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In heart failure patients with low left ven-
tricular ejection fraction (EF), the active
myocardial relaxation and elastic recoil
are usually affected by the left ventricular
dilatation and systolic dysfunction lead-
ing to an increase in LVFP. As increased
LVFP is associated with a higher NYHA
class, worse prognosis, and higher mor-
tality, recognition and staging of this
condition are important treatment plan-
ning and prediction of the prognosis and
mortality [1, 2, 3].

Invasive measurement is the gold
standard for evaluation of left ventric-
ular diastolic dysfunction and filling
pressure [4, 5, 6]. However, noninvasive
echocardiographic measurements could
also be used in concordance with inva-
sive parameters, except for some con-
ditions that affect left ventricular filling
such as mitral stenosis. Parameters such
as E/A ratio and E velocity, increased
E/Pv ratio, and E/E’ ratio are some of
the echocardiographic indicators of in-
creased LVFP (7, 8, 9, 10, 11]. Brain natri-
uretic peptide (BNP) that is released in
response to myocardial stress caused by
pressure and/or volume overload has al-
so been shown to correlate well with di-
astolic filling pressure in previous stud-
ies [12, 13, 14].

The structure and functions of the left
atrium (LA) could also be useful in eval-
uating the filling pressure. LA volumetric
parameters, transmitral and pulmonary
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vein Doppler studies, and myocardial de-
formation by tissue Doppler examination
have been used to depict the effect of in-
creased LVFEP on the LA. Recently, strain
and strain rate measured by novel two-

GLAs-res
1

dimensional speckle-tracking echocar-
diography (2D-STE) have been used in
evaluating various cardiac pathologies.
In this study, echocardiographic indica-
tors of increased LVFP and NT-proBNP
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Fig. 1 A Left atrial deformation parameters on 2D-STE: a and b show the measurement of LAs-res and
LAs-pump using 2D-STE from apical four-chamber (a) and two-chamber (b) views. Schematic diagram

() shows left atrial strain curves
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Tab. 1

Baseline demographic, clinical, and echocardiographic properties of patients

Variables Group 1 (normal LVFP;  Group 2 (increased p value
n=23) LVFP; n=26)
Age (years) 40.9+11.9 45.1+11.9 0.218
Male gender (n/%) 14/61 18/69 0.539
BSA (m?) 1.79+0.18 1.80+0.18 0.851
BMI (kg/m?) 25.4+2.1 26.1£1.9 0.199
Current smoking (%) 7(30) 10 (38) 0.556
Dyslipidemia (%) 5(22) 11(42) 0.125
Hypertension (%) 7(30) 7(27) 0.786
NYHA class (I/11) 5/18 5/21 0.828
Beta blocker (%) 18(78) 19 (73) 0.674
ACE-AR blockers (%) 20(87) 19 (73) 0.229
Loop diuretics (%) 18 (78) 21(81) 0.828
Aldosterone antagonists (%)  9(39) 12 (46) 0.680
HR (bpm) 65.2+4 65.8+3.9 0.628
Systolic blood pressure 12431144 120.6+£14.5 0.376
(mmHg)
Diastolic blood pressure 70.7+7.5 68.3+6.8 0.248
(mmHg)
BNP (pg/ml) 229.7+54.8 309.6+56.6 <0.001
LVend-diastolic diameter (cm)  6.62+0.57 6.84+1.1 0.379
LVend-systolic diameter (cm) ~ 5.19+0.55 5.53+0.89 0.129
LV EF (%) 30.4+5.7 29.246 0.495
E velocity (cm/s) 6315 81£19 <0.001
A velocity (cm/s) 5520 47+12 0.108
E/A ratio 1.25+0.43 1.79+0.49 <0.001
DT (ms) 190+42 18140 0.420
PAPs (mmHg) 39+9.8 45+15.3 0.105
S'velocity (cm/s) 448+1.5 3.87+1.06 0.111
E’velocity (cm/s) 6.14+1.18 4.78+1.21 <0.001
A'velocity (cm/s) 5.68+2.24 4.75+1.27 0.088
E/E'ratio 10.52+2.82 17.1+£1.96 <0.001
BSA body surface area, BMI body mass index, ACE angiotensin-converting enzyme, AR angiotensin receptor,
HR heart rate, LV left ventricle, EF ejection fraction, LAV left atrium volume index, E early transmitral velocity,
A late transmitral velocity, DT deceleration time of the E-wave velocity, S mitral systolic myocardial velocity, £’
early diastolic mitral myocardial velocity, A" late diastolic mitral myocardial velocity, PAPs systolic pulmonary
artery pressure

levels were compared with LA strain pa-
rameters measured by 2D-STE.

