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Abstract Measuring intima—media thickness (IMT) is now
a standard diagnostic procedure in assessing cardiovascular
risk and hypertensive target-organ damage (TOD) in adults.
There is also an increasing number of pediatric publications
evaluating IMT in children from high-risk groups, such as
those with arterial hypertension, diabetes, chronic kidney
disease, obesity, dyslipidemia, and homocystinurias. It has
been shown that carotid IMT is strongly related with other
markers of TOD in children with arterial hypertension and
with metabolic cardiovascular risk factors. In children with
coarctation of the aorta, carotid IMT correlated both with
blood pressure and even with mild residual aortic gradient.
On the other hand, studies in children with high cardiovas-
cular risk have shown that normalization of blood pressure
and metabolic abnormalities led to regression of arterial
changes and decrease of IMT. Although not yet accepted as
standard pediatric procedure, IMT measurement is emerg-
ing as a promising method of assessing TOD and
cardiovascular risk and monitoring treatment efficacy. From
a practical point of view, clinical utility of IMT measure-
ments seems to be similar to use of echocardiography in
assessing left ventricular mass. However, IMT measure-
ments in children and adolescents should be standardized to
avoid bias caused by the use of different measurement
methods.
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Introduction

Cardiovascular disease (CVD) is a leading cause of death in
the general population [1]. Although with the exception of
high-risk groups, such as children with chronic kidney
disease (CKD), familial hyperlipidemias, Kawasaki disease,
or homocystinurias, CVD is extremely rare in children, but
there is no doubt that it already begins in childhood and
may be programmed perinatally [2—4].

The pathological basis for CVD is arterial damage in the
form of arteriosclerosis. Arteriosclerosis is a broader term
that usually describes diffuse thickening and stiffening of
mainly large- and medium-sized arteries and is observed in
different conditions. The pathological changes include both
the media and intima. Atherosclerosis is a form of arterio-
sclerosis and causes characteristic focal lesions in the
intima of large and medium-sized arteries. Despite different
underlying pathologies, the main risk factors of arterio-
sclerosis and atherosclerosis are similar [5, 6]. In adults,
both arteriosclerosis and atherosclerosis occur together. The
clinical significance of arteriosclerosis and atherosclerosis
is related to progressive stiffening of arterial trunks,
progressive narrowing at some particular sites, and risk of
atherothrombosis. Although the main risk factors are
common, these processes have distinct pathogeneses, and
it can be said that arteriosclerosis leads to diffuse stiffening
of arteries, whereas atherosclerosis leads to focal and
patchy narrowing and/or atherothrombosis [7]. The third
and, at least in part distinct, form of arteriosclerosis is
Moenckeberg’s arteriosclerosis observed in CKD and
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diabetes and related not only to classic cardiovascular risk
factors but also to metabolic abnormalities typical for CKD
and diabetes [7, 8]. Prospective population-based studies
have enabled identification of risk factors of arterio/
atherosclerosis [9]. Among them, arterial hypertension
(AH) is the most important modifiable factor.

There are two main theories on the pathogenesis of
arterio/atherosclerosis: hemodynamic and metabolic. The
hemodynamic theory claims that hemodynamic damage to
the arterial wall is the first and most important event
initiating arterio/atherosclerotic processes. According to the
metabolic theory, the arterial wall is damaged by lipids,
oxygen radicals, and mediators of inflammation. Because
atherosclerosis develops particularly in sites exposed to the
greatest hemodynamic insult, it seems that both hemody-
namic and metabolic factors act together.

Until the 1950s, arterio/atherosclerosis was believed to
develop only in adulthood. Atherosclerotic lesions were
first described in coronary arteries of young men killed
during the Korean War, which shed new light on the
pathogenesis of CVD [10]. The first reports from large
population-based studies from the US published in the
subsequent decades identified risk factors of CVD and
arterio/atherosclerosis [9, 11]. In general, they include three
groups of factors damaging arterial walls: hemodynamic
(blood pressure), metabolic (dyslipidemia, insulin resis-
tance, homocysteine), and inflammatory. Soon, it was
evident that there was link between all these main groups
of risk factors [12].

