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Abstract

Background In end-stage renal disease patients with

preserved LV ejection fraction undergoing chronic

hemodialysis, we investigated the relationship of left atrial

deformational parameters evaluated by two-dimensional

speckle tracking imaging (2D-STI) with conventional

echocardiographic diastolic dysfunction parameters and

brain natriuretic peptide level.

Methods The study group enrolled 30 patients treated

with chronic hemodialysis three times weekly. Two-di-

mensional transthoracic echocardiography and Doppler

studies were performed 44.93 (13.46) immediately before

and after HD. All patients had preserved left ventricular

ejection fraction.

Results The mean age of patients was

44.93 ± 13.46 years. The mean brain natriuretic peptide

(BNP) value after HD was 221.56 ± 197.79 pg/ml. BNP

values were significantly higher before HD (p = 0.004),

the anteroposterior diameter, area, and the volumes of the

LA decreased significantly after HD. On the other hand, the

left atrial ejection fraction (LAEF) and the peak LA strain

during LV systole (LAGS) were found to be higher. Before

HD, there were significant inverse correlations between

LAGS and BNP levels (r = -0.482, p = 0.007), E/E0

(r = -0.33, p = 0.049), LAVmax (r = -0.366,

p = 0.047), and LAVmin (r = –0.579, p = 0.001). LAGS

had a significant correlation with E0 velocity (r = 0.557,

p = 0.001) (Table 5) and LAEF (r = 0.58, p = 0.001).

After HD, there were also significant correlations between

LAGS and echocardiographic parameters of systolic and

diastolic LV function.

Conclusions We observed that left atrium global peak

systolic strain values decreased consistently with deterio-

rating systolic and diastolic function. Our results suggest

that LAGS measurements may be helpful as a compli-

mentary method to evaluate diastolic function.

Keywords Left atrium function � Strain � Global peak
systolic strain � Left ventricular diastolic function � End-
stage renal disease � Brain natriuretic peptide � Preserved
left ventricular ejection fraction

Introduction

Chronic renal disease results in structural and functional

abnormalities in the heart, known as uremic cardiomy-

opathy. These changes are associated with greater risk of

cardiovascular (CV) morbidity and mortality [1]. In fact,

end-stage renal disease (ESRD) is associated with left

ventricular (LV) hypertrophy, LV systolic and diastolic

dysfunction, and an increased left atrial volume (LAV).

The size of the LA reflects the severity and duration of

increased LA pressure consequent to increased LV end-

diastolic pressure. Therefore, the LAV is a good echocar-

diographic marker of the LV diastolic dysfunction [2].

Echocardiographic studies conducted on different patient

groups have demonstrated that the phasic functions of LA

decrease in parallel to the increase in the LAV. Especially

in heart failure patients with preserved LV ejection fraction

(LVEF), the reduction in the LA function may lead to a

decrease in the functional capacity and to CV complica-

tions [3]. Two-dimensional speckle tracking imaging (2D-

STI) is a new echocardiographic tool that may directly
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assess myocardial LA functions [4]. This analysis can

allow a more direct assessment of LA endocardial con-

tractility and passive deformation. Previous studies have

shown that decreased LA peak strain during LV systole

(LAGS) was related to systolic and diastolic dysfunction

and then to CV events and mortality [5, 6].

Moreover, because of the high prevalence of heart

failure in ESRD patients, there is a great need for a good

clinical biomarker enabling early identification of

hemodialysis (HD) patients at risk of cardiovascular events

and mortality, as well as earlier aggressive intervention.

Brain natriuretic peptide (BNP) is a cardiac hormone pro-

duced and secretedmainly by the ventricles, which is elevated

in patients with cardiac hypertrophy or heart failure [7].

BNP levels are also elevated in patients with chronic

kidney disease, especially those undergoing dialysis [8].

This is likely related to left ventricular dysfunction as well

as to reduced clearance and increased plasma volume. It is

widely recognized that cardiac function is a major con-

founder influencing levels of this peptide in dialysis

patients. Thus, even in dialysis patients with ESRD, BNP is

used for diagnosis and evaluation of the severity of heart

failure and it is predictive of patient prognosis [9].

