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Reliability of two-dimensional speckle tracking echocardiography

in assessment of left atrial function
in postmenopausal hypertensive women

M. Yu. Kolesnyk, M. V. Sokolova

Zaporizhzhia State Medical University, Ukraine, Educational and Scientific Medical Center “University Clinic”

Left atrium (LA) state reflects the severity of cardiovascular remodeling and indicates the degree of compensation in many
cardiovascular diseases, including arterial hypertension (AH). Transthoracic echocardiography determines linear and volumetric
parameters of LA, but it has limitations in early stages of AH. Speckle tracking echocardiography is a new technique which
can identify early subclinical dysfunction of cardiac chambers.

The purpose of the study was 1) to assess feasibility, intra- and inter-observer reproducibility of LA longitudinal strain (LS)
derived by both P- and R-wave triggering method; 2) to compare LA strain values obtained by P- and R-wave synchronization
in hypertensive postmenopausal women.

Material and methods. The study involved 65 post-menopausal hypertensive women (mean age — 56.8 + 8.15 years). All
patients underwent a standard transthoracic and two-dimensional speckle tracking echocardiography using Vivid E9 XDClear
Console 4D Expert 100 (General Electric, USA). Apical four- and two-chamber views images were obtained during breath
hold with ECG synchronization. All statistical analyses were performed using SPSS 20 for Windows (SPSS, Inc., Chicago, IL).

Results. Initial feasibility of echocardiographic data for performing LA strain analysis was 93.85 %. Adequate tracking quality
was achieved in 96.93 % of segments by P-triggering and in 96.35 % by R -wave as initial point of analysis. The intra-class
correlation (ICC) coefficient for R-triggering was 0.96 (95 % CI 0.89-0.98) for intra-observer and 0.94 (95 % CI — 0.52-0.97)
for inter-observer variability. The ICC coefficients for P-triggering were higher 0.97 (95 % CI 0.92-0.99) and 0.96 (95 % CI -
0.9-0.98), respectively. The Bland-Altman statistic confirmed absence of bias in both variants of ECG-triggering. Values of LA
LS calculated by R-triggering method were significantly higher than those ones by P-triggering (P < 0.001).

Conclusions. Speckle tracking echocardiography is a reliable technique, which provides quantitative assessment of LA
physiology. The P-wave triggering method of LA strain analysis is more reproducible compared with R-wave triggering variant.
The LA LS values differ significantly depending on ECG-triggering type (P- or R wave), providing higher values by R-wave
triggering method.

HapiiHicTb ABOBUMIpPHOi CNEKA-TPEKiHT exokapAiorpadii
npy ouiHIOBaHHI QYHKLiIi AiBOro nepeacepas
B XXIHOK y CTaHi MeHonay3u 3 rinepToHiuHolo XBopoboto

M. H0. KonecHuk, M. B. CokonoBa

CraH nisoro nepeacepas (J1M) nokasye THKKICTb CepLeBO-CyaANHHOTO PEMOAENOBaHHS Ta BKa3ye Ha CTyniHb komneHcauii
6araTbox cepLeBO-CyaNHHIX 3aXBOPIOBaHb, Y TOMY YMChi rinepToHivHOi xBopobu (IX). TpaHcTopakanbHa exokapgiorpadis
BU3HaYae NiHivHi Ta 06’emHi napametpw J11, ane mae obMmexeHHs Ha paHHix cTagisx [X. Cnekn-TpekiHr exokapaiorpadisi — ue
HOBa METOAMKA, L0 AAE 3MOTY iAeHTUMDIKyBaTI paHHI0 CyOKIiHIYHY AMCDYHKLiO kamep cepusi.