Study population and
method

The study included 49 patients with
nonischemic dilated cardiomyopathy
(DCMP) who presented to the Kosuyo-
lu Heart, Education & Research Hospi-
tal between January 2009 and April 2012,
and had an EF below 40% and NYHA
class I and II heart disease. Patients with
more than 50% stenosis in the epicardi-
al coronary arteries on coronary angiog-
raphy performed in the last 6 months,
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a history of acute coronary syndrome,
permanent pacemaker or cardiac resyn-
chronization therapy (CRT), suboptimal
medical therapy, chronic hepatic or renal
disease, hypo-/hyperthyroidism, brady-/
tachyarrhythmias, rheumatic valve dis-
eases, mitral regurgitation of more than
moderate degree, chronic alcohol abuse,
history of antineoplastic agent usage, ra-
diotherapy and storage diseases were ex-
cluded from the study. Written informed
consent was obtained from all patients.
All work was done in compliance with
the Declaration of Helsinki and was per-
formed with the approval of the local eth-
ics committee.

Two-dimensional and
Doppler echocardiography

All patients underwent an echocardio-
graphic examination in the left later-
al position, using the GE Vivid 7 system
(GE Vingmed Ultrasound AS, Horten,
Norway) with a 3.5-MHz transducer.
Blood pressure and heart rate were mon-
itored during the echocardiographic ex-
amination. The data were analyzed of-
fline using EchoPAC (GE Vingmed Ul-
trasound AS).

Cardiac dimensions and volumes
were measured according to the guide-
lines of the European Society of Cardiol-
ogy (ESC), and LVEF was calculated us-
ing the biplane Simpson method [15].

As defined before in the literature,
systolic pulmonary arterial pressure
(PAPs) was calculated from the tricuspid
regurgitant jet velocity (V) using the Ber-
noulli equation (4V?) and the estimat-
ed right atrial pressure [16]. Transmitral
flow velocities (E and A) were obtained
by pulsed-wave Doppler in the apical
four-chamber view. The ratio of E/A ve-
locity and E-wave deceleration time (DT)
were measured.

Tissue Doppler imaging was used to
measure mitral annular velocities. The
early diastolic velocity (E’) was mea-
sured at both the mitral septal and lat-
eral annulus, and the mean was taken.
The ratio of E/E’ was calculated by us-
ing average E. The patients were divided
into two groups—normal and increased
LVFP—according to the E/A ratio, E ve-
locity, and E/E’ LVFP was considered to
be high in patients with restrictive filling
pattern, an E/A ratio of >1to <2 and E/F’
of =15, or an E/A ratio of <1 (E >50 cm/s)
and E/E’ of >15 (group 2). The patients
who did not meet these criteria were con-
sidered to have normal filling pressures
(group 1).

LA volumetric measurements

LA volumes were calculated using the bi-
plane area-length method as described
previously {LA volume =0.85 x [(LA ar-
ea in 4-chamber view) x (LA area in
2-chamber view)]/LA length} [17]. LA
maximum volume (before mitral valve
opening), LA pre-A volume (onset of
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Abstract

Background. Left ventricular filling pressure
(LVFP) is raised by the compromised contrac-
tion and impaired ventricular compliance in
dilated hearts with systolic dysfunction. Time-
ly recognition and staging of this condition
are important for planning of the treatment
strategy and making the prognosis. Two-di-
mensional speckle- tracking echocardiogra-
phy (2D-STE) has recently enabled the quan-
tification of left atrial (LA) myocardial defor-
mation dynamics. In this study, echocardio-
graphic indicators of increased LVFP and NT-
proBNP were compared with LA strain mea-
sured by 2D-STE.

