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The purpose of this article is to show that fetal echocardiography should also be performed in the third trimester of
pregnancy, both in normal and complicated pregnancies. The article presents a review of the current literature pre-
senting the possibilities and goals of fetal echocardiography in the third trimester of pregnancy in situations such as:
coarctation of the aorta, premature constriction of the ductus arteriosus, increased fetal lung vascular resistance, hypo-
plastic left heart syndrome, dextro-transposition of the great arteries, fetal growth restriction, pregestational diabetes
mellitus, and gestational diabetes mellitus. A specific feature of fetal echocardiography in the third trimester is the
emphasis on the assessment of fetal heart function; therefore, the article describes the current method of assessing it.
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Introduction

ment of its function. The evaluation of the fetal heart function
Contemporary fetal echocardiography focuses not only on  is most valuable in the third trimester of pregnancy. Firstly, at
the analysis of the structure of the heart, but also on the assess-  an earlier stage of pregnancy, it would be difficult to perform
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the full extent due to the technical difficulties resulting from
the small dimensions of the fetal heart. Secondly, the assess-
ment of the fetal heart function is to enable accurate predic-
tion of the postnatal condition of the newborn, and therefore
it must be performed shortly before the expected delivery.
Regarding the facts mentioned above, fetal echocardiography
performed in the third trimester seems to be an essential ele-
ment of modern prenatal diagnostics.

This statement was included in the recommendations for-
mulated at the Cardio Prenatal 2017 conference and in the rec-
ommendations of the International Prenatal Cardiology Collabo-
ration Group 2017 [1, 2]. So far, the largest scientific societies
have not emphasised the importance of the assessment of the
fetal circulatory system in the third trimester of pregnancy in
their recommendations. The International Society of Ultrasound
in Obstetrics and Gynaecology (ISUOG) has developed recom-
mendations for prenatal ultrasound examinations in the first and
second trimesters of pregnancy, but a similar document on the
third trimester of pregnancy has not yet been prepared. Accord-
ing to the ISUOG guidelines, fetal heart assessment is recom-
mended at 18-22 weeks of pregnancy, but these guidelines do
not mention the need for performing fetal echocardiography
in the third trimester [3]. According to the recommendations
published by the American College of Obstetricians and Gyn-
aecologists (ACOG), the main objective of the third-trimester
ultrasound examination is to assess the growth and well-being
of the fetus and to re-assess its anatomy according to the protocol
used in the second trimester of pregnancy. They do not include
the assessment of the structure and function of the fetal heart
[4]. A similar position is held by the Polish Society of Gynaeco-
logists and Obstetricians. In its recommendations on screening
ultrasound diagnosis in normal pregnancy published in 2020 the
Society states that the purpose of fetal ultrasound performed in
the third trimester of pregnancy is to assess the growth of the
fetus and in selected clinical situations to assess its wellbeing [5].

Objective of the article

Contemporary prenatal cardiology and fetal echocardiog-
raphy allow us to assess the details of anatomical structure and
functional disorders of the fetal heart with an accuracy similar
to echocardiographic examinations performed in children and
adults [6]. Current recommendations of international scientific
societies recommend fetal heart examination only in the 18™-
22" week of pregnancy, and there is a tendency to show its
application towards the first trimester of pregnancy. The aim
of this article is to demonstrate that the echocardiographic ex-
amination of the fetal heart in the third trimester of pregnancy,
especially near terms, for functional assessment, is an impor-
tant and necessary element of prenatal diagnosis.

Pathophysiology of fetal heart dysfunction

Circulatory failure refers to the inability of the fetal cardiovas-
cular system to provide the required tissue and organ perfusion.
Fetal circulatory failure is manifested by impaired systolic-diastol-
ic function of the myocardium, hypertrophy of the myocardium,
cardiomegaly, and in the final stage by fetal hydrops. The Cardio-

vascular Profile Score is a commonly used to present in simple
way the circulatory system efficiency in the fetus [6-9].

