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Abstract N-terminal pro-B-type natriuretic peptide (NT-

proBNP) and cardiac troponins (cTns) measured with sen-

sitive assays provide strong prognostic information in pa-

tients with stable coronary artery disease. However, the

relationship between these biomarkers and myocardial

contractile function, as well as infarct size, in this patient

group, remains to be defined. The study population consisted

of 160 patients referred to a follow-up echocardiography

scheduled 1 year after coronary revascularization. Concen-

trations of NT-proBNP, high-sensitive cTnT (hs-cTnT) and

sensitive cTnI assays were assessed. Left ventricular func-

tion was measured as global peak systolic longitudinal strain

by speckle tracking echocardiography and infarct size was

assessed by late-enhancement MRI. NT-proBNP and sensi-

tive cTnI levels were significantly associated with left ven-

tricular function by peak systolic strain (R-values 0.243 and

0.228, p = 0.002 and 0.004) as well as infarct size (R-values

0.343 and 0.366, p = 0.014 and p = 0.008). In contrast, hs-

cTnT did not correlate with left ventricular function (R =

0.095, p = 0.231) and only marginally with infarct size

(R = 0.237, p = 0.094). NT-proBNP and sensitive cTnI

levels correlate with left ventricular function and infarct size

in patients with stable coronary artery disease after revas-

cularization. As opposed to hs-cTnT, NT-proBNP and cTnI

seem to be indicators of incipient myocardial dysfunction

and the extent of myocardial necrosis.
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Introduction

Coronary artery disease (CAD) represents the most com-

mon chronic, life-threatening disease in developed coun-

tries [1]. Stable CAD may progress to an acute coronary

syndrome and, despite recent therapeutic advances, po-

tentially lead to heart failure or death. Serious efforts have

been made to search for molecules that may contribute to

better identify patients at risk for CAD and few biomarkers

have already been identified as reliable and useful tools in

medical decision making, such as cardiac troponin (cTn)

[2] and N-terminal pro-B-type natriuretic peptide (NT-

proBNP) [3]. cTns have traditionally been considered di-

agnostic markers of myocardial necrosis [4] and indicators

of the risk of early recurrent ischemic events [5], but ob-

servations that very low levels of cTn are found circulating

in patients with stable CAD [6, 7] and even in the general

population [8], have challenged this paradigm. However,

the development of high-sensitivity troponin (hs-cTn) as-

says allows accurate measurement over the lower range of

cTn concentrations, and levels well below the limit of

detection of previous assays have shown to be significantly

associated with the incidence of cardiovascular death in

patients with stable CAD. Furthermore, NT-proBNP is a

strong and independent prognostic marker in patients with
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stable CAD and is particularly closely related to incidence

of death and heart failure [3, 9–11].

NT-proBNP is known to be associated with the degree

of left ventricular (LV) dysfunction [9], while chronic low-

grade cTnT elevation has been linked to the risk of heart

failure development [6]. However, the relationship be-

tween these biomarkers and LV function as assessed by

speckle tracking echocardiography (2D-STE) in patients

with stable CAD has not been evaluated. 2D-STE is

established as an accurate method for assessing LV func-

tion [12, 13] and has demonstrated to be superior to LV

ejection fraction (LVEF) as a means for detecting sub-

clinical myocardial dysfunction [14]. Recent studies have

documented the prognostic value of global longitudinal

systolic strain by 2D-STE [15–17].

In the present study, we hypothesised that both NT-

proBNP and cTns, determined by sensitive assays, are as-

sociated with LV function as measured by 2D-STE and

with MRI-determined infarct size in patients with stable

CAD.

Materials and methods

Patients

This study was conducted in a single tertiary coronary care

centre, using a prospective design. The study population

consisted of 160 patients referred to a follow-up echocar-

diography scheduled 1 year after coronary revasculariza-

tion. Significant CAD was defined as C50 % diameter

stenosis in any coronary artery. Exclusion criteria were

valvular disease, atrial fibrillation, left bundle branch block

with QRS[ 120 ms, and recurrent angina or cardiovas-

cular (CV) events after the coronary revascularization.

The study complies with the Declaration of Helsinki and

was approved by the Regional Committee for Medical

Research (REK South, Oslo, Norway). All subjects gave

written informed consent.

