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Abstract: Pregnancy complications such as gestational diabetes (GDM) and hypertensive disorders
of pregnancy (HDP) are frequent and influence not only fetal outcomes but also the maternal cardiac
function. GDM and HDP may act as a proxy for increased metabolic and cardiovascular risk later in
life. Speckle tracking echocardiography (STE) is a relatively new imaging technique that provides
more sensitive assessment than conventional echocardiography of the maternal cardiac function.
Recent research suggests that STE can be used during pregnancy and postpartum as a useful method
of early detection of subclinical maternal cardiac changes related to pregnancy complications, such as
GDM and HDP, and as an indicator for future maternal cardiovascular disorders. The aim of this
review was to underline the current value of STE in the follow-up protocol of high-risk pregnant
women, as a mean for pre- and postpartum monitoring. A review of the literature was conducted in
the PubMed database to select relevant articles regarding the association of STE changes and HDP
or GDM in the prenatal and postpartum maternal evaluations. Both GDM and HDP are associated
with subtle myocardial changes in shape, size and function; these preclinical cardiac changes, often
missed by conventional evaluation, can be detected using STE. Left ventricular global circumferential
strain might be an important predictor of maternal cardiovascular disorders and might help to define
a high-risk group that requires regular monitoring later in life and timely intervention.

Keywords: preeclampsia; gestational diabetes; speckle-tracking; echocardiography; long-term car-
diovascular disease; heart failure preserved ejection fraction

1. Introduction

Echocardiography is a consecrated diagnostic and follow-up method for the adult
population with cardiovascular (CV) risk factors and cardiac disease. In pregnancy, mater-
nal echocardiography is reserved for selected cases, with previous cardiac pathologies or
onset of symptoms suggesting heart failure either when assessed by the cardiologist or for
research purposes, as observed in the recent literature [1,2] A new approach, by assessing
the cardiac specific changes during pregnancy-related complications and even postpartum
follow-up, can detect early changes that are indicative of future cardiovascular disease
(CVD). Detection of subclinical myocardial dysfunction might be an indication for the
need of closer postpartum follow-up, as retrospective studies have shown that a significant
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number of patients with heart failure with preserved ejection fraction have experienced a
preeclamptic pregnancy [3].

The aim of this review is to underline the value of newer echocardiography techniques
in the follow-up protocol of high-risk pregnancies, as a mean for pre- and post-partum
monitoring. Pregnancy complications, such as gestational diabetes (GDM) or hypertensive
disorders of pregnancy (HDP), can foreshadow subsequent cardiovascular and metabolic
disease in future life [4]. Therefore, maternal fetal specialists and cardiologists as a team
need to be aware that women suffering from these complications should undergo regular
postpartum monitoring. Echocardiography, and in particular, speckle tracking echocardio-
graphy, could prove to be a clinically useful tool for this joint effort for a better follow-up.

2. General Methods of Assessing Cardiac Function; Speckle Tracking
Echocardiography as a Potential Candidate for Maternal Cardiac Evaluation in
Pregnancy Complications and Thereafter

Specific and standardized assessment of the cardiac function has been the subject
of broad and permanent interest [5,6]. The assessment of the cardiac function aimed to
provide important diagnostic and prognostic information with regards to normal heart
function or postinfarction recovery, left ventricular hypertrophy or chronic heart failure [7].
Clinical assessment of the cardiac function provides informative evaluation of the heart
function but is generally poor [8]. Electrocardiogram is a non-invasive investigation
technique that possesses the disadvantage of nonspecific findings, although an entirely
normal electrocardiogram has a 95% likelihood of normal systolic function [9]. Non-
invasive cardiac output monitoring, (NICOM), a new method to measure cardiac output
based on bioreactance, which records the relative phase shifts of oscillating alternating
currents across the thorax, calculates several hemodynamic measurements and has been
demonstrated to be similarly consistent with ultrasound assessment [10]. Its potential in
monitoring pregnancy complications is yet to be demonstrated. Left ventricular function
has been reported to be a powerful predictor of long-term survival in patients affected by a
broad spectrum of cardiac diseases. The most widely used echocardiographic parameter to
quantify LV systolic function has been LV ejection fraction (LVEF). While LVEF is a strong
predictor of mortality, it is highly load-dependent, depends critically on operator expertise
and is affected by significant interobserver and interobserver variability [11]. Assessments
such as computed tomography and radionuclide ventriculography (either Tc-99m-labeled
red blood cells or human serum albumin), while useful in the general population, subject
the patient to unnecessary radiation [12,13]. Cardiovascular magnetic resonance is also
useful for cardiac function assessment [14], but is time consuming and costly.

