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Heart Failure: Discrepancy Between NYHA-Functional
Classification, Serum NT-pro Brain:Natriuretic Peptide
and Ejection Fraction

Adil Hassan Alhusseiny', Marwan Salih Mohamad Al-Nimer?, Ismail Ibrahim Latif?>, Ahood Khaleel Ibrahim*

ABSTRACT

This study aimed to look for the discrepancy between the laboratory investigation (determination of serum NT-proBNP), electro-
physiological assessment (echocardiogram and Doppler study) and clinical assessment of known cases of congestive heart failure.
This study conducted in the college teaching hospital from January to October 2011. This study is a cross-sectional in a cohort of
patients with heart failure. Known cases of congestive heart failure and healthy subjects served as control group were enrolled
in this study. Patients were assessed clinically according to the New York Heart Association (NYHA) functional classification, echo-
cardiography by ejection fraction and laboratory by determination of NT-proBNP).Student'’s "t" test (one paired, two tailed) and
simple correlation test were used in data analysis. The results of 169 patients enrolled in this study showed that serum levels of
NT-proBNP did not match the NYHA functional classification of heart failure. Serum NT-proBNP was significantly inversed-correlat-
ed (r=-0.339, p < 0.001) with the serum ejection fraction and inconsistently related to the E/A ratio assessed by Doppler study.
It concludes that serum NT-proBNP level is well correlated with ejection fraction and not well matched the functional disabilities
of longstanding heart failure.
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Kalp yetmezligi: NYHA Fonksiyonel Siniflandirma, Serum NT-probrain Natriiiretik Peptid ve Ejeksiyon
Fraksiyonu Arasindaki tutarsizlik

OZET

Bu calisma konjestif kalp yetmezligi bilinen olgularda laboratuar inceleme (serum NT-pro BNP degerlendirmesi), elektrofizyolojik
degerlendirme (ekokardiyografi ve Doppler calismasi) ve klinik degerlendirme arasindaki tutarsizigi arastirmayr amaglamistir.
Bu calisma Ocak-Ekim 2011 tarihleri arasinda iniversite arastirma hastanesinde yapilmistir. Bu, kalp yetmezligi olan hastalardan
olusan bir kohortta kesitsel bir calismadir. Konjestif kalp yetmezligi bilinen vakalar ve saglikli bireyler bu calismaya kontrol grubu
olarak katilmislardir. Hastalar, klinik olarak New York Kalp birliginin (NYHA) fonksiyonel siniflamasi, ekokardiyografik olarak
ejeksiyon fraksiyonu ve laboratuar inceleme olarak NT-pro BNP degerine gore degerlendirilmislerdir. Veri analizi Student’s t testi
(bir cift, iki uclu) ve basit korelasyon testi kullanilarak yapilmistir. Calismaya alinan 169 hastanin sonuclar1 gostermistir ki serum
NT- pro BNP diizeyleri kalp yetmezliginin NYHA fonksiyonel siniflamasi ile uyumlu degildir. Serum NT-pro BNP diizeyleri anlamli
sekilde ejeksiyon fraksiyonu ile ters orantilidir (r = -0.339, p < 0.001) ve Doppler calismasi ile degerlendirilen E/A orani ile tutarsiz
sekilde iliskilidir. Sonuc olarak serum NT-pro BNP diizeyleri ejeksiyon fraksiyonu ile iyi koreledir ve uzun siiren kalp yetmezliginin
fonksiyonel kisitlamalari ile iyi uyum gdstermemektedir.

Anahtar kelimeler: NT-pro BNP, kalp yetmezligi, ejeksiyon fraksiyonu
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INTRODUCTION

