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ABSTRACT: The primary aim of the current investigation was to evaluate the role of NT-proBNP 

in the diagnosis of diastolic heart failure and its correlation with echocardiography. Hospital 

based observational and analytical study undertaken on a total of 65 patients of diastolic heart 

failure fulfilling clinical inclusion criteria. The enrolled patients had a mean age of 54.5 years 

with a female preponderance (33 females vs. 32 males). Patients underwent clinical evaluation 

and echocardiography examination. NT-proBNP estimation was done using autoanalyzer working 

on principle of electrochemiluminisense. Patients were divided into various grades of diastolic 

dysfunction on the basis of echocardiography. Statistical analysis was done to find the significance 

of levels of NT-proBNP and its correlation with the grading of diastolic heart failure. There was 

a statistically significant higher level of serum NT-proBNP in patients with diastolic heart failure 

and the increasing levels were directly proportional to severity of diastolic dysfunction. The mean 

level of NTproBNP increased from 361.08 pg/ml to 3570 pg/ml in increasing severity of diastolic 

dysfunction. Results suggested positive correlation of rising NT-proBNP levels with increasing 

severity of diastolic dysfunction.  
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INTRODUCTION  

 

Heart failure (HF) is a complex clinical syndrome resulting from structural and functional 

impairment of ventricular filling or ejection of blood develop a constellation of clinical symptoms 

and signs that lead to a poor quality of life, and a shortened life expectancy.1 Diastolic heart failure 

(DHF) is a clinical syndrome characterized by the symptoms and signs of heart failure, a preserved 

ejection fraction (EF), and abnormal diastolic function.2 Diastolic dysfunction as a cause of left 

heart failure and as a powerful predictor of cardiovascular events is now well established. Tissue 

Doppler imaging-derived early diastolic myocardial velocities (e’), measured at the mitral annulus, 

allow the assessment of myocardial relaxation. The E/e’ ratio correlates with LV filling pressure. 

Echocardiographic evidence of LV diastolic dysfunction may consist of a reduced e’ (e’ average 

>9 cm/s) or an increased E/e’ ratio (>15), or a combination of these parameters. The presence of 

at least two abnormal measurements and/or AF increases the likelihood of the diagnosis.3 NT-

proBNP can be seen as a quantitative marker of HF that summarises the extent of systolic and 

diastolic left ventricular dysfunction. In general, levels of NT-proBNP are directly related to the 

severity of HF symptoms and to the severity of the cardiac abnormality.4 Recently it was insisted 

that N-terminal proB-type natriuretic peptide (NT-proBNP) guided therapy reduces mortality and 

morbidity compared to clinically guided therapy of heart failure. In the background of these, we 

studied the levels of plasma N-terminal proB-type natriuretic peptide in patients with diastolic 

heart failure. The objective of the study was to evaluate and correlate the levels of NTproBNP with 

four grades (grade I to grade IV) of diastolic dysfunction as assessed by echocardiography (Figure-

1). One sample from each patient is assessed along with echocardiography and is being correlated 

with the grades of diastolic dysfunction. Among patients with symptoms, Doppler, combined with 

two-dimensional echocardiography, is the best method to ascertain whether or not diastolic 

dysfunction is present and a likely cause of those symptoms. This provides a comprehensive, 

noninvasive approach to evaluate diastolic dysfunction and to assess its severity and hemodynamic 

consequences.5 
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Figure 1: Echocardiographic classification of diastolic dysfunction. 

 

Objective 

The objective of the study was to evaluate and correlate the levels of NT-proBNP with four grades 

(grade I to grade IV) of diastolic dysfunction as assessed by echocardiography. Detailed clinical 

evaluation, blood biochemistry, electrocardiography, chest X-ray, echocardiography and plasma 

NT-proBNP were done in all the patients. 

 

METHODS 

 

The present study was conducted on 65 patients of DHF enrolled from outdoor and indoor patients 

in the department of Cardiology Bangabandhu Sheikh Mujib Medical University Hospital, Dhaka 

Bangladesh.  

