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BACKGROUND: Atrial fibrillation (AF) is the most common cardiac arrhythmia with a population prevalence of about 1%.
Natriuretic peptide level is elevated in patients with AF with diastolic dysfunction even with a normal left ventricular (LV) ejection
fraction. The N-terminal pro-brain natriuretic peptide NT-proBNP) level and Doppler echocardiographic parameters for diastolic
function have shown correlation with LV filling pressures. We aimed to evaluate the relationship between echocardiographic
parameters and serum NT-proBNP in patients with AF with preserved LV ejection fraction.

METHODS: We examined transthoracic echocardiography and NT-proBNP levels in the patients with AF and patients with
sinus rhythm. Blood samples were taken for serum NT-proBNP measurements within 24 hours of echocardiographic examination.
The group 1 was the patients with sinus thythm (n = 30, mean age 68 = 13 years) and the group 2 was the patients with AF (n
= 33, mean age 70 + 14 years).

RESULTS: The group 2 patients had significantly higher mitral E, E’ (lateral annulus), E/E’ (septal annulus), left atrial (LA)
volume index, LA size, pulmonary vein diastolic velocity, and NT-proBNP level than those of group 1 patients (¢ < 0.05). The
area under the receiver-operating characteristic curve showed a NT-proBNP had good diagnostic power for E/E’ (septal annulus)
> 15 in patients with AF at cutoff value of 433 pg/mL.

CONCLUSION: NT-proBNP level is well correlated with Doppler echocardiographic parameters of diastolic function in patients
with AF and preserved LV ejection fraction. N'T-proBNP level more than 433 pg/mL may suggest elevated LV filling pressure in
patients with AF

KEY WORDS: Atrial fibrillation - NT-proBNP - Doppler echocardiography.

INTRODUCTION

Atrial fibrillation (AF) is the most common cardiac arrhyth-
mia with a population prevalence of about 1%." Prevalence of
diastolic heart failure is frequently correlated with AF occur-
rence.” The appearance of AF in patients with already im-
paired left ventricular (LV) diastolic function significantly ag-
gravates diastolic heart failure.”

Tissue Doppler imaging (TDI) of mitral annular motion has
been proposed to correct the influence of myocardial relax-
ation on transmitral flows.” The ratio of early diastolic trans-

mitral velocity and early mitral annular diastolic velocity (E/
E’) has provided better estimates of LV filling pressures than
other methods.

Natriuretic peptides seem to be useful for assessment of dia-
stolic function in patients with AE? N-terminal pro-brain na-
triuretic peptide (NT-prtoBNP) appears to be a more discern-
ing marker of early cardiac dysfunction than brain natriuretic
peptide (BNP).”

The aims of this study were: 1) to determine the relation-
ship between echocardiographic parameters and serum NT-
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proBNP levels in patients with AF, and 2) to investigate dif-
ferences in NT-proBNP levels between patients with AF and
patients with sinus rhythm.

METHODS

The study population was consisted of 63 subjects (mean
age 69.3 + 13.3 years, 33 females and 30 males), who were re-
ferred to the Echocardiographic Laboratory between 2009 and
2010. According to the rhythm, patients were divided into 2
groups. The group 1 was patients with normal sinus rhythm
(n = 30, mean age 68 + 13 years, 11 males). The group 2 was
patients with AF (n = 33, mean age 70 = 14 years, 19 males).
Echocardiographic examinations had been performed in the
group 1 for the evaluation of chest discomfort, dyspnea, preop-
erative risk, and hypertensive patients. For the patients of the
group 2, we included patients with persistent/permanent AF
and paroxysmal AE defined as intermittent arrhythmia with
at least 1 electrocardiogram-documented episode of AE On
examination of transthoracic echocardiography and N'T-proB-
NP level in the patients with paroxysmal AF, they were in AE
Patients with AF were in New York Heart Association
(NYHA) functional class T or II. The enrollment criteria qual-
ified patients with preserved LV systolic function, defined as
ejection fraction > 50% without valvular heart disease. The
medical history was recorded from questionnaires and an in-
terview by the physician. Patients with inadequate echocar-
diographic images, congenital heart disease, a paced rhythm,
pericardial disease, hypertrophic cardiomyopathy, restrictive
cardiomyopathy, acute coronary syndrome, coronary artery by-
pass within 6 months, or renal failure were excluded.

