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ABSTRACT
Objectives: The speckle-tracking technique calculates the regional rate, the strain and the strain rate from two-
dimensional gray-scale visualizations. The aim of this study was to evaluate with speckle-tracking
echocardiography the effects of the first, second and third trimesters of pregnancy on cardiac functions. 
Methods: One hundred five voluntary pregnant and 35 healthy women of reproductive age were included in
the study. For echocardiographic evaluations, the 111 highest-quality visualizations were chosen: 24 cases in
the first trimester, 31 cases in the second trimester, 32 cases in the third trimester and 24 healthy women as a
control group. Global longitudinal, radial, and circumferential strain, and left ventricular (LV) rotation and
twist were evaluated by two-dimensional speckle tracking echocardiography. 
Results: During pregnancy, the diameter, and volume of the left atrium, LV stroke volume, and the heart rate
significantly increased beginning in the first trimester (p < 0.0125). The parameters of pulse-Doppler E velocity
and tissue Doppler Em velocity significantly increased in the first trimester (p < 0.0125), whereas in the second
and third trimester they decreased to control levels. Global longitudinal strain was significantly decreased in
the third trimester of the pregnancy (p < 0.0125). Basal and apical LV rotation and twist were significantly
increased in the third trimester of pregnancy (p < 0.0125). LV apical and basal reverse rotation rate were
significantly increased in the first trimester of pregnancy (p < 0.0125). 
Conclusions: In the third trimester global longitudinal strain decreased whereas LV rotation and twist increased.
Speckle-tracking echocardiography may be used to evaluate the effects of pregnancy and that provide further
data on cardiac functions. 
Keywords: Strain, echocardiography, tissue Doppler imaging, pregnancy

During the process that includes pregnancy, birth
and the period after birth, important cardiovascu-

lar changes occur [1]. The increase of the volume
burden that happens during pregnancy, the increase of
heart rate and the decrease of the vascular resistance
constitute the principle changes that occur in the car-
diovascular system. These changes happen gradually
and have different effects on the heart at each

trimester. 
      The echocardiographic examination is the most
important technique used to evaluate the effects of
pregnancy on the heart. The speckle tracking echocar-
diography (STE) technique calculates the regional
rate, strain and strain rate from two-dimensional gray-
scale visualizations and is an angle-independent
technique [2, 3]. With the speckle-tracking technique,

e-ISSN: 2149-3189

The European Research Journal 2020;6(6):615-623

DOI: 10.18621/eurj.771627

Original Article

Cardiology

Address for correspondence: Selma Arı, MD., University of Health Sciences, Bursa Yüksek Ihtisas Training and Research Hospital, Department of

Cardiology, Yıldırım, Bursa, Turkey. E-mail: selmakulekci@yahoo.com.tr 

©Copyright 2020 by The Association of Health Research & Strategy

Available at http://dergipark.org.tr/eurj

Received: July 20, 2020; Accepted: August 15, 2020; Published Online: October 15, 2020

How to cite this article: Arı S, Arı H, Yılmaz M, Bozat T. Evaluation of myocardial functions in pregnant women with speckle-tracking echocardiography.

Eur Res J 2020;6(6):615-623. DOI: 10.18621/eurj.771627

The European Research Journal   Volume 6   Issue 6   November 2020 615



Eur Res J 2020;6(6):615-623 Pregnant and speckle-tracking echocardiography

it is possible to measure the transverse displacement
as well as the left ventricle longitudinal strain param-
eters in apical visualizations. This technique also
allows us to evaluate the radial and circumferential
displacements. The evaluation of radial and circum-
ferential displacements enables the calculation of the
rotation and twist of myocardium [4]. 
      The goal of this study is to use STE to evaluate the
effects of pregnancy on cardiac functions in the first,
second and third trimesters. 

