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Intima-media thickness (IMT) measurement is a non-invasive method of arterial wall assessment. An increased IMT is a
common manifestation of atherosclerosis associated with endothelial dysfunction. In the course of pregnancy, various
maternal organs, including the endothelium, are prepared for their new role. However, several pre-gestational conditions
involving endothelial dysfunction, such as diabetes, chronic hypertension, and obesity, may impair the adaptation to
pregnancy, whereas vascular changes may also affect fetal development, thus, influencing the fetal IMT. In fact, data
indicate that following the delivery, the endothelial dysfunction persists and influences the future health of the mother and
the newborn.
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| 1. Introduction

Intima-media thickness is a measurement of two inner layers of the arterial wall, i.e., tunica intima and tunica media. It
provides information on the arterial wall condition and the presence of atherosclerosis. Most frequently, this measurement
is performed using non-invasive external ultrasound. Invasive internal catheters are less common, although they can be
used to measure intima-media thickness of more internal arteries (e.g., coronary arteries). In humans, the measurement
of carotid IMT is used to detect atherosclerosis and predict cardiovascular events, particularly in intermediate-risk
patients. However, the effectiveness of IMT measurements in predicting and preventing vascular events remains
debatable [LI[2],

It has been suggested that the atherosclerotic process coincides in the carotid, cerebral, and coronary arteries. Moreover,
measuring the carotid intima-media thickness (CIMT) of the common carotid artery (CCA) by B-mode ultrasound has been
found to be a suitable non-invasive method to visualize the arterial walls, which enables monitoring the early stages of the
atherosclerotic process.

Three layers of the artery wall can be clearly distinguished, i.e., starting with the most superficial, they include (1) tunica
adventitia, (2) tunica media, and (3) tunica intima, restricting the vessel’s lumen. Tunica adventitia is composed of the
connective tissue and an external elastic membrane. Tunica media is the layer containing smooth muscle providing
strength and flexibility and allowing the artery to conduct the pulse. Internal elastic membrane, a thin layer of connective
tissue and endothelium, together form the tunica intima. Nevertheless, due to different densities of the muscular and
connective tissue, it is possible to differentiate them in ultrasound examination. Connective tissue, which contains less
water than the muscular tissue, is hyperechogenic and, therefore, easier to visualize during an ultrasound examination. In
contrast, the intima-media thickness can be measured from the edge of adventitia connective tissue to the vessel lumen
(Figure 1).
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Figure 1. Intima-media thickness of fetal abdominal aorta in the 29th week of gestation.

| 2. Effectiveness of IMT Measurements

Carotid intima-media thickness (cIMT) is a strong predictor of vascular events, slightly more associated with stroke than
with myocardial infarction Bl. Additionally, increased carotid IMT is a marker of atherosclerosis, and it is used for the risk
assessment of vascular events. However, adding carotid IMT measurement to traditional cardiovascular risk prediction
models does not statistically improve these models’ performance ¥. Similar observations were found in pediatric
populations where patients with diabetes mellitus, hypertension, or chronic renal failure presented a statistically increased
cIMT, hence confirming early vascular damage and the increased cardiovascular risk for this patient group in adulthood (=,

An elevated carotid IMT is a common manifestation of generalized atherosclerosis involving endothelial damage €. The
endothelium, as a part of tunica intima, participates in maintaining thrombolytic and fibrinolytic balance. However, several
factors may impair endothelial function. Obesity, hypertension, hyperglycemia, and increased blood pressure contribute to
the endothelial damage, leading to a local inflammatory reaction 4. Inflammation, in turn, prevents endothelium from its
anticoagulative role, resulting in atherosclerosis and ultimately in vascular events.

Furthermore, atherosclerosis is a leading vascular complication in diabetes. Patients suffering from diabetes, particularly
type 2 diabetes, need to maintain regular physical activity in order to reduce atherosclerosis and the risk of vascular
events.

It is worth bearing in mind that hyperglycemia-induced oxidative stress in diabetic patients also impairs both the
endothelium and vascular smooth muscle. Hence, vascular smooth muscle changes contribute to the development of
hypertension and cardiovascular disease in diabetic patients &,

| 3. IMT in Pregnancy

Physiological changes in the maternal body affect vascular wall and the intima-media thickness. Maternal metabolism in
early pregnancy becomes anabolic-oriented, and insulin levels increase as well as an increased insulin sensitivity are
observed. Consequently, fat tissue deposits are formed, and the accumulation of fatty acids and cholesterol in maternal
serum is noted [0,

In the course of pregnancy, endothelium adapts by increasing the endothelium-dependent vasodilatation, although this
adaptation is less expressed during complicated pregnancies 1. Diabetes mellitus, hypertension, and dyslipidemia are



associated with an increased cIMT, suggesting that this parameter might be involved in the pathogenesis of the metabolic
syndrome. In addition, similar subclinical vascular features are present during pregnancy in some cases.

