analysis was carried out using a stepwise back-
ward elimination process. Variables were entered into the 
model based on a significance level of 0.20 in the univariate 
analysis and removed based on a significance level of 0.10. To 
reduce the influence of large values, NT-proBNP and C-reac-
tive protein (CRP) were logarithmically transformed into log 
NT-proBNP and log CRP in regression analyses. Left ven-
tricular ejection fraction (LVEF) was included in the model  
as a continuous variable and HR is reported per % increase. 
Receiver-operating characteristic (ROC) curves were used to 
assess how well NT-proBNP discriminates between patients 
who die and patients who survive in hospital. In this explor-
atory analysis, no correction for multiple testing was done and 
all P values ≤0.05 were considered statistically significant.

Results

Patients and Procedures
A total of 71 patients (69% males) with a median age of 69 
years (interquartile range 62–77 years) were analyzed.

Median duration of hospital stay was 6 days (interquar-
tile range 2–13 days, range 1–57 days). Overall, 62% of the 
patients presented with acute MI and the remaining with 
unstable angina pectoris; 27 patients (38%) had a previous MI 
and 21 (30%) a previous CABG. A total of 17 patients (24%) 
presented in cardiogenic shock (Killip class IV). All patients 
underwent acute coronary angiography including LM coronary 
artery stenting. In total, 56 (79%) of the patients had a LM 
stenosis (≥50%). The culprit vessel was the LM coronary 
artery in 35 (49%) of the patients, the ostial left anterior descend-
ing in 12 (17%) and the ostial circumflex artery in 4 (6%) of 
the patients. In the remaining 20 patients, stenting of the cul-
prit lesion did not involve the LM coronary artery, but LM 
stenting was carried out during the same intervention because 

of relevant stenosis. Table 1 shows the patient characteristics 
and procedural details for the overall patient population and 
for patients with a LM coronary artery culprit lesion and 
for those without. As shown in Table 2, in-hospital outcome 
did not differ between these 2 patient groups. All deaths that 
occurred in hospital were cardiovascular deaths. The 1-year 
survival was 78% and 83% for patients with a LM culprit 
lesion and non-LM culprit lesion, respectively (P=0.598). 
Cardiovascular death occurred in 18% and 9% after 1 year 
(P=0.162).

NT-pro BNP
Median NT-proBNP level was 1,364 ng/L, ranging from 46 to 
70,000 ng/L (interquartile range 280–2,797 ng/L). NT-proBNP 
was elevated in 63 (89%) of the patients and was ≥1,000 ng/L 
in 42 (59%) of the patients.

NT-proBNP was significantly higher in patients with car-
diogenic shock (2,219 ng/L and 796 ng/L, for patients with and 
without cardiogenic shock, P=0.003). NT-proBNP was not sig-
nificantly higher in patients with an intra-arterial balloon pump 
(1,515 ng/L) than in those without (1,040 ng/L, P=0.275). NT-
proBNP correlated positively with severity of the LM coro-
nary artery stenosis (ρ=0.31, 95%CI 0.07–0.51, P=0.010).

Table 3 shows univariate Cox regression analysis for all-
cause mortality. Reduced LVEF and increased log NT-proBNP 
were significantly associated with an increased mortality rate. 
Log NT-proBNP (HR 4.32, 95%CI 1.43–13.00, P=0.009) and 
LVEF (HR 0.94, 95%CI 0.90–0.99, P=0.029) were signifi-
cant predictors of cardiovascular mortality. In multivariate Cox 
regression analysis using a stepwise backward elimination 
model, log NT-proBNP (HR 2.36, 95%CI 0.86–6.48, P=0.094) 
and LVEF (HR 0.96, 95%CI 0.92–1.01, P=0.099) remained in 
the model as independent predictors for all-cause mortality. 
Log NT-proBNP was the only significant independent predic-
tor of cardiovascular mortality (HR 4.09, 95%CI 1.28–13.07, 
P=0.017). We also tested Killip class as a continuous variable 
(instead of Killip class I–III vs Killip class IV) but the results 
remained the same (NT-proBNP and LVEF remained as pre-
dictors of all-cause mortality, NT-proBNP remained as pre-
dictor of cardiovascular mortality).