In ESRD patients with preserved LVEF undergoing

chronic hemodialysis, we investigated the relationship of

left atrial deformational parameters evaluated by 2D-STI

with conventional echocardiographic diastolic dysfunction

parameters and brain natriuretic peptide level.

Methods

Study population

The study group enrolled 30 patients treated with chronic

hemodialysis three times weekly. All these patients were

referred to the Echocardiography Laboratory betweenMay 1,

2014 and June 28, 2014 for echocardiographic evaluation.We

excluded patientswith known coronary artery disease, cardiac

arrhythmias, cardiomyopathy, ormoderate-to-severe valvular

disease diagnosed by echocardiography. All patients had

preserved left ventricular ejection fraction (LVEF) of 50 % or

greater. Blood pressure, heart rate, and anthropometric mea-

surements of all patients were recorded before the echocar-

diography. Body surface area (BSA) was calculated from the

anthropometric measurements by the Mosteller formula [10].

Blood analysis for serum electrolytes and brain natriuretic

peptide (BNP) was performed for all patients.

Echocardiography

Two-dimensional transthoracic echocardiography (TTE)

and Doppler studies were performed immediately before

and after HD using a GE Vivid E9 ultrasound machine with

a 3.5-MHz transducer. Heart rate was continually moni-

tored during the transthoracic evaluation. All data were

transferred to a workstation for offline analyses (EchoPac

PC).

Conventional echocardiographic evaluation

All patients underwent an echocardiographic evaluation in

the left lateral position using a GE Vivid 9 system. Heart

rate was continually monitored during the transthoracic

evaluation. Parasternal long-axis view was used for the

M-mode measurements of the left atrial diameter, inter-

ventricular septal, LV posterior wall thickness (IVST and

LVPWT), LV end-diastolic and end-systolic dimensions

(LVEDd and LVESd). LVEF was calculated from LV

volumes by the modified biplane Simpson rule using apical

four-chamber and two-chamber images and expressed as a

percentage. The left atrial area and volume were also

determined. LA maximum volume (LAVmax) was mea-

sured when the mitral valve was completely opened and

LA minimum volume (LAVmin) was measured when the

mitral valve was completely closed. The LA volumes were

indexed to the BSA. The LAEF was calculated as (LAV-

max–LAVmin)/LAVmax and expressed as percentage.

Peak transmitral flow velocity in early diastole (E) and

peak transmitral flow velocity in late diastole (A) were

attained by pulsed-wave Doppler echocardiography in the

apical four-chamber image. The mitral A wave duration

(dAm), the pulmonary A wave duration (dAp), E/A ratio,

and the E deceleration time (DT) were evaluated. Doppler

tissue imaging (TDI) was performed in the four-chamber

view. The myocardial systolic (S0), early diastolic (E0), and
late diastolic (A0) wave velocities were attained at the lat-

eral mitral annulus. The E/E0 for lateral annulus was cal-

culated. The color M-mode Doppler flow propagation

velocity (Vp) was obtained by combined color-flow Dop-

pler and MM-mode interrogation of the mitral inflow

during diastole. Diastolic dysfunction was defined by left

ventricle elevated filling pressures.

Two-dimensional speckle tracking analysis of the left

atrium

Two-dimensional echocardiography views for the LA were

attained from the apical four- and two-chamber images. All

views were obtained with patients holding their breath at

end-expiration and with an electrocardiographic reading

taken at the same time. The frame rate for views was set at

60–80 frames/s. The views were stored in a cineloop for-

mat and three consecutive heart cycles were recorded for

offline analysis using EchoPac software. The atrial endo-

cardium was first determined manually. The epicardial
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surface is calculated automatically and the software system

automatically divides the atrial wall to six segments. If

speckle tracking is not adequate, the region of interest is

manually adjusted to include only the atrial wall. Segments

in which adequate tracking quality could not be obtained

despite manual adjustments were excluded from the anal-

ysis. If the tracking segments were sufficient for analysis,

the software system was allowed to read the data. The

typical LA strain graph was obtained for each patient.

