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Abstract
Hypertensive disorders are quite common, complicating about 10% of pregnancies, while preeclampsia occurs in 2–8% of 
cases. The most recognized etiopathogenetic factor for the development of preeclampsia is deficient remodeling of the spiral 
arteries during trophoblastic invasion. Recently, some authors speculated about the “cardiovascular origin of preeclampsia”; 
in particular, they postulate that placental dysfunction is not the primum movens of preeclampsia, but it could be caused by 
a failure of the maternal cardiovascular system to adapt to the pregnancy itself. Moreover, several studies have also shown 
that developing preeclampsia in pregnancy is associated with an increased risk of cardiovascular disease later in life. Due 
to the importance of this pathology, it would be crucial to have an effective screening in order to implement a prophylaxis; 
for this purpose, it could be useful to have an accurate and noninvasive device for the assessment of maternal hemodynamic 
variables.  USCOM® (Ultrasonic Cardiac Output Monitor) is a noninvasive Doppler ultrasonic technology which combines 
accuracy, reproducibility, noninvasiveness, and a fast learning curve. Maternal hemodynamic evaluation is important in 
order to monitor the changes that the maternal organism encounters, in particular a reduction in blood pressure, a decrease 
in total peripheral resistances, and an increase in cardiac output, resulting in a hyperdynamic circle. These hemodynamic 
modifications are lacking in pregnancies complicated by preeclampsia. For these reasons, it is crucial to have a tool that 
allows these parameters to be easily evaluated in order to identify those women at higher risk of hypertensive complications 
and more severe outcomes.
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Hypertensive disorders in pregnancy

Hypertensive disorders are quite common, complicating 
about 10% of pregnancies, while preeclampsia occurs in 
2–8% of pregnancies. The classification of hypertensive 
disorders in pregnancy is currently being disputed among 
experts. In particular, the controversies concern lack of 
uniqueness for the terminology used, diagnostics, and con-
sequently the identification of the different types of hyper-
tension. The classification currently adopted was published 
by the International Society for the Study of Hypertension 
in Pregnancy (ISSHP) [1] in 2018. Gestational hyper-
tension is characterized by the new onset of blood pres-
sure ≥ 140 mmHg systolic or ≥ 90 mmHg diastolic, at or 

after 20 weeks’ gestation. It is defined as severe if the sys-
tolic blood pressure is ≥ 160 and/or diastolic ≥ 110 mmHg. 
A manual sphygmomanometer is indicated for the measure-
ments, but if it is not available, automatic devices may also 
be used. The presence of proteinuria, on the other hand, 
should be assessed by automated urine examination, and if 
positive, the albumin/creatinine ratio (PCr Ratio) should be 
determined, which is positive in the case of values ≥ 30 mg/
mmol (0.3 mg/mg). Proteinuria is no longer an essential 
criterion for diagnosis of preeclampsia, although massive 
proteinuria (> 5 g/24 h) is associated with severe neonatal 
outcomes. This classification distinguishes:

A. Hypertension recognized before pregnancy or pre-
sent in the first 20 weeks known as chronic hyperten-
sion: arterial hypertension pre-existing to pregnancy or 
recognized before 20 weeks. Most cases are primitive, 
while secondary causes are rare.
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B. Hypertension de novo that occurs after 20 weeks of 
gestation in the absence of the characteristics that define 
preeclampsia.

C. Preeclampsia (de novo or complicating on chronic 
hypertension): hypertension with the addition at least 
one of these characteristics:

• Proteinuria.
• Maternal organ dysfunction including acute renal insult 

(creatinine ≥ 90 μmol/L; 1 mg/dL) or liver involvement 
(high transaminases > 40 IU/L) with or without epigas-
tric pain or upper abdominal quadrants, neurological 
complications (e.g., eclampsia, altered mental state, sco-
tomas or blindness, clonias, stroke, severe headache), or 
hematological complications (thrombocytopenia, plate-
lets less than 150,000/μL, hemolysis, scattered intravas-
cular clotting).

• Uteroplacental dysfunction (intrauterine growth restric-
tion or fetal death).

• Preeclampsia (PE) superimposed on chronic hyperten-
sion (about 25% of women with chronic hypertension, 
with higher percentages in women with underlying 
kidney disease): this diagnosis is made when a woman 
with chronic hypertension develops one of the organ 
dysfunctions characteristic of preeclampsia. In women 
with proteinuric kidney disease, an increase in proteinu-
ria in pregnancy is not enough to diagnose overlapping 
PE and cannot be used as a diagnostic criterion for PE.