Brain natriuretic peptide (BNP) released from cardiac
ventricular myocytes in response to volume or pressure
overload. Rapid measurement of plasma BNP or NT-
proBNP improved the diagnostic accuracy of heart failure
(HF) exacerbations (1). Large amounts of proBNP can be
detected in plasma of healthy subjects and in particular
of patients with heart failure. Plasma concentrations of
BNP and amino-terminal pro-B-type natriuretic peptide
(NT-proBNP) are more closely related to measurements of
cardiac structure, function and to cardiovascular progno-
sis than ANP or other circulating neurohumoral markers of
cardiac disease (2). Natriuretic peptides were known to
decrease following medical therapy of HF, suggesting the
role of their measurement in monitoring inpatient disease
progression and outpatient medical programs (3). Atrial
fibrillation was associated with high BNP level in patients
with reserved left ventricular ejection fraction, there-
fore the measurement of BNP concentration in patients
with atrial fibrillation allowed to diagnose HF at early
stages (4). In hypertension, the Left atrial enlargement,
rather than left ventricular hypertrophy was correlated
with elevated plasma BNP that produced by increased
left ventricular after load (5). Determination of BNP is a
useful laboratory test in identifying left ventricular sys-
tolic dysfunction in patients suffered from exacerbation
of chronic obstructive pulmonary disease (6). Prastaro et
al (7) demonstrated NT-pro-BNP cut-off of 1480 pg/ml in-
dicated left atrium dysfunction with 89% specificity and
54% sensitivity, in congestive heart failure patients with
severely impaired systolic function, NT-pro-BNP levels re-
flect left atrium and ventricle dysfunction. Preoperative
assessment of NT-proBNP level in coronary artery bypass-
ing grafting (CABG) patients could be a valuable diagnos-
tic method for predicting several postoperative compli-
cations, especially pulmonary outcomes and requirement
for hemodynamic support. The NT-proBNP level was a
predictor of postoperative prolonged mechanical venti-
lation, respiratory failure, atrial fibrillation, intra-aortic
balloon pump counterpulsation use, inotropic support
and postoperative platelet transfusions (8). BNP level is
not affected by the criteria of metabolic syndrome while
diabetes mellitus causes an increase BNP level (9).

The aim of this study was to explore the discrepancy
between the laboratory investigation (determination of
NT-proBNP), electrophysiological assessment (echocar-
diogram and Doppler study) and clinical assessments of
known cases of congestive heart failure.
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MATERIALS AND METHODS

This study was done in the college teaching hospital
from January to October 2011. This study was approved
by an institutional review committee and informed con-
sent was obtained from each patient prior to enroll in
the study. This study designed as a cross sectional in
cohort patients with heart failure and healthy subjects
(served as control group). The criteria of inclusion of
patients group were; known cases treated-heart failure,
> 3 months duration, evidence of risk factors including
ischemic heart disease, hypertension, cardiomyopathy
valvular heart disease and diabetes mellitus. The cri-
teria of exclusion are: acute left ventricular failure,
chronic obstructive lung history, history of cardiac sur-
gery or pacing (because the level of NT-proBNP may be
increased), renal failure, terminal illnesses. The pa-
tients were allocated randomly using randomized tables
from heart failure patients who attended the college
teaching hospital for follow up. The sample size of pa-
tients was determined using the following formula (10):

n={p/ ([m(1-m) ] )+v/([me(1-1) ] )32/ (m-mre)2
Where
n = required minimum sample size

m = proportion of interest which proposed in this study
0.7

me= null hypothesis proportion which equal to 0.5

U= one side percentage point of normal distribution cor-
responding to 100% - the significant power. In this study
the power 85%, (100%-85%) =15% and p=1.036

v= percentage of the normal distribution correspond-
ing to the required (two-sided) significant level. In this
study the significant level of 5% was considered, v=1.96

Therefore the estimated sample size should be more
than 53 patients

The control group included an apparent healthy sub-
jects with normal limits electrocardiographic, echocar-
diographic , chest X-ray and laboratory investigations
(complete blood picture, erythrocyte sedimentation
rate, fasting serum glucose, serum creatinine and lipid
profile). Each patient was examined, assessed and cat-
egorized according to the New York Heart Association
Functional Classification (NYHA) into four classes: | (no
symptoms), Il (mild symptoms), lll (marked limitation)
and IV (severe limitations). The anthropometric mea-
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Figure 1. Relationship between ejection fraction (%)
and serum level of NT-proBNP(pg/ml) in patients with
heart failure.

surements including weight (kg), height (m) and the cal-
culated body mass index (kg/m?), electrocardiogram,
echocardiography (for the diagnostic and prognostic
purposes) and Doppler study (determination the E/A ra-
tio) were obtained. Peripheral venous blood was drawn
immediately after admission into tubes until clot forma-
tion, then the samples were centrifuged at 2500 rpm for
10 min, and the sera were frozen and stored at -70°C
until analyzed for determination of NT-proBNP. The se-
rum level of proBNP (a biomarker of heart failure) was
determined in the laboratories of Specialized Center for
Cardiac Surgery using the technique of Enzyme Linked
Fluorescent Assay (VIDAS NT-proBNP automated test
for use on the VIDAS instrument, Biomerieux, France).
The principle of this assay is a one step immunoassay
sandwich method with a final fluorescent detection
(ELFA) and the range of measurement is 20-25000 pg/
ml). Levels below 100 pg/ml indicate no heart failure,
100-300 pg/ml suggest heart failure is present, >300
indicate mild heart failure, > 600 ml indicate moder-
ate heart failure and >900 pg/ml indicate severe heart
failure.