Biochemical analyses

Venous blood was collected at the same day as the

echocardiographic recordings, approximately 1 year after

revascularization. After centrifugation, serum aliquots were

frozen and stored at -70 �C until determination of two cTn

assays and NT-proBNP. The analytical characteristics of

the assays were supplied by the manufacturers. The Sie-

mens cTnI Ultra assay was analyzed with the use of the

ADVIA Centaur immunoassay system (Siemens�, Ger-

many), with a detection limit of 6 ng/L, a 99th-percentile

cutoff of 40 ng/L, and a coefficient of variation of\10 %

at 30 ng/L. The Roche hs-cTnT and NT-proBNP assays

were both performed on a Modular E170 platform, using

the Elecsys reagents (Roche Diagnostics, Basel, Switzer-

land). Hs-cTnT had a detection limit of 2 ng/L, a 99th-

percentile cutoff of 14 ng/L, and a coefficient of variation

of\10 % at 13 ng/L. NT-proBNP had a detection limit of

5 ng/L, and a 97.5th-percentile cutoff of 263 ng/L for those

of age 55–64. The interassay coefficient of variation was

4.5 % at a concentration of 21 ng/L and 2.2 % at a con-

centration of 9.12 ng/L. The median values and the number

of patients at or above the limit of detection and at or above

the 99th percentile for apparently healthy subjects of the

respective biomarkers are shown in Table 1. Levels below

the limit of detection were considered as zero.

Kits for determination of high-sensitive cTnT and NT-

proBNP and Siemens cTnI Ultra assay kit were donated by

Roche Diagnostics and Siemens Healthcare Diagnostics,

respectively. The companies played no role in the study

conception or design, the analysis of the data, or the

preparation of the manuscript.

Echocardiographic analysis

A Vivid 7 ultrasound scanner (GE Vingmed Ultrasound,

Horten, Norway) was used to record two-dimensional grey-

scale images and strain by STE. Recordings were done in

the three standard apical planes (4-chamber, 2-chamber and

long-axis). Loops were digitally stored and later analyzed

off-line using EchoPac version 7 (GE Vingmed, Horten,

Norway).

LV volumes were traced manually at end-diastole and

end-systole at apical 4- and 2-chamber views, and LVEF

was derived from modified biplane Simpson’s method.

Strain analyses

Longitudinal strain was measured by 2D-STE using a 16

LV-segment model [18]. In each of the LV apical planes,

the endocardial border was marked manually and tracking

of deformation was automatically performed by the soft-

ware. The average frame rate was 69 ± 12 frames/s. For

each segment, the peak negative systolic strain value,

representing maximum segmental systolic contraction, was

recorded. Values for all analyzed segments were then av-

eraged to obtain global strain. An example of the technique

is shown in Fig. 1. End-systole was defined by aortic valve

closure in the apical long-axis view. No patients were ex-

cluded due to suboptimal image quality on echocar-

diography. Myocardial strain could be assessed in 94 % of

the myocardial segments. All echocardiographic analyses,

including strain analyses, were performed separately and

blinded to all other patient data.
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Cardiac magnetic resonance imaging

Gadolinium contrast-enhanced cardiac MRI (CE-MRI) was

performed in 51 patients referred to Oslo University

Hospital, Rikshospitalet 1 year earlier with a clinical diag-

nosis of MI confirmed by ECG and elevated troponin I or

troponin T above the 99 % percentile. The CE-MRI was

done immediately after the echocardiography, using either a

1.5-T (MagnetomSonata, Siemens, Erlangen, Germany) or a

3-T (Philips Medical Systems, Best, The Netherlands).

Breath-hold cine images were acquired in short and long axis

views. Late enhancement images were obtained 10–20 min

after intravenous injection of 0.2 mmol/kg gadopentetate

dimeglumine (Magnevist, Schering, Berlin, Germany) in

multiple short-axis slices covering the entire LV (Fig. 1). On

each short-axis image, total myocardial area as well as area

of infarcted myocardium was manually drawn (PACS,

Sectra, Sweden). Infarct size was calculated as infarct vol-

ume as a percentage of total myocardial volume. Transmu-

rality was calculated in a 16 LV-segment model as infarct

volume divided by myocardial volume per segment, and

segments withC50 % contrast-enhancement were judged to

have transmural infarction [19].