Because a tendency toward elevated blood pressure
develops very early, this risk factor already operates in
childhood and correlates with early signs of arterio/
atherosclerosis [13]. Introduction into clinical practice of
noninvasive methods of arterial imaging caused an eruption
of reports on early arterial damage already present in
children and caused by elevated blood pressure [14-17].
These noninvasive methods can diagnose both structure and
function of the arterial wall, and the results obtained with
the use of any of these methods are strictly correlated. The
general principle of noninvasive evaluation of arterial
structure is based on ultrasound imaging of arterial walls
using high-definition imaging (HDI) devices allowing
measurement of intima—media thickness (IMT) and for
functional studies of elastic properties of the arterial wall.
Measurement of flow-mediated dilation (FMD) is also
evaluated by ultrasonography. The third method of arterial
evaluation is measurement of pulse-wave velocity (PWV)
estimated from pulse-wave contour and speed of pulse-
wave propagation [18-21]. All these methods are used in
clinical practice, and guidelines for managing hypertensive
adults recommend measuring both IMT and PWYV to assess
subclinical target organ damage (TOD) and predict risk of
stroke and cardiac events [22]. Despite increasing amounts
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of pediatric data, IMT, FMD, and PWV measurements have
not yet been recommended for routine use in evaluating
hypertensive children [23]. It should be stressed that both
FMD and PWV give insight into the functional properties
of arteries but cannot determine the etiology of arterial
disease. IMT is also a nonspecific marker of arterial injury,
and only the presence of plaque is a direct sign of
atherosclerosis. However, it has been shown in adults that
carotid IMT >0.9 mm is a marker of significant cardiovas-
cular risk caused by atherosclerosis.

Standards of intima-media thickness measurements

The standard sites of IMT measurement in adults are the
common carotid artery (CCA), carotid bulb, and internal
carotid artery (ICA). Usually, CCA-IMT is measured 1-2 cm
below the bifurcation, which may be easily visualized in
most children and adults. The superficial femoral artery is
another site of IMT measurement, and with the exception of
obese children, it is easy to visualize. In comparison with
CCA, the media layer of the superficial femoral artery
contains more smooth muscle cells. The standard site of
measurement of IMT in the superficial femoral artery is the
upper one third of the thigh. Although examination of the
CCA gives information on intima—media thickening, more
advanced stages of atherosclerosis in the form of plaque
usually occur in the carotid bulb and/or ICA. These sites can
be visualized from adolescence onward but only rarely in
younger children.

The basic measurement includes evaluation of IMT in B-
mode presentation. Although some authors measure IMT
both on the near and far wall, most often, IMT is measured
on the far wall of each CCA. The results are shown as the
average value of IMT measurement from the left and right
side. When IMT is measured in the ICA and/or bulb, the
results are given separately for every segment of artery and/
or are averaged.

There are two main methods of measuring IMT. The
most frequently used is based on the manual cursor
placement technique, with IMT measurement at several
points (usually three to six) on each side, and then
averaging. The second technique is also based on manual
cursor placement, but the investigator draws a line on the
upper border of the intima and a second line on the lower
border of the media. In this method, IMT is calculated
digitally by computer. Results from some analyses suggest
that mean and not maximal or minimal IMT values should
be used [24, 25].

In addition to IMT measurement, M-mode presentation
of an artery allows measurement of internal diameters of an
artery in systole and diastole. Knowing IMT enables
calculation of other markers of wall structure, such as wall
cross-sectional area (WCSA) and lumen cross-sectional
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area (LCSA) [26]. It is believed that WCSA also gives
information on arterial wall remodeling [26]. In addition,
the relationship between systolic and diastolic diameter also
gives a crude estimate of elastic properties. More reliable
and standardized blood pressure indices of functional
properties of the arterial wall (distensibility, compliance,
stiffness, and elastic modulus) can be calculated when
blood pressure is known. From a methodological point of
view, local blood pressure using aplanatory tonometry
should be used [27]. However, brachial blood pressure is
strictly correlated with carotid blood pressure, and in
studies of carotid elasticity when blood pressure was
measured on the brachial artery, the results were concordant
[28, 29].

Recently, the Advisory Board of the 3rd and 4th
Watching the Risk Symposium 13th and 15th European
Stroke Conferences issued the updated Mannheim Carotid
Intima—Media Thickness Consensus describing standards of
IMT measurements in adults [30]. The most important
points of consensus are shown in Table 1.