However, echocardiography is a widely available, non-invasive, not irradiating tech-
nique, suitable for maternal heart monitoring in pregnancy and postpartum. Its main
disadvantages are related to image acquisition, which is operator- and acoustic-window
dependent and to that the assessment of ventricular function is related to geometric as-
sumptions of the normal heart, with less reliability in some cases [15].

M-Mode echocardiography, a method that measures the mid-left ventricle diameters
in the short axis and volumes obtained by cubing the diameters, estimates left ventricular
fractional shortening and ejection fraction [16] (Figure 1). A more accurate measurement
than M-mode is area-length assessment in two-dimensional echocardiography. This method
possesses a moderate reproducibility, as it relies on good endocardial border definition that
is highly subjective but can be clinically demonstrated with experience [17].
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thickness at diastole, LVIDd (left ventricle internal diameter during diastole), LVIDs (left ventricular 
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EDV (end diastole volume), ESV (end systole volume), EF (ejection fraction), FS (fractional 
shortening). Courtesy of Elias Cardiology Department. 

Global myocardial performance has been assessed by other echocardiographic 
methods, derived from Doppler analysis, such as myocardial performance index (Tei 
index) and tissue Doppler mitral annular systolic velocity (Figure 2). These methods do 
not require endocardial border definition and do not rely on subjective geometric 
assumption but require a good alignment of the ultrasound beam with blood flow and 
with myocardial motion [18]. 

 
Figure 2. Tissue Doppler imaging echocardiography of a healthy pregnant patient in apical 4 
chamber view, septal interogation–MV e’ Vel lat (mitral valve e wave velocity), MV a’ Vel lat (mitral 
valve a wave velocity), MV s’ Vel lat (mitral valve s wave velocity), E/E’ lat = relaxation ratio (E peak 

Figure 1. M-Mode echocardiography of a healthy pregnant patient, in parasternal long-axis view
showing left ventricular fractional shortening and ejection fraction–IVSd (interventricular septum
thickness at diastole, LVIDd (left ventricle internal diameter during diastole), LVIDs (left ventricular
internal diameter during systole, LVPWd (left ventricular posterior wall thickness during diastole,
EDV (end diastole volume), ESV (end systole volume), EF (ejection fraction), FS (fractional shortening).
Courtesy of Elias Cardiology Department.

Global myocardial performance has been assessed by other echocardiographic meth-
ods, derived from Doppler analysis, such as myocardial performance index (Tei index) and
tissue Doppler mitral annular systolic velocity (Figure 2). These methods do not require
endocardial border definition and do not rely on subjective geometric assumption but
require a good alignment of the ultrasound beam with blood flow and with myocardial
motion [18].

Another approach to assess left cardiac function is three-dimensional echocardiogra-
phy that eliminates the geometric assumptions and operator dependent measurements [19].

A relatively new tool for assessing left ventricular function through myocardial strain
with a high temporal and spatial resolution is speckle-tracking imaging [20]. This method
possesses better inter- and intra-observer variations. It can assess, simultaneously, the
entire myocardium along the 3D geometrical (longitudinal, circumferential and radial) axis
and is not affected by translation cardiac movements; it is angle dependent and possesses a
low spatial and temporal resolution [20].

