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Abstract

Purpose: For the last decade chromogranin-A (CgA) has been a well- 
established marker for neuroendocrine tumors (NETs) and N-terminal 
pro-brain natriuretic peptide (NT-proBNP) has been a useful marker for left 
ventricular dysfunction. This study examined the diagnostic value of CgA 
and NT-proBNP for carcinoid heart disease (CHD), and their prognostic 
value for overall survival in NET patients.   

Patient and Methods: Serum samples were obtained and cardiac ultrasound 
studies performed in 102 NET patients. The criterion for mild and severe 
CHD was tricuspid regurgitation (TR) stage I/II and III/IV, respectively. 
Proportional odds and Cox proportional hazards models were constructed 
to identify the association between CHD and overall survival with patient 
characteristics and the two markers.

Results: Severe CHD was found in 15 (15%) of 102 patients, 13 of whom  
had elevated NT-proBNP levels. In the univariate proportional odds model 
CHD was correlated with age (P = 0.007), CgA (P = 0.002) and NT-proBNP  
(P < 0.001), while in the multivariate model NT-proBNP and CgA were 
significantly associated with CHD (P < 0.001 and P = 0.01). In the univariate 
Cox models, age (P = 0.04), sex (P = 0.03), CgA (P = 0.003) and NT-proBNP  
(P = 0.04) were related to overall survival, and in the multivariate model  
CgA and NT-proBNP remained significantly related to overall survival  
(P = 0.002 and P = 0.04, respectively).

Conclusion: NT-proBNP and CgA are very important markers in the 
diagnosis of CHD in patients with NET. Furthermore, patients with elevated 
NT-proBNP in addition to elevated CgA levels showed worse overall survival 
than patients with elevated CgA alone. 

Introduction

Neuroendocrine tumors (NETs), which originate from neuroendocrine cells, 
are widely distributed in the body. In most patients, the primary tumor is 
found in the midgut (i.e. jejunum, ileum, appendix, and right-sided colon: 
60% to 80%) and less frequently in the lung (20%) [1;2]. At the time of diagnosis 
20% to 30% of the patients with NET present with the carcinoid syndrome, a 
pattern of symptoms such as abdominal pain, diarrhea, and flushing, caused 
by an overproduction of vasoactive peptides. Particularly in midgut tumors, 
serotonin is the most prominent peptide [3;4]. In the past, urinary 5-HIAA 
was used to evaluate treatment; this has recently been replaced by the serum 
marker chromogranin-A (CgA), present in chromaffin granules of the 
neuroendocrine cells [5-9].
 Carcinoid heart disease (CHD) develops in 20% to 70% of the patients 
with liver metastases and is a major cause of death in patients with carcinoid 
syndrome [10-13]. The long-lasting exposure to overproduction of serotonin 
may play an important role in the pathogenesis of CHD [14]. In patients  
with CHD, right atrial and/or right ventricular dilation is present in up to 
90% of patients. The tricuspid valve leaflets are often thickened, caused by 
endocardial plaques of fibrous tissue leading to regurgitation [15;16]. 
 In the follow-up of NET patients, echocardiography plays an important 
role in the detection of fibrosis of the heart valves. However, echocardiogra-
phy is labor intensive, costly and the involvement of a cardiologist is 
obligatory. An option to screen for cardiac dysfunction is the use of natriuretic 
peptide levels in blood. Atrial natriuretic peptide (ANP), as well as the 
second member B-type (brain) natriuretic peptide (BNP), are produced by 
myocardial cells and influence the electrolyte and fluid balance in an 
organism [17-19]. Pro-BNP is secreted mainly by the ventricle and is cleaved 
into physiologically active BNP and the inactive degradation product 
N-terminal pro-brain natriuretic peptide (NT-proBNP) [20]. The stable 
peptide NT-proBNP is a useful marker for left ventricular dysfunction [21-24]. 
 This study investigated the diagnostic value of CgA and NT-proBNP for 
CHD in a large group of NET patients, and also examined the prognostic 
value of CgA and NT-proBNP for overall survival. 