Preeclampsia has long been defined as "the disease of 
theories", for which multiple models were proposed. The 
most recognized etiopathogenetic factor for the develop-
ment of this pathological condition is deficient remodeling 
of the spiral arteries during trophoblastic invasion [2, 3]. 
The failure of trophoblastic invasion in the spiral arteries, 
the reduction of maternal blood flow into the intervillous 
space, and hypoxia, alternating with episodes of reoxygena-
tion of the placenta, determine the release into the maternal 
circle of fragments of the syncytiotrophoblast with conse-
quent maternal inflammatory response [4]. Early alterations 
in serum marker concentrations support the theory that the 
development of preeclampsia takes place during an early 
stage of pregnancy, leading to the formulation of the “pla-
cental origin of preeclampsia”.

Vascular endothelium dysfunction is also considered one 
of the primum movens of a series of events that occur pro-
gressively in preeclamptic women and that seem to explain 
its clinical heterogeneity [5, 6]. In other words, there is an 
imbalance between vasoconstrictor and vasodilator factors, 
such as vascular endothelial growth factor (VEGF), placen-
tal growth factor (PlGF), and soluble factor 1 of the VEGF 
receptor (sFlt-1). SFlt-1 antagonizes the angiogenic action of 
VEGF and PlGF, and its levels are increased in preeclamptic 
patients, a feature that is hypothesized to be exploited in 

the context of screening [7]. Pregnancy-associated protein 
A (PAPP-A), also dosed in the combined trisomy risk defini-
tion test, is reduced in the first trimester in women who sub-
sequently develop preeclampsia or fetal growth restriction.

Recently, some authors speculated about the “cardiovas-
cular origin of preeclampsia” [8]; in particular, they pos-
tulate that placental dysfunction is not the primum movens 
of preeclampsia, but it could be caused by a failure of the 
maternal cardiovascular system to adapt to pregnancy. In 
particular, they compared preeclampsia and gestational dia-
betes: they are both specific conditions of pregnancy resolv-
ing after childbirth, but increasing the risk of diabetes and 
cardiovascular complications later in life. As gestational 
diabetes is caused by a pancreas unable to face the glycemic 
increase characteristic of gestation, so preeclampsia could be 
caused by the failure of the maternal cardiovascular system 
to adapt to pregnancy.

This hypothesis is reinforced by some data from maternal 
echocardiography, showing that preeclampsia and cardio-
vascular diseases share the same risk factors, and that the 
cardiovascular dysfunction may precede the development of 
hypertension itself [9]. Therefore, for those authors, the pla-
cental underperfusion due to the suboptimal maternal car-
diovascular adaptation to pregnancy is the leading cause of 
preeclampsia. This debate (chicken or egg first) might seem 
purely speculative, but understanding the underlying causes 
of the development of hypertensive disorders of pregnancy 
can change the therapeutic and preventive strategies.

Screening and prophylaxis

Due to the importance of this pathology in obstetric prac-
tice, it would be essential to have a screening test available 
and, once women at risk have been identified, implement 
an effective prophylaxis. As mentioned, an etiological fac-
tor of preeclamptic pathology is the failure of the tropho-
blastic invasion to transform the uterus-placental circula-
tion into a high flow and low resistance one. By means 
of color Doppler, it is possible to show the correlation 
between resistance in the uterine arteries in the second tri-
mester and preeclampsia. Women with an increased Dop-
pler pulsatility index have a higher probability per year 
than the general population of developing hypertensive 
disorders and intrauterine growth restriction [10]. How-
ever, this test has some intrinsic limits: firstly, it is carried 
out at 20–24 weeks of gestation, when the placentation 
process has already occurred and when prevention is no 
longer feasible. To overcome this, research has focused on 
early screening of preeclampsia. A first trimester screening 
using a combination of maternal anamnestic risk of fac-
tors, average blood pressure, Doppler of uterine arteries, 
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PAPP-A, and PIGF was proposed by Nicolaides et al. [11]. 
This approach can identify about 95% of cases of early 
onset preeclampsia by analyzing these parameters:

• Pregnancy-associated plasma protein-A (PAPP-A): 
A syncytiotrophoblastic metalloproteinase, which 
improves the mitotic function of insulin-like growth 
factor, playing an important role in placental growth 
and development. Low PAPP-A values are associated 
with a higher incidence of early preeclampsia in preg-
nancies with fetuses with a normal karyotype [11].