Methods. A total of 49 nonischemic dilat-
ed cardiomyopathy (DCMP) patients were in-
cluded in the study. All patients underwent
standard 2D echocardiography. In the 2D-
STE analysis of the LA, global longitudinal LA

DOI10.1007/s00059-013-3817-z

strain during ventricular systole (GLAs-res)
and strain during late diastole (GLAs-pump)
were obtained. NT-proBNP levels were mea-
sured. The patients were divided into two
groups—normal (group 1) and increased
(group 2) LVFP—according to E/A ratio, E ve-
locity, and E/E'ratio.

Results. LAVi-max, LAVi-min, and NT-pro-
BNP were higher in group 2, whereas LAto-
talEF, LAactiveEF, GLAs-res, and GLAs-pump
were lower. In univariate analysis, a good
negative correlation was seen between GLAs-
res vs. NT-proBNP, GLAs-res vs. LAVi-max, and
GLAs-res vs. E/E'ratio; a good negative cor-
relation was present between GLAs-pump
vs. NT-proBNP, GLAs-pump vs. LAVi-max, and
GLAs-pump vs. E/E'ratio. LAVi-max, LAac-
tiveEF, NT-proBNP, GLas-res, and GLAs-pump
were studied by logistic regression analysis.
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GLAs-res (p=0.009, OR=0.593, 95% Cl 0.4—
0.877), NT-proBNP (p=0.028, OR=1.027, 95%
Cl11.003-1.052), and LAactiveEF (p=0.022,
OR=0.001, 95% Cl 0.001-0.024) were found
to be independent predictors of increased
LVFP.

Conclusion. 2D-STE-based LA function is
impaired in patients with nonischemic DC-
MP. LA reservoir and pump function param-
eters together with NT-proBNP levels might
be useful in estimating LVFP in this patient
group.

Keywords
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atrium - Deformation dynamics - Dilated
cardiomyopathy - Echocardiography

Zusammenfassung

Hintergrund. Der linksventrikuldre Fiillungs-
druck (LVFP) ist durch die beeintrachtigte
Kontraktion und gestorte ventrikuldare Com-
pliance bei einer Herzdilatation mit sys-
tolischer Funktionsstorung erhdht. Zur Pla-
nung der Therapiestrategie und Vorhersage
der Prognose sind die friihzeitige Erkennung
und Klassifizierung dieser Erkrankung von
Bedeutung. Durch die 2-D-Speckle-Tracking-
Echokardiographie (2D-STE) ist die Quanti-
fizierung der linksatrialen myokardialen De-
formationsdynamik seit Kurzem moglich ge-
worden. In der vorliegenden Studie wurden
echokardiographische Indikatoren eines er-
hohten LVFP und NT-proBNP (,n-terminal pro
brain natriuretic peptide”) mit der per 2D-
STE gemessenen linksatrialen Deformierung
(,strain”) verglichen.

Methoden. Insgesamt wurden 49 Patienten
mit nichtischdmischer dilatativer Kardiomy-
opathie (DCMP) in die Studie aufgenommen.
Bei sémtlichen Patienten erfolgte eine Stan-

Linksatriale Deformation und nichtischamische dilatative
Kardiomyopathie. 2-D-Speckle-Tracking-Bildgebungs-Studie

dard-2-D-Echokardiographie. Mit der 2D-STE
wurden die globale longitudinale linksatria-
le Deformierung wahrend der Ventrikelsysto-
le (GLAs-res) und die Deformierung wéhrend
der spaten Diastole (GLAs-pump) ermit-

telt. Auch die NT-proBNP-Werte wurden be-
stimmt. Die Patienten wurden in 2 Gruppen
aufgeteilt, je nachdem, ob der LVFP gemaf
E/A-Verhaltnis, E-Geschwindigkeit und E/E"-
Verhaltnis normal (Gruppe 1) oder erhoht
(Gruppe 2) war.

Ergebnisse. In Gruppe 2 waren LAVi-max,
LAVi-min und NT-proBNP hdher, LAtotal-

EF, LAactiveEF, GLAs-res und GLAs-pump
dagegen niedriger. In der univariaten Ana-
lyse wurde eine gute negative Korrelation
zwischen GLAs-res vs. NT-proBNP, GLAs-res
vs. LAVi-max und GLAs-res vs. E/E'-Verhaltnis
beobachtet, und eine gute negative Korrela-
tion fand sich zwischen GLAs-pump vs. NT-
proBNP, GLAs-pump vs. LAVi-max und GLAs-
pump vs. E/E'-Verhaltnis. LAVi-max, LAactive-