Chapter 4 CgA and NT-proBNP
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Statistics
 Comparison between the cardiac ultrasound parameters was made by 
one-way analysis of variance (ANOVA) for age and Kruskal-Wallis or 
Mann-Whitney tests for the biomarkers. χ2 tests were used in case of 
categorical variables. Receiver operating characteristic (ROC) curves were 
constructed to compare the accuracy of CgA and NT-proBNP with respect to 
the presence of severe CHD. The value of both CgA and NT-proBNP with the 
shortest distance from the curve to the left upper corner in the ROC-curves 
was calculated and the variance in these values determined using simple 
bootstraps stratified by CHD (n = 5,000). Proportional odds and Cox 
proportional hazards models were respectively constructed to identify the 
association between CHD and overall survival with patient characteristics 
(age, sex, presence of carcinoid syndrome and occurrence of metastases) and 
the two markers. In both cases a backward elimination based on marginal 
Wald statistics was used to remove factors not significantly related to the 
variable of interest. In the proportional odds models patients were classified 
as having none, mild or severe occurrence of CHD, the NT-proBNP levels 
were dichotomized into normal versus elevated levels using the clinically 
determined cutoff value, and CgA was implemented as a continuous variable 
with a log transform. Score and partial residuals were calculated to ensure 
that the proportionality and ordinality assumptions were satisfied. In the 
Cox proportional hazards models both markers were dichotomized into 
normal versus elevated levels. Overall survival curves from the date of blood 
sampling were constructed using the Kaplan-Meier method. Statistical 
significance was established at P < 0.05.

Results

Cardiac ultrasound images and blood samples were available from 102 
patients with NET who visited the outpatient department. Table 1 gives the 
patient characteristics, biomarker levels and echocardiographic findings 
according to the degree of CHD. Patients with severe CHD were older than 
patients with lower stages (P = 0.02). No differences were found for sex, 
metastatic disease or carcinoid syndrome. 
 All patients with metastatic disease presented with liver metastases, 
except for one patient who had skin and bone metastases only. In one patient 
with severe CHD, liver metastases could not be detected even though he 
suffered from carcinoid syndrome; this patient had metastases of the retro-
peritoneal lymph nodes, which might explain the CHD.

Patient and methods

Patients
 Patients diagnosed with NET who visited the outpatient department  
of the Netherlands Cancer Institute for follow-up (between November 1999 
and May 2007) were eligible for this retrospective study. Inclusion criteria 
consisted of the availability of a cardiac ultrasound image, and the 
determination of CgA and NT-proBNP levels. 

Cardiac Ultrasound Imaging
 Two-dimensional echocardiography with continuous wave Doppler and 
color flow Doppler studies were performed using standard techniques. Echo-
cardiographic parameters analyzed were tricuspid valve morphology 
(normal, thickened or diminished), tricuspid regurgitation (TR) (normal, I/II 
or III/IV), right atrium dilation (normal, I/II or III/IV) and right ventricle 
dilation (normal, I/II or III/IV). In this study TR was used as a measure for 
CHD, because TR is the outcome of tricuspid valve abnormalities with or 
without atrium and ventricle dilation [25]. TR stage 0, I/II or III/IV was 
defined as no, mild or severe CHD, respectively.

Biomarkers
 CgA was measured by means of a solid-phase, two-site immunoradio-
metric assay, the CGA-RIA kit (CIS Bio-international, Gif-sur-Yvette, France). 
Two monoclonal antibodies were prepared against sterically remote sites on 
the CgA molecule. The first one is coated on the tube, the second is 
radiolabeled with 125iodine, and is used as a tracer [9;26]. All samples were 
prediluted ten times to achieve a detection limit of 15 µg/l. In our laboratory, 
the reference value of CgA measured in 90 healthy volunteers, has been 
established as ≤120 µg/l (unpublished data), which is comparable with 
literature [27]. 
 NT-proBNP was measured on the Modular Analytics E170, an 
immunoassay analyzer using the electrochemiluminescence technique 
(Roche Diagnostics, Mannheim, Germany) [28]. Normal levels of NT-proBNP 
are dependent on both sex and age. With increasing age elevated levels of 
NT-proBNP are more frequently found in apparently healthy individuals, 
thus reflecting the increasing frequency of cardiac dysfunction [29]. Since 
approximately 90% of the patients in the present study were older than 50 
years, we used a cutoff level of 24 pmol/l, i.e. 200 ng/l [30].