Currently, speckle tracking echocardiography is the most applicable method in the
context of pregnancy related complications and has shown the most promising results
in detection of subclinical myocardial dysfunction. Two-dimensional speckle-tracking
echocardiography is proposed as a novel technique for objective and quantitative evalua-
tion of global and regional myocardial function. The myocardial deformation strains are
obtained by frame-by-frame automatic measurement of the distance between two points of
each LV segment during the cardiac cycle. The ST allows quantification of myocardial or
more correct endocardial deformation. This technique enables us to calculate the segmental,
as well as the global longitudinal, strain and strain rate. It measures myocardial velocities
and deformation parameters and has evolved to be the imaging modality of choice to detect
subclinical cardiac dysfunction [21].
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Figure 2. Tissue Doppler imaging echocardiography of a healthy pregnant patient in apical 4 chamber
view, septal interogation–MV e’ Vel lat (mitral valve e wave velocity), MV a’ Vel lat (mitral valve a
wave velocity), MV s’ Vel lat (mitral valve s wave velocity), E/E’ lat = relaxation ratio (E peak early
mitral valve inflow velocity, E’ early mitral valve diastolic velocity). Courtesy of Elias Cardiology
Department.

3. Clinical Applications of Speckle Tracking Echocardiography

Subclinical cardiac dysfunction precedes the development of heart failure and other
cardiovascular diseases, but often goes undiagnosed by conventional echocardiography.
Recognition of subclinical myocardial dysfunction offers clinicians an opportunity for early
intervention and prevention of symptomatic cardiovascular disease and novel imaging
method, such as STE, might be a useful screening strategy. For example, subclinical LV
systolic dysfunction in the general population with diabetes mellitus, detected using LV
global longitudinal strain, is associated with an increased incidence of cardiovascular events,
defined as a composite of acute coronary syndrome, cerebrovascular stroke, cardiovascular
death and hospitalization for heart failure [22,23].

Speckle tracking echocardiography is an advanced, non-invasive imaging technique
that provides fast and accurate assessment of cardiac function, global and regional function
of both atrial and ventricular chambers, in-plane translation motion and independently
from the angle of insonation [24]. The information obtained regarding the cardiac deforma-
tion is similar to the assessment of cardiovascular magnetic resonance [21].

It has been demonstrated over the last 10 years that speckle tracking echocardiography
is a reliable method in predicting heart failure. Studies in non-pregnant population showed
that there is a specific pattern of changes when using speckle tracking, not only in arterial
hypertension, but also following diabetes mellitus [25]. Early signs of heart function
deterioration can be detected in coronary artery disease and valvular disorders by using
speckle tracking imaging [25,26].

In comparison with other methods of assessing heart function, the main benefit of SPE
is represented by the capacity to evaluate the two-dimensional displacement of cardiac
muscle spots during the cardiac cycle and to calculate, in an angle-independent way, heart
deformation through the distance variation between the speckles in the analysed segment
(Figure 3). Therefore, reconstruction of the spatial deformation of the left ventricular heart
in different spatial plane (longitudinal, radial, circumferential and rotational) facilitates an
accurate cardiac function less dependent on operator variability of the analysis compared
to standard echocardiography [24].
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Figure 3. Left ventricular function analysis in a pregnant patient, 4 chamber apical view. AS—apical
septal, AL—apical lateral, ML—mid lateral, MS—mid septal, BL—basal lateral, BS—basal septal,
EDV—end-diastolic volume, ESV—end-systolic volume, EF—ejection fraction.

Myocardial deformation during cardiac cycle, contraction and relaxation, is defined by
the term strain [25]. It represents the grade of the deformation of an analysed segment and
is expressed as a percentage (%). In the assessment of longitudinal function, negative values
of strain indicate shortening or compression of the object, while positive values testify
myocardial stretching and expansion. On the other hand, the strain rate is the frequency
per time unit at which the deformation occurs [24].

