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Heart Failure

Predicting Heart Failure Symptoms by Plasma
N-terminal Pro B-Type Natriuretic Peptide for
Patients with Chronic Aortic Regurgitation and
Preserved Left Ventricular Function
Po-Ching Chou,1 Chih-Hui Chin,1 Ching-Ling Lin,2 Chung-Huo Chen,1 Thay-Hsiung Chen3 and Herng-Cheng Chiou1

Background: Plasma N-terminal pro B-type natriuretic peptide (NT-proBNP) secretion is stimulated by increased
ventricular wall stress and volume expansion. In the present study, we hypothesized the concentrations of NTproBNP would be increased proportionately with increasing aortic regurgitation (AR) severity due to volume
overload. Furthermore, we wanted to explore the value of NT-proBNP as a marker for AR patients with symptoms of
congestive heart failure.
Method: Eighty-two patients were divided into 3 groups as determinated by the severity of AR and symptoms
of congestive heart failure; they included: Non-significant AR (n = 30) - the ratio of regurgitant jet width to left
ventricular outflow tract diameter (LVOTD) < 45% and New York Heart Association (NYHA) functional class
I; Asymptomatic significant AR (n = 26) - the ratio of regurgitant jet width to LVOTD ³ 45% and NYHA
functional class I; Symptomatic significant AR (n = 26) - the ratio of regurgitant jet width to LVOTD ³ 45% and
NYHA functional class II, III, or IV. An immunoassay method was used for the quantitative determination of
NT-proBNP.
Result: The level of NT-proBNP was significantly higher in patients with symptomatic significant AR (1534.1 ±
2106.7 pg/ml) than the value in the non-significant AR group (122.6 ± 125.6 pg/ml) and the asymptomatic
significant group (299.4 ± 247.7 pg/ml) (p < 0.001 and p = 0.001, respectively). An NT-proBNP level ³ 210 pg/ml
was associated with the highest combination of sensitivity (78%) and specificity (68%) for the prediction of
significant symptomatic AR. The possibility of missing symptomatic significant AR was low with NT-proBNP level
< 110 pg/ml. The possibility of diagnosing symptomatic significant AR was extremely high with NT-proBNP level ³
860 pg/ml.
Conclusion: NT-proBNP level was strongly related to symptoms of CHF and could be used for predicting symptoms
of CHF in patients with significant chronic AR.
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INTRODUCTION
B-type natriuretic peptide (BNP) is a neurohormone
mainly secreted from the cardiac ventricles.1 BNP secretion is stimulated by increased ventricular wall stress
and volume expansion.2 Increased circulating BNP has
been found in patients with congestive heart failure
(CHF), myocardial infarction and hypertension with left
ventricular hypertrophy.3-5 ProBNP, comprising 108 ami-
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sis; (2) atrial fibrillation; (3) more than mild mitral regurgitation; (4) prosthetic valve; (5) serum creatinine
level > 1.5 mg/dl; (6) acute AR.

no acids, is cleaved into physiologically active BNP and
the biologically inactive N-terminal proBNP (NT-pro
BNP). Plasma concentrations of NT-proBNP reflect de
novo synthesis and may have greater specificity to cardiac activity than BNP.6 NT-proBNP is also more stable
than BNP, making its measurement more reliable.7 Studies demonstrated that NT-proBNP could be used in
diagnostic applications, such as left ventricular dysfunction and acute coronary syndrome.8,9 Patients with severe AR are a common problem. In patients with severe
AR, 75% either died or required aortic replacement, and
83% had a cardiac event within 10 years after diagnosis. 10 Patients diagnosed as suffering from severe AR
may subsequently develop left ventricular systolic dysfunction and congestive heart failure, eventually expiring due to the consequence of left ventricular volume
overload.11,12 It seems reasonable, therefore, that surgery
should be performed to relieve volume overload before
irreversible left ventricular systolic dysfunction occurs.
In the present study, we hypothesized the concentrations
of NT- proBNP would be increased proportionately with
increasing AR severity due to volume overload. Furthermore, we wanted to explore the value of NT-proBNP as
a marker for AR patients with symptoms of congestive
heart failure.