Chapter 4 CgA and NT-proBNP

4



66 67

 With the upper limit of normal (ULN) as cutoff level, 23 patients (66%) in 
the group without CHD had elevated CgA levels, compared with 38 patients 
(73%) in the mild CHD group and with all the patients in the severe CHD 
group (P = 0.04). The sensitivity of CgA to predict severe CHD was 100%, but 
the specificity was only 30%. Larger significant differences in elevated 
NT-proBNP levels were found between the CHD groups (i.e. ranging from 
14% in the non-CHD group to 87% in the severe CHD group (P < 0.001). 
Specificity for predicting severe CHD was 80%. 
 To compare the accuracy of CgA and NT-proBNP in NET-patients, 
ROC-curves were constructed (Figure 1). The CgA level with the shortest 
distance from the curve to the left upper corner was 784 µg/l (inter-quartile 
range: 571 to 822), resulting in a specificity of 75% and a sensitivity of 73% for 
predicting CHD. For NT-proBNP the threshold was 28 µg/l (interquartile 
range: 28 to 29 µg/l), resulting in a specificity of 84% and a sensitivity of 87% 
for predicting CHD in NET patients, comparable to the results using the 
ULN as cutoff level (80% and 87%, respectively).

Chapter 4 CgA and NT-proBNP
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Table 1   Characteristics of the patients with neuroendocrine tumors at first cardiac 
ultrasound. 

Group

Total group Without CHD Mild CHD Severe CHD
n (%) n (%) n (%) n (%) P value 

Number of patients 102 35 52 15

Age, years
    Mean (SD) 61 (10) 59 (10) 62 (9) 67 (7) 0.02
Sex
    Male 54 (53%) 20 (57%) 23 (44%) 11 (73%) 0.11
    Female 48 (47%) 15 (43%) 29 (56%) 4 (27%)
Distant metastases 85 (83%) 27 (77%) 44 (85%) 14 (93%) 0.35
Carcinoid syndrome 76 (74%) 23 (66%) 40 (77%) 13 (87%) 0.25
CgA, µg/l
    Median 340 207 340 2.212 0.001
    25%-75% (111-1,154) (53-656) (102-1,064) (571-4,341)
NT-proBNP, pmol/l
    Median 15 7 15 54 <0.001
    25%-75% (7-28) (≤6-15) (10-23) (29-145)
CgA, µg/l
    ≥120 76 (74%) 23 (66%) 38 (73%) 15 (100%) 0.04
NT-proBNP, pmol/l
     ≥24 30 (29%) 5 (14%) 12 (23%) 13 (87%) <0.001

Cardiac ultrasound characteristics

Right atrium dilation
    0, No 67 (70%) 26 (81%) 40 (82%) 1 (7%) <0.001
    I/II, Mild 17 (18%) 6 (19%) 9 (18%) 2 (13%)
    III/IV, Severe 12 (12%) 0 0 12 (80%)
    Missing 6 3 3 0
Right ventricle  dilation
    0, No 82 (84%) 31 (97%) 47 (96%) 3 (20%) <0.001
    I/II, Mild 8 (8%) 1 (3%) 2 (4%) 5 (33%)
    III/IV, Severe 7 (7%) 0 0 7 (47%)
    Missing 6 3 3 0
Tricuspid valve morphology
    Normal 71 (71%) 31 (91%) 39 (75%) 1 (7%) <0.001
    Thickened/diminished 29 (29%) 3 (9%) 13 (25%) 13 (93%)
    missing 2 1 0 1
Tricuspid regurgitation
   0 35 (34%) 35 (100%) 0 0 <0.001
   I 31 (30%) 0 31 (60%) 0
   II 21 (21%) 0 21 (40%) 0
   III 5 (5%) 0 0 5 (33%)
   IV 10 (9%) 0 0 10 (67%)

Figure 1   Receiver operating characteristic (ROC) curve demonstrating the accuracy 
of chromogranin A (CgA) (AUC 0.79 ± 0.07) and NT-proBNP (AUC 0.88 ± 
0.06)  in distinguishing patients with severe carcinoid heart disease (CHD) 
from patients without or with mild CHD (P = 0.239).  
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 Univariate and multivariate proportional odds models were conducted to 
determine the association of CHD with patient characteristics and the 
markers (Table 3). Analyses included age, sex, metastatic disease, carcinoid 
syndrome, CgA and NT-proBNP. The NT-proBNP levels were dichotomized, 
because 24 out of 102 patients (24%) were below the detection limit. The cutoff 
level based on the ULN, 24 pmol/l, was chosen because the value of 28 pmol/l 
was well comparable to the threshold of 28 pmol/l obtained from the 
ROC-curve (Figure 1). A clear cutoff level for CgA could not be found due to 
the wide interquartile range (571 to 822). To avoid loss of information, CgA 
was implemented as a continuous variable.  Univariate analyses showed that 
age (P = 0.007), CgA (P = 0.002) and NT-proBNP (P < 0.001) were significantly 
associated with CHD. In the multivariate analysis, NT-proBNP (P < 0.001) 
and CgA (P = 0.01) were significantly associated with CHD. 