Mean peak LA strain valuations during LV systole (LAGS)

for six segments were evaluated.

BNP measurement

Blood samples were obtained from all patients before and

after HD. The blood samples were immediately centrifuged

and plasma was stored at -80 �C until the time of evalu-

ation. The quantitative definition of BNP in plasma was

performed using the immune fluorescence method.

Statistical analysis

Statistical analysis was performed using Statistical Package

for Social Sciences version 20.0 software (SPSS, Chicago,

IL, USA). Continuous variables with normal distribution

were presented as the mean (standard deviation, SD).

Qualitative variables were given as percentage. Correla-

tions between continuous variables were assessed using

Pearson’s or Spearman’s correlation analysis after the

normality of the distribution of the data was verified. A

p value under 0.05 was considered as statistically

significant.

Results

The mean duration of chronic hemodialysis in ESRD

patients was 7.14 ± 5.91 years. The demographic and

clinical data of the study population are summarized in

Table 1. After HD session, the systolic and diastolic blood

pressures, body weight, and BSA decreased significantly

(p = 0.000). The mean BNP value after HD was

221.56 ± 197.79 pg/ml. BNP values were significantly

higher before HD (p = 0.004). The results of laboratory

analyses before and after HD are shown in Table 2.

Table 3 summarizes the results of echocardiographic

evaluation before and after HD. After HD, the LV end-

diastolic and end-systolic dimensions and volumes

decreased significantly. However, no significant difference

was observed in the LVEF. When the Doppler and TDI LV

echocardiographic data before and after HD were

Table 1 Baseline characteristics of the study population (30 patients)

Number (%)

Variable

Age (years) 44.93 (13.46)

Gender, male 19 (63.3)

Systemic hypertension 13 (43.3)

Diabetes mellitus 4 (13.3)

Hyperlipidemia 10 (33.3)

Cause of end-stage renal disease

Interstitial nephritis 6 (20)

Glomerulonephritis 4 (13.3)

Vascular nephritis 3 (10)

Diabetic nephritis 2 (6.7)

Hereditary 2 (6.7)

Unknown 13 (43.3)

HD hemodialysis

Table 2 Variables before and

after hemodialysis in the study

population

Variable Pre-HD Post-HD p

Clinical variables

Systolic BP (mmHg) 126.97 (16.09) 116.93 (15.10) 0.000

Diastolic BP (mmHg) 80.23 (8.15) 73.27 (8.02) 0.000

Heart rate (bpm) 78.46 (13.68) 75.36 (10.98) 0.247

Body weight (kg) 62.31 (9.56) 60.55 (9.61) 0.000

BSA (m2) 1.68 (0.15) 1.65 (0.15) 0.000

Laboratory tests

BNP (pg/ml) 253.33 (222.90) 221.56 (197.79) 0.004

Urea (mmol/l) 22.53 (5.07) 5.27 (2.99) 0.000

Creatinine (lmol/l) 849.43 (147.90) 246.17 (103.87) 0.000

Calcemia (mmol/l) 2.23 (0.20) 2.55 (0.20) 0.000

Phosphoremia (mmol/l) 1.67 (0.50) 0.66 (0.30) 0.000

Data are presented as mean (SD)

BP blood pressure, BSA body surface area, BNP brain natriuretic peptide
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compared, mitral early diastolic flow velocity (E), mitral E/

A ratio, E/E0, and LV filling pressure were observed to be

significantly lower after HD.

When the atrial parameters of the study population were

assessed, the anteroposterior diameter, area, and the vol-

umes of the LA decreased significantly after HD. On the

other hand, the LAEF and the peak LA strain during LV

systole (LAGS) were found to be higher. An assessment of

the LA structure and function is presented in Table 4.

