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ABSTRACT
Objectives: The impact of the gestational changes on left ventricular contractility is not clearly defined. 

Our aim was to evaluate the subtle changes of left ventricular systolic function during pregnancy, assessed 
by new echocardiographic techniques, in a population tested for inherited thrombophilia.

Material and methods: Eighty seven consecutive pregnant women, with a mean age of 32±4 years, 
genetically tested for inherited thrombophilia (22 with thrombophilic mutations and risk of thrombosis and 
65 without significant mutations, considered as the control group) were included. All participants had four 
clinical and echocardiographyc visits: three during pregnancy (one in each trimester) and the forth six months 
after giving birth. Left ventricular (LV) systolic function was assessed from ejection fraction (EF) by 2D  
and 3D echocardiography, mitral annular velocities by tissue Doppler, and strain rate by 2D speckle 
tracking. 

Outcomes: There were no differences between groups for any of the echo parameters at each of the four 
visits. Comparing the third visit with the first one, all parameters of  LV systolic function had significantly 
lower values at the end of pregnancy; EF decreased from 58% to 55% (2D echo), from 60% to 56% 
(3D TomTec), and from 58% to 55% (Auto4DLVQ), with p<0.001 for all three methods. Moreover, strain 
assessed by speckle traking decreased during pregnancy, with no differences between groups. In addition 
to this, mitral annular velocities obtained by tissue Doppler assessment decreased during the gestational 
period, with no differences between groups. At six months after giving birth, all values were normalized.

Conclusion: During pregnancy, LV contractility has a slight decrease, with no criteria of systolic 
dysfunction. Thrombophilic mutations, with correct anticoagulant treatment, has no impact on LV systolic 
function.
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INTRODUCTION

In normal pregnancy, cardiac performance 
is overall improved due to hypervolemia 
and increased heart rate associated with 
decreased vascular resistance. Despite this 
generally accepted idea, the impact of ges-

tational changes on cardiac contractility is not 
clearly defined (1). Anatomic changes of the left 
ventricle are: increased muscle mass and dila-
tion of the cavity (mild eccentric hypertrophy) 
with the gestational age. However, data on car-
diac systolic function in pregnancy are contradic-
tory. Thus, different studies on left ventricular 
ejection fraction, assessed by echocardiography, 
showed decreased, maintained, or increased 
cardiac contractility (1-3).

Pregnancy is characterized by hypercoagula-
bility through the modified hemostasis at three 
levels: increased platelet activity, increased pro-
coagulant activity and decreased fibrinolysis ac-
tivity. Vascular stasis and hypercoagulability may 
cause endothelial injury, and all these factors 
augment the risk of thromboembolic events, re-
sulting in a 5 to 7 fold increased risk in pregnant 
women (4, 5). Moreover, in case of another pro-
coagulant status, like inherited thrombophilia, 
the risk of thrombotic events is even more aug-
mented. Our aim was to evaluate subtle changes 
of left ventricular systolic function during preg-
nancy, assessed by new echocardiographic tech-
niques, in a population tested for inherited 
thrombophilia. Understanding progressive car-
diovascular changes related to high risk throm-
bophilia in pregnancy is required for an accurate 
interpretation of the cardiac function during the 
gestational period, and to predict the effects of 
pregnancy on the woman with underlying car-
diac disease. q

MATERIAL AND METHODS

Study population. Between December 2015 
and September 2016, 87 consecutive preg-

nant participants to RO-19.10 registry were in-
cluded. All women were in sinus rhythm, with-
out known cardiovascular disease or risk factors. 
This registry had the initial purpose to evaluate 
the prevalence of inherited thrombophilia 
among women in Romania. The study protocol 
was approved by the local Ethics Committee and 
complied with the Helsinki Declaration (4). Writ-

ten informed consent was obtained from all par-
ticipants.

Blood analysis. All women were tested for in-
herited thrombophilia using venous blood sam-
ples in order to detect quantitative disorders and 
qualitative anomalies (genetic defects) of diffe-
rent factors involved in hemostasis. The analysed 
tests for thrombophilia are listed in Table 1. Each 
pregnant woman had at least one thrombophilic 
mutation. Inherited thrombophilia is defined by 
the mutation type, number of genetical defects, 
risk factors, and personal and/or familial history 
of thrombosis. According to the current guide-
lines for management of inherited thrombophilia 
during pregnancy, there are high risk criteria for 
developing thrombotic events during pregnancy, 
such as personal history of a thrombotic event 
associated with any type of inherited thromphi-
lia, homozygous mutation or double heterozy-
gous mutation for factor V Leyden, prothrombin 
G20210A, or antithrombin III genes (5–7). Con-
siderating all these criteria, we divided the group 
into two subgroups: one with inherited throm-
bophilia and thrombotic risk, and the second 
one representing the control group. 