Conventional echocardiography and TDI were performed
with NT-proBNP determination. Echocardiograms were ob-
tained using commercially available ultrasound equipment
(Acuson Sequoia C 512 with a 3.0 MHz transducer, Acuson
Corp, Calif, USA, Philips Sonos 5500 with a 3.0 MHz trans-
ducer, Philips, Andover, USA). All patients were examined at
rest in the left lateral decubitus position. Two-dimensional
imaging was performed in the standard fashion in parasternal
long- and short-axis views and apical 4- and 2-chamber views.
The echocardiographic techniques and calculations of systolic
and diastolic cardiac chamber dimensions and volumes were
performed according to the recommendations of the Ameri-
can Society of Echocardiography.®” Parameters were recorded
for five consecutive cardiac cycles, and the results were aver-
aged. Pulsed wave Doppler signals were recorded at a horizon-
tal sweep of 100 mm/s. The left atrial (LA) dimension at the
end of systole was assessed by M-mode cursor through the aor-
tic valve in the parasternal short-axis view. Care was taken to
obtain the smallest possible angle between the direction of
transmitral flow and the ultrasound beam. Mitral inflow mea-
surements included peak early velocity (E), peak late velocity
(A), E/A ratio, and E wave deceleration time. Measurement of
systolic pulmonary artery pressure was performed using the

average regurgitant velocity at the tricuspid valve by continu-
ous Doppler. The TDI was set in pulsed-wave Doppler mode.
The motion of the mitral annulus was recorded in the apical
four-chamber view. A 4-5 mm sample volume was positioned
sequentially at the lateral and septal corners of the mitral an-
nulus. Two major negative velocities were recorded with the
movement of the annulus toward the base of the heart during
diastole: one during the early phase of diastole (E’) and anoth-
er during the late phase of diastole (A’). All measurements
were performed by an experienced echocardiographer blinded
to the NT-proBNP level.

NT-proBNP level was measured in blood samples collected
by venous puncture into ethylen diamine tetra acetic acid tubes
within 24 hours of an echocardiographic examination. The
automated electrochemiluminescence immunoassay (Roche-
cobas e 411, Roche Diagnostics, Basel, Switzerland) was used.
The echocardiographic data were stored on a 1/2-inch VHS
videotape for subsequent playback, measurement, and analy-
sis. All echocardiograms were interpreted by a cardiologist
who was blinded to patient’s NT-proBNP level.

STATISTICAL ANALYSIS

Data are presented as mean value + standard deviation. Con-
tinuous data are expressed as mean and 95% confidence inter-
val. Comparison between groups of continuous variables were
tested by independent samples t test and Chi-square test. Uni-
variate analyses for categorical variables were calculated with
Chi-square test. Correlation between N'T-proBNP and echo-
cardiographic parameters was determined by Pearson’s correla-
tion coefficient. The backward stepwise manner was used in a
multivariate analysis for evaluating the correlation of N'T-
proBNP with Doppler echocardiographic parameters. The re-
ceiver operating characteristic (ROC) curve was applied to
identify the appropriate cutoff point that have the best sensitiv-
ity and specificity. All statistical analyses used the software
package SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). A p
value of < 0.05 was accepted as statistically significant.

RESULTS

The basic clinical data of the study groups are presented in
Table 1. The proportion of subjects with cerebrovascular disease
was significantly higher in group 2 than group 1 (¢ < 0.05). For
other variables, there was no difference between the groups.

All the echocardiographic parameters and N'T-proBNP of
the two studying groups were compared on Table 2. The N'T-
proBNP level of group 2 were significantly higher than that
of group 1 (p < 0.01). The group 2 had significantly higher
mitral E, E” (lateral annulus), E” (average annulus), E/E’ (septal
annulus), LA volume index, LA size, and pulmonary vein dia-
stolic velocity (PVd) than those of the group 1 (p < 0.05). How-
ever, the group 1 had significantly higher ejection fraction, LV
outflow tract time velocity integral (TVI), pulmonary vein
systolic velocity (PVs), PVs/PVd, and mitral E deceleration
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time than those of the group 2 (¢ < 0.05).

In the present study, significant correlations were found be-
tween N'T-proBNP level and the echocardiographic variables
as shown the Fig. 1 and Table 3. Positive correlations were ob-

Table 1. Baseline characteristics of the patients

served between N'T-proBNP and mitral E, E/E’ (lateral annu-
lus), E/E’ (average annulus), LA size, LA volume index, and
PVd. Negative correlations were found between NT-proBNP
and deceleration time, LV outflow tract TVI, PVs, and PVs/