ROC curves were used to further evaluate the predictive 
value of NT-proBNP. The area under the curve was 0.763 for 
in-hospital mortality. An NT-proBNP of 1,000 ng/L yielded  
a sensitivity of 100% (7/7 patients who died in hospital had an 
NT-proBNP ≥1,000 ng/L) and a specificity of 45% (29/64 pa-
tients who survived in hospital had an NT-proBNP <1,000 ng/L) 
to identify patients who will die in hospital and was there-
fore able to identify a subgroup with low mortality (Figure 1). 
For further analysis, patients were divided into 2 groups: NT-
proBNP <1,000 ng/L and NT-proBNP ≥1,000 ng/L.

Table 2. In-Hospital Outcome

Overall population 
(n=71)

Left main culprit lesion 
(n=35)

Non-left main culprit lesion 
(n=36)

P value*

Mortality 7 (9.9%) 4 (11.4%) 3 (8.3%) 0.710

Myocardial infarction 3 (4.2%) 1 (2.9%)　 2 (5.6%) 1.000

Cerebrovascular accident 0 (0%)　 0 (0%)　 0 (0%)　 NA

Target lesion revascularization 4 (5.6%) 2 (5.7%)　 2 (5.6%) 1.000

Stent thrombosis 2 (2.8%) 1 (2.9%)　 1 (2.8%) 1.000

Major bleeding 2 (2.8%) 2 (5.7%)　 0 (0%)　 0.239

*Left main vs. non-left main.

Table 3. Univariate Determinants of All-Cause Mortality

HR 95%CI P value

Killip class IV 2.25 0.83–6.09 0.112

LVEF (per % increase) 0.95 0.91–0.99 0.007

Log NT-proBNP (ng/L) 3.51 1.55–7.97 0.003

Log CRP (mg/L) 1.23 0.55–2.72 0.617

Leukocyte count (*109) 1.05 0.97–1.14 0.259

HR, hazard ratio; CI, confidence interval; CRP, C-reactive protein. 
Other abbreviations see in Table 1.
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Figure 1.  Receiver-operating charac-
teristics curve showing the prognostic 
value of NT-proBNP to predict in-hos-
pital mortality. A cut-off of 1,000 ng/L 
yielded a sensitivity of 100% and a 
specificity of 45% to identify patients 
who will die in hospital and was there-
fore able to identify a subgroup with 
low mortality. NT-proBNP, N-terminal 
pro-B-type natriuretic peptide.

Figure 2.  Kaplan-Meier estimates of 
survival free of death from any cause 
in patients with NT-proBNP <1,000 and 
NT-proBNP ≥1,000. NT-proBNP, N-ter-
minal pro-B-type natriuretic peptide.
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Outcome in Patients With NT-proBNP <1,000 ng/L and  
NT-proBNP ≥1,000 ng/L
In-hospital mortality was 0% for patients with NT-proBNP 
<1,000 ng/L and 17% for those with NT-proBNP ≥1,000 ng/L 
(P=0.036). All of the in-hospital deaths were cardiovascular 
deaths. One case of acute stent thrombosis occurred in each 
patient group and both patients survived after urgent revas-
cularization. A total of 4 patients had unplanned in-hospital 
target lesion revascularization (2 in each group). Figure 2 shows 
the long-term outcome of the 2 patient groups. At 1 year, 93% 
of the patients with NT-proBNP <1,000 ng/L and 74% of 
the patients with NT-proBNP ≥1,000 ng/L were alive (P= 
0.039). However, additive mortality between hospital discharge 
and 1 year did not differ (7% for patients with NT-proBNP 
<1,000 ng/L and 11% for patients with NT-proBNP ≥1,000 ng/L, 
P=0.681). The rates of target lesion revascularization at 1 year 
were 20% for patients with NT-proBNP <1,000 ng/L and 10% 
for NT-proBNP ≥1,000 ng/L (P=0.449).

Discussion

To our knowledge, this is the first study to investigate the role 
of NT-proBNP in patients undergoing acute LM coronary artery 
stenting, LM coronary artery revascularization in patients with 
ACS is associated with high mortality and such patients are 
often difficult to manage. Therefore, it is essential to have a 
parameter that enables risk stratification of these high-risk 
patients. Our findings indicate that patients undergoing acute 
LM coronary artery revascularization presenting with a NT-
proBNP <1,000 ng/L at admission may have an excellent short 
and long-term survival. In-hospital mortality of this population 
was 0% and 1-year mortality was as low as 7%. On the other 
hand, in-hospital mortality in patients with an NT-proBNP 
≥1,000 ng/L was 17% and 1-year mortality was 26%. There-
fore, it appears that NT-proBNP may help to identify a lower-
risk subgroup in this high-risk population. Indeed, NT-proBNP 
and LVEF were the only significant predictors of mortality and 
NT-proBNP was the only independent significant predictor of 
cardiovascular mortality.