Echocardiography. Study participants had 
four echocardiographic evaluations, with three 
of them during pregnancy. The first visit was per-
formed at 15±2 weeks of pregnancy, the second 
one at 25±2 weeks, the third visit at 35±2 week, 
and the forth one at 24±2 weeks (six months) 
after giving birth. Acquisitions were performed in 
the left lateral decubitus position using a Vivid 9 
machine (GE Healthcare, Horten, Norway), 
equipped with M5S and 4V probes. All images 
and measurements were obtained from standard 
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views, according to the current guidelines for 
chamber quantification (8, 9). Images were digi-
tally stored and analyzed offline using a custo-
mized software (EchoPAC, GE Healthcare).

2D echocardiographic analysis allowed the 
evaluation of left ventricular systolic function 
using standard parameters (Table 2). Tissue Dop-
pler imaging (TDI) was used to measure the peak 
longitudinal myocardial velocities (S waves) at 
the level of the mitral (lateral and medial) annu-
lus. Three consecutive cycles were recorded at a 
frame rate between 60 and 80 fps, during breath 
hold, to obtain accurate apical 4C, 2C, and 3C 
views of the left ventricle, in order to perform a 
speckle-tracking analysis. Radial, circumferen-
tial, and global longitudinal strain and strain rates 
were measured. Moreover, multilayer characte-
rization of the left ventricle was assessed.

3D echocardiographic examination was per-
formed from the apical view, during apnea, al-
lowing volume acquisition from consecutive 
three separate multi-beat datasets of the left ven-
tricle by combining six consecutive ECG-trig-
gered sub-volumes to obtain high temporal reso-
lution. A 12-slice display mode was selected to 
ensure that the entire cavity and walls of the left 
ventricle were included in the full volume. All 
data sets were digitally stored in a raw-data for-
mat and exported to work stations equipped 
with quantitative software, 4DAutoLVQ 
(EchoPAC GE Healthcare, version BT 13) and 
TomTec package. The measured parameters are 
listed in Table 2.

Statistical analysis. We evaluated normal di-
stribution of parameters using Kolmogorov-
Smirnov test. Continuous variables are presented 
as mean +/- standard deviation, and categorical 
variables as percentages. Comparison of conti-
nuous variables was performed using indepen-
dent samples T-test, while the analysis of pro-
gression of continuous variables in time, 
differentiated between study subgroups, was 
performed using the Anova test for repeated 
measures. Comparison between categorical vari-
ables was made using Pearson Chi-Squared test. 
Inter-observer variability was assessed for 
20 subjects randomly chosen, by two indepen-
dent observers. One observer repeated the mea-
surements of the same datasets to assess intra-
observer variability. Reproducibility was reported 
as intra-class correlation coefficient (ICC). All 
analyses were carried out using IBM SPSS ver-

sion 23.0. Differences among variables were 
considered significant at p<0.05. q

RESULTS

Study population. We enrolled 87 women with 
a mean age of 32±4 years. All of them com-

pleted the four planned visits. Based on blood 
analysis results and personal and familial history 
of thrombosis, we divided the whole group into 
two subgroups: one with inherited thrombophi-
lia (22 subjects) and the control group (65 sub-
jects). Those belonging to the thrombophilia 
group received anticoagulant treatment with low 
weight molecular heparin for primary preven-
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TABLE 2. Echocardiographic parameters

TABLE 3. Clinical characteristics of the study groups
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sion, dosed according to current guidelines, be-
ginning with 15±3 weeks of pregnancy (7, 10). 
There were no significant differences in age, 
height, systolic and diastolic blood pressure, per-
sonal medical history between groups. Heart 
rate, weight, and BSA of pregnant women in-
creased during pregnancy, and recovered after 
pregnancy. The clinical characteristics of the 
study groups are presented in Table 3.

Left ventricular systolic function during preg
nancy. There were no differences between 
groups for any of the echo parameters, at each of 
the four visits (Table 4). At visit 1, left ventricular 
ejection fraction had normal values, for both 2D 
and 3D echo assessment. At second and third 
visits, parameters of left ventricular systolic func-
tion had lower values for all subjects, with no 
differences between groups. Comparing the 
third visit with the first one, all parameters of left 

ventricular systolic function had significantly 
lower values at the end of pregnancy (third visit) 
(Table 5). Left ventricular systolic function de-
creased from 58% to 55% (2D modified Simp-
son’s), from 60% to 56% (3D TomTec), and from 
58% to 55% (Auto4DLVQ), with p<0.001 for all 
three methods. 