Variables Group 1 Group 2 p-value
Age (years) 68 + 13 70 + 14 0.593
Gender (female/male) 19 (63.3%)/11 (36.7%) 14 (42.4%)/19 (57.5%) 0.159
Body mass index (kg/m”) 23.51 + 3.04 23.86 + 2.89 0.773
Body surface area (m’) 1.55 £ 0.26 1.68 £ 0.18 0.059
Heart rate (beats/min) 72.80 + 12.50 82.91 + 24.23 0.051
Systolic BP (mmHg) 133 + 28.20 131.53 + 21.70 0.820
Diastolic BP (mmHg) 75.8 + 14.71 78.69 + 11.54 0.396
CCr (mL/min) 81.28 + 25.17 74.73 = 18.45 0.265
Hypertension 14 (46.7%) 24(72.7%) 0.064
Diabes mellitus 10 (33.3%) 8(24.2%) 0.604
Chronic ischemic disease 6(20%) 4(12.1%) 0.908
Old myocardial infarction 1(3.3%) 1(3%) 0.857
Cerebrovascular disease 1(3.3%) 12 (36.4%) 0.004
Duration of AF, days 935 + 1,183 0.871
Duration of therapy, days 595 + 971 0.610
ACEI/ARB use 12 (36.4%) 0.033
Beta blocker use 10 (30.3%) 0.167

Data are presented as mean = SD or No. (%). *# < 0.05. Group 1: patients with normal sinus rhythm, Group 2: patients with atrial fibrillation. BP: blood
pressure, CCr: creatinine clearance, AF: atrial fibrillation, ACEL: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor blocker

Table 2. Comparison of each parameters in the group 1 and the group 2

Variables Group 1 (n = 30) Group 2 (n = 33) p-value
NT-proBNP (pg/mL) 196.13 = 21591 1,566.27 = 1,363.30 < 0.001%
IVS thickness (mm) 9.92 + 1.57 9.83 + 1.42 0.814
LVPW thickness (mm) 8.46 + 1.36 8.35 + 1.63 0.769
LVEDD (mm) 48.1 + 4.05 49.15 + 4.64 0.341
LVESD (mm) 28.07 + 3.33 29.64 + 3.66 0.079
LVMI (grn/rnz) 96.61 + 25.95 94.6 + 21.18 0.749
Ejection fraction (%) 66.33 + 4.77 62.73 +7.23 0.022%
LA size (mn) 38.43 + 4.83 4759 + 9.50 < 0.001%*
LA volume index (mm’/m’) 26.59 = 9.99 43.57 + 22.72 <0.001%
LVOT TVI (cm) 21.48 + 4.35 17.88 = 4.43 0.002%*
RVSP (mmHg) 34.50 + 8.01 37.78 + 10.84 0.174
Mitral E (m/sec) 0.70 = 0.16 0.93 + 0.25 < 0.001%*
Deceleration time (msec) 218.53 + 24.86 182.73 + 61.37 0.004*
PVs (m/sec) 0.63 + 0.10 0.42 + 0.63 < 0.001%*
PVd (m/sec) 0.40 + 0.07 0.54 + 0.19 0.001%*
PVs/PVd 1.57 £ 0.26 0.88 + 0.49 < 0.001*
E’ (septal mitral annulus) (m/sec) 0.07 = 0.02 0.08 + 0.03 0.1116
E’ (lateral mitral annulus) (m/sec) 0.09 = 0.03 0.12 + 0.05 0.006%
E’ (average mitral annulus) (m/sec) 0.08 + 0.02 0.10 + 0.04 0.014%
E/E’ (septal mitral annulus) 10.19 + 2.87 12.46 +5.12 0.033%
E/E’ (lateral mitral annulus) 8.18 + 2.33 8.88 + 3.45 0.347
E/E’ (average mitral annulus) 8.99 + 2.45 10.20 = 3.83 0.135

#p < 0.05. Group 1: patients with normal sinus rhythm, Group 2: patients with atrial fibrillation. NT-proBNP: N-terminal pro-brain natriuretic peptide,
IVS: interventricular septum, LVPW: left ventricular posterior free wall, LVEDD: left ventricular end-diastolic dimension, LVESD: left ventricular end-systolic
dimension, LVMI: left ventricular mass index, LA: left atrium, LVOT TVTI: left ventricular outflow track time velocity integral, RVSP: right ventricular systolic
pressure, PVs: pulmonary vein systolic velocity, PVd: pulmonary vein diastolic velocity, PVs/PVd: ratio of PVs/PVd, E’ (average mitral annulus) (m/sec): The
average E’ of both septal mitral annulus and lateral mitral annulus, E/E’: ratio of mitral E-velocity and mitral annular E velocity, E/E’(average mitral annulus):

ratio of mitral E-velocity and average E’
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Fig. 1. Scatter plots showing the correlation between plasma NT-proBNP level and Mitral E (A), left atrial volume index (B), left atrial size (C), PVs (D),
PVd (E), and PVs/PVd (F). Group 1: patients with normal sinus rhythm, manifested by ®, Group 2: patients with atrial fibrillation, manifested by A.
NT-proBNP: N-terminal pro-brain natriuretic peptide, PVs: pulmonary vein systolic velocity, PVd: pulmonary vein diastolic velocity, PVs/PVd: ratio of
PVs/PVd.