Coronary angiography and revascularization

Coronary angiography was performed on clinical indica-

tion by standard (Judkins) technique 1 year before the

echocardiographic examinations. 117 of the patients had a

clinical diagnosis of acute coronary syndrome and under-

went planned coronary angiography within 3 days of index

admission. The remaining patients were referred to elective

diagnostic coronary angiography because of stable chest

pain. Percutaneus coronary intervention (PCI) was per-

formed at the discretion of the operator. Single-vessel

disease was found in 82 (51 %) of the patients, whereas 78

(49 %) had coronary disease in C2 vessels. Coronary oc-

clusion was found in 34 (21 %) of the patients. PCI was

performed in 126 (79 %) of the patients, whereas 114 pa-

tients (21 %) underwent coronary artery bypass grafting.

Table 1 The median values and the number of patients at or above the limit of detection and at or above the 99th percentile for apparently

healthy subjects of the respective biomarkers

Biomarker Median value (ng/L) (IQR) CDetection limit, n (% of patients) C99th percentile cutoff, n (% of patients)

NT-proBNP 73.32 (34.25–204.32) 159 (99.4) 27 (16.9)a

hs-cTnT 3.09 (3.00–7.41) 160 (100.0) 11 (6.9)

Siemens cTnI Ultra 3.50 (0.00–8.25) 56 (35.0) 6 (3.8)

a 97.5th-percentile cutoff of for those age 55–64; IQR inter-quartile range, NT-proBNP N-terminal pro-B-type natriuretic peptide, hs-cTnT high-

sensitive cardiac troponin T, cTnI cardiac troponin I

Fig. 1 Left ventricular longitudinal strain measured by speckle

tracking echocardiography from a 4-chamber view and delayed

contrast-enhanced MRI in the left ventricular short axis projection

from a patient with a previous history of myocardial infarction 1 year

after revascularisation. The arrows point towards hyperenhanced

regions, appearing white on MRI. Strain is reduced compared with

healthy individuals, while the levels of N-terminal pro-B-type

natriuretic peptide and cardiac troponin I are increased
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Statistical analysis

Continuous variables with a normal distribution are ex-

pressed as means with standard deviation (SD). Variables

with a skewed distribution are given as medians with inter-

quartile range (IQR), and categorical variables as numbers

and percentages. Differences in continuous variables be-

tween quartiles of biomarker levels were tested using

Kruskal–Wallis and Mann–Whitney test with Bonferroni

correction. The correlations between biomarker levels and

LV function/infarct size were estimated by Spearman

correlation.

All p values are 2-tailed, and a significance level of 0.05

was used. All statistical analyses were performed on SPSS

version 16.0 (SPSS Inc. Chicago, IL).

Results

Clinical data of the 160 patients are presented in Table 2.

There were 42 females and 118 males. All patients had

stable CAD. Most of the patients were on beta-blockers,

lipid-lowering drugs, and aspirin or other antiplatelet

medication.

Table 1 shows the median values and the number of

patients at or above the limit of detection and at or above

the 99th percentile for apparently healthy subjects of the

respective biomarkers. LV function was reduced, with a

mean peak systolic strain of -17.6 ± 2.4 % [14].

Infarct size and transmurality by CE-MRI

Mean infarct size was 8.0 ± 8.6 % of the total LV my-

ocardial volume. Mean LVEF, as determined by MRI, was

63 ± 9 %. Evidence of myocardial infarction was seen in

40 (78 %) of the patients undergoing CE-MRI. Of these, 20

(50 %) demonstrated transmural infarction.

Biomarkers and left ventricular function

Calculation of 25th, 50th, and 75th percentiles was done to

divide data into quartiles. The medians of peak systolic

strain were significantly different across the quartiles of

NT-proBNP (p = 0.007) and sensitive cTnI (p = 0.013)

(Table 3). Correspondingly, patients in the highest quartile

had significantly reduced contractile function compared to

subjects in the two lowest quartiles of both NT-proBNP

and sensitive cTnI (p\ 0.001 and p = 0.012). However,

there were no differences between the medians of peak

systolic strain across the quartiles of hs-cTnT (p = 0.494)

(Table 3).

Both NT-proBNP and sensitive cTnI correlated sig-

nificantly with peak systolic strain (Table 4), while there

was no significant association between strain and hs-cTnT

(Table 4). There were no correlations between the re-

spective biomarkers and LVEF (Table 4).

Biomarkers and infarct size

Both NT-proBNP and sensitive cTnI levels were sig-

nificantly associated with infarct size (Table 4), whereas

hs-cTnT did not correlate with the extent of myocardial

necrosis as assessed by CE-MRI (Table 4).