 Two patients showed severe CHD despite having normal NT-proBNP 
levels. The first patient showed normal cardiac ultrasound findings, but 
unfortunately the morphology of the tricuspid valve could not be visualized. 
The second patient had a normal NT-proBNP level on the first echocardio-
graphic examination, but developed elevated fluctuating levels during later 
measurements (range 16 to 133 pmol/l), while no change of CHD could be 
observed on cardiac ultrasound imaging. 
 Severe dilation of the right atrium or right ventricle was only present in 
the severe CHD group. Aberrant valve morphology was found in 13 of 14 
patients with severe CHD. Median CgA and NT-proBNP levels were 
compared with respect to degree of TR, degree of tricuspid valve morphology, 
and stage of right atrium and right ventricle. Increases in both CgA and 
NT-proBNP levels were associated with a worse outcome on cardiac 
parameters, with more significant P values for NT-proBNP than for CgA 
(Table 2). 

Chapter 4 CgA and NT-proBNP
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Table 2   Levels of CgA and NT-proBNP according to cardiac ultrasound 
characteristics. 

CgA (µg/l) NT-proBNP (pmol/l)
Characteristic n Median (25%-75%) Median (25%-75%)

Tricuspid regurgitation
   0 35 207 (53-656) 7 (≤6-15)
   I/II 53 340 (102-1,064) 15 (10-23)
   III/IV 14 2,212 (571-4,341) 54 (29-145)
   P value 0.001 <0.001
Right atrium dilation
   0 7 220 (85-954) 13 (≤6-20)
   I/II 17 285 (150-1,005) 16 (≤6-24)
   III/IV 12 2,430 (794-4,075) 92 (30-254)
   P value 0.001 <0.001
Right ventricle  dilation
   0 82 270 (98-970) 14 (≤6-22)
   I/II 8 388 (94-812) 33 (13-118)
   III/IV 6 2,647 (828-5,910) 54 (29-299)
   P value 0.009 0.001
Tricuspid valve morphology
   Normal 71 215 (76-666) 13 (≤6-23)
   Thickened/diminished 29 822 (308-2,987) 21 (13-79)
   P value 0.001 <0.001

CgA, Chromogranin-A; NT-proBNP, N-terminal pro-brain natriuretic peptide

Table 3   Proportional-odds regression analyses to evaluate variables associated 
with carcinoid heart disease. 

Model OR 95% CI P  value

Univariate 

   Age, 69 vs 55 years (75% vs 25%) 2.2 1.2 - 3.8 0.007
   Sex, female vs male 0.9 0.4 - 1.9 0.78
   Distant metastases, yes vs no 2.1 0.8 - 5.6 0.16
   Carcinoid syndrome, yes vs no 2.1 0.9 - 4.9 0.1
   CgA, 1,136 vs 117 µg/l (75% vs 25%) 2.5 1.4 - 4.4 0.002
   NT-proBNP,  ≥24 vs <24 pmol/l 8.8 3.2 - 24.2 <0.001

Multivariate *

   NT-proBNP,  ≥24 vs <24 pmol/l 7.3 2.7 - 20.1 <0.001
   CgA, 1,136 vs 117 µg/l (75% vs 25%) 2.1 1.2 - 3.9 0.01

OR, odds ratio; CgA, Chromogranin-A; NT-proBNP, N-terminal pro-brain natriuretic peptide  
NOTE: Carcinoid heart disease was classified as none, mild or severe occurrence of carcinoid heart disease
*  Multivariate model with backward elimination was used to remove factors not significantly related to 

risk of carcinoid heart disease   
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Discussion
 
Since echocardiography is laborious and patients have to visit the cardiologist, 
a biomarker which reflects the status of CHD is desirable. NT-proBNP has 
recently proven useful in general practice to diagnose acute and chronic 
heart failure [31]. In a previous study with only 32 patients, we concluded 
that NT-proBNP might be helpful in the diagnosis of CHD [30]. In this study 
with 102 patients, we investigated the role of NT-proBNP in combination 
with CgA, currently the routine tumor marker for NETs [7;32;33]. Our study 
demonstrated that increasing NT-proBNP and CgA levels were associated 
with CHD, and that higher CgA and NT-proBNP levels showed a worse 
overall survival.  