IMT measurements as a marker of target-organ damage

The clinical significance of AH depends not on blood
pressure value by itself but on the effects that blood
pressure exerts on the cardiovascular system. Thus, clini-
cally evident cardiovascular events are preceded by
development of TOD assessed as left ventricular hypertro-
phy, retinal arteriopathy, microalbuminuria, and increased
IMT. The physiological reaction of the cardiovascular
system to hemodynamic insult is an adaptive increase in
both arterial/ventricular lumen and wall thickness [26].
However, long-acting and/or sufficiently severe pressure
overload causes pathological remodeling of the arterial
wall, i.e. a disproportionate increase in arterial wall
thickness. Both the media and intima participate in this
adaptive response. On the level of small-resistance arterial
vessels, this reactive response of the arterial wall may
present as benign hyaline arteriolosclerosis and/or malig-
nant, hyperplastic sclerosis. These changes usually occur in

adults with long-standing hypertension (HT), as in benign
arteriolosclerosis, as well as in hypertensive crisis, e.g. in
malignant arteriolosclerosis. The consequence of arterio-
losclerosis is decreased arteriolar lumens and reduced blood
flow with diminished perfusion of vital organs, i.e. kidneys,
and increased peripheral resistance. In contrast, although
hemodynamic insult to the aorta and other large and
medium-sized arteries also increases arterial wall thickness,
it does not cause hemodynamically significant narrowing of
the arterial lumen. Increased IMT of large arteries does,
however, cause stiffening of the arterial wall and increases
afterload, with its cardiac consequences. Another conse-
quence of hemodynamic insult to large artery walls is
promotion of atherosclerosis. Pathological remodeling of
the arterial wall, presenting as an increase of CCA-IMT
and WCSA, is preceded by generalized impaired endo-
thelial function, which can be assessed by FMD and
nitrite-mediated dilation (NMD) in brachial arteries [31,
32].

As mentioned above, IMT increase is in part a
physiological reaction to a physiological rise in blood
pressure and can already be observed in aortas of human
fetuses [33]. The same biological phenomenon also occurs
in venous vessels subjected to higher pressure conditions,
as is observed in venous grafts in arterial trees [34]. Thus,
in the general pediatric population, IMT also increases with
age and correlates with the age-related rise of blood
pressure. The most important predictive hemodynamic
factor of IMT is the pulsatile characteristics of arterial
flow, i.e. systolic and pulse pressure [35, 36]. An important
finding is that IMT is related to blood pressure, even in the
normal range. The extent of adaptive and pathological
response to hemodynamic load is modulated by metabolic
and genetic factors. Under physiological conditions, in-
creased blood pressure increases the arterial lumen and
causes an adaptive increase of IMT. This reaction is a
general characteristic of the cardiovascular system and is
also observed in athletes in whom physiological response to
hemodynamic load increases both ventricular volume and
left ventricular mass, with preserved functional capacity.
Observations from studies in the adult population show that

Table 1 Recommendations of intima—media thickness (IMT) measurements in adults according to the Mannheim Consensus [30]

Where to measure IMT

How to measure IMT

Preferably on the far wall,

On the common carotid artery

When possible in the bulb and internal carotid arteries
In a region free of plaque

Using high-definition imaging devices with linear transducers at frequencies >7 MHz,
Along a minimum of 10 mm of an arterial segment,

Using an edge-detection system or manual cursor placement

When using manual cursor placement, periodic quality control is needed

Intraluminal diameters should be measured (enables calculation of wall cross-sectional
area and lumen cross-sectional area)
Mean IMT and not minimal or maximal values should be measured
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there is a steady increase in the diameter of CCA with age,
and this phenomenon is followed by increased IMT [37,
38]. In this case, the increase in IMT is an adaptive
response to the increased artery diameter, counteracting the
increase in intraluminal pressure [26]. The morphological
basis of IMT thickening is hypertrophy of smooth muscle
cells and increase of extracellular matrix [39]. The second
phase of response is pathological remodeling with inappro-
priate increase of IMT in relation to the increase of the
arterial lumen. Because increased IMT is a compensatory
reaction to increased artery diameter, IMT should be
interpreted in relation to artery diameter, i.e. as WCSA
[38]. Ultrastructural studies may show transverse tears in
the intima caused by pressure damage [40], and it is
believed that such hemodynamic priming allows lipids to
invade the intima and to exert toxic effects. However, even
normotensive persons exposed to significant metabolic
disturbances, as in familial hyperlipidemia or homocysti-
nuria, develop arterio/atherosclerosis.