METHODS

Selection of Cases 

      This study included 105 volunteers pregnant and
35 volunteer age-matched healthy women of repro-
ductive age who applied to the Gynecology and
Cardiology clinics of Bursa Yüksek İhtisas Traning
and Research Hospital. The study was approved by
the Bursa Yüksek İhtisas Traning and Research Hos-
pital Ethics Committee. 
      A detailed history of all the cases was taken. After
written informed consent was obtained the demo-
graphic details (such as the week of pregnancy and
age) of the cases were registered, physical examina-
tions were conducted, and heart rate and blood
pressure were measured. After taking ECG, standard
echocardiographic analysis was performed. Based on
the standard echocardiography analysis, the 111 high-
est-quality images were used. 
      Exclusion criteria were hypertension, diabetes,
coronary artery disease, valvular heart disease,   pul-
monary hypertension, heart failure, atrial fibrillation,
thyroid function disorder, and multiple pregnancies. 
      The week of pregnancy was calculated by taking
into consideration the last day of menstruation. The
cases were separated into three trimesters according to
their week of pregnancy. Echocardiography records
from 24 women in the first trimester, 31 women in the
second trimester and 32 women in the third trimester
and, as the control group, 24 healthy women are taken.
The echocardiographic records for the cases in the
first trimester were taken between weeks 7 and 11 of
pregnancy, for cases in the second trimester between
weeks 20 and 24 and for cases in the third trimester
between weeks 32 and 36. 

Echocardiographic Evaluation 

Standard Echocardiography 

      Transthoracic echocardiography was performed
using an echocardiography machine (Vivid 7, GE
Medical System, Horten, Norway) with subjects in the
left lateral decubitus position. A variable-frequency
phased-array transducer (2.5-3.5 MHz) was used for
thoracic echocardiographic imaging. A routine stan-
dard echocardiographic examination was performed,
which included measurements of LV systolic and dias-
tolic dimensions, LV ejection fraction (EF), mitral
inflow velocities and mitral annular velocities. LVEF
was calculated using Teicholz’s method [5]. Left
atrium (LA) volume was estimated using biplane area
length method and indexed to body-surface area.
Stroke volume was calculated using ‘’ Left ventricular
outflow tract (LVOT) VTI x Cross Sectional Area of
the LVOT’’ formula.   Peak early (E) and late (A) dias-
tolic velocities of mitral inflow were measured using
pulsed-wave Doppler imaging at the tip of the mitral
valve leaflets. Systolic (Sm) as well as early (Em) and
late (Am) diastolic mitral annular velocities were
acquired at the septal and lateral annulus in the apical
four-chamber view. 

2D Strain Echocardiography

      Parasternal short-axis [apical, mid (level of the
papillary muscle), and basal segments] and apical
four-chamber, two-chamber, long-axis views of the
LV were recorded at end-expiration (70 to 140
frames/s) and probe frequency (range 1.6 to 3.2 MHz).
All measurement performed with simultaneous elec-
trocardiography at a sweep speed of 50–100 mm/sec.
Timing of aortic valve closure was assessed looking
at the aortic valve motion in the long-axis apical view.
To standardize short-axis image planes among the
individuals, we identified the basal LV segment at the
level of the mitral valve leaflet tips and the apical seg-
ment at the level just proximal to LV luminal
obliteration at the end-systolic period. To obtain reli-
able LV 2D strain and rotation values, three
consecutive heart beats were digitally saved in cine
loop format for offline analysis with EchoPac BT 12
software (GE-Vingmed; Norway). LV endocardial
borders were manually traced at the end-systolic
phase, a second, larger, concentric circle was then
automatically generated near the epicardium in order
to include all the LV myocardium for STE analysis. 
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      The three apical views were used for global lon-
gitudinal strain measurements. Short-axis views were
used for measurement of global radial strain, global
circular strain, and rotation. Radial strain and circular
strain were measured on the short-axis view obtained
at the level of the mid-ventricle (papillary muscle). LV
rotation was measured on the short-axis views
obtained at basal and apical levels. 
      LV rotations, at the basal or apical short-axis
planes were determined as the average angular dis-
placement of six myocardial segments.
Counterclockwise LV rotation as viewed from the
apex is expressed as a positive value and clockwise
LV rotation as a negative one. The LV twist was cal-
culated as the net difference between apical and basal
rotation. We also measured the peak rotation rates dur-
ing ejection and reverse rotation rates during diastole.
Peak positive rotation rate was measured as time to
peak positive rotation velocity and peak reverse rota-
tion rate was measured as time to peak reverse rotation
velocity. 
      Image analysis was performed by two independ-
ent cardiologist who was not involved in the image
acquisition and had no knowledge of other character-
istics of cases. 
      Inter and intraobserver agreement of strain meas-
urements were assessed in 20 randomly selected
patients (five patients for each group) by two inde-
pendent observers who analyzed the data blind to the
other observer results. Intraobserver agreement was
assessed by one observer who analyzed the 20 ran-
domly selected patients twice, more than 15 days
apart. 