Symptoms of circulatory failure in the fetus, such as fetal
hydrops, only become apparent late, after the cardiovascular
system has exhausted its ability to adapt to the pathological
process. They are preceded by more subtle dysfunctions of the
heart and its remodelling, which can be seen in detailed fetal
echocardiography [10].

The contractility of the heart is understood as the ability to
move the walls of the heart cavities in relation to different axes.
We distinguish movements along the long axis running from
the base to the apex of the heart, movements along the short
axis running perpendicular to the interventricular septum,
and rotational movements. Movements along the long axis are
due to the work of longitudinal muscle fibres located close to
the endocardium, which are the most sensitive to hypoxaemia.
Therefore, contractility disorders in this axis appear the earli-
est. Abnormalities of contractility along the short axis of the
heart appear later. This short-axis contractility is determined
by the work of circular fibres located in the middle of the myo-
cardium and are more resistant to hypoxaemia [10-13].

The pressure generated by the volume of blood filling the
ventricles during late diastole determines its preload. It is pri-
marily dependent on the amount of venous blood return. It
may be increased in the case of fetal anaemia or in the recipient
twin with TTTS. The heart adapts to the increased preload by
widening the lumen of the ventricles [10-13].

Afterload is understood as the blood pressure acting on the
walls of the ventricles during contraction. It is increased when
the outflow tract from the ventricle is narrowed, for example due
to stenosis of the semilunar valve. Afterload also increases when
blood pressure is increased in the arterial trunks, for example in
the case of intrauterine growth restriction. The heart adapts to
the increased afterload through myocardial hypertrophy [10-13].

Methods of fetal heart function evaluation
in echocardiographic examination

Using spectral Doppler, it is possible to calculate stroke
volume and cardiac output. However, the value of these pa-
rameters begins to decline only with advanced disorders of the
circulatory system, after exhausting its ability to adapt [10-13].

Spectral Doppler also allows us to assess the blood flow
through the large veins supplying blood to the atria of the
heart. The assessment of the flow through the ductus venous
has found the widest clinical application. The high pulsatility
index in the ductus venosus and the presence of a retrograde
“a” wave are the effect of increased pressure in the right atrium,
which may indicate impaired right ventricular relaxation and/
or its high preload [6, 10-13].

When assessing the spectrum of blood flow through the
atrioventricular valves, the E/A ratio can be measured, which
is the quotient of the maximum velocity of blood inflow into
the ventricles during atrial relaxation, by its maximum velocity
during atrial contraction. A value below the reference range for
a given gestational age may indicate a weakening of the dia-
stolic function of the heart [6, 10-13].
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The myocardial performance index (Tei index, MPI) is
a parameter that evaluates both the systolic and diastolic func-
tion of the ventricles. Its value depends on the duration of iso-
volumetric contraction and relaxation and the ejection time
from a given ventricle. The high diagnostic value of this param-
eter results from the fact that its value begins to deviate from
the norm at an early stage of the pathological process affecting
the circulatory system of the fetus [6, 10-13].

The M-Mode technique evaluates the ventricular shorten-
ing fraction (SF), which expresses the degree of narrowing of
the ventricular diameter during systole. The ejection fraction
can also be calculated using this technique. However, these
parameters show deviations from the norm only in the case
of advanced fetal heart dysfunction. More sensitive measures
of systolic dysfunction are the parameters MAPSE and TAPSE
(mitral/tricuspid annular plane systolic excursion), which as-
sess the movement of the annuli of the mitral and tricuspid
valves during ventricular contraction. The value of these pa-
rameters depends on the efficiency of the longitudinal muscles
of the heart, which react early to hypoxaemia [6, 10-13].

The tissue Doppler technique (TDI) measures the speed of
movement of the annuli of the atrioventricular valves during the
heart cycle. The assessment of these velocities is an early and
sensitive measure of systolic-diastolic dysfunction [10, 11-14].