• Placental growth factor (PlGF): A glycoprotein part 
of the vascular endothelial growth factor family, syn-
thesized by cytotrophoblasts. Multiples of the median 
(MoM) values   of PAPP-A and PlGF are significantly 
reduced at 11–13 weeks of gestation in women who 
subsequently develop preeclampsia; on the contrary, 
the higher the MoM of these metabolites, the more 
advanced the time of delivery [12].

• Blood pressure: Even though hypertension is just one 
of the signs of preeclampsia, it is an important marker 
of disease.

• Doppler of the uterine arteries: The pulsatility index 
(UtPI) is significantly increased in women who develop 
subsequent preeclampsia, and there is a negative linear 
correlation between the UtPI and the gestational age at 
childbirth [13].

Guidelines for the first trimester screening of preec-
lampsia have recently been developed by the International 
Society of Ultrasound in Obstetrics and Gynecology 
(ISUOG) [14]. The only validated prophylactic measure 
for its prevention is the use of low-dose aspirin (150 mg/
day) [15–17] started before 16 weeks of pregnancy for 
women at increased risk, particularly in case of: previ-
ous pre-eclampsia, chronic hypertension, kidney disease, 
pre-existing diabetes mellitus, antiphospholipid antibody 
syndrome, multiple pregnancies, obesity and medically 
assisted procreation. The aim of this early screening is to 
achieve primary prevention of preeclampsia even in those 
women without such anamnestic factors but at increased 
risk at the first trimester evaluation. For this purpose, a 
large randomized double-blind multicenter trial [16] was 
conducted in 1,776 women at high risk for the devel-
opment of early preeclampsia. Of these, 798 received 
150 mg/day of aspirin, while the remaining 822 received 
a placebo, from 11–14 weeks of gestation until 36 weeks. 
Compliance was excellent, with more than 85% of tab-
lets taken by 80% of participants. In the group of women 
treated with aspirin, a lower incidence of preeclampsia 
was observed as compared with women who received only 
placebo.

Preeclampsia and maternal cardiovascular 
system

There have been many studies [18, 19] demonstrating that 
developing preeclampsia in pregnancy is associated with 
an increased risk of cardiovascular disease (CVD) later 
in life. In a meta-analysis, McDonald et al. [18] showed 
that women with a history of preeclampsia/eclampsia were 
approximately twice as likely to develop cardiovascular 
events than women with no hypertensive disorders, even 
after eliminating various confounding factors. In addition, 
analysis of the data suggests a "dose–response" correla-
tion, with a higher risk in women with previous severe or 
early preeclampsia, or who have encountered complica-
tions such as preterm birth, fetal growth restriction, or fetal 
death. These women are therefore at risk of early onset 
CVD: as many as 11 of the 14 studies considered in this 
meta-analysis demonstrated the presence of these adverse 
events in relatively young women (≤ 56 years old).

A few decades ago, Sibai [19] defined pregnancy as a 
screening for the subsequent development of hypertension 
and diabetes, a kind of cardiovascular and metabolic test 
that can predict the possible onset of CVD later in life. 
More recent studies support this view of pregnancy as a 
"stress test for life", in which women who have vascu-
lar and endothelial dysfunction in the placental bed may 
develop similar alterations in other anatomical districts 
later in life. For this reason, in recent years there has been 
a growing interest in the study of maternal hemodynamics 
and the adaptations that the cardiovascular system must 
face in pregnancy [20, 21]. This is still a matter of debate, 
with several studies leading to conflicting or inconclusive 
results.

Heart rate, peripheral resistances, and systolic 
function

As for heart rate (HR), its increase begins at the first tri-
mester, reaches its peak in the third, and returns to pre-
conception values about 10 weeks after childbirth. Stroke 
volume (SV) is the amount of blood that is pumped during 
each heart cycle and varies widely from 60 to 100 ml. It 
increases about 20–30% in pregnancy, but there is disa-
greement about the timing at which these changes occur 
[21]. The simple one-dimensional examination of the left 
ventricle allows us to calculate the heart flow (cardiac 
output, CO), although the method validated in pregnancy 
for this calculation involves measuring the diameter of 
the efflux section of the left ventricle and the integral of 
aortic flow using this formula: CO = SV * HR. SV is cal-
culated by the product between the aortic anulus area and 
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the integral of the flow rate through the aortic valve. Once 
the heart flow rate has been obtained and systolic (PAS) 
and diastolic (PAD) blood pressure are measured, it is 
easy to calculate the average blood pressure (PAM) and 
peripheral vascular resistances (TVR) in dynes·s−1·cm−5: 
TVR = (PAM / CO) * 80. There is general agreement that 
CO increases in the first two quarters of pregnancy, but 
there is considerable discrepancy of opinion about the 
changes that occur in the third trimester. Peripheral resist-
ances follow a pattern similar to average blood pressure, 
with an early decrease at about 8 weeks of pregnancy, a 
nadir at 28 weeks, and then a slight increase until delivery. 
The most frequently reported values are between 1,400 
at conception to about 1000 at the beginning of the third 
trimester.