PVs (p = 0.001), and PVd (p = 0.134) were associated with
NT-proBNP (Table 4). We could not demonstrate significant
relationships between NT-proBNP and the E’, E/E’ (septal an-

Table 3. Correlation between NT-proBNP and Doppler echocardio-
graphic parameters

Z;;ﬁg (mm) 0. 2r 12 Oé 47 nulus), LV end-diastolic dimension, ejection fraction, and right
Ejection fraction (%) 0153 0.177 ventricular systolic pressure.

LA size (mn) 0.507 0.001% The ability of NT-proBNP to detect E/E’ (septal annulus)
LA volume index (mm’/m’) 0.481 0.009% >15 assessed with the ROC curve analysis (as shown in Fig. 2)
LVOT TVI (cm) -0.404 0.001% showed significance as the area under the curve 1. Cutoff value
RVSP (mmHg) 0.195 0.106 of a NT-proBNP level 433 pg/mL was associated with the
Mitral E (m/sec) 0.477 < 0.001* most optimal sensitivity (100%) and specificity (100%) for
Deceleration time (msec) -0.419 0.001* detecting E/E’ (septal annulus) > 15 in patients with AE On
PV (m/sec) 0569 <0.L001* the other hand, a NT-proBNP value of 280 pg/mL had a sen-
izzs\rﬁec) _ggz < ggg: sitivity of 88%, a specificity of 88% for predicting E/E’ (later-
F' (septal mitral annulus) (m/sec) 0.198 0.155 al annulus) < 8 in patients with normal sinus rhythm.

E’ (lateral mitral annulus) (m/sec) 0.202 0.430

E’ (average mitral annulus) (m/sec) 0.143 0.264 DISCUSSION

E/E’ (septal mitral annulus) 0.214 0.064 In this study, we showed that the NT-proBNP correlates
E/E’ (lateral mitral annulus) 0.260 0.022% with the LV filling pressure. NT-proBNP has been known to
E/E’ (average mitral annulus) 0.287 0.023%* be elevated in cardiac dysfunction and is widely used for both

*p < 0.05. 1: pearson’s correlation coefficient. NT-proBNP: N-terminal pro-
brain natriuretic, peptide, LVEDD: left ventricular end-diastolic dimension,
LA: left atrium, LVOT TVI: left ventricular outflow track time velocity
integral, RVSP: right ventricular systolic pressure, PVs: pulmonary vein
systolic velocity, PVd: pulmonary vein diastolic velocity, PVs/PVd: ratio of
PVs/PVd, E’ (average mitral annulus) (m/sec): The average E’ of both septal
mitral annulus and lateral mitral annulus, E/E’: ratio of mitral E-veolicty
and mitral annular E’ velocity, E/E’(average mitral annulus): ratio of mitral
E-velocity and average E’

the diagnosis and evaluation of heart failure.” Elevated levels
of NT-proBNP have been found to predict occurrence of new
AF in subjects obtained from the general population,” and
postoperative AF in patients undergoing surgery.'”'? In this
study, we found NT-proBNP levels to be significantly elevat-
ed in patients with AF compared to the patients with sinus
rhythm. Atrial enlargement and LV diastolic dysfunction were
noted in patients with AE'? In patients with AF, the higher

PVd. By multivariate analysis using backward stepwise man-
ner, mitral E (p = 0.001), LV outflow track TVI (p = 0.016),

level of NT-proBNP may also be associated with impairment
of cardiac function or with an unfavorable hemodynamic pro-
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Table 4. Factors predicting correlation between NT-proBNP and Doppler echocardiographic parameters by backward stepwise multivariate lin-

ear regression analysis

Variable Estimate Standard error t-value p-value
Intercept 1,509.01 811.69 1.859 0.068
LVOT TVI (cm) -65.63 26.33 -2.493 0.016*
Mitral E (m/sec) 1,827.57 548.02 3.335 0.001*
PVs (m/sec) -2,670.85 768.22 -3.477 0.001%*
PVd (m/sec) 1,249.09 822.32 1.519 0.134

#p < 0.05. NT-proBNP: N-terminal pro-brain natriuretic peptide, LVOT TVTI: left ventricular outflow track time velocity integral, PVs: pulmonary vein systolic

velocity, PVd: pulmonary vein diastolic velocity

file and altered LV filling pattern resulting from the loss of
atrial contraction. The exact mechanisms underlying elevated
level of NT-proBNP in AF patients are not clear. Myocardial
stretch, local ischemia, and oxidative stress in the atrial wall
have been proposed as contributing mechanisms.'?