The speckle tracking technique allows the evaluation of
myocardial deformation during systole and diastole (param-
eters such as “strain” and “strain rate” can be measured). Ab-
normal deformation of the heart muscle is an early symptom
of its dysfunction [10, 11-14].

Methods using 3D and 4D ultrasound (such as spatio tem-
poral image correlation, STIC) make it possible to precisely
measure the volume of the ventricles in various phases of the
heart cycle, thanks to which the ejection fraction can be reli-
ably determined [10-13].

The rationale and goals of fetal
echocardiography in the third trimester
in uncomplicated pregnancy

The increase in knowledge and skills of prenatal diag-
nosticians observed in recent years, as well as the constantly
improving quality of imaging resulting from technological
progress, enabled the early diagnoses of congenital heart de-
fects in the fetus. Heart defects can be detected as early as at
11-13 weeks of pregnancy with the use of a vaginal probe, and
from the 14" week of pregnancy also with the use of a trans-
abdominal probe. Despite the high sensitivity and specificity
of fetal echocardiography in the first trimester, it is advisable
to reassess the structure of the fetal heart in the 18"-22" week
of pregnancy in order to verify the earlier diagnosis. Abnor-
malities rarely diagnosed in the first trimester, such as small
ventricular septal defects, completely abnormal pulmonary
venous drainage, or abnormalities of the aortic arch, are much
more likely to be visualised in the second trimester [15]. How-
ever, there is a group of congenital heart defects that are dif-
ficult to detect before the third trimester of pregnancy. There
is also a group of disorders of the fetal heart function, which

usually do not appear until the third trimester of pregnancy

[6]. Moreover, if the fetus is monitored using fetal echocardiog-

raphy over a period of several weeks, and the last examina-

tion is performed shortly before delivery, the condition of the
newborn in the first hours and days of extrauterine life can
be reliably predicted [1, 2, 16]. On the basis of the analysis of
echocardiographic examinations of 107 fetuses, Strzelecka et
al. demonstrated, that if the anatomy and function of the fetal
heart was evaluated as normal at the 37" week of pregnancy or
later, the newborn would be born in good general condition in
each case [17]. The most important objectives of fetal echocar-
diography in the third trimester of uncomplicated pregnancy
are listed below and will be discussed in detail later in the text:

« Reassessment of the fetal heart structure. It makes it pos-
sible to detect defects that may have been unnoticed by the
fetal echocardiographer in the first and second trimesters.
Examples of such defects are as follows: aortic valve steno-
sis, coarctation of the aorta, perimembranous or muscular
ventricular septal defect, and total anomalous pulmonary
venous return [18].

+ Detection of cardiovascular abnormalities that very rarely
occur before the third trimester (for example: premature
constriction of ductus arteriosus or foramen ovale in a fetus
with normal heart anatomy, increased resistance in the vas-
cular bed of the fetal lungs) [19].

Coarctation of the aorta

Coarctation of the aorta is one of the most difficult heart
defects to diagnose in the prenatal period. This defect, unless
recognised before birth, is often insidious and initially asymp-
tomatic. As a consequence, the seemingly healthy newborn is
discharged home and in a short time, after the arterial duct is
closed, the peripheral perfusion may be reduced, which may
lead to circulatory shock and even death. Therefore, the diag-
nosis of this defect in the prenatal period is very important. The
symptom suggesting aortic coarctation that is easiest to spot in
fetal echocardiography is the disproportion of the ventricles
and great arteries, where the left ventricle and aorta are smaller
compared to the right side of the heart. Hypoplasia of the left
ventricle and aorta may worsen during pregnancy; therefore, it
is advisable to perform serial echocardiographic examinations
of the fetus, at least every 4-6 weeks, also in the third trimester
[6, 15, 20-22]. It should be noted that at the end of pregnancy,
the disproportion between the right and left side of the heart
is often present in normal fetuses; therefore, the sensitivity
of diagnosing aortic coarctation using the above-described
symptoms is the highest before 28 weeks of pregnancy [21, 23].
Stodki et al. described a sensitive and specific parameter that
allows the assessment of which fetuses with a disproportion
at the level of the ventricles observed in the third trimester
actually have coarctation of the aorta. This parameter was the
ratio of the main pulmonary artery diameter to the diameter of
the ascending aorta, measured in the 3-vessel view. The cut-off
value of this quotient above which aortic coarctation should be
suspected was 1.6 [24]. Other symptoms, more specific to aor-
tic coarctation, are as follows: aortic isthmus narrowing below
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the reference values for a given gestational age, the presence of
a characteristic aortic arch shelf at the isthmus level, and ab-
normal blood flow through the aortic isthmus (turbulent flow,
retrograde flow through the isthmus into the aortic arch) [15,
20, 21]. All the above-mentioned echocardiographic symptoms
are most clearly manifested in the third trimester of pregnancy.