MeTa po60TU — OUIHUTU TEXHIYHY MOXIIMBICTb BU3HAYEHHS, @ TAKOX BHYTPILLHLO- Ta MiXZOCNIAHULKY BiLTBOPHO-
BaHiCTb NM0310BXHLOro cTpenHa J1IM, cuHxpoHizoBaHoro 3 P- Ta R-3ybusmu EKI; nopiBHATU 3Ha4eHHs pedopmauii
JIN, wo otpumaHi 3a gonomoroto P- i R-xBunboBoi EKI-cuMHXpOHi3aLii, B XiHOK i3 rinepToHiYHOW XBOPOOOI y CTaHi
MeHonay3u.

Matepianu Ta meTogu. Y JOCRiMKEHHS BKMOUMM 65 xiHoK i3 X y cTaHi MeHonay3wn (cepegiii Bik — 56,8 + 8,15 poky).
Ycim nauieHTam 3gicHUNM CTaHAapTHY TpaHCTopakanbHy exokapaiorpadito Ta ABOBUMIPHY CrEKI-TPeKiHT exokapaiorpadito
Ha ynerpassykoBoMy ckaHepi Vivid E9 XDClear Console 4D Expert 100 (General Electric, USA). AnikanbHi ABo- Ta Yotupu-
KaMepHi 306paxeHHs1 OTpUManM nig Yac 3aTPUMKU AUXaHHSA Ta CUHXPOHI30BaHi 3 EKI. CtaTUCTMYHMIA aHani3 BUKOHaHanw 3
BukopuctaHHam SPSS 20 ana Windows (SPSS, Inc., Chicago, IL).

Pe3ynkratu. TexHiyHa MOXNMBICTb aHanidy Aedopmadii 1M craHosuna 93,85 %. AnekBaTtHa SKICTb BiACTEXEHHS [OCArHyTa
y 96,93 % cermeHTiB 3a gonomorot P-cuHxpoHisauii Ta 96,35 % i3 3y6uem R sik novatkoBa Touka aHanisy. KoedilieHT iH-
TpaknacoBoi kopensuii ans R-cuHxpoHisauii craHoswms 0,96 (95 % [l 0,89-0,98) ans BHyTpiwHboaocnigHMLbLKOT i 0,94 (95 %
[l - 0,52-0,97) ans mixgocnigHuubkoi BapiabenbHocTi. KoedilieHTy iHTpaknacoBoi kopensuii npu aHanisi Big P-3yous EKI
6ynu we suwwmmn: 0,97 (95 % A1 0,92-0,99) i 0,96 (95 % Al — 0,9-0,98) BignosigHo. CtatucTuka Bland-Altman nigteepanna
Bi,CYTHICTb CUCTEMHOI NOXMBKY Npun 060X BapiaHTax aHaniay. 3Ha4eHHs N0300BXHBOro cTpeiHa ST, Lo po3paxoBaHi MeTogoM
R-cuHxpoHisauii, 6ynu BiporigHo BuLLMMU, HixX npy P-cuHxpoHisadii (p < 0,001).

BucHoBkuM. Cnekn-TpekiHr exokapaiorpadis — HagiliHa MeToamKa, Lo 3abe3nedye KinbkicHe ouiHoBaHHS disionorii JTM. AHania
aedopmadii J1M Big novatky 3ybus P EKI™ € GinbLu BiaTBOPtOBaHMI NOPIBHSHO 3 BapiaHTOM aHaniay Big 3ybus R. MokaaHukm
no3goBxXHLOI Aechopmalii JTT BiporigHO pisHATLCA 3anexHo Bif BapiaHTa aHanisy aecopmalii (Big P- a6o R-3y6us EKT).
Buwi 3HaueHHs cTpeiita I BU3Ha4aoTbCs Nig Yac nobynoswu kpuskx Aedopmalii Big 3ybus R EKT.
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HaaeXHOCTb ABYXMEPHOW CNEKA-TPEKUHT 3X0KapAuorpapuu
Npu oLeHKe GpYHKLUU AeBOTO NPeACepAUs
Y )XEHLLMH B COCTOSHUM MeHoNay3bl C THNepTOHUUECKOW 60Ae3HbIO