Clinical impact of the inherited thrombophi
lia. During pregnancy, there were no thrombotic 
events among groups. Five subjects (5.7%) from 
the entire group presented one venous throm-
botic event in their personal medical history and 
all of them were included in the inherited throm-
bophilia subgroup. Thus, high risk mutation cor-
related positively with the probability of sponta-
neous thrombotic events (Fisher Exact Test with 
p=0.001, Phi coefficient 0.424 with p<0.001). 
There were 12 cases of gestational hypertension 
which needed medication, eight of them from 
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the control group and four from thrombophilia 
group. There were 29 cases of intrauterine 
growth restriction, 11 of them from mothers with 
high risk inherited thrombophilia. There was a 
positive correlation between the risc of inherited 
thrombophilia and intrauterine growth restric-
tion (r=0.224, p=0.037).

Reproducibility. In 3D echocardiography, in-
ter- and intra- observer variability for the left and 
right ventricular ejection fractions had good in-
tra-class correlation coefficients. For inter-ob-
server variability, ICC was 0.855 for the left ven-

tricular ejection fraction (Auto4DLVQ) and 0.799 
for the right ventricular ejection fraction 
(p<0.001 for both), while for intra-observer vari-
ability ICC was 0.946 for the left ventricular ejec-
tion fraction (Auto4DLVQ) and 0.930 for the 
right ventricular ejection fraction (p<0.05 for 
both). 

Comments

For the cardiovascular system, pregnancy is 
equivalent to a prolonged effort test. Therefore, 
in normal pregnancy preload increases, afterload 
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decreases, and left ventricular remodeling oc-
curs. All of these determine mild dilation of the 
left ventricle. Concomitantly, ventricular mass 
increases by higher vascular endothelial growth 
factor expression, which causes myocardial an-
giogenesis without parallel fibrosis development 
(11, 12). Thus, there is a reversible eccentric hy-
pertrophy. While the hemodynamic changes oc-
curring during pregnancy have been clearly de-
scribed, the impact of pregnancy on cardiac 
contractile function has not been fully elucida-
ted. 

The current study does a comprehensive 
analysis of the cardiac systolic function using all 
the current available echocardiographic para-
meters in a group of pregnant women who were 
genetically tested for inherited thrombophilia. To 
the best of our knowledge, this is the first study 
evaluating cardiac systolic function in pregnant 
women tested for inherited thrombophilia.

Each women included in our study had at 
least one mutation confirmed by genetically 
blood analysis. We defined two subgroups, 
based on the risk of developing thrombotic 
events, risk given by the type of genetic defect, 
number of mutations and personal/familial his-
tory of thrombotic efects. Thrombophilic sub-
jects had one of the following: personal history 
of a thrombotic event and any type of inherited 
thrombophilia or homozygous mutation or dou-
ble heterozygous mutation for factor V Leyden, 
prothrombin G20210A or antithrombin III genes. 
They received prophylactic anticoagulant thera-
py with Enoxaparin 0.4 mg/day. The rest of the 
subjects (making the control group) had one het-
erozygous mutation for factor V Leyden, MTHFR, 
factor III or prothrombin genes, protein C or pro-
tein S deficiencies or PAI (Plasminigen Activator 
Inhibitor) polymorphism; these mutations are 

not related with increased hypercoagulability, 
and do not need prophylactic anticoagulant 
treatment during pregnancy (6, 7, 10, 13, 14).

Left ventricular systolic function. Our data 
about left ventricular systolic function during 
pregnancy is concordanct with the previous 
studies. Thus, left ventricular systolic function (by 
2D and 3D echocardiography) had normal va-
lues, with a mild decrease during pregnancy and 
no significant differences between groups (5, 15, 16). 
Similarly, parameters measured by speckle tra-
cking and tissue Doppler had the same trend as 
the left ventricular ejection fraction, with a mild 
decrease during pregnancy and complete reco-
very at six months after giving birth, comparable 
with other papers in normal pregnancy (5, 16). 

Pregnancy outcomes related with inherited 
thrombophilia. There are many data demons-
trating a relation between fetal growth restric-
tion, pregnancy loss (early and late), and inhe-
rited thrombophilia, the pathogenic mechanism 
being the presence of thrombosis in the placen-
tal vascularization (18). Data from our study have 
also showed a weak but significant correlation 
between the presence of growth restriction at 
birth and inherited thrombophilia (r=0.224, 
p=0.037). In our study population, all throm-
botic events were observed in the group with 
inherited thrombophilia. In fact, there was a sig-
nificant correlation between the probability of 
spontaneous thrombosis and the risk of throm-
botic events given by the type of mutation (Fisher 
Exact Test with p=0.001, Phi coefficient 0.424, 
with p<0.001).

Limitations. The current monocentric study 
had a small number of patients. From ethical 
considerations, subjects with inherited thrombo-
philia were evaluated under anticoagulant treat-
ment. However, it is unlikely that the anticoagu-
lation treatment modifies the parameters of 
cardiac function in any way. q

CONCLUSION

Cardiac contractility has a slight, progressive 
decrease during pregnancy, which recovers 

completely at six months after giving birth. 
Thrombophilic mutation has no impact on the 
left ventricular systolic function. q
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