Premature constriction of the ductus
arteriosus

Premature constriction of the ductus arteriosus can be di-
agnosed by echocardiographic examination of the fetal heart.
A suggestive symptom is the tortuous course of the ductus ar-
teriosus. An important part of the diagnosis is also the detec-
tion of abnormal blood flow through the ductus arteriosus, such
as an increased maximum systolic velocity (> 140 cm/s) and
areduced pulsatility index (< 1.9). Significant narrowing of the
ductus arteriosus increases right ventricular afterload. Increased
afterload leads to dilatation of the lumen and hypertrophy of the
walls of the right ventricle, and to disorders of its systolic-dia-
stolic function. Restriction of blood flow through the narrowed
ductus arteriosus may also cause volumetric overload of the
pulmonary veins and, consequently, lead to permanent changes
in their walls resulting in congenital pulmonary hypertension.
Tricuspid valve regurgitation is also common [6, 25-28].

The main task of the prenatal cardiologist in the case of a fe-
tus with premature constriction of the ductus arteriosus is the
systematic monitoring of the fetal heart function and assess-
ment of the progression of cardiovascular functional changes.
Constriction of the ductus arteriosus is initially well tolerated by
the fetus and may be reversible. When long-lasting, however, it
may ultimately lead to cardiovascular failure and intrauterine
fetal death or complications in the newborn (e.g. pulmonary
hypertension). Frequently performed echocardiographic exami-
nations make it possible to predict such a situation and prevent
it, informing the obstetrician about the necessity to end the
pregnancy in the right moment. On the other hand, if prema-
ture constriction of the ductus arteriosus is not associated with
significant cardiac dysfunction, the prenatal cardiologist can as-
sure the obstetrician for the welfare of the fetus, which in many
cases allows the patient to avoid iatrogenic preterm labour and
the related complications of prematurity [6, 25-28].

During prenatal life, the patency of the ductus arteriosus
is maintained primarily by fetal prostaglandins. In the third
trimester of pregnancy, the walls of the arterial duct become
more susceptible to substances inducing their contraction, such
as prostaglandin synthesis inhibitors. These inhibitors can be
pharmacological agents taken by the pregnant woman, espe-
cially non-steroidal anti-inflammatory drugs. Polyphenols, such
as those found in green tea and yerba mate, also have a similar
effect. Due to the above-described pathogenesis, premature clo-
sure of the ductus arteriosus is a pathology characteristic almost
exclusively for the third trimester of pregnancy [6, 25-29].