The adult myocardium possesses a complex structure, based on right-handed helical
fibers at endocardial layer and left-handed helical fibers in epicardial layer [5]. Harmonic
contraction of all these fibers allows cardiac deformation in different space planes, such
as longitudinal (systolic shortening and diastolic stretching), radial (systolic thickening)
and circumferential (shortening during systole and stretching during diastole) planes
(Figure 4) [24]. Moreover, during systole, a counterclockwise rotation of the apex and
a clockwise rotation of the base occur with consequent opposite rotations during the
following diastole. These movements are simultaneous and determine the left ventricular
systolic twisting or torsion and diastolic untwisting [2]. Longitudinal strain is described as
myocardial shortening along its longitudinal axis and represents a negative curve during
systole and a positive one during diastole and can be evaluated in apical 2-, 3- and 4-
chamber views [2]. Longitudinal strain offers an accurate early detection of the alterations
that may affect the subendocardial longitudinal fibers, such as an ischemic injury [26] or
arterial hypertension [27]. These findings may be extremely useful in a subclinical phase
when left ventricular ejection fraction is typically normal.
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Figure 4. Echocardiography of a healthy pregnant patient showing circumferential left ventricle strain
analysis (at the level of the papillary muscles) and speckle tracking analysis. GCPS_SAX-M-Global
circumferential strain peak systolic middle left ventricle; GCPS_Avg-Average global circumferential
strain; ES_Avg-Average End systolic time. Courtesy of the Fetal Medicine Foundation.

Defined by a positive curve, radial strain shows the radial myocardial deformation cor-
responding to systolic thickening. This parameter is assessing left ventricular dyssynchrony
and, hence, has proved to be one of the most accurate methods to identify potential re-
sponders to cardiac resynchronization therapy in patients with end-stage heart failure [20].
Circumferential fibers are placed at mid-wall and participate, equally to and together with
longitudinal and radial ones, to maintain heart function within normal limits [28].

The rotation degrees of the intermediate myocardial planes gradually change from
base to apex and the rotation is null at papillary muscles level. A parasternal short-axis
section at basal and apical planes can assess left ventricular twisting value [28].

4. Results: Speckle Tracking Echocardiography in Pregnancy Complications
4.1. Gestational Diabetes Mellitus

Gestational diabetes affects one out of seven pregnancies and is associated with ad-
verse perinatal outcomes for both the mother and the fetus. Women whose pregnancies
were complicated with GDM have a seven-fold higher incidence of type 2 diabetes later in
life and a two-fold higher risk of cardiovascular events during the first 10 years postpar-
tum [29] Moreover, gestational diabetes mellitus changes the fetal balanced environment,
influencing fetal cardiac development and predisposing to cardiovascular disease in chil-
dren and young adults [30]. The same environment that shows insulin resistance influences
the maternal heart, demonstrating mild and transient findings that may be a predictor of
cardiovascular disease later in life [31].

We did a search on PubMed with no time restriction for words such as “echocardiog-
raphy” and “pregnancy” and “gestational diabetes”. We retrieved 354 results out of which
only 19 were related to maternal cardiac echocardiography in relation to diabetes. After
reading the studies, we found eight studies that used STE and reported subtle differences
between cardiac function in pregnant women with and without diabetes. (Table 1).
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Table 1. Studies assessing maternal cardiac function in gestational diabetes. DM 1-diabetes mellitus
type 1, GDM-gestational diabetes mellitus, LV-left ventricle, STE-speckle tracking echocardiography.
In bold, significant STE changes.

Author, Year Study Design Population Main Findings in Relation to STE

Buddeberg BS et al. (2020) [32] prospective case-control study;
at term (>37 weeks)

GDM = 40
Control = 40

In GDM STE shows significant
reduction in LV global longitudinal
strain, LV
endocardial and epicardial global
longitudinal strain

Schnettler WT et al. (2021) [33] retrospective cohort analysis;
peri- and postpartum GDM = 205 No STE findings associated with GDM

Company Calabuig AM et al.
(2021) [34]

cross-sectional study;
26–40 weeks

GDM = 123
Control = 246

In GDM STE shows lower left and right
global longitudinal strain

Meera SJ et al. (2017) [35] retrospective cohort study GDM = 18
Control = 72

In GDM STE shows lower global
longitudinal strain, greater time-to-peak
strain

Aguilera J et al. (2020) [36] case-control study;
35–36 weeks’