Statistical Analysis 

      SPSS (Statistical Package for the Social Sciences
ver. 10.0, SPSS Inc, Chicago, Illinois, USA) software
was used for all statistical analyses. The numerical
variants are expressed as the average ± standard devi-
ation and the categorical variants as percentage. The
normality of distribution of the averages in each group
was evaluated with the Shapiro-Wilk test. Logarithmic
conversion was applied for variants that did not show
normal distribution, and all averages were compared
by one-way ANOVA. In one-way ANOVA, the p val-
ues of parameters in each group were compared with
the control group by using Dunnett’s post-test. The
categorical variants were compared with the chi-

square test or with Fisher’s exact test. Inter and
intraobserver agreements were assessed with Pear-
son’s correlation coefficients. Bonferroni correction
was applied for p-value when more than one group
was compared, for four group comparison p < 0.0125
value was accepted as significant. In standard statisti-
cal analysis, p < 0.05 value was accepted as
significant. 

RESULTS

      Among the cases whose visualization were
recorded, the visualization of 111 cases were approved
for evaluation (24 cases in the first trimester, 31 cases
in the second trimester, 32 cases in the third trimester,
24 cases in the control group). The demographic char-
acteristics and physical examination findings were
compared between the pregnants and the control
group. Heart rate gradually increased beginning in the
first trimester, whereas systolic blood pressure (SBP)
and diastolic blood pressure (DBP) gradually
decreased (p < 0.001, p < 0.001, p = 0.004, respec-
tively) (Tables 1 and 2). 

Conventional and tissue Doppler echocardiography 

      The comparing of the conventional echocardiog-
raphy parameters, the diameter, and volume of the LA
increased beginning in the first trimester of pregnancy,
whereas the velocity of the mitral E wave and the E/A
ratio gradually decreased during the advancement of
pregnancy despite their increase in the first trimester
(p < 0.001, p < 0.001, p = 0.004, respectively) (Tables
1 and 2). LV stroke volume increased beginning in the
first trimester of pregnancy (Tables 1 and 2). 
      The comparing the tissue Doppler parameters, the
velocities of the mitral lateral and medial Em velocity
increased in the first trimester, but afterward, they
decreased to the level of the control group (p < 0.001,
p < 0.001, respectively) (Tables 1 and 2). Tricuspid
lateral Sm velocities increased in the first and second
trimester, but it decreased to control levels in the third
trimester (p = 0.001) (Tables 1 and 2). 

Left Ventricular Strain and Rotation 

      Global longitudinal strain significantly decreased
in the third trimester according to control (p < 0.001)
(Tables 3 and 4). Global circular strain and global
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Fig. 1. Left ventricular rotation and twist.
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radial strain did not differ between pregnant and con-
trol (Table 3). 
      Basal maximal rotation significantly increased in
the third trimester according to control (p = 0.01)
(Tables 3 and 4) (Fig. 1). Apical maximal rotation sig-
nificantly decreased at first (11.76 ± 2.40 vs 15.94 ±
2.94; p < 0.001) and second trimester (12.33 ± 4.20 vs
15.94 ± 2.94; p = 0.002) according to third trimester
and control (Fig. 1). The twist degree significantly
increased at the third trimester according to the first
(20.47 ± 3.85 vs 26.16 ± 4.75; p = 0.001), second
(20.54 ± 5.60 vs 26.16 ± 4.75; p = 0.001) trimester and
control group (22.19 ± 5.58 vs 26.16 ± 4.75; p = 0.01)
(Tables 3 and 4) (Fig. 1). The rates of basal and apical

reversed rotation rate increased in the early period of
pregnancy (p = 0.008, p = 0.01, respectively) (Table
3). Compared to the control group at each trimester,
the rate of basal reversed rotation rate was signifi-
cantly increased in the first trimester (42.86 ± 13.01
vs 34.07 ± 12.68, p = 0.01) (Table 4). 
      High interobserver correlation was found between
the two observer measurements; global longitudinal
strain (r = 0.91; p = 0.001), global radial strain (r =
0.90; p = 0.001) and global circular strain (r = 0.89; p
= 0.002). Also high intraobserver agreement was
found between the two measurement of the same
operator, global longitudinal strain (r = 0.93; p =
0.001), global radial strain (r = 0.92; p = 0.001) and
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global circular strain (r = 0.92; p = 0.001).