Increased fetal lung vascular resistance

Up to now, abnormalities of the fetal lung vascular bed have
not been well described in the medical literature. Meanwhile,

increased resistance in the pulmonary vessels accompanies
many congenital heart defects and may also be present in fetus-
es with a normal heart anatomy. Such disorders can lead to irre-
versible pathological changes in the walls of pulmonary arteries
and arterioles, which in turn can lead to congenital pulmonary
hypertension in the newborn. Respondek-Liberska et al. dem-
onstrated that the increased resistance in the fetal lung vascular
bed in the third trimester of pregnancy may be manifested by
mild cardiomegaly, myocardial hypertrophy (mainly related to
the right ventricle), disproportion of atria, ventricles, and great
arteries in favour of the right side and tricuspid valve regurgi-
tation. It is noteworthy that most of these echocardiographic
features also occur with aortic coarctation. The Z-score of the
diameters of the arterial trunks is a differentiating parameter.
The diameter of the pulmonary trunk above the normal range
is characteristic of pulmonary hypertension, while the diam-
eter of the ascending aorta below the normal range indicates
aortic coarctation [6, 30]. Pulmonary dilatation appears to be
an important prognostic factor in fetuses and newborns with
congenital heart disease. Romanowicz et al. described a group
of 40 patients with heart defects, who died in the neonatal pe-
riod, and the pathological examination showed the features of
pulmonary hypertension. The ratio of the main pulmonary ar-
tery diameter to that of the ascending aorta was significantly
higher in this group of patients than in the control group of
healthy neonates. It was also significantly higher than in the
case of newborns with heart disease (HLHS) who survived the
first stage of cardiac surgery [30, 31]. Murlewska et al. described
a group of 11 newborns with heart defects (such as HLHS, d-
TGA, and coarctation of the aorta), in whom the diameter of the
pulmonary trunk assessed in the third trimester of pregnancy
was greater than the 95" percentile (equal to or greater than
12 mm). Of these patients, 72.7% (8/11) died before hospital
discharge. Autopsy was performed in of 5 the deceased patients;
each of them showed signs of pulmonary hypertension [19].

The rationale and goals of fetal
echocardiography in the third trimester
in complicated pregnancy

The diagnosis of a heart defect is the main goal of fetal
echocardiography, and the examinations performed in the first
and second trimester of pregnancy are focused on carrying out
this task. However, it should be emphasised that the role of pre-
natal cardiology does not end with the diagnosis of the defect.
Another, equally important task for a prenatal cardiologist is to
assess the impact of a heart defect on the cardiovascular system
and fetal well-being and to predict the postnatal condition of
the newborn. It should also be emphasised that the assessment
of the fetal heart function is also very important in the case of
fetuses with a normal heart anatomy, but with other abnor-
malities complicating the course of pregnancy. These may be
pathologies related to the fetus itself, such as congenital defects
of other organs, fetal growth restriction, intrauterine infection,
or complications of a twin pregnancy. Diseases affecting preg-
nant woman, such as diabetes, preeclampsia, or lupus are also
indications for the assessment of fetal heart function.
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The most important goals of fetal echocardiography in the
third trimester of complicated pregnancy are listed below and
will be discussed in detail later in the text:

« Prediction of the postnatal state of a newborn in the case
of heart defects, which may have different clinical presen-
tations in individual cases. In some cases, urgent inter-
ventional treatment on the first day of life in the form of
Rashkind procedure (e.g. HLHS or d-TGA with restrictive
foramen ovale) or urgent cardiac surgery (e.g. heart tumour,
cardiac ectopy, total anomalous pulmonary venous return)
may be required.

 Monitoring the progression of evolving heart defects. The
evolving nature of a heart defect may be associated with
the progression from severe defect treated surgically in
a planned manner to a severe, urgent defect, requiring sur-
gical treatment in the first 24 hours of life. An example is the
progression of HLHS with normal interatrial communication
to HLHS with a restrictive foramen ovale [32].

« Evaluation of the fetal heart function in the case of certain
fetal pathologies, such as: fetal growth restriction, twin-to-
twin transfusion syndrome, and congenital abnormalities of
other organs.

« Assessment of fetal heart function in the case of disease of
the gravida, such as preeclampsia or diabetes (cardiomyopa-
thy needs to be excluded).

« Evaluation of the fetal heart function when deterioration of
its well-being is suspected (e.g. abnormal result of cardioto-
cography, abnormal Doppler examination).