Statistical analysis

The results expressed as absolute number, percent,
mean + SD. The data analyzed using Student's "t" test
(one paired, two tailed) and simple correlation test tak-
ing the p < 0.05 as lowest limit of significance.
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Figure 2. Distribution of cases according to the NYHA
classification of heart failure and their corresponding
ejection fraction.

RESULTS

One hundred and sixty nine (70 male and 99 female)
known cases of congestive heart failure and 22 healthy
subjects (11 male and 13 female) serve as control group
were admitted in this study. The characteristics of the
study presented in Table 1. Hypertension (67.5%) and di-
abetes mellitus (33.7%) are the most common associat-
ed illnesses followed by myocardial infarction (26%). No
identified cause or associated illnesses were observed
in 35 out of 169 (20.7%) patients. Table 2 shows the dis-
crepancy in the level of NT-proBNP taking in consider-
ations the NYHA classification of heart failure and the
cut-off level of NT-proBNP for the severity of heart fail-
ure. Fifty seven cases (33.7%) were clinically assessed as
class 1(mild) heart failure and 18 cases out of this num-
ber (31.5%) have serum NT-proBNP level less than 100
pg/ml. In class 2 (mild) heart failure 5 out of 27 (18.5%)
cases have serum NT-proBNP level less than 100pg/ml.
On the other hand, patients classified clinically as class
3 (moderate) heart failure have serum NT-proBNP level
exceeded the level 900 pg/ml in 29 out of 33 (87.9%)
patients. In healthy subjects, 2 out of 24 subjects have
serum level of NT-proBNP more than 300 pg/ml (8.4%).
Further analysis revealed that serum levels of NT-proBNP
did not match the NYHA classification of heart failure if
the cut-off level of NT-proBNP is taken in consideration
according to the manufacturer (Table 3). Figure 1 shows
that whatever the NYHA class of heart failure, the ejec-
tion fraction is significantly correlated (r = -0.339, p <
0.001) with the serum NT-proBNP level. The mean value
of ejection fraction of class 4 is significantly less than
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Table 1. Characteristics of the study

Number 169

Gender (M:F) 70:99

Age (year) 61.4+11.9
Smokers 41 (24.3%)
Family history 1(0.6%)
BMI 21.94+3.358
History of :

Hypertension
Diabetes mellitus
Hyperlipidemia
Atrial fibrillation
History of:
Stable angina

114 (67.5%)
57 (33.7%)
18 (10.7%)
6 (3.6%)

26 (15.4%)

Unstable angina 4 (2.4%)
Myocardial infarction 44 (26%)
Arrhythmias 3(1.8%)

corresponding values of class 3, 2 and 1. Moreover the
distribution of cases according to the NYHA classifica-
tion showed overlap in the values of ejection fraction in
each class (Figure 2). Doppler study revealed that E/A
ratio was more than 1.5 in three patients with serum NT-
proBNP level 300-600 pg/ml and less than 1.0 in seven
patients; three of them with serum NT-proBNP 300-600
pg/ml and the other four patients with serum level of
NT-proBNP of 600-900 pg/ml.

DISCUSSION

The results of this study show that the serum levels
of NT-proBNP are not well match the classes of NYHA
functional classification of heart failure but significant-
ly correlated with reduced ejection fraction. The pri-
mary outcome measures of this study showed that the
overall mean level of serum NT-proBNP is progressively
increased with NYHA functional classification of heart