In the present study, we analyzed the correlation between
several Doppler parameters and NT-proBNP plasma level in
consecutive patients with sinus rhythm and AF referred for
echocardiographic examination.

A reduction in systolic pulmonary venous blood flow ex-
pressed by reduced peak velocity, velocity time integral of sys-
tolic flow, and systolic fraction of pulmonary venous blood
flow was found to be attributable to AF'¥ Those patterns of
pulmonary venous blood flow changes are related with LA
dysfunction, mainly in atrial relaxation, compliance, and res-
ervoir function.” Assessment of pulmonary venous blood flow
variables and patterns by Doppler echocardiography seems
useful in the management of AF patients.'® Especially, the re-
duction in systolic pulmonary venous blood flow may be used
as marker for LA dysfunction which favors thrombus forma-
tion and AF reinitiation.'®

TDI is feasible and useful in assessment of LV systolic and
diastolic function.'” The E/E’ reflects LV filling pressure in a
variety of cardiac diseases. E/E’ ratio, which is known to be an
echocardiographic marker of LV filling pressure, was also re-
lated to N'T-proBNP level, but the correlation was weaker.'?
In the study by Sohn et al.,'” in which most of the patients had
chronic AF, an E/E’ ratio of > 11 predicted elevated LV filling
pressure (= 15 mmHg) with a sensitivity of 75% and a speci-
ficity of 93%. Ommen et al.” showed that E/E’ has the high-
est predictive accuracy, and that septal E/E’ has the best ROC
curve for predicting the mean LV diastolic pressure. E/E’ > 15
identified increased LV diastolic pressure (86% specificity and
64% positive predictive value), and E/E’ < 8 accurately predict-
ed normal LV diastolic pressure (97% negative predictive val-
ue). Similar to our study, Mak et al.”” showed BNP level is use-
ful for evaluation of LV diastolic function as well as TDI data.

The E/E’ measured at the septal and lateral annulus corre-
lated well with NT-proBNP in our study.

Data about relationship between conventional echocardio-
graphic parameters and plasma level of natriuretic peptide are
in controversy. Mornos et al.?? reported significant but weak
correlations between NT-proBNP level and E/E’ ratio, PVs,

ROC
1.0
0.8
>
$ 044
0.2+
0.0 Area under the curve: 1.000
ok T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Fig. 2. ROC curve for NT-proBNP value of 433 pg/mL in prediction of E/
E’ (septal annulus) > 15 in patients with atrial fibrillation. ROC: receiver
operating characteristic, NT-proBNP: N-terminal pro-brain natriuretic
peptide.

pulmonary vein atrial flow reversal velocity, LV ejection frac-
tion, heart rate, LA size and mitral E deceleration time in pa-
tients with sinus rhythm. However, in the study of Mornos et
al.,?" no significant correlation was demonstrated between na-
triuretic peptide and other echocardiographic and Doppler pa-
rameters in patients with sinus rhythm.

Shortening of the early diastolic deceleration time of the
mitral E-wave suggests impaired LV filling and increased LA
pressure and it has been known as a strong predictor of an ad-
verse outcome in symptomatic and asymptomatic individuals
with LV dysfunction.”” Ommen et al.” demonstrated signifi-
cant correlation between deceleration time and LV filling pres-
sure among patients with ejection fraction < 50%, but not in
those with ejection fraction > 50%. But in the study by Sohn
et al.,'” deceleration time of mitral inflow did not correlate
with wedge pressure.

LA volume index, LV mass index and duration of AF are in-
dependent predictors of plasma BNP levels in patients with
chronic AF and preserved LV systolic function.”®

This study had some limitations. First, this was a small ob-
servational and cross-sectional study without any long-term
follow-up data. The small population of the study group lim-
its the study and although the results achieved statistical sig-
nificance, they must be considered carefully and require fur-
ther investigation and confirmation in a larger cohort. Second,
we did not performed cardiac catheterization with simultane-
ous Doppler interrogation.
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In conclusion, N'T-proBNP level is well correlated with
Doppler echocardiographic parameters of diastolic function in
patients with AF and preserved LV ejection fraction.

NT-proBNP level more than 433 pg/mL may suggest ele-
vated LV filling pressure in patients with AF.
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