 To investigate the prognostic value for overall survival of CgA and 
NT-proBNP, Cox regression analyses were constructed. The median survival 
time was 3.3 years (range, 1 month to 7.9 years) and 42 patients (41%) died. 
Univariate analyses indicated significant associations for age (P = 0.04), sex 
(P = 0.03), CgA (P = 0.003) and NT-proBNP (P = 0.04) with survival. In the 
multivariate Cox model there was an independent association with survival 
for CgA (P = 0.002) and NT-proBNP (P = 0.04) (Table 4). Figure 2 shows 
Kaplan-Meier curves with the three patient groups according to normal or 
elevated CgA and NT-proBNP levels. The group with normal CgA contains 
both normal and elevated NT-proBNP due to the small number (n = 5) of 
patients with (slightly) elevated NT-proBNP levels. After 5 years, the survival 
probability of patients with normal CgA levels was 81%, whereas patients 
with elevated CgA and normal NT-proBNP levels had a survival probability 
of 44%, and patients with both elevated levels had a survival probability of 
only 16%. 

Chapter 4 CgA and NT-proBNP
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Table 4   Univariate and multivariate Cox regression analyses of prognostic factors in 
patients with neuroendocrine tumors. 

Model HR 95% CI P  value

Univariate 

   Age, 69 vs 55 years (75% vs 25%) 1.7 1.02 - 2.7 0.04
   Sex, female vs male 0.5 0.3 - 0.9 0.03
   Distant metastases, yes vs no 2.6 0.9 - 7.2 0.08
   Carcinoid syndrome, yes vs no 1.4 0.6 - 3.2 0.40
   CgA,  ≥120 vs <120 µg/l 6.1 1.9 - 19.9 0.003
   NT-proBNP,  ≥24 vs <24 pmol/l 1.9 1.0 - 3.5 0.04

Multivariate  *

   CgA,  ≥120 vs <120 µg/l 6.2 1.9 - 20.2 0.002
   NT-proBNP,  ≥24 vs <24 pmol/l 1.9 1.0 - 3.6 0.04

HR, Hazard ratio; CgA, Chromogranin-A; NT-proBNP,  N-terminal pro-brain natriuretic peptide
*  Multivariate model with backward elimination was used to remove factors not significantly related  

to survival time   

Figure 2   Overall survival curves according to normal and elevated chromogranin-A 
(CgA) and NT-proBNP levels in patients with a neuroendocrine tumor.  