Echocardiographical data
The present study was performed using an S3 transducer (Agilent Sono 5500, Andover, MA, USA), with the
results recorded on super VHS tape for subsequent offline analysis. The grading of AR severity was based upon
a number of echocardiographic and Doppler parameters
that have been described in previous studies.13,14 The classification of the severity of AR was determined by the recent guidelines for quantitation of valvular regurgitation.15 In brief, color flow mapping was used for semiquantitative AR severity from the parasternal long-axis
view. The severity of AR was quantified as the ratio of
regurgitant jet width at its origin relative to LVOTD averaged for a period of 3 to 5 consecutive beats. In the present study, significant AR included moderate to severe
AR and severe AR by the guidelines for quantitation of
valvular regurgitation. Therefore, significant AR was defined as the ratio of regurgitant jet width to LVOTD ³
45%. The value for the aortic regurgitant volume (RV)
was derived from the difference between aortic and mitral
forward-stroke volumes.16 The percent regurgitant fraction (RF) was calculated as the aortic RV value divided by
the aortic forward-stroke volume multiplied by 100. The
effective regurgitant orifice area (EROA) value was
calculated from the RV value divided by the AR timevelocity integral.17 The LV mass was measured using the
formula described by Devereux et al.18

METHODS
The present study was performed in 82 patients referred for echocardiography between January 2003 and
September 2004. Patients were included in the study if
two-dimensional Doppler mapping revealed at least mild
AR and a left ventricular ejection fraction ³ 50% by
modified biplane Simpson’s method. In the present study, 82 patients were divided into 3 groups as determined
by the severity of AR and CHF: Non-significant AR (n =
30) - the ratio of regurgitant jet width to left ventricular
outflow tract diameter (LVOTD) < 45% and New York
Heart Association (NYHA) functional class I; Asymptomatic significant AR (n = 26) - the ratio of regurgitant
jet width to LVOTD ³ 45% and NYHA functional class
I; Symptomatic significant AR (n = 26) - the ratio of
regurgitant jet width to LVOTD ³ 45% and NYHA functional class II, III, or IV. The exclusion criteria for the
study were (1) associated aortic stenosis or mitral stenoActa Cardiol Sin 2008;24:29-34

NT-proBNP analysis
Venous blood samples were drawn for NT-proBNP
analysis after 30 minutes’ rest. Venous samples were put
into chilled EDTA tubes and placed on ice immediately.
After centrifigation, plasma samples were stored at -80
°C until assay. An immunoassay method (Roche Elecsys
1010/2010 and Modular analytics E170 immunoassay
analyzers) was used for the quantitative determination of
NT-proBNP. The analytical sensitivity was 5 pg/ml. The
within-assay coefficient of variation for NT-proBNP was
1.8%.
Statistical analysis
All parameter values were expressed as mean ± stan30
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spectively). The left ventricular end-systolic dimensions
(LVESD) were significantly different between the symptomatic significant AR group and non-significant AR
group (p = 0.02). In the non-significant AR group, the
left ventricular end-diastolic dimension (LVEDD) was
significantly smaller than those of the asymptomatic
significant AR group and symptomatic significant AR
group (p = 0.01 and p < 0.001, respectively). In the
non-significant AR group, the ratio of regurgitant jet
width to LVOTD, EROA, RV, RF and LV mass were all
significantly smaller than the values of the other two
groups (p < 0.001, respectively).
Box and whisker plots of the level of NT-proBNP
for 3 different groups are shown in Figure 1. The level
of NT-proBNP was 122.6 ± 125.6 pg/ml in the non-significant AR group, 299.4 ± 247.7 pg/ml in the asymptomatic significant AR group and 1534.1 ± 2106.7 pg/ml
in the symptomatic significant AR group. The post hoc
tests demonstrated that the level of NT-proBNP in the
symptomatic significant AR group was significantly
greater than the level in the non-significant AR and
asymptomatic significant AR groups (p < 0.001 and p =
0.001, respectively). However, the post hoc tests show
there was no significant difference between non-significant AR and asymptomatic significant AR groups (p =
NS). In patients with symptomatic significant AR, there

dard deviation. The difference between groups was estimated by application of one-way ANOVA analysis, and
the post hoc tests applied were the Bonferroni test and
Dunnett test. The correlation analysis of NT-proBNP and
clinical parameters was tested by Spearman’s correlation
coefficient for univariate model analysis. The clinical
parameters that correlated well with the NT-proBNP
level by the univariate model analysis were included in
the multivariate model for further analysis. The NTproBNP threshold for the classification of patients both
suffering and those not suffering from significant symptomatic AR was determined by testing the entire NTproBNP range.