« Monitoring the impact of intrauterine therapy on the func-
tioning of the fetal circulatory system.

« Monitoring the effects on the fetal circulatory system of anal-
gesics and anti-inflammatory drugs administered on a tem-
porary basis (e.g. in the course of renal colic or toothache).

+ Monitoring the haemodynamic status of the fetus in a preg-
nant woman with autoimmune disease diagnosed before or
during pregnancy (e.g. systemic lupus erythematosus, Sjo-
grens syndrome).

« Confirmation of the well-being of the fetus in the third tri-
mester of pregnancy in order to confirm the safety of con-
tinuing pregnancy and preventing premature caesarean
section and iatrogenic prematurity due to anxiety of the ob-
stetrician or pregnant woman, e.g. in the case of the umbili-
cal cord wrapping the fetus.

Hypoplastic left heart syndrome

Detection of hypoplastic left heart syndrome (HLHS) in the
prenatal period is not difficult. The more demanding challenge
is the correct prediction of the haemodynamic state of the new-
born. The most important task of a fetal echocardiograph is
to recognise the signs of restriction of the foramen ovale in
the fetus. In the case of postnatal restriction, blood flow from
the left to the right atrium is obstructed, insufficient oxygen-
ated blood reaches the systemic circulation, pressure in the left
atrium increases, and passive pulmonary congestion and hae-
modynamic instability occur. In such a case, the foramen ovale
needs to be widened urgently using the Rashkind procedure or

speed in cardiac surgery stage 1 Norwood with atrial septum
removal is necessary [33-35].

The most precise method of detecting foramen ovale re-
striction in the fetus is the assessment of the blood flow spec-
trum in the pulmonary veins using spectral Doppler. In the case
of the foramen ovale restriction, due to the increase in pressure
in the left atrium, a retrograde blood flow to the pulmonary
veins can be observed during atrial contraction. Velocity Time
Integral (VTI), which is the integral of the plot of blood flow
velocity against time, is measured. If the VTI forward/reverse
(VTI f/r) ratio is between 5 and 3, this indicates a moderate
restriction of the foramen ovale, while when it is less than 3,
there is a restriction a significant degree. This method is char-
acterised by a sensitivity close to 100% and a specificity of 94%
[36]. Jadczak et al. proved that the assessment of the VTI f/r
parameter of pulmonary vein flow allowed the identification
of patients requiring urgent cardiological work-up with high
sensitivity and specificity. For the prediction of the newborn’s
condition, it was also important to consider the time of dura-
tion of foramen ovale restriction [37].

Dextro-transposition of the great arteries

Prenatal detection and diagnosis of the dextro-transposi-
tion of the great arteries (d-TGA), although not trivial, nowa-
days is not a major difficulty for fetal echocardiographers. Pre-
dicting the postnatal condition of a newborn with this defect
is much more challenging. The haemodynamic stability of the
newborn is conditioned by the possibility of mixing of oxygen-
ated and deoxygenated blood, which is possible thanks to the
patency of the foramen ovale and the arterial duct. In fetuses
with d-TGA, the risk of premature closure of the ductus arte-
riosus is higher than in the ones with normal heart anatomy,
due to higher oxygen saturation of blood flowing through this
structure. The predictor of premature closing of the ductus
arteriosus is its narrowing and tortuous course. Colour and
pulsed Doppler examination shows a reversal blood flow in
the ductus arteriosus. The left and right pulmonary arteries
are often dilated, and aorto-pulmonary collaterals can also be
observed. The risk of foramen ovale restriction is also higher
in D-TGA, which is caused by greater blood flow through the
pulmonary arteries and, consequently, increased venous return
to the left atrium [38]. Prenatal symptom suggesting the pos-
sibility of premature closure of the foramen ovale is its valve
hyperkinesia, which ballotizes in the lumen of both atria or
aneurysms into the lumen of the left atrium. However, reduced
mobility of the foramen ovale valve may also be a symptom
of its restriction. There is also a widening of the right atrium
and right ventricle. Unfortunately, haemodynamic instability
is common also in newborns with TGA, who do not have the
above-mentioned prenatal symptoms (e.g. when the last echo
test was performed 3 weeks before delivery, while haemody-
namic changes may not become apparent until the last week
of fetal life). Therefore, one should always be ready for the fact
that such a patient may require invasive treatment as soon as in
the first 24 hours of life [15, 38]. A new parameter that can help
predict haemodynamic instability in a newborn with d-TGA is
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the value of maximum velocity of blood flow in the pulmonary
veins. Stodki et al. proved that in the group of fetuses with d-
TGA, in whom echocardiography was performed not earlier
than 3 weeks before delivery, the maximum blood flow veloc-
ity in the pulmonary veins greater than or equal to 41 cm/s
allowed the prediction of the need to perform atrioseptostomy
in a newborn on day 1 of postnatal life with high sensitivity
and specificity [39].