Cardiac ventricular geometry

Different authors [22–24] have found an increase in the mass 
of the left ventricle and alterations in the geometry of the 
same in patients suffering from gestational hypertension; 
this is a completely surprising finding, given that gestational 
hypertension and preeclampsia are time-limited events, 
unlike chronic hypertension. The most common compensa-
tory response of the left ventricle to pressure overload, in 
fact, is hypertrophy, and in particular concentric remodeling. 
Even during a physiological pregnancy there is an increase 
in the mass of the left ventricle [20], but a harmonious bal-
ance is maintained between left ventricular cavity and wall 
thickness.

Diastolic function

Diastolic function is defined as the ability of the ventricle to 
release, receiving an adequate blood volume by the end of 
diastole, without an abnormal increase in atrial pressures. 
Diastole is a complex phenomenon that can be studied by 
evaluating the mitral valve zone with power Doppler. The “E 
wave” is the early fill wave and reflects the pressure gradi-
ent between the left atrium and the ventricle. The “A wave” 
represents the late filling, the diastolic component due to 
atrial contraction. The E/A ratio decreases as gestation pro-
gresses; there is, indeed, a decrease in the ventricular release 
capacity, compensated by an increase in the contribution of 
atrial contraction. These modifications are the same as those 
reported for the tissue Doppler technique [21].

Melchiorre et al. [23] assessed the presence of diastolic 
dysfunction in women with preeclampsia compared to 
women with uncomplicated pregnancy, through ultrasound 
and pulsed tissue Doppler, showing that 40% of women with 
preeclampsia had criteria for diagnosis of global diastolic 
dysfunction, compared to 14% of women in the control 
group (P = 0.007). Moreover, even pre-eclamptic women 

who did not fulfill the diagnosis of global diastolic dysfunc-
tion had evidence of regional diastolic dysfunction.

Echocardiographic changes after pregnancy 
complicated by preeclampsia

The cardiovascular implications of preeclampsia, however, 
do not end with the birth of the baby and the expulsion of 
the placenta [25, 26]. After childbirth, altered proprieties of 
the peripheral vascular system and abnormalities of the left 
ventricle may persist, especially in patients who presented 
severe or preterm forms of preeclampsia. Melchiorre et al. 
[26] assessed 64 women with previous preeclampsia and 78 
women with previous uncomplicated pregnancy using tran-
sthoracic echocardiography. Asymptomatic left ventricular 
dysfunction/hypertrophy, moderate to severe, was signifi-
cantly persistent 1 year after childbirth in patients who expe-
rienced preterm preeclampsia (56%) compared to those with 
term preeclampsia (14%) or uncomplicated controls (8%). 
Moreover, the authors emphasized the importance of asymp-
tomatic abnormalities of the left ventricle in the stratification 
of risk for heart disease (stage B heart failure). Most cases of 
preterm preeclampsia [26] had asymptomatic stage B heart 
failure in the postpartum and 40% of them developed essen-
tial arterial hypertension within 1–2 years after pregnancy. 
The relative risk of developing hypertension within 2 years 
after childbirth is 14.5 (95% confidence interval 5.14–40.89, 
P < 0.0001). The higher prevalence of stage B heart failure 
in women who developed preterm rather than term preec-
lampsia or in uncomplicated controls is consistent with the 
fact that women with previous preterm preeclampsia have 
a higher risk of subsequently developing congestive heart 
failure and cardiac ischemic pathologies than women with 
term preeclampsia or normal pregnancy.