EF, NT-proBNP, GLas-res und GLAs-pump wur-
den mittels logistischer Regressionsanalyse
untersucht. GLAs-res (p=0,009; OR=0,593;
95%-KI: 0,4-0,877), NT-proBNP (p=0,028;
OR=1,027; 95%-KI: 1,003-1,052) und LAac-
tiveEF (p=0,022; OR=0,001; 95%-KI: 0,001—
0,024) stellten sich als unabhangige Pradikto-
ren eines erhdhten LVFP heraus.
Schlussfolgerung. Die mit der 2D-STE er-
mittelte linksatriale Funktion ist bei Patienten
mit nichtischdmischer DCMP beeintréchtigt.
Die Parameter fiir die Reservoir- und Pump-
funktion des linken Vorhofs konnten zusam-
men mit den NT-proBNP-Werten bei der Ab-
schédtzung des LVFP in dieser Patientengrup-
pe von Nutzen sein.

Schliisselworter
2-D-Speckle-Tracking - Linker Vorhof -
Deformationsdynamik - Dilatative
Kardiomyopathie - Echokardiographie

the P-wave on electrocardiography), and
LA minimum volume (after atrial con-
traction) were measured and volumet-
ric parameters were indexed to body sur-
face area (LAVi-max, LAVi-preA, LAVi-
mi, respectively). Volumetric parame-

ters of LA systolic function were calcu-
lated as follows: LA total EF =100x(LAV-
max—LAV-min)/LAV-max, LA passive
EF =100x(LAV-max—LAV-preA)/LAV-
max, LA active EF =100x(LAV-preA -
LAV-min)/LAV-preA.

Speckle-tracking
echocardiography

Two-dimensional echocardiographic im-
ages for the LA were obtained from the
apical four- and two-chamber views. All
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Tab.2 Volumetric and strain parameters of the left atrium

Variables Group 1 (normal LVFP;  Group 2 (increased LVFP;  p value
n=23) n=26)
LAVi-max (ml/m?) 46.7+12 55.7+£14.6 0.023
LAVi-pre (ml/m?) 34.4+11 414143 0.079
LAVi-min (ml/m?) 26.9+8.9 341124 0.022
LA total EF (%) 43.5+6 40.1£7.2 0.075
LA passive EF (%) 27.316.6 27.7£7.9 0.838
LA active EF (%) 22+4.7 17£5.2 0.001
GLAs-res (%) 18.2+4.3 12.3£3.6 <0.001
LAs-4C-res 17.2+4 11.8+£3.6 <0.001
LAs-2C-res 19.1+4.7 12.943.5 <0.001
GLAs-pump (%) 83435 6.2+1.6 0.014
LAs-4C-pump 8+3.6 5.8+1.7 0.014
LAs-2C-pump 8.6+3.5 6.5+1.6 0.015
LAVi-max left atrium maximum volume index, LAVi-pre left atrium pre-A volume index, LAVi-min left atrium
minimum volume index, LA total EF left atrium total emptying fraction, LA passive EF left atrium passive
emptying fraction, LA active EF left atrium active emptying fraction, GLAs-res global longitudinal LA strain
during ventricular systole, LAs-4C-res longitudinal LA strain during ventricular systole from four-chamber view,
LAs-2C-res longitudinal LA strain during ventricular systole from two-chamber view, GLAs-pump global longi-
tudinal left atrial strain during late diastole, LAs-4C-pump longitudinal LA strain during late diastole from four-
chamber view, LAs-2C-pump longitudinal LA strain during late diastole from two-chamber view

Tab.3 Correlation analysis of GLAs-res and GLAs-pump with left atrial volumes, functions,

NT-pro-BNP levels, and E/E'ratio

GLAs-res GLAs-pump

Correlation co-  pvalue Correlation co-  pvalue

efficient efficient
LAVi-max —0.56 <0.001 —-0.68 <0.001
LAVi-pre -0.53 <0.001 -0.67 <0.001
LAVi-min —-0.56 <0.001 -0.7 <0.001
LA total EF 0.42 0.003 0.59 0.001
LA passive EF 0.31 0.028 0.46 0.001
LA active EF 0.29 0.043 0.3 0.038
NT-pro-BNP —-0.55 <0.001 -0.57 <0.001
E/E'ratio —-0.68 <0.001 -0.47 0.001