Fetal growth restriction

The fetal growth restriction (FGR) is a pathological en-
tity in which the growth of the fetus is deteriorated. Low fetal
weight may be a consequence of congenital defects, chromo-
somal aberrations, or intrauterine infection with pathogens
from the TORCH group. Most often, however, FGR occurs as
a result of placental dysfunction. FGR cases resulting from
placental dysfunction are divided, depending on the time of
the onset of fetal growth disorders, into early FGR (onset at
32 weeks of gestation or earlier) and late FGR (onset after 32
weeks of gestation) [40]. FGR cases can also be classified into
stages (from I lightest to IV most severe). The criterion for
this classification is the degree of blood flow disturbances in
peripheral vessels (such as uterine arteries, umbilical artery,
middle cerebral artery, and venous duct), which correlates with
the severity of placental dysfunction [41].

However, it should be noted that FGR is also associated
with morphological changes in the fetal heart and its dysfunc-
tion. The fetal heart must overcome the increased resistance
of the placental vessels, which leads to its pressure overload
(increased afterload). It is postulated that cardiac volume
overload (increased preload) may also occur. Moreover, due
to the placenta’s dysfunction, the fetal heart is not adequately
supplied with oxygen and nutrients. The above-described un-
favourable haemodynamic and metabolic conditions result in
cardiac dysfunction and its pathological remodelling (heart
remodelling) [42]. It has been proven that remodelling affects
not only the heart, but also the aortic wall. The changes in
the circulatory system are (at least to some extent) perma-
nent, and their consequence may be arterial hypertension in
the newborn, as well as an increased risk of cardiovascular
diseases in adulthood [43].

Placental dysfunction may also be the cause of another dis-
ease entity: preeclampsia. It may be associated with intrauter-
ine growth restriction or normal fetal growth. Due to a similar
pathogenesis, the effect of preeclampsia on the circulatory sys-
tem is similar to that in the case of FGR [44].

Fetal echocardiography allows for the diagnosis of func-
tional disorders and pathological remodelling of the heart,
thus identifying patients who may be in a worse haemody-
namic condition in the neonatal period and, moreover, are at
increased cardiovascular risk in adulthood. The determinants
of systolic-diastolic dysfunction are an increased value of the
myocardial performance index (MPI) and an extended iso-
volumetric relaxation time (IVRT) [43, 44]. Using the tissue
Doppler technique, it is possible to demonstrate a decrease
in the maximum value of the systolic and diastolic velocity of

the annuli of the atrioventricular valves. This parameter is an
indicator of the weakening of the contractile function of the
longitudinal fibres of the heart [45, 46]. Crispi et al., using the
speckle tracking technique, demonstrated that more than half
of fetuses with FGR present abnormal myocardial deformation
during the heart cycle. This abnormal deformation presented
as additional shortening of the interventricular septum in its
basal part during the isovolumetric phase of diastole. New-
borns with this finding detected in utero were characterised
by higher mortality and higher incidence of arterial hyperten-
sion [45].