RESULTS
The level of NT-proBNP was adequately measured
for 82 patients with isolated chronic AR in the present
study. The various etiologies for AR included a degenerative aortic valve (n = 44), bicuspid aortic valve (n =
1), aortic root dilation (n = 29), rheumatic heart disease
(n = 2) and non-identified cause (n = 6).
The clinical characteristics are shown in Table 1.
The age, gender, creatinine level and LVEF showed no
significant differences among all 3 groups (p = NS, re-

Table 1. Clinical characteristics of 82 patients with isolated chronic aortic regurgitation

Age, years
Male, %
LVEF, %
LVESD, mm
LVEDD, mm

Ratio of jet width, %
EROA, mm2
RV, ml
RF, %
LV mass, gm
Creatinine (mg/dl)

Non-significant AR
(n = 30)

Asymptomatic significant AR
(n = 26)

Symptomatic significant AR
(n = 26)

61.3 ± 11.4
57
65.4 ± 5.00
33.1 ± 7.60
46.8 ± 5.40

63.7 ± 14.7
62
66.4 ± 5.80
35.9 ± 8.50
52.8 ± 8.70

68.7 ± 14.0
54
63.2 ± 6.50
39.0 ± 8.20
56.1 ± 9.10

33.9 ± 5.60
15.1 ± 4.40
25.3 ± 13.4
27.3 ± 14.3
188.3 ± 46.40
0.96 ± 0.18

53.2 ± 6.70
42.0 ± 19.2
58.2 ± 11.4
54.0 ± 6.80
257.6 ± 83.80
1.01 ± 0.19

54.3 ± 9.60
42.5 ± 15.0
64.0 ± 18.8
57.7 ± 12.6
269.5 ± 78.30
1.02 ± 0.20

p value
NSb
NSb
NSb
-0.02*
-0.01$
< 0.001*
NS!
< 0.001a
< 0.001a
< 0.001a
< 0.001a
< 0.001a
NSb

Values are shown as mean ± SD. aComparison with non-significant AR group; bComparison between two groups; *comparison
between non-significant AR group and symptomatic significant AR group; !comparison between asymptomatic significant AR
group and symptomatic significant AR group; $comparison between non-significant AR group and asymptomatic significant AR
group.
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Figure 2. Subgroup analysis of the level of NT-proBNP in symptomatic
significant AR. NT-proBNP, N-terminal pro B-type natriuretic peptide;
Fc, Functional class of congestive heart failure.

Figure 1. Box and whisker plots of the level of NT-proBNP in nonsignificant AR group, asymptomatic significant AR group and symptomatic significant AR group. NT-proBNP, N-terminal pro B-type natriuretic peptide; AR, aortic regurgitation.

were 16 patients who suffered from NYHA functional
class II CHF and the other 10 patients were NYHA functional class III or IV CHF. In subgroup analysis, the
level of NT-proBNP was 1227.6 ± 2285.4 pg/ml in patients with functional class II CHF and 2024.4 ± 1785.6
pg/ml in patients with functional class III or IV CHF.
(Figure 2) There was a significant difference between
these two subgroups (p = 0.04).
The entire NT-proBNP range was tested for analysis
of the diagnostic value of the NT-proBNP with respect to
the determination of symptomatic significant AR in Table 2. A NT-proBNP level ³ 210 pg/ml was associated
with highest combination of sensitivity and specificity
for the prediction of symptomatic significant AR. A 110
pg/ml threshold for the NT-proBNP offered a high level
of sensitivity and negative predictive value for symptomatic significant AR. An 860 pg/ml threshold for the
NT-proBNP provided high specificity and positive predictive value for symptomatic significant AR.
The quantitative methods for evaluating of AR severity, including EROA, RV, and RF, were significantly
related to the level of NT-proBNP in univariate model
analysis (Table 3). The NT-proBNP level also correlated
well to LV size, LV mass, greater age and NYHA functional class. Therefore, NT-proBNP level was increased
in AR patients with large LV size, greater age, increased
LV mass, increased severity of AR and deterioration of
Acta Cardiol Sin 2008;24:29-34

Table 2. The NT-proBNP range was tested for analysis of the
diagnostic value of the NT-proBNP with respect to the
determination of symptoms in patients with chronic
AR
NT-proBNP
(pg/ml)
threshold
110
210
860

Sensitivity,
%
100
078
038

Specificity,
%
PPV, %
045
068
100

046
053
100

NPV, %
100
086
078

Table 3. Correlation between clinical parameters and NTproBNP by univariate model analysis
Variable
Age
Gender
Creatinine
EROA
RV
RF
LVESD
LVEDD
LVEF
LV mass
NYHA class

32

Spearman’s correlation
coefficient

p value

00.262
-0.060.20
0.57
0.58
0.50
0.27
0.43
-0.060.38
0.56

-0.02
-0.59
-0.07
< 0.001
< 0.001
< 0.001
-0.01
< 0.001
-0.61
< 0.001
< 0.001
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symptoms. In the multivariate analysis, the NT-proBNP
level was independently significantly related to NYHA
functional class (Table 4).