M. H0. Konechuk, M. B. CokonoBa

CocTtosiHne nesoro npeacepaus (J1M) oTpaxaeT THKECTb CepAeYHO-COCYANCTOrO PEMOAENNPOBAHNS 1 YKa3biBaeT CTeneHb
KOMMNEHCAaLMM MHOTVIX CEpPAEYHO-COCYANCTbIX 3a00neBaHwiA, B TOM YMCIIE U IMNepTOHMYeckor 6onesnu (Ib). TpaHcTopakars-
Hasi axokapamorpadus onpeaenseT NHelHble n 06beMHble napameTpbl 11, HO MEET orpaHNyeHns Ha paHHux ctagusx Ib.
Cnekn-TpekuHr axokapamorpadgus — 370 HoBas METOAMKA, KOTopas MO3BONSAET MAEHTUDULIMPOBATL PaHHIOKD CYBOKIMHNYECKYO
ANcyHKLMIO Kamep cepaLa.

Lienb paboTbl — OLEHNTb TEXHNYECKYH0 BO3MOXHOCTb BbINOMHEHMS, @ Taloke BHYTPU- U MEXUCCIIEA0BaTENbCKYI0 BOCMPON3-
BOAMMOCTb cTperiHa J1TM, CHXpOHU3MpoBaHHOrO ¢ P- 1 R-3y6uamn SKI; cpaBHWUTL 3HaueHus Aecbopmariym J1, nonyyeHHble
¢ nomoLLbto P- 1 R-BonHoBoM IKI-CUHXPOHM3ALMY, Y XKEHLLUH C TMNEPTOHNYECKON 6ONE3HbI0 B COCTOSIHUM MEHOMay3bl.

Marepuanbl u meToabl. B vccnenoBaHme BKOYEHb! 65 XKEHLUMH C TMNEPTOHUYECKo GONesHbIo B COCTOSIHUM MeHoMnay3bl
(cpepHuin Bo3pacT — 56,8 + 8,15 roga). Bcem nauveHTam 6bina npoBefeHa CTaHAapTHas TpaHCTopakanbHas v AByXMepHast
CNEKN-TPEKVNHT axokapamorpadums Ha yntpaasykoBoM ckaHepe Vivid E9 XDClear Console 4D Expert 100 (General Electric,
USA). AnukanbHble ABYX- 1 YETbIpexkaMepHble U306paxeHNst MonyyYeHbl BO BPEMSs 3a4epXKi [bIXaHWs U CUHXPOHW3VPOBaHbI
¢ OKT. CtatvcTyeckuin aHanua BeINOMHeH ¢ ucnonb3osaHem SPSS 20 ans Windows (SPSS, Inc., Chicago, IL).

Pe3ynkrathl. TexHnyeckas BO3MOXHOCTb NpoBeaeHnst aHanmsa gedopmaumm J1M coctasuna 93,85 %. AneksaTHoe kave-
CTBO OTCREXMBaHUS AOCTUrHYTO B 96,93 % cermeHToB nocpeacTBom P-cuHxpoHusaumm n 96,35 % c 3ybuom R B kayectse
HayanbHOM TOYKM aHanmaa. KoadhduumeHT HTpaknaccoBom koppensaumm ans R-cuHxporusaumm coctasun 0,96 (95 % OV
0,89-0,98) ansa BHyTpunccnegosatensckon u 0,94 (95 % N — 0,52-0,97) — ana mexuccnenosaTensbCkoi BapuabensHocTy.
KoathchumumeHTbl MHTpaKnaccoBom koppensuuy npu aHanuae ot P-3y6ua KT 6binm ewwe Boiwe: 0,97 (95 % AW 0,92-0,99)
1 0,96 (95 % OW — 0,9-0,98) cootBetcTBeHHO. CtatucTuka Bland-Altman nogreepauna oTcyTCTBUME CUCTEMHOM OLIMOKM
npu oboux BapuaHTax aHanuaa. 3HayeHus npogonbHoro crpeiiHa JM, paccunTaHHble MeTogom R-cvHXpoHM3aumm, 6binm
[IOCTOBEPHO BblLLIE, YeM Npu P-cuHxporusaumm (p < 0,001).