 

Inclusion and exclusion criteria 

 Patients were included if there were symptoms and signs of heart failure, a preserved ejection 

fraction (EF ≥50%), and abnormal diastolic function. Patients were excluded if they had AMI (<7 

days duration), unstable angina, serum creatinine >2 mg/dl, liver cirrhosis, Hb <10 g/dL, COPD, 

sepsis and atrial fibrillation. Echocardiographic parameters of isovolumic relaxation time (IVRT), 

mitral inflow, tissue Doppler mitral annular velocity and pulmonary venous patterns were analyzed 

to assess diastolic dysfunction. IVRT is the interval between an aortic valve closure signal and 

mitral valve opening signal on a continuous wave Doppler. IVRT is increased when relaxation is 

prolonged; conversely IVRT is shortened when left atrial pressure is elevated. IVRT is an indicator 

of rate of myocardial relaxation.5 Mitral inflow velocity is the single most important parameter for 

the assessment of diastolic function.5 Pseudoformal stage of diastolic relaxation was unmasked 

with Valsalva maneuver. Tissue Doppler imaging (TDI) is a relatively new echocardiographic 

technique that uses Doppler principles to measure the velocity of myocardial motion.5 Pulmonary 
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venous flow velocity can be recorded at the junction of the veins and left atrium, providing insight 

into the factors that affect left atrial filling.5 NT-proBNP analysis was done by Roche diagnostics 

cobas e-411 analyzer and ProBNP II© kit. It’s an immunoassay for the in vitro quantitative 

determination of N-terminal pro B type natriuretic peptide in human serum and plasma and works 

on the principle of electrochemiluminisense. The sample used for analysis was human serum and 

plasma treated with type K2- EDTA. The ElecsysProBNP II© reagent contains two monoclonal 

antibodies directed against epitopes present on the N terminal part (1-76) of proBNP (108). Values 

were read on the monitor. NT-proBNP values ranges from 5-35,000 pg/ml. Values less than 5 were 

reported as <5 pg/ml and higher than 35000 pg/ml were reported as > 35,000 pg/ml. Cut off value 

in <50 years, 50-75 years and >75 years patients were 450 pg/ml, 900 pg/ml and 1800 pg/ml 

respectively. Values ≥3000 pg/ml were considered as extreme elevation.6 

 

RESULTS 

 

 In the present study mean age for the 65 cases was 54.5 years with a female preponderance and 

female: male ratio of 1.032. In the present study 24 (36.9%) of the cases were in the age group of 

51-60 years of which 13 were female and 11 were male. Amongst the rest of the case 20 (30.8%) 

were in the age group of 61-70 of which 9 were females and 11 were males, 13 (20%) were in the 

age group of 40-50 years in which there were 8 females and 5 males. In the age group >70 years 

constituting 8 (12.3%) subjects there were 3 females and 5 males. 

 

In current study of 65 patients, 40 patients presented with dyspnea on exertion of which 22 were 

females and 18 were males. 18 (27.7%) presented with pedal oedema while 5 (7.7%) presented 

with heaviness of chest. Thus the most common presenting symptom was dyspnea and next to it 

was pedal oedema. 

 

In present study of 65 patients, 29.2% were diabetics and 70.8% were non diabetics. Out of 65 

patients who were examined in the study, the most common chest X-ray finding was of normal 

chest X-ray in 53.8% (35 patients). The most common pathological chest X-ray finding was 

cardiomegaly found in 26.2% (17 patients) which is followed presence of pleural effusion in chest 

X-ray in 9.4% (5 patients) and lastly by increase in bronchovascular margin in 6.1% (2 patients). 

 

Table 1: Distribution of risk factor in 65 patients according to presence of DM. 

 N % 

 

T2DM 

No 46 70.8 

Yes 19 29.2 

Total 65 100.0 
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Table 2: Distribution according to chest X-ray finding in patients of diastolic heart failure. 

X-ray findings Female 

 

Male Total 

N % N % 

Increased bronchovascular marking 1 3.0 1 3.1 1 

Cardiomegaly 6 18.2 11 34.4 17 

No abnormality detected 21 63.6 14 43.8 35 

Pleural effusion 1 3.0 3 9.4 4 

 

The most common ECG finding in the patients of diastolic heart failure was found to be features 

of Left ventricular hypertrophy in 30.7% (20 patients). This was followed by sinus tachycardia in 

18.46% (12 patients) and LAD in 6.1 % (4 patients). Normal ECG was found in 46.1% (30 

patients). In present study subjects with LVH on ECG were compared with subjects without LVH 

with mean levels of NT-proBNP using student’s t test. NT-proBNP level was found to be higher 

in LVH subjects compared to those without LVH (p < 0.001) which is statistically significant. 

 

 
Figure 3: Distribution according to ECG findings. 

 

 In this study of 65 patients of diastolic heart failure there were no significant difference in the 

mean levels of NTproBNP in males and females. The mean level of NTproBNP in males was 

839.6 pg/ml and in females was 743.9 pg/ml. In current study there was a statistical significance 

(p=0.008) found in the mean levels of NTproBNP in patients with systemic hypertension compared 

with non-hypertensive patients .In our study there was no statistical significance (p=0.71) in the 

mean levels of NTproBNP when compared in patient with diabetes and non diabetics.  