Maternal hemodynamic evaluation 
by  USCOM® device

USCOM® (Ultrasonic Cardiac Output Monitor), a noninva-
sive Doppler ultrasonic technology for the determination of 
hemodynamic variables, combines accuracy, noninvasive-
ness, speed of performance, fast learning curve, and repro-
ducibility [27]. It works through a continuous Doppler trans-
ducer that measures the rate of aortic or pulmonary blood 
flow coming out of the heart. Validated internal algorithms 
calculate the diameter of the aortic and pulmonary valves 
based on the patient's height and weight. Thus, knowing how 
big the valve anulus is and how fast the blood flows through 
it,  USCOM® calculates how much blood flows per minute, 
which is, by definition, the cardiac output. This method is 
quite accurate, and in the hands of an experienced user, pro-
vides precise hemodynamic measurements.
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Initially, the device asks the operator to enter personal 
and anthropometric data of the patient to obtain the esti-
mated diameter of the aortic valve anulus, together with 
blood pressure. Then, for the evaluation of left systolic func-
tion, the small transducer is positioned perpendicular to the 
blood flow out of the heart, at the level of the aortic window 
on the jugular. Maximum alignment of the incident beam is 
important, allowing greater clarity of the received signal, 
with the patient lying in the supine position and with the 
backrest reclined by about 30°; if necessary, the patient can 
be asked to slightly overextend the neck to expose the por-
tion of the jugular better (Fig. 1). The signal recorded is the 
systolic peak wave coming out of the aorta, preceded by the 
valve click (Fig. 2). Through the calculation of this integral, 
it is possible to determine hemodynamic parameters such as:

– systolic peak velocity (Vpk, m/s);
– medium pressure gradient through the valve during sys-

tole (Pmn, mmHg);
– heart rate (HR, bpm);

– normalized ejection time (ET%): time of each heart cycle 
occupied by the systole;

– stroke volume, volume of blood pumped from the heart 
per heart cycle (SV,  cm3);

– stroke volume index: SV indexed by body area (SVI,  cm3/
m2);

– cardiac output (CO, l/min);
– cardiac index: CO indexed by body area (CI, l/min/m2);
– total vascular peripheral resistances (TVR, dyne s /  cm5);
– inotropic index (INO, Watt/m2).

USCOM® technology has various clinical utilities, espe-
cially in emergency settings, intensive care units, during 
major surgery, or in case of infectious diseases, helping the 
diagnosis of sepsis [28–31]. In obstetrics, hemodynamic 
evaluation is important to monitor the changes that the 
maternal organism encounters, in particular a reduction in 
blood pressure, both systolic and diastolic, a reduction in 
total peripheral resistances, and an increase in the cardiac 

Fig. 1  An operator acquiring  USCOM® hemodynamic parameters with the transducer positioned at the jugular level, in line with the blood flow 
out of the aorta, and with the patient slightly extending the neck
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output, resulting in a hyperdynamic circle. All these hemo-
dynamic changes that we have previously described can be 
evaluated and monitored longitudinally using USCOM in 
the various trimesters of pregnancy. In a recent paper [32], 

the London group generated normograms with the percen-
tile graphs of the main calculated hemodynamic parameters 
(CO, SV, TVR) by inserting women’s demographic charac-
teristics and gestational age into a special Excel calculator.

Fig. 2  Schematization of the analyzed waves (a) and their visualization on the  USCOM® device monitor (b)
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This hemodynamic adaptation is lacking in pregnancies 
complicated by preeclampsia, which are characterized by 
generalized vasoconstriction, with high TVR and low CO 
[22]. For these reasons, it is crucial to have a tool that allows 
evaluation of these parameters easily, with good reproduc-
ibility and a fast learning curve.

As shown by several studies, the most accurate independ-
ent predictor for developing hypertensive disorders later in 
pregnancy is demonstrated to be precisely the increase in 
peripheral resistances (TVR > 1340–1400 dyne s/cm5), with 
a positive predictive value of 86% and an accuracy of 91% 
[33]. In a study by Tiralongo et al. [34], 100 women were 
enrolled during the first trimester of pregnancy, 75 with 
TVR under 1200 dyne s/cm5 and 25 with TVR greater than 
1200. No differences were reported between the two groups 
in terms of blood pressure at the time of analysis, while in 
the first group there were higher values of cardiac output 
and inotropic index. The sample, on the other hand, was too 
small to affirm that in the higher resistance group there was a 
higher incidence of preeclampsia during pregnancy. But this 
intuition was then confirmed retrospectively in a subsequent 
study [35], where 150 patients were enrolled during the first 
trimester of pregnancy. Evaluation using  USCOM® showed 
significantly lower cardiac output and lower inotropy index 
values in patients who subsequently developed preeclampsia 
later in pregnancy as compared with uncomplicated cases, as 
well as significantly higher peripheral resistances.