BbiBoabl. Crekn-TpekuHr axokapanorpadus SBNSeTCa HagekHOW METOAMKON, koTopas obecneqnBaeT KONMYeCTBEHHYIO
oueHky duavonorm JTM. AHanus gecpopmamm [N ot Havana 3y6ua P QKT sBnsieTcs 6onee BOCNPON3BOAMMBIM B CPABHEHUN
C BapuaHTOM aHanusa ot 3ybua R. Mokasatenu npogonsbHoi aecopmauun JM SOCTOBEPHO pasnuyatoTcst B 3aBUCUMOCTU
OT BapuaHTa aHanu3a gecopmauum (ot P- unm R-3ybua OKI). Bonee Bbicokue 3HaveHus ctpeiita J1T onpegensitotcs npu
NOCTPOEHUM KpuBbIX Aechopmanmm ot 3ybua R KT

Introduction

Quantification of left atrium (LA) provides important
information about heart remodeling in patients with arte-
rial hypertension (AH). LA index volume (LAVI) is one of
echocardiographic markers to be evaluated according
to European Society of Cardiology (ESC) guidelines for
the management of AH [1]. The LAVI predicts mortality risk,
independent of left ventricular (LV) geometry, in patients with
preserved ejection fraction [2]. The cut-off value more than
34 ml/m? considered to be pathological both in men and
women. However, volumetric measures of LA function may
be limited by lower sensitivity in early disease stages [3].
LA plays an important role in LV filling by its contractile,
reservoir and conduit function. LAVI only indirectly reflects
this three-phasic LA physiology. Speckle-tracking echocardio-
graphy is a promising diagnostic tool for detailed LA function
evaluation [4,5]. This technique was successfully tested in
various pathological conditions [6-8]. However, the metho-
dology of LA strain analysis needs standardization. The
choice of zero reference point (P- or R-wave on ECG) for
building LA deformation curves is still under discussion [9].

Purpose

The aim of the study was 1) to assess feasibility, intra- and
inter-observer reproducibility of LA strain derived by both
P- and R-wave triggering method; 2) to compare LA strain
values obtained by P- and R-wave synchronization in hy-
pertensive postmenopausal women.

Materials and methods

The study involved 65 post-menopausal hypertensive wo-
men (mean age —56.8 + 8.15 years) hospitalized to the car-
diological department of University Clinic. Postmenopausal
period was defined as at least 12 months of amenorrhea.
The exclusion criteria were diabetes, heart failure, history
of coronary artery disease, moderate or severe valvular
disease, atrial fibrillation, conduction disorders, use of
hormone replacement therapy as well. All participants gave
informed written consent.

All patients underwent a standard transthoracic
echocardiography using Vivid E9 XDClear Console 4D
Expert 100 (General Electric, USA) ultrasound system
equipped with a matrix M5S phase array transducer.
Left ventricular end-diastolic (LV-EDD) and end-systolic
diameters (LV-ESD), LA maximum anterior-posterior
(A-P) diameter, thickness of the interventricular septum
(IVS) and thickness of the LV posterior wall (LVPW)
were measured from the internal dimensions obtained
from parasternal long axis view in B-mode. LV mass was
calculated by the American Society of Echocardiography
formula and then indexed to body surface area (BSA). LV
mass in grams was calculated from B-mode echocardio-
grams according to the formula:

LV mass = 0.8 x (1.04 x [{LV — EDD + LVPW + IVS}* -
{LV - EDD}]) + 0.6;

[10]. LV hypertrophy was defined as a LV mass index more
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than 95 g/m?. Relative wall thickness (RWT) was calculated
according to the formula:

RWT = (2 x LVPW)/ LV - EDD.

LV ejection fraction was measured using the modified
biplane Simpson’s rule.