failure and significantly increased with reduced ejection
fraction (%). On the other hand, the secondary outcome
measures revealed that the cut-off level of serum NT-
proBNP that pointed the presence of heart failure or the
severity of heart failure did not well matched. It is well
known that serum level of inactive N-terminal proBNP
(NT-proBNP) provides primarily information regarding
the filling pressures in the heart and its determination
to diagnose heart failure at an early stage cannot be
recommended because their specificity is too low; the
serum level of NT-proBNP is affected by age, gender,
body mass index, renal function, and pulmonary capaci-
ty (11). Most patients who involved in this study had his-
tory and presented with components of metabolic syn-
drome e.g. high blood pressure, diabetes mellitus and
obesity which may altered the serum level of NT-proBNP.
Recently, there is evidence that low level of NT-proBNP
may be attributed to the metabolic syndrome compo-
nents (12) and a relationship between metabolic com-
ponents and lower plasma NT-proBNP concentration was
also reported (13). Studies indicate a dual use for NT-
proBNP, both to exclude acute heart failure (where NT-
proBNP concentrations < 300 ng/L have a 98% negative
predictive value), as well as to identify the diagnosis
of heart failure (14). The results of this study show sig-
nificant high serum level of NT-proBNP reported in class
IIl and IV indicating that this test is limited to the se-
vere longstanding heart failure. Previous study reported
that NT-proBNP was significantly higher in complicated
heart failure patients than in heart failure patients
(15). It was significantly higher in heart failure grade
11l patients complicated with cerebral infarction. In this
study neither the severity of heart failure as assessed
by NYHA nor the E/A ratio assessed by Doppler study
are related to the level of NT-proBNP. Al Bannay and
Husain (16) found that the tissue Doppler imaging (TDI)

Table 2. Distribution of cases according to the NYHA classification and the serum level of NT-proBNP according to

the instruction of the NT-proBNP manufacturer

Normal Suspected Mild Moderate Severe
(<100 pg/ml) (100-300 pg/ml) (300-600 pg/ml) (600-900 pg/ml) (>900 pg/ml)
(n:23) (n:17) (n:22) (n:19) (n:88)

NYHA classification

Class 1 (mild) 18 08 09 04 18

Class 2 (mild) 05 09 10 14 27

Class 3 (moderate) 0 0 03 01 29

Class 4 (severe) 0 0 0 0 14

Serum BNP(pg/ml) 48.04+27.93 177.0£53.72 407.5£63.9 720.9+90.1 4116.3+4685.2
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Table 3. Distribution of cases according to the NYHA classification and their corresponding serum level of NT-

proBNP
NYHA classification Serum NT-proBNP (pg/ml) Ejection fraction (%)
Healthy subjects (n=24) 76.3 £99.0

878.1+1090.1*
1418.2£3197.7*
3969.5+4168.8*
8270.2+6116.9*t#+

Class 1 (mild)(n=57)
Class 2 (mild)(n=65)
Class 3 (moderate)(n=33)
Class 4 (severe)(n=14)

55.43+8.48
52.88:8.03
48.22+10.221£t
43.42:14.5811

The results are expressed as mean+SD, *p < 0.001 compared with healthy subject, tp <0.001, ftp< 0.01 compared with class 1, #p < 0.001, #t p < 0.05 compared with

class 2, +p< 0.05 compared with class 3

maintained a steady positive correlation with both NYHA
functional class and the Pro-BNP titer in hypertensive
patients presented with dyspnea. Significant correlation
between ejection fraction and NT-proBNP is observed
in this study. ProBNP tended to be decreased in heart
failure with preserved ejection fraction and increased
with reduced ejection fraction (17). Even in absence of
heart failure, proBNP level is strongly correlated with
the decrease of ejection fraction in patients with left
ventricular systolic dysfunction (18). Limitations of
this study include the associated risk factors, variable
etio-pathological factors of heart failure and anti-heart
failure medications. Nevertheless, the results of this
study pointed out that using cut-off level of serum NT-
proBNP in longstanding heart failure is not sufficient to
assess the patient and clinical examinations as well as
the echocardiographic study are required for assess-
ment. This is the first report that highlights the discrep-
ancy between laboratory findings, echocardiographyic
study and clinical assessment of known treated cases
of heart failure. Most studies were carried on acute or
emergency heart failure or looking for the conditions
that associated with high serum or plasma level of NT-
proBNP. Further study is recommended to assess serum
NTproBNP level in chronic heart failure in absence of
confounding (risk) factors. It concludes that single de-
termination of serum NT-proBNP provides a useful tool
in severe longstanding heart failure patients with re-
duced ejection fraction.

REFERENCES

1. Richards AM, Nicholls MG, Yandle TG, et al. Plasma
N-terminal pro-brain natriuretic peptide and adreno-
medullin: new neurohormonal predictors of left ventricu-
lar function and prognosis after myocardial infarction.
Circulation 1998;97:1921-9

Eur J Gen Med 2013;10(1): 26-31

10.