Table 4. Multivariate predictors of NT-proBNP level
Variable
Age
EROA
RV
RF
LVESD
LVEDD
LV mass
NYHA class

DISCUSSION
Patients with chronic significant AR may remain
asymptomatic for several years despite regurgitant flow
overload. Once patients with chronic significant AR develop symptoms, the mortality rate is greater than 10%
per year.19 Therefore, surgery for patients with chronic
significant AR should be performed before the development of CHF symptoms in order to reduce peri-operative
mortality and increase long-term outcome. The most
common initial symptom for chronic significant AR
patients is exertional dyspnea or exercise intolerance.
However, these initial symptoms sometimes are either
late-onset, nonspecific or poorly correlated with the disease severity. Thus, the timing of surgery is frequently
difficult to decide. Previous studies have found that NTproBNP level was significantly associated with aortic
valve disease severity, LV size and LV mass.20-22 Therefore, NT-proBNP level may be useful in detecting the
disease progression of significant AR. In the present
study, NT-proBNP level was significantly related to AR
severity, LV size, greater age, NYHA functional class
and LV mass in univariate analysis. However, NT-proBNP
level was no longer significant to AR severity, greater
age, LV size, and LV mass by multivariate analysis in the
present study. In multivariate analysis, NT-proBNP was
significantly correlated with NYHA functional class.
Additionally, NT-proBNP level was also significantly increased in patients with symptomatic significant AR
(NYHA functional class II to IV) compared to the values
in patients with non-significant AR and asymptomatic
significant AR by post hoc tests. Therefore, the present
study demonstrated that NT-proBNP level was strongly
related to symptoms of CHF and could be used for predicting symptoms of CHF in patients with significant
chronic AR.
In patients with significant AR, the higher preoperative NYHA functional class (III or IV) usually is associated with the higher surgical risk and reduced postoperative survival.23 If clinicians can differentiate early
symptoms of CHF (NYHA functional class II) from late

b

SE

p value

-0.09
-0.20
-0.19
-0.23
-0.20
-0.08
-0.14
-0.49

10.2
11.3
13.9
16.0
19.9
22.1
03.0
205.00

0.37
0.22
0.20
0.42
0.88
0.59
0.48
< 0.001-

symptoms of CHF (NYHA functional class III or IV),
the surgical survival will be improved. In our subgroup
analysis for patients with symptomatic significant AR,
NT-proBNP level was significantly lower in patients
with functional class II CHF than the level in patients
with functional class III or IV CHF. Therefore, the
present study demonstrated that NT-proBNP could be
used for detecting early symptoms of CHF in patients
with significant AR. However, the sample size of patients was too small for subgroup analysis in the present study. Also, two patients with functional class II
CHF had extremely high value of NT-proBNP. Because
NYHA CHF classification is according to patient’s description, the wrong classification of CHF may explain
the high value of NT-proBNP in these two patients.
Therefore, we need a large-size sample of patients to
provide further information.
In the present study, the mean NT-proBNP level
was 1534.1 ± 2106.7 pg/ml for chronic AR with CHF.
An NT-proBNP level of 210 pg/ml or above was associated with the best combination of sensitivity (78%)
and specificity (68%) in identifying the patient with
severe AR with symptoms of CHF. A 110 pg/ml threshold for the NT-proBNP offered a high level of sensitivity and negative predictive value for chronic AR
with CHF. The possibility of missing chronic AR with
CHF was low with NT-proBNP level < 110 pg/ml. An
860 pg/ml threshold for the NT-proBNP provided high
specificity and positive predictive value for chronic
AR with CHF. The possibility of diagnosing chronic
AR with CHF was extremely high with NT-proBNP level ³ 860 pg/ml. The present study showed that NTproBNP level can help the clinician to differentiate
chronic AR with CHF symptoms from symptoms not
due to cardiac disease.
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