DISCUSSION

      In this study, the diameter of the left atrium
increased during pregnancy. The diastolic parameters
of the pulse-Doppler and tissue Doppler increased in
the first trimester, whereas they decreased to the con-
trol level during the second and third trimester. Global
longitudinal strain decreased in the third trimester
according to the first, second trimesters and control
group. Left ventricular rotation and twist increased in
the third trimester. Left ventricular reversed rotation
rate increased in the first trimester. 
      When the parameters of conventional echocardio-
graphy were examined, the dimensions of the left
atrium started to expand from the first trimester, reach-
ing a maximum in the third trimester. Because left
atrium volume increases during pregnancy, the venous
return of the left atrium increases [6]. Because of the
increased venous return, the dimension of the left
atrium expands. Recently Tasar et al. [7] showed that
left atrial area and volume increase whereas left atrial
strain decrease from the first trimester to the third
trimester during pregnancy. LV diameters increased
during pregnancy but did not reach significance. How-
ever, the stroke volume increases significantly since
the beginning of pregnancy. Increased stroke volume
and heart rate provide the cardiac output increase that
requires during pregnancy. 
      The pulse-Doppler images showed that the E
wave velocity and E/A ratio increased in the first
trimester and decreased afterward. Mitral lateral and
medial tissue Doppler Em increased in the first
trimester, in the second and third trimesters they grad-
ually decreased. The compliance of the left ventricle,
which decreases with the myocardial hypertrophy, is
thought to be the most important factor responsible for
these changes [8-11]. The increasing tricuspid Sm val-
ues reflect the contractility of the right ventricle,
which increased in early pregnancy. These echocar-
diographic changes may explain with
pregnancy-related preload increasing and left ventric-
ular physiological myocardial hypertrophy. Previous
studies have shown similar results [10, 12]. 
      The quantitative assessment of global longitudinal
is an important part of STE analysis. The longitudinal

movement of the ventricular wall is one of the princi-
pal deformations of the heart, which represents as
shortening and lengthening of myocardial fibers from
the base to the apex. In this study, we found the ven-
tricular global longitudinal strain decreased
significantly in the third trimester of pregnancy. This
is similar to the previous studies, [13, 14]. Although
there are no significant changes in global radial and
circular strain parameters during pregnancy, left ven-
tricular rotation and twist values increase significantly
in the 3rd trimester [13, 14]. In the evaluation made in
terms of the rotation rate, reversed rotation rate
increased in the early period of pregnancy and
decreased to control values in the last trimester of
pregnancy. 
      Along with changes in systemic vascular resist-
ance (afterload) and volume load (preload) during
pregnancy, there are also changes in left ventricular
dimensions and wall thicknesses. Together with these
changes, the combination of changes in left ventricular
deformation provides the necessary cardiac functions
in pregnant women. 
      Despite the decrease in diastolic functions because
of increasing volume burden and left ventricular mass
during pregnancy, the systolic functions were pro-
tected. In spite of the decrease in longitudinal
deformation, the necessary increase of stroke volume
during pregnancy was provided with the increasing
rotation and twist of the left ventricle. The increase in
the left ventricle twist may be a systolic compensation
mechanism. The increase in a myocardial twist has
also been shown in patient groups who have concen-
tric left ventricle hypertrophy and diastolic
dysfunction related to age [15, 16]. The findings of
these studies support our results. 
      In our study, an increase of left ventricle early
diastolic velocities and reversed rotation rate during
the early period of pregnancy while in rotation degrees
during the third trimester was observed. From these
findings, we can conclude that the hemodynamic
changes that appeared during pregnancy were com-
pensated for with the augmentation of diastolic
functions in early pregnancy and with the augmenta-
tion of systolic functions in the later period. 

Clinical recommendations 

      The STE technique, which enables the evaluation
of strain and rotational mechanics quantitatively will
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contribute to the understanding of  what changing of
myocardial function during pregnancy. 

Limitations

      There were some main limitations to this study:
(1) small number of cases however the number of
cases for each trimester is enough to prevent evalua-
tion errors, (2) the fact that for each trimester group
different patients were evaluated however evaluation
of different pregnancies for each trimester can provide
an overall average and better reflect the population,
and (3) the fact that endocardial and epicardial rota-
tions were not evaluated separately. These factors may
affect myocardial functions.

CONCLUSION

      In healthy pregnant, global longitudinal strain
decreased whereas left ventricular rotation and twist
increased in the third trimester. These additional quan-
titative data to standard echocardiographic methods
provides us better understanding of the functional
changes of myocardium during pregnancy. 
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