GLAs-res global longitudinal LA strain during ventricular systole, GLAs-pump global longitudinal left atrial
strain during late diastole, LAVi-max Left atrium maximum volume index, LAVi-pre left atrium pre-A volume
index, LAVi-min left atrium minimum volume index, LA total EF left atrium total emptying fraction, LA passive
EF left atrium passive emptying fraction, LA active EF left atrium active emptying fraction

Tab. 4
Univariate p value

Independent predictors of increased LVFP in multivariate logistic regression analysis

Multivariate p value  OR (95% ClI)

NT-pro-BNP <0.001 0.028 1.027 (1.003-1.052)
LAVi-max 0.023 0.981 0.999 (0.913-1.093)
LAactiveEF 0.001 0.022 0.001 (0.001-0.024)
GLAs-res <0.001 0.009 0.593 (0.4-0.877)

GLAs-pump 0.014 0.134 1.623 (0.862-3.059)

longitudinal left atrial strain during late diastole

OR odds ratio, Cl confidence interval, LAVi-max left atrium maximum volume index, LA active EF left atrium
active emptying fraction, GLAs-res global longitudinal LA strain during ventricular systole, GLAs-pump global

images were obtained while the patients
held their breath and the images were
stored in a cineloop format from three
consecutive beats. The frame rate was
adjusted between 60 and 80 frames/s.
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The data were analyzed offline using
EchoPAC (GE Vingmed Ultrasound
AS). The endocardial border was defined
manually, and tracing was done by the
software automatically for each view. If

the obtained tracking segments were ad-
equate for analysis, the software was al-
lowed to read the data, whereas analyti-
cally inadequate tracking segments were
either corrected manually or excluded
from the analysis.

Overall, 552 segments were analyzed
(12 segments for each patient). A total of
6% of segments were excluded from the
study because no analysis was done man-
ually and/or automatically. From apical
four- and two-chamber views, longitu-
dinal LA strain during ventricular systo-
le (or reservoir phase) (LAs-4C-res and
LAs-2C-res) was obtained just before mi-
tral valve opening; strain during late dias-
tole (or pump phase) (LAs-4C-pump and
LAs-2C-pump) was obtained at the onset
of the P-wave on electrocardiography (see
O Fig. 1). Global longitudinal LA strain
during ventricular systole (GLAs-res) and
late diastole (GLAs-pump) were calculat-
ed by averaging values observed in all LA
segments.

Reproducibility

Intra- and interobserver reproducibility
was assessed for both the GLAs-res and
the GLAs-pump values. For intraobserver
assessment, the measurements were rean-
alyzed after 4 weeks. The Bland-Altman
analysis for interobserver reproducibility
[mean difference, 95% confidence inter-
val (C)] and intraobserver reproducibility
(intraclass correlation coefficient, 95%CI)
were calculated, and the intraclass corre-
lation coefficient showed good inter- and
intraobserver agreement; interobserv-
er and intraobserver agreement was as-
sessed for GLAs-res, —2.5 [0.7-(-5.7)]
and 0.90 (0.82-0.95), respectively; and
for GLAs-pump, 1.2 [4.3-(-1.9)] and 0.89
(0.81-0.94), respectively.

BNP measurement

Blood samples for NT-proBNP were ob-
tained from the antecubital vein of all pa-
tients before the echocardiographic exam-
ination. The samples were sent to the lab-
oratory in citrate tubes without delay. The
blood was centrifuged at 3,500 rpm for
5 min. Commercial NT-proBNP assays
(Elecsys Roche Diagnostics) were used for
plasma NT-proBNP level measurement.
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Statistical analysis

Continuous variables are expressed as
mean (+SD) or median as appropriate.
A p value of <0.05 was taken as signifi-
cant. The independent Student t test or
the Mann-Whitney U test was used to
compare parametric continuous vari-
ables. For categorical variables, the chi-
squared test was used. Correlations be-
tween variables were tested by using the
Pearson or Spearman correlation tests
as appropriate. Stepwise multivariate lo-
gistic regression analysis was applied to
identify the independent predictors of in-
creased LVFP estimated by echocardiog-
raphy. Variables with a significant p val-
ue on univariate analysis (BNP, LAVimax,
LAactiveEF, GLAs-res, and GLAs-pump)
were included in the multivariate model.
Receiver-operating characteristic (ROC)
curves were plotted to determine the op-
timal cut-off values for individual param-
eters in order to predict increased LVFP
and to establish the optimal cut-off points
for use in clinical decision making. Statis-
tical analyses were performed using SPSS,
version 15.0 for Windows.