Before HD, there were significant inverse correlations

between LAGS and BNP levels (Table 5, Fig. 1)

(r = -0.482, p = 0.007), E/E0 (r = -0.33, p = 0.049),

LAVmax (r = -0.366, p = 0.047) and LAVmin

Table 3 Comparison of

conventional echocardiographic

findings before and after

hemodialysis in the study

population

Pre-HD Post-HD p

Parameter

LVEDd (mm) 53.20 (6.44) 48.60 (4.47) 0.000

LVESd (mm) 31.20 (4.44) 28.76 (4.38) 0.003

IVST (mm) 11.03 (2.02) 10.86 (2.06) 0.672

LVPWT (mm) 12.73 (2.34) 12.40 (2.22) 0.366

LVMi (g/m2) 134.37 (49.10) 111.56 (34.83) 0.000

LVEDVi (ml/m2) 60.04 (12.89) 56.38 (11.99) 0.006

LVESVi (ml/m2) 23.53 (6.71) 20.52 (4.70) 0.001

LVEF (%) 61.36 (7.87) 62.36 (8.51) 0.531

Mitral inflow

Peak E (cm/s) 96.06 (21.86) 80.00 (21.32) 0.000

Peak A (cm/s) 84.16 (19.87) 80.00 (20.32) 0.070

E/A ratio 1.20 (0.35) 1.04 (0.32) 0.001

DT (m) 174.96 (41.76) 189.00 (46.85) 0.085

Lateral mitral annulus

S0 peak velocity (cm/s) 10.60 (3.53) 11.43 (3.42) 0.158

E0 peak velocity (cm/s) 12.70 (3.98) 12.00 (3.59) 0.167

A0 peak velocity (cm/s) 11.43 (3.61) 10.66 (3.51) 0.106

E0/A0 ratio 1.23 (0.62) 1.26 (0.70) 0.637

LV filling pressure

E/E0 (lateral) 8.18 (2.84) 7.12 (2.46) 0.012

Vp (cm/s) 78.50 (24.76) 68.56 (23.70) 0.142

E/Vp 1.31 (0.44) 1.24 (0.44) 0.413

dAp-Am (ms) -43.53 (35.00) -37.30 (26.01) 0.268

PASP (mmHg) 34.63 (8.67) 27.40 (6.74) 0.000

Inferior vena cava diameter (mm) 13.16 (3.38) 10.23 (3.49) 0.000

Elevated LV filling pressure 10 (33.3 %) 1 (3.33 %) 0.001

Data are presented as mean (SD)

IVST interventricular septal thickness, LVPWT left ventricular posterior wall thickness, LVEDd left ven-

tricular end-diastolic dimension, LVESd left ventricular end-systolic dimension, LVMi left ventricular mass

index, LVEDVi left ventricular end diastolic volume index, LVESVi left ventricular end systolic volume

index, LVEF left ventricular ejection fraction calculated by biplane Simpson method, PASP pulmonary

artery systolic pressure

Table 4 Echocardiographic assessment of the left atrium before and

after hemodialysis in the study population

Parameter Pre-HD Post-HD p

LA diameter (mm) 38.93 (5.28) 36.30 (4.19) 0.000

LA area (cm2) 19.27 (3.29) 17.00 (3.45) 0.035

LAVi max (ml/m2) 35.60 (12.25) 31.23 (10.12) 0.001

LAVi min (ml/m2) 22.53 (11.82) 19.06 (7.96) 0.011

LAEF (%) 37.66 (17.65) 39.65 (13.32) 0.533

LAGS (%) 31.55 (9.53) 34.77 (10.88) 0.049

Data are presented as mean (SD)

LA left atrial, LAVi left atrial volume index, LAEF left atrial ejection

fraction, LAGS Left atrium global peak systolic strain
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(r = -0.579, p = 0.001). LAGS had significant correla-

tion with E0 velocity (r = 0.557, p = 0.001) (Table 5;

Fig. 2a) and LAEF (r = 0.58, p = 0.001) (Table 5;

Fig. 2b). LAGS value of 29.39 % predicted diastolic dys-

function with a sensibility of 83 % and a specificity of

76 %. After HD, there were also significant correlations

between LAGS and echocardiographic parameters of

systolic and diastolic LV function, as shown in Table 5.