LA area and volume were measured using the biplane
method of disks (modified Simpson’s rule), in the apical
4- and 2-chamber view on the frame before mitral valves
opening. LA volume was indexed to BSA. LAVI was used to
estimate LA dilation with cut-off value more than 34 ml/m?.

Pulsed spectral Doppler echocardiography was per-
formed using a 5-mm sample volume placed at the tips of
the mitral leaflets as parallel as possible to inflow. Tissue
Doppler measurements were sampled at the level of
the mitral annulus over the septal (e’ sept) and lateral (e’
lat) wall. The ratio of the transmitral Doppler E wave velocity
and the composite mean of e' were then used to calculate
the E/e’ ratio. All parameters were measured three times
and then averaged.

Speckle tracking echocardiography. Apical four- and
two-chamber views images were obtained during breath
hold with ECG synchronization. One of three standard
leads (I, Il or lll) was chosen to get stable ECG trace with
clear P- and R-wave. Particular attention was given to

20161124 15:2427
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obtain non-foreshortened LA view with clear delineation of
myocardial tissue. The frame rate was set between 60 and
80 per second. The three cardiac cycles were recorded and
averaged. Allimages and cineloops were stored for off-line
analysis on Echopac (version 113) using software package
2D Strain. First, the atrial endocardial border was traced by
a point-and-click method. Then, LAwall was divided into six
segments in every view by automatic creation of a region
of interest (ROI). The nomenclature of 12 LA segments is
not standardized. We used the nomenclature proposed by
R. Yasuda et al. [11]. After manual adjustment of ROl width
and shape the tracking quality for each segment was au-
tomatically analysed. Segments with inadequately tracking
were removed from further analysis. Finally, the software
generates strain curves for each atrial segment. Strain is
defined as the percentage change in object’s dimension in
comparison to its initial dimension.

The analysis was performed using two variants of
ECG-triggering:

1) Onset of P wave as reference point (Fig. 7). The
strain curve has biphasic view with first negative part re-
flecting LA contraction (LALS ) and second positive part
which mirrors conduit function (LALS ). The sum of these
peaks equals reservoir (total) strain (LALS, ). LALS LA
LS, and their summation LS  values were obtained by

Fig. 1. The normal graph of LA
longitudinal deformation by P-wave
triggering method of analysis.
Scont — strain in the contractile
phase;Sres - strain in the reservoir
phase; Sgl - global strain.

Fig. 2. The normal graph of LA
longitudinal strain by P-wave
triggering method of analysis.
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Table 1. Clinical characteristics of the patients

Parameter Value

Age, years 56.8 £8.15
AH duration, years 8 (3-15)
Menopause duration, years 7.5(3-11)
Smoking, n (%) 9(13.84 %)
Body mass index, kg/m? 30.03 £ 6.01
Office SBP, mm Hg 143+ 21
Office DBP, mm Hg 92+10
24-hour SBP, mm Hg 128+ 15
24-hour DBP, mm Hg 74+9
Heart rate, beats/min 71+9

Table 2. Standard echocardiography data of the patients

Parameter Value
LV-EDD, cm 4.9 (4.13-4.65)
LV-ESD, cm 2.66 (2.43-2.81)
LV mass index, g/m? 88.67 +17.78
RWT 0.46 (0.38-0.495)
LV EF, % 66.38 £ 5.85
LAA-P diameter, cm 3.92+£0.55
LAVI, ml/m? 32.52+7.03
e’ sept, cm/s 7.46 +1.66
e’ lat, cm/s 9.44 +2.52
E/e’ ratio 9.25(7.94-10.84)

Table 3. Feasibility of LA segments for longitudinal strain analysis

Segments P-triggering R-triggering
4-chamber view Septal base 2(9.5%) 1(4 %)
Septal mid 0 2(8 %)
Septal roof 1(4.8%) 3(12%)
Lateral roof 1(4.8%) 1(4 %)
Lateral mid 1(4.8%) 0
Lateral base 2(9.5%) 3(12%)
2-chamber view Inferior base 5(23.8 %) 6 (24 %)
Inferior mid 1(4.8%) 0
Inferior roof 4(19 %) 2(8 %)
Anterior roof 1(4.8%) 1(4 %)
Anterior mid 0 1(4 %)
Anterior base 3(14.3%) 5(20 %)