Results

A total of 49 DCMP patients in normal
sinus rhythm were included in the study.
The mean age was 43.1+12 years and

erating characteristic
curve for GLAs-res for
the prediction of in-
creased LVFP

0.8 1.0

65.3% were male. The patients were di-
vided into two groups according to LVFP
estimated by echocardiography (group
1: normal LVFP; group 2: increased
LVEP). @ Tab. 1 shows the clinical, echo-
cardiographic, and demographic char-
acteristics of the patients. Baseline de-
mographic and hemodynamic parame-
ters, NYHA class, and drug usage were
similar between the two groups, while
group 2 patients had higher NT-proBNP
(229.7+54.8 pg/ml vs. 309.6+56.6 pg/ml,
p<0.001), mitral E velocity (63+15 cm/s vs.
81419 cm/s p<0.001), E/A ratio (1.25+0.43
vs. 1.79+0.49 p<0.001), and E/E’ ratio
(10.52£2.82 vs. 17.1+1.96 p<0.001) but
lower F'and A’ by TDI (6.14+1.18 cm/s vs.
4.78+1.21, P<0.001 and 5.68+2.24 cm/s
vs. 4.75+1.27 cm/s, p=0.088 respec-
tively). LAVi-max (46.7+12 ml/m?
vs. 55.7+14.6 ml/m?, p=0.023), LAVi-
pre (34.4+11 ml/m? vs. 41+14.3 ml/m?,
p=0.079 and LAVi-min(26.9+8.9 ml/m?
vs. 34.1£12.4 ml/m?, p=0.022) were high-
er in group 2, while LA total EF (43.5+6 vs
40.1+7.2, p=0.075), LA active EF (22+4.7
vs 1745.2, p=0.001), GLAs-res (18.2+4.3
vs 12.3+3.6, p<0.001), and GLAs-pump
(8.3+3.5 vs 6.2£1.6, p=0.014) were lower
(see @ Tab.2).

ROC analysis was performed to iden-
tify the role of GLAs-res in estimat-
ing increased LVFP. The area under
the curve (AUC) to predict increased

LVFP was 0.844 (95% GA 0.738-0.951,
p<0.001). GLAs-res<%13.8 predicted in-
creased LVFP with 83% sensitivity and
61.5% specificity (see B Fig. 2). In univar-
iate analysis, a good negative correlation
was seen between GLAs-res vs. NT-pro-
BNP (r=-0.55, p<0.001), GLAs-res vs.
LAVi-max (r=-0.56, p<0.001), and GLAs-
res vs. E/E’ (r=—0.68, p<0.001); a good
negative correlation was present between
GLAs-pump vs. NT-proBNP (r=-0.57,
p<0.001), GLAs-Pump vs. LAVi-max
(r=-0.68, p<0.001), and GLAs-pump vs.
E/E (r=—-0.47, p<0.001) (see, @ Fig.2). A
moderate correlation was also seen be-
tween LAactiveEF vs. GLAs-res (r=0.29,
p=0.043), LAactiveEF vs. GLAs-pump
(r=0.3,p=0.038; see @ Tab. 3). Parameters
found statistically significant in predict-
ing increased LVFP in univariate analy-
sis—namely, LAVi-max, LAactiveEE NT-
proBNP, GLas-res, and GLAs-pump—
were studied by logistic regression anal-
ysis. GLAs-res (p=0.009, OR=0.593, 95%
CI 0.4-0.877), NT-proBNP (p=0.028,
OR=1.027, 95% CI 1.003-1.052), and
LAactiveEF (p=0.022, OR=0.001, 95% CI
0.001-0.024) were found to be indepen-
dent predictors of increased LVFP (see
O Tab.4).