Although IMT is an unspecific marker of arterial-wall
injury, it is closely related to cardiovascular risk in
adults. It was shown that CCA-IMT correlates with risk
of stroke, coronary heart disease, and acute myocardial
infarction [41-43]. Because risk factors for both arterio-
sclerosis and atherosclerosis are common, and increased
IMT is strictly related to disturbed endothelial function
and arterial stiffening assessed by decreased FMD and
increased PWYV, it is generally accepted that increased
CCA-IMT is a nonspecific, surrogate marker of general-
ized atherosclerosis and surrogate marker of endothelial
dysfunction.

IMT in healthy children

Although in many studies IMT was measured in healthy
children, the largest study to date on normative IMT data in
children and adolescents was published by Jourdan and
ESCAPE Study investigators [35]. These authors evaluated
CCA and the superficial femoral artery IMT in 250 healthy
children and adolescents aged 10—19 years and calculated
both mean IMT values and percentiles for girls and boys.
Moreover, they gave values of standard deviations (SD),
allowing calculation of SD scores. The results obtained by
the ESCAPE Study Group investigators fit the normative
values obtained in the Stanislas Study in young adults and
in the study by Denarie et al. [44, 45]. In addition to IMT,
Jourdan et al. provided data on normative values for
WCSA, LCSA, and functional parameters of the carotid
artery, including distensibility, compliance, and stiffness
coefficient. The main result of the study was that IMT
significantly increases during adolescence, is related to
height and body mass index (BMI), systolic blood pressure
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(SBP) and pulse pressure (PP). An additional important and
practical finding was that the subgroup of children who
were smokers also had greater carotid IMT. The relation
between IMT and anthropometric parameters and IMT and
SBP and PP indicates that taller children who also had
higher SBP should have a greater IMT than shorter
children. This question has not, however, been resolved.

Although the relation between exposure to biochemical
risk factors and IMT was already reported in adults with
cardiovascular disease and children with inherited metabol-
ic diseases causing premature arterio/atherosclerosis, the
same relationships are already operating in the general
pediatric population. It was shown that in healthy and
normotensive children, carotid IMT correlates negatively
with serum levels of high-density lipoprotein cholesterol
(HDL-c) and apoprotein Al, and superficial femoral artery
IMT correlates with homocysteine and negatively with
apoprotein Al. The same was found for the carotid artery
stiffness coefficient [16, 46]. In other studies of healthy
children, a relationship between markers of inflammation,
i.e. high-sensitivity C reactive protein (hs-CRP) and CCA-
IMT, was found [47]. It was also found that acute upper
respiratory tract infection increased CCA-IMT. Although
CCA-IMT decreased after the acute period, it was still
increased compared with controls, even 3 months after the
acute episode, and this arterial wall reaction was related to
oxidative stress expressed as increased generation of
oxidized low-density-lipoprotein cholesterol (LDL-c) [48].
The second finding of the study was that children in whom
a bacterial cause was suspected and who received anti-
biotics had a lower CCA-IMT than children who did not
receive antibiotics.

In large longitudinal observations of the general pediatric
population done in the Muscatine Study and Bogalusa
Heart Study, it was found that exposure to traditional
anthropometric, hemodynamic, and biochemical cardiovas-
cular risk factors during childhood and adolescence is
strictly related to greater values of carotid IMT and
cardiovascular events in the fourth decade of life [49-54].
The important finding is that exposure to cardiovascular
risk factors, even a in range regarded as normal, is related
with vascular damage. Moreover, because cardiovascular
risk factors tend to cluster together, obesity and central fat
distribution in childhood predicted CCA-IMT in adulthood
[51].

Subclinical arterial injury in hypertensive children

Primary hypertension

Because secondary HT usually presents as severe, stage-2
HT, TOD is an obvious complication. However, children
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with primary hypertension (PH) also suffer from significant
subclinical TOD already detected at diagnosis of HT. It was
found that about 40% of children with newly diagnosed PH
have a left ventricular mass index (LVMi) >95th percentile,
and in 12-14%, significant left ventricular hypertrophy
(LVH), i.e. LVMi >51 g/m height> is present [46, 55, 56].
IMT thickening is also a constant finding and parallels LVH
[14, 46]. As in the general population, in children with PH,
the main hemodynamic predictors of IMT were SBP and PP
[14, 15, 46].