GDM = 73
Control = 73

In GDM STE shows lower global
longitudinal systolic strain at
35–36 weeks and at 6 months
postpartum

Sonaglioni A et al. (2021) [37] case-control study GDM = 30
Control = 30

In GDM STE shows increased LV mass
index and lower relaxation ratio

Ando T et al.
(2015) [4]

retrospective cohort study;
2nd and 3rd trimester

Pregnancy complications
(PE,GDM) = 74
Control = 21

No STE changes specific associated to
GDM

Airaksinen KE et al. (1986) [38] case-control study DM1 = 17
Control = 11 No GDM changes smaller LV in DM1

Aguilera J et al. (2020) [31] cross-sectional study;third
trimester

GDM = 161
Control = 483

In GDM lower left ventricular diastolic
and systolic functional indices

Appiah D et al. (2016) [39] retrospective cohort study GDM = 64 In GDM increased LV mass and impaired
LV relaxation and systolic function

Lindley KJ et al. (2020) [40] retrospective case-control study Pregnancy complications
(PE) = 86

No STE changes specific associated to
GDM

Oliveira
AP et al. (2015) [41] case-control study GDM = 21

Control = 23
In GDM STE shows mild diastolic
dysfunction

Gibbone E et al. (2021) [42] prospective observational study;
19–23 weeks’

GDM = 199
Control = 2654

In GDM significant differences in E/A
ratio, E/e’ ratio, myocardial performance
index and global longitudinal systolic
strain (through STE)

Schannwell CM et al. (2003) [43] case-control study DM1 = 51
Control = 51

No GDM; delayed relaxation at the
beginning of pregnancy and developed a
restrictive filling pattern in DM 1

Freire CM et al. (2006) [44] case-control study GDM = 13
Control = 13

In GDM mild degree of diastolic
abnormality

Ye X et al. (2021) [45] prospective observational study GDM = 57 In GDM expansion of the LA volume, a
mirror of LV systolic function

Zakovicova E et al. (2014) [46] observational study GDM = 31
Control = 31 In GDM increased LV walls thicknesses

Pintaudi B et al. (2013) [47] case-control study GDM = 55
Control = 51

In GDM deteriorating cardiac diastolic
function

Bold indicates significant STE changes.

Increased post-partum cardiovascular risk after GDM might be explained by subclini-
cal cardiac changes which appear during pregnancy in women exposed to high glycemic
levels and insulin resistance. Most of the studies reported early changes at STE; the main
finding when comparing the pregnancies complicated by GDM to normal population is
reduced left ventricular global longitudinal strain (LV-GLS).
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A recent large prospective longitudinal study [31] enrolled 161 third-trimester women di-
agnosed with gestational diabetes defined according to NICE guidelines [48] and 438 women
with uncomplicated pregnancies and compared maternal and fetal heart changes in preg-
nancy using speckle tracking echocardiography assessment. Women with GDM showed
higher left ventricular mass, lower tissue Doppler systolic wave and lower global longitu-
dinal strain. The left atrial area was higher than the control group and there was prolonged
isovolumic relaxation time. There were no differences between the groups in terms of
cardiac output and peripheral vascular resistance [31].

Gestational diabetes also has an impact on the offspring cardiac function, manifest-
ing early signs of subclinical cardiac dysfunction since intrauterine life. A recent study
illustrated that fetuses of mothers with gestational diabetes mellitus possessed more globu-
lar hearts with higher right and left ventricular sphericity index (p < 0.001 for both) and
lower left ventricular ejection fraction. Early subclinical systolic functional impairment is
easily proven by speckle tracking in fetuses with gestational diabetic mothers; functional
changes were more evident in the right ventricle [31]. Similar findings, including changes
of fetal heart shape and biventricular diastolic disfunction at speckle tracking analysis were
shown in two other studies [49,50]. Despite maternal diabetic treatment, neonatal follow-up
at 6–7 months of age, showed persistent heart remodeling and impairment in diastolic
and systolic ventricular function, with lower left ventricular global longitudinal systolic
strain [51]. Similar to neonatal persistent changes, maternal subclinical heart dysfunction
persists to at least 6 months alter delivery [33,36,37].