LAGS value of 32.59 % predicted diastolic dysfunction

with a sensibility of 93 % and a specificity of 82 %.

Discussion

In the present study, the comparison before and after

hemodialysis in ESRD patients revealed that as the LAV

decreased, the LA function and deformation parameters

Table 5 Correlations between LAGS, BNP, echocardiographic

parameters of LA function, and LV systolic and diastolic functions

before and after hemodialysis

LAGS

Pre-HD Post-HD

r p r p

BNP -0.482 0.007 -0.387 0.034

LV systolic parameters

LVEF 0.077 NS 0.417 0.022

LV diastolic parameters

E 0.095 NS 0.103 NS

DT -0.304 NS -0.204 NS

E/A 0.114 NS 0.106 NS

E0 0.557 0.001 0.394 0.031

E/E0 -0.330 0.049 -0.469 0.009

LA parameters

LAVi max -0.366 0.047 -0.527 0.003

LAVi min -0.579 0.001 -0.427 0.005

LAEF 0.580 0.001 0.236 NS

NS non-significant

Fig. 1 Correlation of LAGS with BNP levels before hemodialysis

(LAGS Left atrium global peak systolic strain, BNP Brain natriuretic

peptide)

Fig. 2 Correlations between left atrium global peak systolic strain

(LAGS) and echocardiographic parameters before hemodialysis.

LAGS displayed positive correlations with parameters of the early

phase of LV relaxation, E0 velocity (a), and volumetric parameters of

LA function, LAEF (b)
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estimated by the global systolic strain increased after

hemodialysis. We also demonstrated that LAGS was clo-

sely related to BNP levels and LV function.

LA size and function are important determinants of

cardiovascular morbidity and mortality in ESRD patients

[11]. In general, the LA performs multiple functions, acting

as a reservoir during LV systole, a conduit for blood

passing from the pulmonary veins to the LV during early

diastole, an active contractile chamber that augments LV

filling in late diastole, and a suction pump that refills itself

in early systole [12]. LA functions play a central role in

maintaining the optimal cardiac output despite impaired

LV relaxation and reduced LV compliance in ESRD

patients with preserved LVEF. LV diastolic dysfunction,

LV hypertrophy, and volume overload may lead to elevated

LV filling pressure and LA afterload in patients with ESRD

[13]. Consequently, these alterations produce a compen-

satory mechanism in the LA characterized by LA dilatation

and the stretching of the atrial myocardium. This remod-

eling leads to a slow and incomplete relaxation with LA

systolic and diastolic dysfunction [14,15].

Two-dimensional speckle tracking imaging (STI) is a

new echocardiographic tool that tracks the speckle pattern

frame by frame in standard B-mode images to calculate left

ventricular strain [16]. This analysis may allow a more

direct assessment of LA endocardial contractility, and

regional and global deformation and has been recently

proposed [17–19]. LA myocardial deformation curves

attained with two-dimensional STI are similar to LA vol-

ume graphs. LA volume and function graphs contain three

phases, known as reservoir, conduit, and booster pump [4].

LAGS is closely related to the LA reservoir function

(LARF), and the LA strain during atrial systole is associ-

ated with booster pump function [20]. The LARF is eval-

uated in two sequential phases: early and late. Although the

early LARF depends on LA relaxation, the late LARF

depends on LV contraction through the descent of the base

during systole. Thus, both LA relaxation and LV systolic

function might influence the LARF and, subsequently,

LAGS [21, 22]. When the LA is well stretched longitudi-

nally, and consequently a high LAGS is present, the LV

relaxes rapidly, generating high E wave and E0, as blood

rushes into the LV, generating a high LA ejection fraction.

Therefore, LAGS correlated with parameters of LV dias-

tolic function, the maximum LA volume, and LA volu-

metric indexes of conduit and reservoir function [4].