11.

12.

13.

Anand IS, Fisher LD, Chiang Y-T, et al. Changes in brain
natriuretic peptide and norepinephrine over time and
mortality and morbidity in the Valsartan Heart Failure
Trial (Val-HeFT). Circulation 2003;10:1278-83

Gopal DJ, Igbal MN, Maisel A. Updating the role of natri-
uretic peptide levels in cardiovascular disease. Postgrad
Med 2011;123:102-13

Linssen GC, Rienstra M, Jaarsma T, et al. Clinical and
prognostic effects of atrial fibrillation in heart failure
patients with reduced and preserved left ventricular
ejection fraction. Eur J Heart Fail 2011;13:1111-20

Masugata H, Senda S, Murao K, et al. Association between
echocardiographic parameters and brain natriuretic pep-
tide levels in treated hypertensive patients. Clin Exp
Hypertens 2011;33:187-91

Gariani K, Delabays A, Perneger TV, Agoritsas T. Use of
brain natriuretic peptide to detect previously unknown
left ventricular dysfunction in patients with acute exac-
erbation of chronic obstructive pulmonary disease. Swiss
Med Wkly 2011;141:w13298.

Prastaro M, Paolillo S, Savarese G, et al. N-terminal pro-
b-type natriuretic peptide and left atrial function in pa-
tients with congestive heart failure and severely reduced
ejection fraction. Eur J Echocardiogr 2011;12:506-13

Krzych LJ, Szurlej D, Kotodziej T, et al. Diagnostic accu-
racy of pre-operative NT-proBNP level in predicting short-
term outcomes in coronary surgery: a pilot study. Kardiol
Pol 2011;69:1121-7

Bao Y, Shang X, Zhou L, Hu R, Li Y, Ding W. Relationship
between N-terminal pro-B-type natriuretic peptide levels
and metabolic syndrome. Arch Med Sci 2011;7:247-256

Kirkwood BR. Calculation of required sample size. In:
Kirkwood BR, editor. Essentials of Medical Statistics, 1st edn.
Oxford:Blackwell Scientific Publications; 1988.p.191-200

McKie PM, Cataliotti A, Sangaralingham S, et al.
Predictive utility of atrial, N-terminal pro-atrial, and
N-terminal pro-B-type natriuretic peptides for mortality
and cardiovascular events in the general community: a
9-year follow-up study. Mayo Clin Proc 2011; 86:1154-60

Li WY, Chiu FC, Chien YF, Lin JW, Hwang JJ. Association of
amino-terminal pro-brain natriuretic peptide with meta-
bolic syndrome. Intern Med 2011;50:1143-7

Sezen Y, Bas M, Demirbag R, Yildiz A, Celik H, Aksoy S.

30



Heart failure, NT-proBNP

14.

15.

31

N-terminal pro-brain natriuretic peptide in cases with
metabolic syndrome and its relationship with components
of metabolic syndrome and left ventricular mass index.
Clin Biochem 2009;42:1500-3

Januzzi JL Jr, Chen-Tournoux AA, Moe G. Amino-terminal
pro-B-type natriuretic peptide testing for the diagnosis
or exclusion of heart failure in patients with acute symp-
toms. Am J Cardiol 2008;101:29-38

Hejmdal A, Boesgaard S, Lindholm MG, Goetze JP. B-type
natriuretic peptide and its molecular precursor in myo-
cardial infarction complicated by cardiogenic shock. J
Card Fail 2007;13:184-8

16.

17.

18.

Al Bannay RA, Husain AA. Role of tissue Doppler imaging
in assessing left ventricular diastolic dysfunction severity.
Does it hold the same ability? Saudi Med J 2012;33:34-8

Loncar G, von Haehling S, Tahirovic E, et al. Effect of beta
blockade on natriuretic peptides and copeptin in elderly
patients with heart failure and preserved or reduced
ejection fraction: Results from the CIBIS-ELD trial. Clin
Biochem 2012;45:117-22

Waliszek M, Waliszek-lwanicka A, Grycewicz T, et al.
Prognostic value of plasma N-terminal pro-B-type na-
triuretic peptide concentration in patients with normal
and impaired left ventricular systolic function undergo-
ing surgery for abdominal aortic aneurysm. Arch Med Sci
2011;7:642-7

Eur J Gen Med 2013;10(1):26-31