For this purpose, we conducted a prospective observa-
tional study [36] with 162 women enrolled during the first-
trimester ultrasound in order to evaluate the correlation 
between maternal hemodynamic parameters detected using 
 USCOM® and ultrasound or biochemical parameters in 
women during the first-trimester screening of chromosomal 
abnormalities. We also analyzed the outcomes of pregnancy 
of those women who delivered in our clinic. We confirmed 
the correlation between biochemical markers such as PAPP-
A and placental function, expressed by the pulsatility index 
of the uterine arteries and maternal hemodynamics, since 
the first trimester of pregnancy. Analyzing postpartum data, 
if we combine the onset of hypertensive disorders and fetal 
growth restriction, the most predictive parameter is indexed 
TVR, indicating that the inclusion of maternal hemody-
namic evaluation could be useful in the screening protocols 
of preeclampsia.

In patients with chronic hypertension, adverse outcomes 
of pregnancy are more common than in the general obstet-
ric population, as reported in a paper by our group [37]. 
We noticed that women with chronic hypertension had 
increased TVR, while the cardiac output remained within 
normal values, able to face the needs of pregnancy. The sud-
den and acute increase in TVR that we observed in those 
cases before the decision to deliver, due to bad blood pres-
sure control despite therapy, may precede the alterations 

in blood tests (decreased platelet count and high liver 
enzymes). These data may be useful in identifying those 
at higher risk of developing more severe forms of HELLP/
severe preeclampsia.

In two recently published papers [38, 39], the authors 
found that there were some features of left ventricular struc-
ture and function that correlated with pregnancy outcomes 
in women with chronic hypertension, both before conception 
and during the first trimester. In particular, altered geom-
etry of the left ventricle with heart remodeling (OR, 5.94; 
95% confidence interval, 2.90–12.19), diastolic dysfunc-
tion detected at tissue Doppler (OR, 3.22; 95% confidence 
interval, 1.63–6.37), and altered total vascular resistance 
(OR, 3.52; 95% confidence interval, 1.78–6.97) were dem-
onstrated to be independent predictors for complications of 
pregnancy. The morphological and structural alterations 
of the heart chambers are obviously not demonstrable by 
a simplified approach such as  USCOM®, but these patients 
could be identified thanks to the TVR values, which vari-
ous studies indicate as the best predictor of hypertensive 
complications.

Various authors have recently hypothesized that this 
device may be useful in setting up a personalized antihy-
pertensive therapy for patients with preeclampsia [40, 41], 
choosing the best antihypertensive drug according to the 
hemodynamic profile (prevalence of increased peripheral 
resistance or reduced output) and monitoring the response to 
it via  USCOM®. Obviously, all of these are fields of research 
still in development, with numerous multicenter trials still 
ongoing, but which will undoubtedly change the clinical 
management of women with hypertensive disorders in the 
near future.

Some authors have analyzed the potential role of pre-
pregnancy hemodynamic evaluation in the prediction of 
hypertensive disorders, reporting a lower cardiac output in 
patients who will develop hypertension in comparison with 
women with uncomplicated pregnancies, but within the nor-
mal range [42]. Pregnancy from its onset implies a cardio-
vascular effort with significant hemodynamic changes, such 
as an increase in cardiac output and a reduction in peripheral 
resistance mediated by progesterone. Therefore, the greatest 
efforts were focused on the first trimester, when it is possible 
to observe whether these changes are present or if they are 
lacking, thus leading to an early risk assessment, when it is 
still possible to implement preventive strategies.

But the field of hypertensive disorders in pregnancy is not 
the only one in which  USCOM® is used. It has been shown 
that patients with small fetuses for the gestation age pre-
sented a hemodynamic profile with lower TVR and higher 
CO compared with women with fetal growth restrictions 
due to a deficient placental development [43]. This confirms 
the similar etiopathogenesis of hypertensive disorders and 
growth restrictions. Furthermore, women who experience 
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preterm birth also have these same hemodynamic charac-
teristics [44].

A new field that researchers are exploring in recent years 
is maternal hemodynamics during labor, in order to assess 
whether worse neonatal outcomes or greater frequency of 
fetal bradycardias after epidural analgesia may correspond 
to different hemodynamic profiles [45–47].

Conclusions

In pregnancy, the maternal cardiovascular system undergoes 
profound hemodynamic changes, which are lacking in preg-
nancies developing hypertension and/or preeclampsia. These 
differences in hemodynamics parameters can be detected 
and monitored through  USCOM® in order to identify those 
women at higher risk of more severe outcomes.
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