When comparing with other literature data, the results are poor; only a few studies
assessed fetal heart in gestational diabetes mothers in the neonatal period. Similar results,
with persistent alterations in left ventricular chamber geometry, were seen in the study of
Patey et al. [49]. Decreased left ventricular systolic and diastolic function in the first week
of life was shown in Zablah et al.’s report [52]. The only study that reported on transient
fetal cardiac that spontaneously resolved after birth is the study of Mehta et al. [53]. It must
be considered that the postpartum period is characterized by changes in fetal circulation
and physiological adaptation to postnatal life [31]. This may influence the differences
between fetal and neonatal life; therefore, further studies are needed to establish the
changes associated with gestational diabetes.

Regarding the additive value of STE performed during pregnancy in prediction of
GDM, the data show that, although subtle hemodynamic and functional cardiac changes
appear prior to the development of gestational diabetes, maternal cardiac evaluation
does not offer additional predictive information in pregnancy outcomes compared to
demographic characteristics and medical history [42].

4.2. Speckle Tracking Echocardiography in Preeclampsia, Chronic Hypertensive and Fetal
Growth Restriction

Hypertensive disorders affect around 15% of all pregnancies and account for 16% of all
maternal deaths worldwide, with an estimated 62,000 to 77,000 deaths per year [54]. There
is a significant risk of cardiovascular morbidity associated to HDP; around 20% of women
with preeclampsia remain hypertensive at 6 months postpartum; these women are at a
3-fold increased risk of chronic hypertension [55,56]. Moreover, a history of preeclampsia
is associated with a 2- to 4-fold increased risk of heart failure, coronary artery disease,
stroke, and cardiovascular disease–related death [57]. The American Heart Association
has now recognized both gestational hypertension and preeclampsia as risk factors for
cardiovascular disease [58]. Therefore, adequate screening methods for early prediction of
preclinical stage of cardiac dysfunction and long-term postpartum follow-up are essential
for reducing maternal morbidity and mortality from cardiovascular complications [59,60].

Over the last few years, STE and global longitudinal strain (GLS) was extensively stud-
ied in the context of hypertensive disorders of pregnancy. Left ventricular-GLS represents
LV myocardial shortening in the longitudinal axis and is an important index of global LV
function. It is an early marker of subclinical alterations of subendocardial longitudinal
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fibers, which are the first to be affected in ischemic injuries and arterial hypertension [25].
Although left ventricular ejection fraction is the most widely used parameter in current clin-
ical practice for assessing cardiac function, it holds several limitations, mainly late decrease
only in the advanced stage of heart disease. The latest data have reported that LV global
longitudinal strain is a more sensitive measure of preclinical myocardial dysfunction and is
more reproducible than left ventricular ejection function evaluated through conventional
echocardiography [61].

A recent systematic review regarding STE findings in pregnancies complicated by
hypertensive disorders analyzed 16 relevant studies and reported that LV-GLS was de-
creased in women with any form of hypertensive complication. Additionally, women with
early onset or severe form of preeclampsia showed other deformation changes, such as
decreased left ventricular global radial and circumferential strain [62]. These preclinical
changes in myocardial function last for almost 10 years after delivery; STE might be used as
a sensitive method for early detection of women at high risk who can benefit from regular
cardiovascular monitoring [63].

Reduced sensitivity of conventional echocardiography in detecting subclinical cardiac
changes is supported by the results of a systematic review on women with a history
of preeclampsia assessed by conventional echocardiography, which failed to show any
difference in left ventricular ejection fraction, isovolumetric relaxation time, or deceleration
time. The results suggest that cardiac morbidity associated with preeclampsia is a result
of an increased incidence of the cardiovascular risk factors within the population group
(metabolic syndrome, renal disease, diabetes mellitus), rather than the preeclampsia alone.
In terms of measurement of global myocardial deformation, speckle tracking imaging is a
useful tool to assess maternal cardiac function, showing reduced strain in preeclampsia as
compared to normotensive pregnancies [64].