Recent works have shown that the Doppler indices of

diastolic filling are very load-dependent, fluctuating widely

with changes in the intravascular status during dialysis. LA

size, which has previously been shown to correlate with LV

dysfunction, may be a more stable measurement option that

is preload-independent. A recent study showed that fluc-

tuations in the LAV are less pronounced than the changes

in the intravascular status during dialysis. However, the

evaluation of LAV by 2D echocardiography is limited by

the use of geometric models that determine the volume of a

non-symmetric chamber, and by errors that occur due to

foreshortening [23]. This finding may support previous

evidence showing that a large proportion of the variability

in the standard indices of LAV and function is likely to be

explained by the changes in the LA size, whereas abnor-

malities in the LA strain are relatively independent from

LA dilatation and volume overload [24].

In our study, we found significant correlations between

LV systolic parameters and LAGS. Similarly, Wakami

et al. [6] found a significant relation between peak LA wall

strain during LV systole and LV hemodynamic measure-

ments. They also demonstrated that peak LA wall strain

during LV systole was determined not only by LV systolic

function but also by LV end-diastolic pressure (LVEDP)

[6]. Other previous studies investigated the impact of LV

filling pressure (LVEDP)—which is the hemodynamic

marker of LV dysfunction—and pulmonary capillary

wedge pressure (PCWP) on LAGS during LV systole,

reporting that enhanced LVEDP is related to a decrease of

LAGS [5].

Cameli et al. [5] demonstrated that in a group of patients

with advanced systolic heart failure, E/E0 ratio was poorly

correlated with invasively obtained LV filling pressures.

Nevertheless, LAGS analysis by speckle tracking imaging

correlates well with pulmonary capillary wedge pressure,

providing a better estimation of LV filling pressure in this

particular clinical setting. E/E0 ratio, LA volumes, and BNP

were also significantly increased in ESRD patients,

reflecting increased diastolic filling pressures and diastolic

dysfunction.

Therefore, in our study, we evaluated LAGS to assess

diastolic dysfunction in ESRD patients before and after

HD. Altekin et al. [23] demonstrated that in ESRD patients

with preserved systolic function who are undergoing

hemodialysis, the LA myocardial function assessed

through the 2D-STI method was an independent correlative

of increased ePCWP, which is an echocardiographically

calculated hemodynamic marker of LV dysfunction. Our

results agreed; in our ESRD patients undergoing HD,

average LAGS was substantially lower before HD and was

inversely correlated to echocardiographic parameters of

diastolic function such as LA volumes and E/E0 ratio.
In the present study, we also evaluated BNP levels

before and after HD in ESRD patients. Plasma BNP levels

are elevated in patients with heart failure [24, 25], and

correlate strongly with LV filling pressure [26, 27]. This

biomarker increases with increasing severity of heart fail-

ure evaluated based on New York Heart Association Class,

functional capacity [28], or systolic and diastolic dys-

function [29, 30]. Even in patients with chronic kidney
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disease and ESRD, left ventricular end-diastolic wall stress

remains a strong determinant of circulating BNP levels

[31]. Furthermore, in ESRD patients receiving long-term

dialysis, BNP and NT-proBNP levels are strongly associ-

ated with the severity of LV hypertrophy and systolic

dysfunction, and their elevation also reflects the presence

of myocardial ischemia and is indicative of the severity of

coronary artery disease [32]. Finally, BNP and NTproBNP

are highly predictive of subsequent cardiac events and

mortality in hemodialysis patients [33]. In our study, we

observed that BNP levels decreased significantly after HD

and that LAGS was inversely correlated with BNP levels,

as well as echocardiographic LV diastolic parameters.

Study limitations

Our study had several limitations. Although the efficiency

of the 2D-STI method was validated on our study popu-

lation, the limited number of patients may present a limi-

tation for the validation of the efficiency of the method.

Another limitation of the study was the lack of invasive

hemodynamic data. Cardiac catheterization provides more

accurate information about the LV filling pressures than

echocardiographic measurements. Nonetheless, several

studies have demonstrated the high sensitivity, specificity,

and accuracy of the mitral E/E0 ratio in the assessment of

LV filling pressures. The evaluation of the LA through 2D-

STI is more difficult and time-consuming than the assess-

ment of the segmental LV function. We used current

software for the LV analysis to study the LA pattern strain.