PH in childhood is a syndrome not only of elevated
blood pressure but also of the typical intermediate pheno-
type of characteristic anthropometric and metabolic abnor-
malities. It was shown that the increase in populational
values of BMI observed since 1980 was paralleled by an
increase in populational values of blood pressure [57, 58].
Thus, the prevalence of PH also seems to increase already
in childhood. It parallels the prevalence of type 2 diabetes
in childhood [59]. In fact, children and adolescents with PH
have the same intermediate phenotype as young type 2
diabetics, and overweight and obesity are the typical
phenotypes of adolescents with PH [16, 46, 60—62]. In
children with PH, both elevated blood pressure and
metabolic abnormalities therefore cluster together as car-
diovascular risk factors, and it is difficult to analyze the
effects of only elevated blood pressure separately from
other accompanying metabolic abnormalities [63]. On
average, children with PH have significantly greater values
of CCA-IMT and superficial femoral artery IMT [14, 16,
46, 64]. Increased CCA-IMT was also closely related to
markers of generalized dysfunction of the endothelium [65]
and decreased functional properties of CCA [16]. When
analyzing the effects of obesity on arterial damage in PH
children, it was found that the most important factor
predicting IMT increase was elevated blood pressure and
not obesity [16, 64]. Because it is not obesity expressed as
BMI but disturbed distribution of fat tissue that causes
metabolic disturbances, it seems that more detailed meas-
urements of fat tissue may explain the relations between
excessive fat tissue and TOD, including arterial wall
damage. Indeed, when distribution of fat tissue was
analyzed by magnetic resonance imaging and waist-to-hip
ratio in a group of adolescent boys with PH, it was found
that boys who had central fat tissue distribution had the
greater CCA-IMT [66].

The close relationship between obesity and PH is why
adolescents with PH are a special group at high risk for
metabolic syndrome (MS). It was found that MS is present
in more than 20% of adolescents with PH compared with
2-3% in the general pediatric population [62]. When
exposure to MS criteria and TOD, including CCA-IMT,
was evaluated, it was found that there was a clear
correlation between exposure to the number of MS criteria

and TOD. In addition, concentrations of more specific
markers of MS, such as adiponectin, significantly correlated
with CCA-IMT [62].

Because there is a worldwide increase in BMI and blood
pressure values, the populational percentile range of blood
pressure is also increasing, i.e. the absolute values for a
given percentile are now higher than a few decades ago.
This raises an important question as to whether pediatri-
cians should use absolute values of anthropometric param-
eters, such as BMI, waist circumference, or blood pressure
above which cardiovascular risk is increased significantly.
Recently, Katzmarzyk et al. proposed the use in the general
pediatric population of age-, gender- and race-adjusted,
absolute cutoff values of BMI and waist circumference
above which cardiovascular risk factors rise significantly
[63]. We found that in adolescents with PH, a significant
risk of TOD, such as LVH and increased CCA-IMT, is
already present when BMI is above average threshold
values for the 60—65th percentile [67].

IMT in children with secondary hypertension
IMT in children with chronic kidney disease

IMT is uniformly increased in children with CKD in
comparison with healthy counterparts and correlates nega-
tively with glomerular filtration rate [68—70]. It was found
that IMT is already increased in children with CKD stage 2
[70], and young adults who developed CKD in childhood
had increased carotid IMT in comparison with a healthy
control group [69]. In contrast, Groothoff et al. found that
adult patients suffering from CKD since childhood and who
survived on dialysis since young adulthood did not differ in
terms of carotid IMT compared with healthy adults, but
they had increased stiffness of carotid arteries [68].
However, one may argue that these results may also
suggest that those who survived until adulthood on dialysis
were those who had the lowest IMT. In a study by
Mitsnefes et al., it was found that children after renal
transplantation (Rtx) also had significantly greater carotid
IMT than healthy children [71].

As mentioned above, arteriopathy in CKD has its
distinct pathological characteristics known as Moencke-
berg’s sclerosis and is strictly related with calcium and
phosphate disturbances. However, the main predictive
factors for IMT increase in children with CKD, besides
calcium and phosphate disturbances, treatment with
calcium-containing phosphate binders, parathormone, and
calcitriol dose, was blood pressure [70-74]. The same
relationships were found in children after Rtx, in whom
blood pressure was one of the most important factors
predicting carotid IMT [70].
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IMT in children with coarctation of aorta