Table 4. Values of left atrial longitudinal strain by speckle tracking

P-triggering R-triggering P
LALS tot 2CH 28.60 (24.96-31.99) 35.58 (30.22-44.40) P <0.001
LALS tot 4CH 29.09 (24.35-34.69) 37.30 (29.72-46.83) P <0.001
LALS global 29.38 (24.59-34.90) 36.77 (31.21-44.68) P <0.001

22 ISSN 2306-4145

averaging individual values from 12 LA segments. Global
peak atrial longitudinal strain (PALS) was calculated by
averaging values observed in all LA segments, and by
separately averaging values measured in 4- and 2-chamber
views (4- and 2-chamber average PALS).

2) R -wave as initial point of analysis (Fig. 2). All strain
values are positive, and there are two peaks that correspond
to reservoir function (first peak between R wave and T wave)
and atrial contractile function (starting on the P wave). We
measured the first peak only which equals LALS, .

Reproducibility. We analysed the intra- and inter-ob-

http://zmj.zsmu.edu.ua

server variability on 20 randomly selected subjects. For
the intra-observer variability assessment, one observer
(M. K.) measured LA deformation parameters on a
separate occasion 1 month apart. For the inter-observer
variability, the second sonographer (M. S.) repeated
the analysis.

Statistics. The distribution of variables was tested by
Shapiro-Wilk test. Continuous variables were presented as
“mean + standard deviation” or as “median and interquartile
range” when data was non-parametric. Categorical vari-
ables were presented as absolute values and percentages.
Intra- and inter-observer reproducibility was assessed by
intraclass correlation coefficient (ICC) and its 95 % confi-
dence interval (Cl). The ICC values refer to the thresholds
suggested by Vincent et al., indicating <0.8 as poor agree-
ment, 0.80-0.90 as moderate agreement, 20.9 as excellent
agreement [12]. Mean differences and limits of agreement
(LoA) were calculated and visualized as Bland—Altman
plots for descriptive purposes [13]. A P value < 0.05 was
considered statistically significant. All statistical analyses
were performed using SPSS 20 for Windows (SPSS, Inc.,
Chicago, IL).

Results and discussion

The clinical characteristics of the study participants are
presented in Table 1. Almost half of post-menopausal
women (47.69 %) had increased BMI. The vast majority of
patients (63.08 %) had the 15tand 2" degree of AH. 84.62 %
of study patients were never smokers. The 24 hour blood
pressure monitoring was performed under antihypertensive
treatment.

Table 2 details standard echocardiography data of
post-menopausal hypertensive women. The percentage
of women with LAVI >34 ml/m? was 38.46 %. Percentage
of left ventricle hypertrophy was 36.92 % among surveyed
hypertensive women. All of patients had preserved ejection
fraction. Diastolic dysfunction of the left ventricle was iden-
tified in 23.08 % of the study participants.

It was impossible to obtain enough quality images in 4
(615 %) patients. So, initial feasibility of echocardiographic
data for performing LA strain analysis was 93.85 %.

A total of 682 segments were analysed both in 2- and
4-chamber views. Adequate tracking quality was achieved in
96.93 % by P-triggering and in 96.35 % by R-triggering way.
The software wasn’t able to track 21 (3.07 %) segments by
P-wave method and 25 (3.65 %) segments by R-triggering
method. Average post-processing time per patientwas 2 + 1
min. “Inferior base” segments had been more often excluded
because of the impossibility of achieving adequate tracking
both by P- and R-triggering: 23.8 % and 24 %, respectively
(Table 3). 20 % of excluded segments in R-wave trigger
method were “Anterior base”.