30%
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Figure 4: Comparison of mean NT-ProBNP in diastolic dysfunction grades. 

  

In present study of 65 patients of diastolic heart failure, 32% (21 patients) of the study subject 

were smokers and the mean value of serum NT-proBNP in smokers was 1113.3 pg/ml. The mean 

value of NT-proBNP in non smokers was 683.95 pg/ml. There was a statistical significance value 

of NT-proBNP in smokers (p=0.006). In the current study 47 patients (72.3%) had Grade I diastolic 

dysfunction (mean NT-proBNP of 361.08 pg/ml), 12 patients (18.46%) had grade II diastolic 

dysfunction (mean NT-proBNP of 1618.23 pg/ml), 4 patients (6%) had grade III. Diastolic 

dysfunction (mean NT-proBNP of 2411.5 pg/ml) and 2 patients (3%) had grade IV diastolic 

dysfunction (mean NT-proBNP of 3570 pg/ml) and there was a significant statistical correlation 

(p<0.0001) observed between increasing diastolic heart failure and serum NT-proBNP levels. 

 

Table 3: Comparison of mean NT-proBNP in LVH. 

 LVH on ECG N Mean Std. deviation t df P value Inference 

NT-

proBNP 

pg/ml 

Present 16 1352.

63 

783.48 3.5

3 

63 0.001 

(≤0.001) 

Highly 

significant 

Absent 49 607.6

8 

713.92 
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Table 4: Comparison of mean levels of NT-proBNP in males and females. 

 Sex N Mean Std. 

deviation 

t P value Inference 

NT-

proBNP 

pg/ml 

Male 32 839.6 872.0 0.48000 0.63 

(>0.05) 

Not 

significant Female 33 743.9 721.2 

 

Table 5: Comparison of mean level of NT-proBNP in patients with systemic hypertension. 

Systemic 

hypertension 

N Mean NT-

proBNP pg/ml 

Std. deviation t 

 

df P value Inference 

Present 51 925.08 844.56 7.42 2 0.008 

(<0.05) 

Significant 

Absent 14 302.80 185.76 

Total 65 791.05 794.18 

 

Table 6: Comparison of mean level of NT-proBNP in smokers. 

Smoking N Mean NT-proBNP pg/ml t df P value Inference 

Yes 21 1113.3 t 2 0.006 (<0.05) Significant 

No 44 683.95  

Total 65 822.6  

 

DISCUSSION 

 

 Heart failure is one of the most common diseases in this century. The estimated prevalence of 

heart failure in India is 1.3 to 4.6 million and incidence is about 491 600-1.8 million. The estimated 

prevalence of heart failure in India remains lower than in USA (5.8 million).7 

 

 Patients with diastolic heart failure have an increase in LV wall thickness and/or increased left 

atrial (LA) size as a sign of increased filling pressures. Most have additional evidence of impaired 

LV filling or suction capacity, also classified as diastolic dysfunction, which is generally accepted 

as the likely cause of HF in these patients (hence the term diastolic HF).8 

 

 The measurement of cardiac biomarkers has emerged as an important adjunct to the initial and 

subsequent evaluations of patients with suspected or proven heart failure. There are nearly 5 types 

of cardiovascular natriuretic peptides. ANP (A-type), BNP (B-type), CNP (C-type), urodilation-

renal peptide and DNP (D-type) (dendroaspis natriuretic peptide). All types of NPs share structural 

similarities in a 17-amino acid core ring and a cysteine bridge.9,10 Markers such as BNP and 

NTproBNP have acquired a prime role in the diagnosis and management of heart failure, because 

of difficulty in diagnosis, assessment of severity and to be able to provide optimal therapy in such 

cases. Biomarkers can identify structural changes in heart at an earliest phase.9 Even though the 

heart is the major source of BNP it is called brain-type natriuretic peptide because it was described 
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in 1988 after isolation from the porcine brain. Now it is mainly called B-type natriuretic peptide. 