AH is the leading clinical sign of coarctation of aorta
(CoA). In contrast to PH and HT in CKD, patients with
CoA are submitted solely to hemodynamic insult and not to
accompanying metabolic abnormalities. It was shown that
even after coarctation repair, children with CoA had
significantly greater CCA-IMT [75]. In some studies, it
was found that carotid IMT is related to the degree of
postoperative stenosis expressed as pressure gradient [75,
76]. Because stenosis of the aorta diminishes the pulsatile
component of the pulse wave below the stenosis, and
because blood pressure in the lower parts of the body is
lower than above the stenosis, one should expect that IMT
in superficial femoral arteries should be lower than in
healthy children. However, data exist showing that in
patients with CoA, IMT was uniformly increased in both
the carotid and the femoral arteries [77]. Our own
unpublished experience is that in children with CoA, IMT
increases in parallel to local blood pressure, i.e. it is greater
where blood pressure is higher (carotid arteries) and is
decreased where blood pressure is lower (superficial
femoral arteries). The same was also observed by Vriend
et al., who found increased carotid IMT and decreased
femoral IMT in CoA patients compared with normotensive
controls and did not differ between normotensive and
hypertensive CoA patients [78]. In a such perspective, both
increased carotid IMT and lowered IMT in superficial
femoral arteries should be a marker of cardiovascular risk in
CoA patients. To date, there are no data from a prospective
study evaluating the cardiovascular risk in CoA patients in
relation to IMT measurements. However, the significant
increase of carotid IMT in the presence of even mild aortic
narrowing and blood pressure gradient is a strong argument
for earlier treatment of patients with residual gradient [76].

IMT in children with obesity and other metabolic
diseases

There is a relatively large amount of data on carotid IMT in
children with obesity. Some authors found that obese
children have significantly increased CCA-IMT in compar-
ison with healthy controls [79-81]. However, it should be
stressed that obesity usually is related not only to
characteristic metabolic abnormalities, which are known
cardiovascular risk factors, but there is also an intermediate
phenotype in adolescents with primary HT. Second, BMI
values above the cardiovascular risk threshold are strictly
linked with exposure to a cluster of risk factors, including
elevated blood pressure [63]. Thus, increased CCA-IMT in
obese children may be caused not only by obesity and its
metabolic complications but by elevated blood pressure.
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Indeed, Tounian et al. showed that when normotensive
obese children were matched with healthy controls, there
were no significant differences in CCA-IMT between
groups [82]. On the other hand, when children with PH
were divided according to BMI, no difference between
obese hypertensive and nonobese hypertensive children
was found regarding CCA-IMT [16, 64]. However, because
obesity may precede development and diagnosis of PH
[83], obese children are a high-risk group for future
cardiovascular complications. In the studies by Pilz et al.
and Beauloye et al., it was found that in obese children,
CCA-IMT correlated with BMI-SDS, SBP, fasting insulin
levels, insulin resistance expressed as homeostatic model
assessment (HOMA) index, fasting insulin, resistin, and
low adiponectin. However, when controlled for gender,
maturity, and BMI, only adiponectin concentrations were
an independent predictor of IMT [84, 85].

Increased CCA-IMT is significantly increased in children
with metabolic diseases leading to premature atherosclerosis,
such as familial hyperlipidemia and homocystinurias [86—
89]. On the other hand, intensive and early treatment with
statins caused a significant decline in CCA-IMT [90].

Although clinically evident macroangiopathic complica-
tions of type 1 diabetes infrequently occur in children,
increased CCA-IMT have been found in many studies [91,
92]. Because nocturnal HT and nondipping pattern of blood
pressure rhythm occur early in the course of type 1
diabetes, it is difficult to separate effects related to
hemodynamic alterations from metabolic disturbances
[93]. It was also found that in children with type 1 diabetes,
carotid IMT was related to blood pressure, even in the
absence of dyslipidemia [94]. However, hyperglycemia
expressed as concentrations of glycated hemoglobin and
oxidative stress are related to CCA-IMT in diabetic
adolescents, and increased CCA-IMT was found even in
normotensive children with type 1 diabetes [95-97]. This
may indicate that when exposure to metabolic abnormalities
is sufficiently severe, arterial wall damage may develop,
even in normotensive individuals.

Is intima—media thickening reversible?