Preeclampsia (PE) is one of the most common multisystem pregnancy complications. It is a multisystem disease,
complicating 3-8% of pregnancies, and simultaneously constitutes one of the most significant causes of maternal
mortality 12131 |t is defined as new-onset hypertension after the 20th week of gestation with a systolic blood pressure
(BP) >140 mmHg or diastolic BP =90 mmHg, and significant proteinuria amounting to 300 mg of protein within 24 h.
Pathophysiological consequences are impaired placental perfusion followed by the involvement of the whole organism,
including renal, hematologic, hepatological, and neurological complications, and fetal growth restriction. Known risk
factors for atherosclerosis constitute risk factors for PE.

One of the everyday objectives of clinicians comprises the prediction of the onset of PE for the optimal therapeutic
modality and prevention of the PE effects on the mother and the fetus. According to the ASPRE study, aspirin use in high
PE risk patients decreases the prevalence of preterm preeclampsia by 50% 4. Additionally, assessment of risk factors
and modern treatment of hypertension in pregnancy remain fundamental in prevention and early diagnosis of PE.
However, a lack of noninvasive methods, which might improve PE screening, is evident. Therefore, extrapolating
cardiological experience with IMT measurements to perinatology might contribute to developing an upgraded PE
screening protocol involving the ultrasound IMT measurement.

In the course of pregnancy, endothelium adapts by increasing the endothelium-dependent vasodilatation. Yet, this
adaptation is less expressed if complications of pregnancy occur 1. An increased IMT is also associated with the onset
of an incident of hypertension in the population without the previously diagnosed hypertension. Endothelial dysfunction,
the basis of the onset of atherothrombosis, is the process underlying PE and contributing to the severity of PE [12],
Predicting PE onset for optimal therapeutic modality and prevention of the effects of PE in the mother and fetus, is a goal
in the daily work of the obstetrician.

Placental dysfunction is considered the leading cause of preeclampsia and FGR. Insufficiency of placental circulation may
lead to mothers’ gestational hypertension, although ultrasound observations indicate that vascular changes occur on a
more profound level.

Fetal growth restriction (FGR) is observed when the fetus cannot achieve its genetic growth potential, primarily as a
consequence of placental dysfunction 8], It is vital to note that placental insufficiency affects both the mother and the
fetus, thus, an increased cIMT is observed in the mother, whereas an increased alMT is found in the fetus [LZ18]
Moreover, although the use of non-invasive, high-resolution ultrasound-based imaging allows for the detection of
atherosclerosis, it is still inconclusive whether PE and fetal growth impairment can be predicted on the basis of IMT in an
asymptomatic population.

| 4. Fetal IMT

The most accessible fetal artery for IMT measurement is the abdominal aorta. Most scholars measure fetal alMT in the
infrarenal segment—between renal arteries and iliac bifurcation 1290211221 An increased thickness of the fetal aorta
causes an increase in the resistance of flow in the artery, which may be expressed by an increased value of pulsatility
index (PI). This phenomenon may have further consequences for the disturbed flow in the smaller arteries 2. The
change in the diameter of the systolic and diastolic abdominal aorta is greater in aortas with higher intima-media
thickness, which can be attributed to the increased vessel stiffness. Additionally, the disturbed flow through the aorta with
an increased IMT may cause vessel wall dysfunction.

Fetal growth restriction (FGR) is one of the most common conditions affecting ongoing pregnancies. A substantial body of
evidence has reported a broad spectrum of unfavorable perinatal and lifelong effects associated with FGR, such as
changes in metabolism, cardiovascular system, and brain structure (23][241[23]

Fetal cardiovascular adaptation to hypoxia and undernutrition is a central adaptive mechanism that induces cardiac and
vascular remodeling. Vascular intima-media thickness (IMT) is a standard diagnostic procedure in assessing
cardiovascular risk in asymptomatic adults. Recently, an inverse relationship between the aortic IMT (alMT), arterial
stiffness, and low birth weight have been reported 2221, The growth-restricted fetus showed evidence of abdominal aortic
intima-media thickening detected by both ultrasound and histology, neither one of which were present in the abdominal
aorta of the non-growth-restricted fetus [28],



Cardiovascular programming among SGA fetuses challenge the opinion of the healthy, but small, fetuses. Another theory
is that IMT measurement is more accurate and may be applied in detecting subclinical impairment in the earlier stages of
fetal development. According to the research, vascular remodeling beginning in utero accounts for the risk factors for
cardiovascular diseases and type 2 diabetes in adulthood, whereas cardiovascular changes observed in fetuses persist
and are still present at six months of age 23241 |n addition, fetal aIMT is associated with a placenta-to-fetus weight ratio,
which implies that an increased IMT in fetal vessels impairs placental function and nutrient distribution from the maternal
circulation 22,

| 5. Treatment Options

It is possible that endothelial repair therapy or micro-scale anti-inflammatory treatment might be effective in preventing
cardiovascular remodeling. Skilton et al. conducted a study in which they postnatally used w-3 supplementation to prevent
growth restriction and thickening of cIMT. The supplementation continued for five years and statistically significantly
reduced growth restriction, as well as an increased cIMT in the pediatric population 28. Another promising perspective
was the study on protease-activated receptor-2 (PAR2), which modulates inflammatory responses, obesity, and
vasodilation. According to the mentioned study on a rat model, PAR2 antagonists inhibited adipose gain and metabolic
dysfunction. Additionally, vasodilation activity was observed in endothelial dysfunction, which might contribute to
preventing future complications of prenatal exposure to risk factors 24,
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