Discussion

The results of the present study extend currently available

information about the value of NT-proBNP and cTns

measured by contemporary, sensitive assays in patients

with stable CAD. The main findings can be summarized as

follows: (1) both NT-proBNP and sensitive cTnI are in-

dependently related to myocardial systolic function; (2)

levels of NT-proBNP and sensitive cTnI are associated

with the extent of myocardial necrosis as assessed by CE-

MRI; (3) hs-cTnT did not correlate neither with systolic

function nor with the extent of myocardial necrosis.

Biomarkers and left ventricular function

Both NT-proBNP and sensitive cTnI were significant indi-

cators of myocardial contractile function. We used global

longitudinal strain to estimate LV systolic function. Global

Table 2 Clinical characteristics

Variable Value

Age (years) 59 ± 10

Female (n) 42 (26 %)

Previous myocardial infarction (n) 68 (43 %)

Smoker (n) 46 (29 %)

Diabetes (n) 14 (9 %)

Serum creatinine (lmol/L) 82 ± 18

Blood pressure (mmHg)

Systolic 145 ± 23

Diastolic 82 ± 13

Heart rate (beats/min) 62 ± 10

Medical therapy (n)

Beta-blockers 129 (81 %)

ACE inhibitors/ARII antagonists 48 (30 %)

Lipid-lowering drug 147 (92 %)

Aspirin or other antiplatelet medication 157 (98 %)

Data are expressed as mean ± SD or as n (%)

ACE angiotensin-converting enzyme; ARII angiotensin II receptor
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peak systolic longitudinal strain has been validated as a

measure of LV systolic function [20], and has proven supe-

riority to LVEF for prediction of all cause mortality [21, 22].

Global longitudinal strain has also been shown to be superior

to LVEF for prediction of infarct size in chronic ischaemic

heart disease [23] and for prediction of ventricular arrhyth-

mias in patients after myocardial infarction [24]. The rela-

tionship between the different biomarkers and myocardial

strain was statistically significant, but weak. However, this

findings suggest that a single blood test may aid identify

threshold concentrations of biomarkers that indicate reduced

myocardial systolic function in patients with stable CAD.

92 % of the patients in our study appeared to have normal

systolic function, as assessed by LVEF. Consequently, the

elevated biomarker levels in this study seems to reflect un-

recognized LV remodelling that is detectable only by more

sensitive and accurate methods, such as 2D-STE, andmay be

useful for long-term risk assessment of the patients with

stable CAD. The present study could not show significant

correlations between the different biomarkers and LVEF.

Biomarkers and infarct size

The levels of sensitive cTnI and NT-proBNP in patients

with stable CAD were significantly related to infarct

size, as assessed by CE-MRI. These findings on NT-

proBNP are in keeping with a recent report [25]. They

found that NT-proBNP levels 3 months after ST-

segment-elevation myocardial infarction were strongly

associated with infarct size. However, this is the first

study relating sensitive cTnI to infarct size in patients

with stable CAD. The levels of hs-cTnT were not sig-

nificantly related to infarct size.

Discrepancy among the cTn assays

Our data suggest that measurements of sensitive cTnI are

better indicators of LV function compared with hs-cTnT.

Previous studies, investigating the role of the sensitive cTn

assays in patients with stable CAD, have concentrated

mainly on hs-cTnT [6, 26]. However, in a recent study

assessing the prognostic value of cTnI levels in patients with

stable CAD, the concentrations of cTnI and and cTnT were

correlated only moderately [27]. Possible explanations for

these differences remain speculative and experimental

studies are needed, but different biological behaviour and

analytical characteristics of cTnT and cTnI might affect the

diagnostic and prognostic performance [28, 29]. The mole-

cular weight of the two troponins are different; 24 kDa for

cTnI and 38 kDa for cTnT. The physiological mechanisms

responsible for the clearance of cTn from the circulation are

poorly characterized, although the reticuloendothelial sys-

tem has been implicated [30]. It is well known that circu-

lating cTn can be modified by various enzymes. Such

processing appears to occur more frequently with cTnI than

cTnT and may affect assay results.