The problem of regression of arterial damage in terms of
reversal of both anatomical and functional properties is a
very important issue. It is known from studies in adults
with cardiovascular disease that both regression of LVH in
patients with HT and regression of atherosclerotic plaque in
carotid artery decrease the risk of cardiac death and stroke
[98, 99]. Because long-term exposure to hemodynamic and
metabolic factors may lead to irreversible remodeling of
arterial walls, therapeutic interventions should be intro-
duced as early as possible. It was found that the age of
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treatment initiation with pravastatin in children with
familial hypercholesterolemia (FH) was the main predictor
of carotid IMT regression [90]. The effects of pharmaco-
logical therapy with statins in children with FH has been
evaluated in a few randomized, controlled studies. Wieg-
man et al. randomly assigned 106 children with FH to
treatment with pravastatin and 108 children with FH to
placebo group [100]. After 2 years of treatment, there was
statistically significant decrease of absolute values of IMT
in carotid arteries (the mean of CCA, bulb, and ICA IMT)
in children treated with statins. The reversibility of CCA-
IMT thickening during treatment with statins is strictly
related to lowering of LDL-c and the type of LDL receptor
mutation. In a substudy of the above-mentioned trial with
pravastatin, it was found that children with null mutation
had greater mean carotid artery IMT compared with
children with undetermined mutation and receptor-defective
mutations. Although mean carotid artery IMT decreased in
all groups during treatment, children with null alleles still
had greater carotid IMT [101].

The reversibility of carotid thickening and impaired
endothelial function assessed as FMD in obese children was
also evaluated in randomized controlled trials. Meyer at al.
randomly assigned 33 obese children to an intervention
group of a 6-month therapeutic program of physical
exercise and 34 to a control group [102]. After 6 months,
it was shown that only in obese children from the
intervention group was there significant decrease of
anthropometric parameters, insulin resistance, LDL-c, hs-
CRP, blood pressure, and CCA-IMT and an improvement
of FMD. In another randomized, controlled study by Woo
et al., it was shown that shorter, 6-week program of diet and
exercise did not influence IMT but led to significant
improvement in FMD. However, after 1 year, there was
also a significant decrease in CCA-IMT in children who
continued to exercise [103]. This indicates that improve-
ment in endothelial function precedes regression of CCA-
IMT thickening. This conclusion is supported by Watts et
al., who found in a small, randomized, crossover protocol
study of 19 obese children that even a short 8-week
program of circuit training led to significant improvement
of FMD and the beneficial vascular effects correlated with
decrease of abdominal fat [104].

Although blood pressure is the most important factor
predicting CCA-IMT, there are no published data, except in
abstract form, on reversal of subclinical arterial injury in
children with PH. However, it was found in an prospective,
observational study of 57 children and adolescents with PH
that after 1 year of combined nonpharmacological and
pharmacological treatment, there was significant lowering
of blood pressure; improved distribution of fat tissue as
expressed by significant decrease of WHR; decrease of
lipoprotein (a), LDL-c, and hs-CRP; and increase in HDL2-c

concentrations. This was accompanied by a significant
decrease in left ventricular mass, carotid IMT, and WCSA
[105].

Rtx can reverse the uremic state and so enables
evaluation of the effects of both metabolic and hemody-
namic improvement on arterial structure and function in
children with CKD. In cross-sectional studies, it was found
that children after Rtx had lower values of carotid IMT in
comparison with children with CKD stage 2—4 and children
on dialysis [70]. However, carotid IMT was still greater
than in healthy children [70, 71]. In a prospective study of
32 children on dialysis, among whom 19 were transplanted
and 13 remained on dialysis, it was found that after
12 months, carotid IMT and WCSA significantly decreased
in children who received a kidney graft and increased
further significantly in those who remained on dialysis. In
addition, in a subgroup of 24 patients with CKD stage 24,
there was a significant increase in carotid IMT and WCSA
[106]. The only significant predictor of carotid IMT after
Rtx was systolic blood pressure. In another prospective
study of 31 children after Rtx, it was found that CCA-IMT
did not change in children after mean of 4 years after Rtx
despite good blood pressure control and relatively good
graft function [107]. However, when interpreting this data,
it should kept in mind that CCA-IMT increases with age at
a rate of 0.01-0.005 mm per year. Stabilization of CCA-
IMT after Rtx therefore indicates regression rather than lack
of improvement.

What is the role of IMT measurement in assessment
of hypertensive children?