It was established an excellent reliability of LA longi-
tudinal strain analysis. The ICC coefficient for R-triggering
was 0.96 (95 % CI 0.89-0.98) for intra-observer and 0.94
(95 % Cl — 0.52-0.97) for inter-observer variability. The
ICC coefficients for P-triggering were even higher — 0.97
(95 % CI 0.92-0.99) and 0.96 (95 % CI — 0.9-0.98),
respectively.

The Bland-Altman statistics confirmed absence of bias
in both variants of ECG-triggering (Fig. 3, 4). Reprodu-
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Intra-observer variability of LA total strain (R-triggering)

Original research

Inter-observer variability of LA total strain (R-triggering)
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Fig. 3. Bland-Altman plots of intra-(panel A) and inter-observer (panel B) reproducibility of LA total strain with R-triggering.

Intra-observer variability of LA total strain (P-triggering)
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Fig. 4. Bland-Altman plots of intra-(panel C) and inter-observer (panel D) reproducibility of LA total strain with P-triggering.

cibility of PALS measurements was reached in 19 from 20
randomly selected subjects.

Median and interquartile range of global, 4-chamber,
and 2-chamber observed in the study population are report-
ed in Table 4. Notably, our research has shown values of
LALS calculated by R-triggering method were significantly
higher than such ones by P-triggering (P < 0,001).

To our knowledge, it is the first study to describe
the ranges for LA strain and all its components in the popu-
lation of postmenopausal hypertensive women. Rimbas et
al. also have found out significantly higher LA strain values
from R-R gating compared with P-P gating [14].

This phenomenon can be explained by the fact that
R-wave is the electrical signal of LV contraction. LA phases
on R-wave peak can differ among patients. Thus, the LA

Zaporozhye medical journal. Volume 20. No. 1, January—February 2018

myocardium at R-wave peak may be in contraction or
relaxation, which indicates that the LA area or volume at
R-wave peak is not always the minimum volume. If one de-
fines the initial length of the LA myocardium at R-wave peak
and if the LA myocardium has already started relaxation at
that instance, then the initial length for LA strain calculation
will be greater than the minimum LA length, causing an error
in the calculated LA strain value [9]. Consequently, LA strain
in any phase should be analysed from P-wave initial point
rather than from R-wave peak, which is used in analytical
software developed to define LV strain.

According to our results, there was no difference be-
tween 2- and 4-chamber average LA LS within the same
measurement technique (p = 0.69). However, some
previous studies have described differences in mean LA
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strain ranges between 2-chamber (37.6 %—44.3 %) and
4-chamber (33.8 %—40.1 %) views [15-17]. The lower va-
lues for the latter may be due to the insertion of pulmonary
veins.

LA assessment of reservoir, conduit, and contractile
function has previously shown no difference between men
and women. Similarly, Morris et al. did not demonstrate a
relationship between gender composition of the study and
LAstrain [18]. Boyd et al. showed a decline of LA strain with
age describing significant changes in strain values after
the sixth decade [19]. Furthermore, studies have shown that
menopause, characterized by markedly decreased levels
of estrogen, leads to significant increases in cardiovascular
mortality and morbidity. In a few studies, menopause has
been shown to have an impact on cardiovascular structure
and functions, but only LV functions were evaluated and
compared in pre- and postmenopausal women [20]. Study
results demonstrated that with the development of meno-
pause in asymptomatic individuals, LV functions assessed
by speckle tracking echocardiography were impaired,
even in cases with normal conventional echocardiography
parameters.

Conclusions

1. Speckle tracking echocardiography is a reliable
technique, which provides quantitative assessment of LA
three-phasic physiology (contraction, reservoir and conduit
function).

2. The feasibility of LA strain analysis is 93.85 % in
cohort of postmenopausal hypertensive women.

3. The P-wave triggering method of LA strain analysis
is more reproducible compared with R-wave triggering
variant.

4. The LA longitudinal strain results differ significantly
depending on ECG-triggering type (P- or R wave), providing
higher values by R-wave triggering method.

The perspectives of further scientific research are
the study of the LA function features in hypertensive women,
depending on the type of menopause.
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