A prospective observational study [65] including women attending for a routine sec-
ond trimester ultrasound showed speckle tracking evidence of altered cardiac geometry,
increased in peripheral vascular resistance and impaired myocardial function in pregnan-
cies that subsequently developed preeclampsia. Peripheral vascular resistance was the
cardiovascular parameter that was significantly affected by subsequent preeclampsia after
adjustment for maternal demographic characteristics and medical history [65]. However,
maternal cardiovascular parameters are not useful in the prediction of preeclampsia but
provide information on the pathophysiology of preeclampsia.

Another study published in 2020 by Vasapollo et al. [66] reported cardiac changes in
pregnant women known with chronic hypertension on medication and pre-pregnancy left
ventricular dysfunction and remodeling. They assessed maternal heart comparing early and
late complications, such us superimposed preeclampsia, fetal growth restriction and HELLP.
Using speckle tracking echocardiography, the group reported that left ventricle hypertrophy
and concentric geometry is the strongest independent predictor of complications in the
subsequent pregnancy. Concentric geometry appears in early complications, whereas
eccentric hypertrophy appears in late complications [65]. With regards to diastolic function,
it seems to be an independent predictor of complications [65,66].

Assessing both preeclampsia and fetal growth restriction in fetal cardiac remodel-
ing, Youssef et al. [67] demonstrated hypertrophic and globular hearts with increased
myocardial performance index.

5. Discussions

During pregnancies affected by preeclampsia, mild diastolic dysfunction can be de-
tected with standard echocardiographic techniques, but STE can also identify systolic
dysfunction [68]. A recent report found that blood pressure variability affects the right
ventricle as well [69,70]. Recent data shows that, compared to uncomplicated pregnancies,
the ones complicated by preeclampsia affect cardiac function in the long-term, at 10 years
post-partum [71]. Moreover, women with early onset preeclampsia showed reduced long-
term left ventricular global longitudinal strain associated with a low coronary flow velocity
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reserve, as a sign of microvascular dysfunction [63] and of higher left ventricular mass [72].
Moreover, at 12 years follow-up, women with early onset preeclampsia demonstrated worse
subclinical left ventricle dysfunction than the ones with late onset preeclampsia [73,74].
This is also confirmed by the fact that all three myocardial layers were more affected in early
vs. late-onset preeclampsia in a study performed using layer specific STE [75]. Moreover, a
very recent study demonstrated that preeclampsia can predict the risk of hospitalization
for heart failure with preserved ejection fraction [76]. It is known that women represent the
majority of patients with heart failure with preserved ejection fraction [77]. However, it is
surprising and disquieting that the median time to heart failure onset was only 32.2 months
postpartum in the previously mentioned study [76].

Furthermore, the subtle systolic and diastolic dysfunction observed in late preg-
nancy, when complicated by gestational diabetes, also persist for at least six months
post-partum [36]. Long-term studies are warrantied for this at-risk group, in order to
establish the value of the method and create an appropriate follow-up protocol [36]. Closely
monitored high-risk pregnancies [44,78–81] will also lead to fewer fetal complications.

All these data support the coordinated use of speckle tracking by teams of maternal
fetal specialists and cardiologists in patients with pregnancy complications, both pre and
postpartum. The desired outcome would be to design tailored monitoring protocols for
every clinical situation, in order to foresee possible long-term effects temporarily unmasked
during pregnancy [81].

6. Conclusions

It may well be that speckle tracking is for hypertensive diseases of pregnancy what
the oral glucose tolerance test is for gestational diabetes mellitus, both for pregnancy
and for the long-term follow-up. The current literature is limited concerning the use of
speckle tracking in patients with pregnancy complications such as maternal gestational
diabetes, preeclampsia and fetal growth restriction and comparative studies. Focus on
a larger number of cases with a continuous postnatal monitoring is needed, especially
for complications such as preeclampsia, in order to improve early prediction of frequent
maternal complications.
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