BNP may also be produced by cardiac fibroblasts.11 In the healthy heart, BNP gene expression 

occurs mainly in the atria. However, ventricular BNP gene expression is upregulated in diseases 

that affect the ventricles, such as heart failure.12  

 

The physiological effects of BNP comprise natriuresis/diuresis, peripheral vasodilatation, and 

inhibition of the rennin-angiotensin-aldosterone system (RAAS) and the sympathetic nervous 

system (SNS).13 BNP is produced in the form of PreproBNP containing 134 amino acids. After 

removing the signal peptide of 26 amino acids proBNP is formed. ProBNP is then processed into 

active form BNP and inactive form NTproBNP.14 NT-proBNP has a longer half-life than BNP and 

has more stability and apparently less intra patient variability. Grewal et al found a significant 

correlation with NT-proBNP with diastolic heart failure with the initial cut off of 300 pg/ml.15 

Hobbs et al found elevated concentrations of NT-proBNP and if ventricular systolic dysfunction 

is excluded, elevated concentrations of NTproBNP indicates diastolic dysfunction. 16 In current 

study most of the patients (36.9%) were in the age group of 51- 60 years. Amongst the rest of the 

cases, 20 (30.8%) were in the age group of 61-70, 13 (20%) were in the age group of 40-50 years 

and the least were between the age group >70 years constituting 8 (12.3%). The mean age of patient 

were 51.57 years with a standard deviation of ±16.81 years as observed in the study by Panjiyar et 

al.17 In the present study females were most commonly affected by diastolic heart failure and 49.2 

% were male and 50.8% were female with F:M ratio 1.032. The female preponderance is supported 

in the studies conducted by Panjiyar et al.17 In present study 78% of patients had hypertension. 

Hypertension is found to be the single most important risk factor associated with diastolic heart 

failure in our study. There was a statistically significant (p<0.05) higher mean levels of NT-

proBNP in patients with systemic hypertension (925.08 pg/ml) as compared with non-hypertensive 

patients (302.85 pg/ml). This result correlates with findings by Panjiyar et al (78.94 %) and 

McMurray et al (64 %).17, 18 Hypertension is the most common risk factor and the principal 

precursor of diastolic heart failure as it results in a compensatory thickening of ventricular wall. 

Current study revealed 29.2% prevalence of diabetes in the subjects, there was no statistical 

significant correlation found between presence of diabetes and serum NT-proBNP level. The 

prevalence of smoking was found to be 32.3% and the mean value of serum NTproBNP in smokers 

was 1113.3 pg/ml which was found to be statistically significant (p<0.05). In the present study the 

most common presenting symptom was dyspnea (61%) which was followed by pedal oedema 

(38.5%), pulmonary rales (33.84%) raised JVP (24.6%), sinus tachycardia (18.46%) and 

orthopnoea (12.3%). Pleural effusion was present in 6% and cardiomegaly was present in 26.15% 

of patients. In present study subjects with LVH on ECG were compared with subjects without 

LVH with respect to mean levels of NT-proBNP using student’s t test. Patients having LVH on 

ECG examination had a statistically significant (p<0.001) higher NT-proBNP level (1352.63 

pg/ml) compared to those without LVH (607.68pg/ml). In current study of 65 patients of diastolic 

heart failure , 47 patients (72.3%) of the study subjects had grade I diastolic Dysfunction with a 

mean value of NT-proBNP of 361.08 pg/ml. 12 patients (18.46%) of the study subjects had grade 
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II diastolic diastolic dysfunction with a mean value of NT-proBNP of 1618.23 pg/ml, 4 patients 

(6%) of the study subjects had a grade III diastolic dysfunction with a mean value of NT-proBNP 

of 2411.5 pg/ml and 2 patients (3%) had grade IV diastolic dysfunction with a mean value of NT-

proBNP of 3570 pg/ml. In the study by Tschope et al NT-proBNP levels increased significantly 

according to the severity of diastolic dysfunction, ranging from impaired relaxation with mean of 

151.6 pg/ml, pseudonormal filling with mean of 308.1 pg/ml and restrictive filling with mean of 

2307.1 pg/ml. 19 In summary of the findings of the present study, diastolic heart failure was seen 

more commonly in females and in the subjects in the age group of 51 to 60 years. Diastolic 

dysfunction was found to have a statistically significant association with hypertension and 

smokers. Mean levels of serum NT-proBNP was higher in hypertensive patients as compared to 

normotensive patients. In the study subjects, serum NT-proBNP was found to be higher in the age 

group of 70 years and above, as compared to other age groups. In current study no statistically 

significant correlation could be found in diabetics and serum NT-proBNP level, this finding can 

be attributed to a higher level of mean blood pressure in the non-diabetic group. NT-proBNP was 

found to be statistically significantly raised in patients of diastolic heart failure and it correlated 

with increasing severity of diastolic dysfunction. NT-proBNP levels were higher in grade-IV 

diastolic dysfunction as compared to grade-I diastolic dysfunction. 

 

CONCLUSION  

 

Serum NT-proBNP levels provide reliable diagnostic accuracy to detect diastolic heart failure and 

it correlates well with increasing severity of diastolic dysfunction as assessed by well-established 

modality of echocardiography.  
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