In fetuses with FGR, heart remodelling occurs due to in-
creased afterload. The transverse dimension of the heart mea-
sured at the level of the atrioventricular valves increases and
the organ becomes more spherical in shape. The severity of car-
diac remodelling can be measured using the sphericity index.
This parameter can be calculated separately for each chamber
or for the whole heart. It is the quotient of the longitudinal
dimension of a given ventricle (from the atrio-ventricular valve
to the apex) to its transverse dimension (measured at the level
of the annuli of the atrioventricular valves).

In some cases, myocardial hypertrophy also occurs, mani-
fested as a thickening of the free walls of the ventricles and the
interventricular septum [43, 44].

Cruz-Lemini et al. showed that the most important pre-
dictors of arterial hypertension in neonates with FGR are
abnormal values of the following parameters: TAPSE, right
ventricular sphericity index, IVRT, and features of circulatory
centralisation in Doppler examination [43].

In the studies published so far, the above-described chang-
es in the structure and function of the fetal heart have not been
correlated with the onset of FGR or the degree of its staging,
which may be a subject worth exploring in future studies.

Pregestational diabetes mellitus and
gestational diabetes mellitus

The disorders of glucose metabolism observed in pregnan-
cy can be divided into pregestational diabetes mellitus (PGDM)
and gestational diabetes mellitus (GDM). The latter is addition-
ally divided into 2 classes: GDM G1, where dietary treatment
is sufficient, and GDM G2, where insulin must be included in
the treatment [47]. The frequency of congenital heart defects
in children of PGDM patients is 2-5 times higher than in the
general population, which results from the adverse effect of hy-
perglycaemia on the development of the fetal cardiovascular
system during organogenesis [48]. In the case of GDM, gly-
caemic control disorders usually occur after the completion of
organogenesis, and therefore the incidence of congenital heart
defects is not significantly increased in this group [49].

However, it should be emphasised that poor glycaemic
control has a negative effect on the fetal heart also in the ab-
sence of congenital heart disease (this applies to both PGDM
and GDM). Glucose, the concentration of which in the blood
of diabetic patients is increased, passes through the placenta
into the bloodstream of the fetus. The fetus’ response to the
threat of hyperglycaemia is increased insulin production. Hy-
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perinsulinaemia leads to the remodelling of the fetal heart
muscle. Myocardial hypertrophy occurs, which can be detected
by echocardiography by measuring the thickness of the inter-
ventricular septum and free ventricular walls [50]. The patho-
logical process described above applies to PGDM and GDM.
Another aspect of remodelling the fetal heart in a diabetic
pregnancy is changing its geometry. It takes a more spheri-
cal shape. Rizzo et al. demonstrated a reduction in the right
ventricular sphericity index in fetuses with GDM compared to
the control group. The worse the glycaemic control, the lower
the sphericity index. It is worth noting, that fetal Doppler flows
were normal in the study group of diabetic pregnancies. This
fact proves that, in contrast to heart remodelling occurring in
FGR, cardiac remodelling was not a consequence of increased
afterload, but it was only due to hyperglycaemia and hyper-
insulinaemia [51]. Diabetes leads not only to the remodelling
of the heart, but also to its dysfunction. In pregnancies with
PGDM, deterioration of the diastolic function of the fetal myo-
cardium was observed. It was expressed as a reduction in the
E/A ratio. However, such disorders have not been demonstrat-
ed in the GDM pregnancies [52]. Respondek-Liberska et al.
demonstrated that functional tricuspid valve regurgitation in
the fetus may occur with normal heart anatomy in up to 6.8%
of cases, but it occurs much more often when gravida suffers
from diabetes [53].

Conclusions

Fetal echocardiography in the third trimester of pregnancy
seems to be a very important tool in contemporary perinatol-
ogy, and the indications to perform it are extending. Therefore,
we all need to focus to increase the number of specialists who
will be able to perform fetal echocardiography to improve peri-
natology care.
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