Since our study was an observational study and did not

include the clinical follow-up of the patients, the relation-

ship between the results and the cardiovascular prognosis

of the patients was not evaluated.

Conclusions

The present study demonstrated that in ESRD patients with

preserved systolic left ventricular function who are

undergoing chronic hemodialysis, 2D-STI is a non-inva-

sive, reproducible, and relatively simple technique for

evaluating LA function. We observed that left atrium

global peak systolic strain values decreased consistently

with deteriorating systolic and diastolic LV function. Our

results suggest that LAGS measurements may be helpful as

a complementary method to evaluate diastolic function.
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22. Appleton CP, Kovács SJ, et al. The role of left atrial function in

diastolic heart failure. Circ Cardiovasc Imaging. 2009;2(1):6–9.

23. Altekin RE, Yanikoglu A, Karakas MS, et al. Evaluation of left

atrial function using two-dimensional speckle tracking echocar-

diography in end-stage renal disease patients with preserved left

ventricular ejection fraction. Kardiol Pol. 2013;71(4):341–51.

24. Cowie MR, Struthers AD, Wood DA, et al. Value of natriuretic

peptides in assessment of patients with possible new heart failure

in primary care. Lancet. 1997;350(9088):1349–53.

25. Davis M, Espiner E, Richards G, et al. Plasma brain natriuretic

peptide in assessment of acute dyspnoea. Lancet.

1994;343(8895):440–4.

26. De Lemos JA, McGuire DK, Drazner MH, et al. B-type natri-

uretic peptide in cardiovascular disease. Lancet.

2003;362(9380):316–22.

27. Haug C, Metzele A, Kochs M, et al. Plasma brain natriuretic

peptide and atrial natriuretic peptide concentrations correlate with

left ventricular end-diastolic pressure. Clin Cardiol.

1993;16(7):553–7.

28. Jourdain P, Funck F, Bellorini M, et al. Bedside B-type natri-

uretic peptide and functional capacity in chronic heart failure. Eur

J Heart Fail. 2003;5(2):155–60.

29. Yamamoto K, Burnett JC, Jougasaki M, et al. Superiority of brain

natriuretic peptide as a hormonal marker of ventricular systolic

and diastolic dysfunction and ventricular hypertrophy. Hyper-

tension. 1996;28(6):988–94.

30. Troughton RW, Prior DL, Pereira JJ, et al. Plasma B-type natri-

uretic peptide levels in systolic heart failure: importance of left

ventricular diastolic function and right ventricular systolic func-

tion. J Am Coll Cardiol. 2004;43(3):416–22.

31. Niizuma S, Iwanaga Y, Yahata T, et al. Impact of left ventricular

end-diastolic wall stress on plasma B-type natriuretic peptide in

heart failure with chronic kidney disease and end-stage renal

disease. Clin Chem. 2009;55(7):1347–53.

32. Niizuma S, Iwanaga Y, Yahata T, et al. Plasma B-type natriuretic

peptide levels reflect the presence and severity of stable coronary

artery disease in chronic haemodialysis patients. Nephrol Dial

Transplant Off Publ Eur Dial Transpl Assoc—EurRen Assoc.

2009;24(2):597–603.

33. Sivalingam M, Suresh M, Farrington K, et al. Comparison of

B-type natriuretic peptide and NT proBNP as predictors of sur-

vival in patients on high-flux hemodialysis and hemodiafiltration.

Hemodial Int Int Symp Home Hemodial. 2011;15(3):359–65.

78 J Echocardiogr (2016) 14:71–78

123


	Relationship of left atrial global peak systolic strain with left ventricular diastolic dysfunction and brain natriuretic peptide level in end-stage renal disease patients with preserved left ventricular ejection fraction
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Study population
	Echocardiography
	Conventional echocardiographic evaluation
	Two-dimensional speckle tracking analysis of the left atrium
	BNP measurement
	Statistical analysis


	Results
	Discussion
	Study limitations
	Conclusions
	References