Table 3 Medians of peak systolic strain across the quartiles of the respective biomarkers

Quartile 1–2 Quartile 3 Quartile 4 p value

Medians of peak systolic strain (%) (IQR)

NT-proBNP -18.4

(-19.7 to -16.8)

-17.7

(-19.7 to -15.9)

-16.9

(-18.1 to -15.5)

0.007

hs-cTnI -18.2

(-19.4 to -16.6)

-17.7

(-19.7 to -15.8)

-16.6

-18.5 to -16.0)

0.013

Siemens cTnI Ultra -17.9

(-19.6 to -16.8)

-18.2

(-19.0 to -16.6)

-17.6

(-18.7 to -14.1)

0.494

IQR inter-quartile range, NT-proBNP N-terminal pro-B-type natriuretic peptide, hs-cTnT high-sensitive cardiac troponin T, cTnI cardiac

troponin I

Table 4 Association between

the respective biomarkers and

peak systolic strain, left

ventricular ejection fraction and

infarct size

Peak systolic strain LVEF Infarct size

R p value R p value R p value

NT-proBNP 0.243 0.002 0.054 0.566 0.343 0.014

hs-cTnT 0.095 0.231 -0.031 0.739 0.237 0.094

Siemens cTnI Ultra 0.228 0.004 -0.102 0.275 0.366 0.008

LVEF left ventricular ejection fraction, NT-proBNP N-terminal pro-B-type natriuretic peptide, hs-cTnT

high-sensitive cardiac troponin T, cTnI cardiac troponin I
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Clinical perspectives

Sensitive and hs-cTn assays provide a new non-invasive

window to cardiac diseases [31]. However, despite the

wealth of information documenting the strong prognostic

merit of both NT-proBNP and hs-cTnT, most clinicians

have moved slowly to incorporate NT-proBNP and sensi-

tive cTn testing into the routine management of patients

with stable CAD.

The present observations may have important implica-

tions for the clinical use of the respective biomarkers. The

current study demonstrates that in patients with stable

CAD, NT-proBNP and sensitive cTnI provide information

of myocardial systolic function. Clearly, biomarkers cannot

replace echocardiography as a method for assessment of

LV function. However, identification of threshold con-

centrations of biomarkers that indicate reduced myocardial

systolic function in clinically stable patients would be

helpful for the clinician. In the future we will hopefully

witness a much clearer delineation of the clinical indica-

tions for NT-proBNP and sensitive cTn measurements in

patients with stable CAD.

Study limitations

The results of our study are limited to patients with stable

CAD. Findings and results in patients with acute coronary

syndrome may be different. Our patient group consists of a

mixture of patients with first time angina, but also patients

with old myocardial infarcts. We therefore believe that our

patient group reflects common clinical practice in an out-

patient clinic.

The echocardiographic examination and the blood tests

were performed 1 year after coronary revascularization.

Consequently, the results of this study can only be valid for

patients with CAD after revascularization. Even though

none of the patients reported recurrent angina, a progres-

sion of CAD might be a confounder, but a follow-up an-

giography was not performed for clinical reasons.

Moreover, we measured NT-proBNP and sensitive cTn

only once and without correction for potential variability in

concentrations.

The CE-MRI study was only performed in those with

earlier MI. Consequently, conclusions regarding the rela-

tionship between infarct size and biomarkers are limited to

post-MI patients.

We cannot rule out the possibility that part of the ob-

served differences may be due to analytical differences

between the two assays. In this study only 35 % of the

patients had Siemens cTnI values above the detection limit,

while 100 % of the patients had hs-cTnT values above the

detection limit. Along the same line of argument, our re-

sults cannot be extrapolated to other cTnI assays.

The number of patients included was modest compared

to other studies investigating the value of cardiac

biomarkers [3, 6, 9]. However, the present study is not

small in number of patients compared with previous studies

with echocardiography and MRI [32–34], and, most im-

portantly, the findings in the present study were significant

despite the apparent limited number of patients included.

Nevertheless, a larger study is needed to determine more

definitively the relationship between levels of sensitive cTn

and NT-proBNP and myocardial contractile function, as

well as infarct size.

2D-STE measurements have the advantage of being

relatively angle independent, but are, like all echocardio-

graphic methods, dependent on image quality.

Conclusion

In conclusion, this study demonstrates that the circulating

levels of sensitive cTnI and NT-proBNP are related to LV

function and infarct size in patients with stable CAD after

revascularization. Our data suggest that elevated NT-

proBNP and sensitive cTnI partly reflect LV remodelling

that is detectable only by more sensitive and accurate

imaging methods, such as 2D-STE.
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