Prognostic Value of NT-proBNP in Patients With ACS
NT-proBNP has been shown to be a reliable biomarker of 
systolic13 and diastolic dysfunction.14 Several studies have 
investigated the prognostic role of natriuretic peptides in pa-
tients with ACS. A rise in the BNP level occurs immediately 
after myocardial ischemia,15,16 even before elevation of tra-
ditional myocardial necrosis markers.15 After MI, increased 
levels of BNP have been associated with the development  
of LV remodeling and reduced LVEF.17 The first study that 
showed an association between NT-proBNP and outcome 
after ST-elevation MI was published in 1998 and thereafter 
several studies have shown that NT-proBNP levels obtained 
in the acute or subacute phase of a non-ST-elevation MI are 
strongly associated with both short and long-term overall and 
cardiovascular mortality.18–22 In 1 study, patients with BNP 
>101 pg/ml had a 13-fold higher rate of 1-month mortality 
(P<0.0001) and a 5.3-fold higher rate of 1-year mortality 
(P<0.0001) than patients with BNP ≤101 pg/ml.22 In another 
study by Darbar et al, BNP was the only independent predictor 
of cardiovascular mortality in patients with acute MI.23 Khan 
et al. were able to show that NT-proBNP predicted death after 
acute MI better than TIMI risk score.24 In a study by Lorgis et 
al, NT-proBNP was a significant determinant of cardiovas-
cular mortality in patients older than 54 years but not in the 
younger.25 This is in accordance to our results where only 9/71 

(13%) were younger than 54 years and none of these patients 
died during follow-up. In summary, these data and the data 
from our study suggest that natriuretic peptides such as BNP or 
NT-proBNP are strong markers of cardiovascular and overall 
outcome and may outperform the other prognostic parameters 
TIMI risk score or Killip class. However, this was a clinical 
study designed to investigate the value of NT-proBNP in pa-
tients undergoing acute LM stenting. Although NT-proBNP 
correlated with severity of LM disease, the study was not  
designed to investigate the prognostic value of NT-proBNP in 
patients with different degrees of LM stenosis.

Which Cut-Off Value Is Appropriate for Patients Undergoing 
Acute LM Revascularization?
Different cut-off values for NT-proBNP have been suggested 
in the literature. We initially used the reference values published 
by Galasko et al,11 but found that 89% of the patients had an 
elevated NT-proBNP. Analysis of the ROC curves showed 
that a cut-off of 1,000 ng/L was able to identify patients with 
a favorable in-hospital outcome. Previous studies have shown 
that NT-proBNP levels are directly related to the complexity 
and severity of the coronary lesions. In patients with non-ST-
elevation MI, those with LM or 3-vessel disease had a median 
NT-proBNP of 519 ng/L, which was significantly more than 
patients with 2-vessel disease (312 ng/L), 1-vessel disease 
(252 ng/L) or no relevant coronary artery stenosis (121 ng/L).26 
Similar associations between BNP and coronary artery disease 
complexity have been found in other studies.27,28 In our study, 
the median NT-proBNP was as high as 1,364 ng/L. Our patient 
population indeed had very complex coronary lesions, includ-
ing LM, ostial left anterior descending and ostial circumflex 
lesions, and thus a “normal” cut-off value is not appropriate to 
identify patients at lower risk.

Study Limitations
This was a retrospective study and NT-proBNP was only de-
termined in 71 of 86 ACS patients with LM disease at hospital 
admission. Of note, creatinine was higher in patients in whom 
NT-proBNP was not determined. The reason for this may be 
that the physician in charge was expecting a high NT-proBNP 
in the presence of high creatinine levels. In addition, the  
number of patients was small. Furthermore, we only analyzed 
NT-proBNP at hospital admission. As suggested by recent 
studies,29,30 serial determination of natriuretic peptides may 
increase the accuracy of predicting late events. However, in 
our patients, the majority of deaths occurred early and cardio-
vascular mortality was relatively low in the survivors of both 
groups after hospital discharge.

Conclusion

Patients undergoing acute LM stenting are at high risk. How-
ever, those with NT-proBNP <1,000 ng/L may have a favorable 
short- and long-term prognosis. Further research, including a 
larger patient population, is needed to determine the optimal 
cut-off value for NT-proBNP in patients undergoing acute LM 
coronary artery PCI.
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