Discussion

In the current study, we demonstrat-
ed that GLAs-res and GLAs-pump were
closely related with LVFP estimated by
echocardiography. Moreover, we showed
that GLAs-res and GLAs-pump values
were negatively correlated with NT-pro-
BNP and LA volumetric parameters.
LVFP is raised by the compromised
contraction and impaired ventricular
compliance in dilated hearts with sys-
tolic dysfunction. Timely recognition
and staging of this condition are impor-
tant for planning of the treatment strat-
egy and prediction of the prognosis and
mortality of these patients [1, 2, 3]. Inva-
sive measurement is the gold standard
for evaluation of left ventricular diastolic
dysfunction and filling pressure. Howev-
er, noninvasive echocardiographic mea-
surements could also be used in concor-
dance with invasive parameters. Param-
eters such as E/A ratio and E velocity,
increased E/Pv ratio, and E/E’ ratio are
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some of the echocardiographic indica-
tors of elevated LVFP. Another biochemi-
cal indicator of elevated LVFP is BNP lev-
el. A peptide secreted from both the atri-
um and the ventricle in response to myo-
cardial stress, BNP has been shown to be
associated with LV hypertrophy, systolic
and diastolic heart failure, and increased
LVFP [12, 13, 14]. In addition, Kurt et
al. [18] found an inverse correlation be-
tween BNP and LA reservoir and pump-
ing functions. Our study demonstrated
significantly higher NT-proBNP levels in
patients with increased LVFP. A negative
correlation was also observed between
echocardiographic left atrial parameters
and NT-proBNP.

Atrial function plays an important role
in maintaining optimal cardiac function,
and measurement of the LA diameter
and volume by 2D echocardiography has
been traditionally used for assessment of
left atrial function. LA functions are di-
vided into three phases in a cardiac cy-
cle, namely: (1) a reservoir phase, which
receives blood from the pulmonary veins
during ventricular systole; (2) a passive
conduit component during early diasto-
le; and (3) a pumping phase, with active
contraction during late diastole.

GLAs-res values estimated by 2D-
STE serve as a measure of left atrial com-
pliance during the reservoir phase, and
GLAs-pump as a measure of active atri-
al contraction. Increased LVFP occur-
ring as a result of LV systolic or diastol-
ic dysfunction increases LA pressure and
causes chamber dilatation and myocardi-
al stretch. Consequently, atrial remodel-
ing occurs, decreasing atrial compliance
and contractile functions. LV systolic
dysfunction disrupts LA reservoir func-
tion not only by elevating LVFP but al-
so by decreasing mitral annular descent
from the cardiac base to the apex during
LV systole.

In addition, the myopathic process in
idiopathic dilated cardiomyopathy that
affects the ventricle may also affect the
atrial myocardium leading to worsening
of atrial compliance and contraction [19,
20, 21]. In a study to evaluate LA func-
tions, ischemic and nonischemic cardio-
myopathy patients with similar demo-
graphic and conventional echocardio-
graphic parameters were included, and
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the patients with nonischemic cardiomy-
opathy were found to possess a poorer LA
function [22].

In another study, reduced GLAs-res,
LVEE and enlarged LA were found to be
independent predictors of LV end dia-
stolic pressure [18]. Our study also dem-
onstrated impaired left atrial function in
patients with echocardiographically de-
tected impaired diastolic filling. GLAs-
res was found to be an independent pre-
dictor of impaired left ventricular diastol-
ic filling.

A cut-off value of 13.8% predicted pa-
tients with increased LVFP with good
sensitivity and specificity. Detection of
left atrial function with this novel echo-
cardiographic modality is important in
distinguishing patients who are in the
gray zone (E/e 8-15) and who might ben-
efit from earlier management strategies
[7, 8]. This needs further studies to be
clarified.

Limitations

Since there was no specialized software
for LA strain analysis, the software for LV
analysis was used. This might influence
the echocardiographic results. For 2D-
STE study of the LA, obtaining optimal
images was sometimes challenging espe-
cially in obese patients. Although con-
ducted in a very specific patient group,
another limitation was the small size of
the study population. Moreover, even
though echocardiographic estimation of
LVFP has been shown to be compara-
ble with invasive methods in evaluating
LVEP, invasive evaluation is still the gold
standard.

Conclusion

2D-STE-based left atrial function is im-
paired in patients with nonischemic di-
lated cardiomyopathy. Left atrial reser-
voir and pump function parameters to-
gether with BNP levels might be useful
in estimating left ventricular filling pres-
sure in this patient group.
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