The overall comparison showed an association between the markers and overall survival 
(P < 0.001). All pairwise comparisons showed significant differences between the groups with respect to 
overall survival (data not shown).
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showed no atrial or ventricle dilation and the pulmonary valve was normal; 
unfortunately the morphology of the tricuspid valve could not be visualized 
on echocardiography. The second patient had a normal NT-proBNP level on 
the first echocardiography, but developed elevated, fluctuating levels during 
later measurements (range 16 to 133 pmol/l) while no change of CHD could 
be observed on echocardiography. The specificity for NT-proBNP was 80%. 
Of the 88 patients without CHD or with mild CHD, 18 had elevated 
NT-proBNP levels. One patient with mild CHD had an NT-proBNP level of 
502 pmol/l and developed severe CHD later on; another patient with an 
NT-proBNP of 208 pmol/l showed dyspnea, but suffered from left ventricular 
heart failure. Of the other patients with slightly increased NT-proBNP levels, 
their mean age was 5 years older than other patients in this subgroup with a 
normal NT-proBNP level. It is known that in healthy individuals NT-proBNP 
levels are more often elevated with increasing age [36].  
 This study failed to confirm reports from others [10-13] that the presence 
of carcinoid syndrome is associated with CHD, but we did find a trend for 
this association. The overproduction of serotonin, which leads to carcinoid 
syndrome, is generally accepted to be responsible for CHD. The reason that 
we did not find a significant association could be the high percentage of 
patients with metastases resulting in carcinoid syndrome. 
 Of the prognostic parameters for overall survival CgA was the most 
significant, but NT-proBNP was also an independent prognostic variable The 
Kaplan-Meier curves clearly indicate an association between CgA and 
NT-proBNP levels and survival. After 5 years 81% of the patients with normal 
CgA levels had survived, whereas patients with elevated CgA and normal 
NT-proBNP levels had a survival probability of 44%, and patients with 
elevated CgA and elevated NT-proBNP levels had a survival probability of 
only 16% (Figure 2). 
 The increasing prevalence of heart failure with increasing age [37] as well 
as the positive association of NT-proBNP with age [38;39] indicates that great 
care is needed when evaluating elevated NT-proBNP levels. Another 
consideration is the biological variation of NT-proBNP. Due to the rapid 
turnover of proBNP into BNP and NT-proBNP, and the short half-life time of 
NT-proBNP (60 to 120 minutes), large intra-individual biological variations 
can be expected in healthy subjects and in patients with chronic heart failure 
[40;41]. Although no data are available on the fluctuation in patients with 
CHD, the biological variation of NT-proBNP has been investigated in other 
patient groups. The variation is reported to range from 9% to 33% in healthy 
subjects, and up to 35% in patients with chronic left heart failure [42-45]. 
However, these latter results are conflicting and further investigations are 

 Cardiac ultrasound plays a central role in the evaluation of CHD in NET 
patients. One problem is the lack of a widely accepted definition for CHD. 
Several studies have been published in which different scoring systems were 
used to identify CHD. Moller et al. [34] estimated the severity of CHD as the 
sum of scores for diverse right heart abnormalities. Westberg et al. [13] also 
introduced a scoring system in which they defined tricuspid valve disease as 
a summation of tricuspid valve abnormalities. In an earlier study, we used a 
modification of this index: CHD was defined as a thickened tricuspid valve 
with additional stage III or IV tricuspid valve regurgitation [35]. A drawback 
of these scoring systems is the assumption that the abnormalities for the 
different items contributed equally to the severity of CHD. In this study, the 
criterion for CHD was TR stage III or IV; we used this simple definition 
because TR represents the clinical symptoms of right heart failure and TR is 
the outcome of tricuspid valve abnormalities with or without atrium and 
ventricle dilation [25]. A mild or severe tricuspid regurgitation was found in 
53 of 76 patients with carcinoid syndrome (70%), which is similar to the 
findings of Westberg et al. who reported that (among patients with carcinoid 
syndrome) 65% had tricuspid abnormalities. In the present study, the 
tricuspid valves could be visualized in 14 out of 15 patients with CHD. 
Thirteen of these 14 patients (93%) showed thickened or shortened tricuspid 
leaflets; this percentage is  similar to that reported by Pellika et al. [15] in a 
cohort of 74 patients with CHD of which 97% had valve abnormalities.
 In our laboratory,  the ULN of CgA and NT-proBNP were established as 120 
µg/l and 24 pmol/l respectively, resulting in a sensitivity of 100%, but a 
specificity of only 30% for CgA, while for NT-proBNP a sensitivity of 87% and 
a specificity of 80% was found for predicting CHD. In our study group of 
mainly patients with metastasized NET with elevated CgA levels, the use of 
the ULN as cutoff level is not obvious. In the literature, up to 50% of patients 
with carcinoid syndrome may eventually develop CHD [15]. Seventy-six (74%) 
of 102 patients showed elevated CgA levels, but only 15 patients (15%) had 
CHD; thus, it is not surprising that in patients with NET a low specificity for 
diagnosis of CHD was found. After constructing an ROC curve a cutoff level 
of 784 µg/l for CgA was found for predicting CHD in this study group, 
resulting in a sensitivity of 73% and a specificity of 75%. Unfortunately, the 
interquartile range was rather wide; therefore a clear cutoff level could not be 
given. The multivariate proportional odds model showed that NT-proBNP and 
CgA were independently associated with CHD. Especially, NT-proBNP has 
been proved as a helpful marker in diagnosing CHD.   
 In our study the sensitivity NT-proBNP for predicting severe CHD was 
87%; two patients had normal NT-proBNP levels. One of these patients 
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