The increasing amount of data from studies on IMT in
children with high cardiovascular risk poses an important
question as to whether this method should be introduced
as a routine tool in assessing and monitoring TOD in
children. It seems that the problem is similar to the use of
echocardiography in assessing left ventricular mass in
children with AH and other chronic diseases causing
increased cardiovascular risk, i.e. CKD. The large amount
of data from both cross-sectional, observational, and the
few prospective studies in children with AH and/or other
cardiovascular risk factors cannot be ignored. Evaluation
of IMT and its relationship to the arterial lumen is an
unspecific marker of arterial wall injury, it is strictly
correlated with other cardiovascular risk factors and other
markers of TOD, and should be used both for basal
description of TOD and for monitoring the course of
disease and treatment. Thus, from a practical point of
view, clinical utility of IMT measurements seems to be
similar to use of echocardiography in assessing left
ventricular mass.
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Table 2 Results of some studies of intima—media thickness (IMT) in children

Study-group Authors Age Number of CIMT (mm) Number of CIMT (mm) P value (controls vs
(years) subjects subjects controls controls studied group)
Healthy controls
Jourdan [35] 10-20 n.a n.a 274
10-13.9 0.38+0.04
14-16.9 0.4+0.04
17-20 0.39+0.03
Sass [44] 1024 n.a. n.a. 193 0.49+0.048
Stein [110] 25-40 n.a. n.a. 519 0.665
Hypertensive children
Litwin [46] 14.5 72 0.47+0.05 103 0.42+0.035 p<0.05
Sorof [15] 13.9 53 0.62 33 0.53 p<0.00001
Lande [64] 18 28 0.67 (0.53-0.77) 28 0.63 (0.53-0.93) p=0.045
Obese children
Waunsch [111] 9.6 46 0.6 16 0.4 p<0.001
Reinher [112] 11 96 0.6 25 0.4 »<0.001
Beauloye [85] 12.7 93 0.47+0.009 104 0.438+0.008 p=0.0031
Zhu [113] School-age 43 0.62 28 0.46 p<0.001
Pacifico [114] 10 62 0.49 (0.46-0.52) 30 0.39 (0.35-0.43) p<0.0005
Meyer [80] 9-16 32 0.48+0.08 20 0.37+0.05 »<0.001
Schiel [115] 13.6 86 0.48+0.09 86 n.a. n.a.
Juonala [116] 24-39 2260 0.642 n.a. 0.634 »<0.0001
di Salvo [117] 12 150 0.46+0.09 50 0.45+0.07 n.s.
Kapiotis [118] 8-16 77 0.37+0.04 15 0.34+0.03 p=0.03
Type 1 diabetes
Yamasaki [119] 10-19 68 0.525+0.123 12 0.444+0.057 p=0.011
Jarvisalo [92] 10-14 50 0.47+0.04 35 0.42+0.04 »<0.0001
Pozza [120] 11-15 25 0.475+0.03 58 0.459+0.02 p<0.05
Hyperlipidemia
Pauciullo [121] 7.4 46 0.5£0.05 (max cIMT) 48 0.47£0.03 (max cIMT)  p=0.007
Lavrencic [122] 11-27 28 0.71+0.15 28 0.499+0.08 »<0.001
Tonstad [17] 10-19 80 0.54+0.10 (bulb) 30 0.50+0.07 (bulb) p=0.03
Coarctation of aorta
Vriend [77] 29.9 137 0.57+0.11 46 0.49+0.07 »<0.001
Aggoun [123] 11-19 20 0.57+0.04 (CoA + HT) 70 0.54£0.05 (CoA + NT) p<0.05
Meyer [75] 11-17 20 0.48+0.08 30 0.38+0.05 »<0.001
Chronic kidney disease,
renal transplantation
Mitsnefes [71] 14.5 31 0.42+0.075 33 0.38+0.06 p=0.03
Oh [69] 27.3 26 Rtx 0.61+0.11 39 0.54+0.08 p<0.05
13 Dial 0.66+0.12 p<0.01
Bilginer [124] 16.5 24 Rtx 0.36 (0.16-0.48) 20 0.28 (0.21-0.35) p<0.0001
Toz [125] 102 Rtx 0.5+0.21 n.a.
Litwin [70] 15.3 55 CKD 0.44+0.06 270 0.39+0.04 p<0.05
14.3 37 Dial 0.48+0.05 p<0.05
15 34 Rtx 0.43+0.05 p<0.05

Mean values and standard deviation or range if data were published
CIMT carotid intima—media thickness, n.a. not applicable, Rtx renal transplantation patients, Dial dialysis patients, CKD patients with chronic
kidney disease, CoA coarctation of aorta, HT hypertension, N7 normotension

As with other measurements of biological variables, the
basic problem is with a clear definition of a cutoff value
between physiology and pathology. In analogy to studies in
adults, such a definition could be created on the basis of a
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hypothetical prospective, observational study evaluating the
risk of cardiovascular events in relation to IMT. Obviously,
such a study would last for many years. From both the
practical and ethical points of view, waiting for the results
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of such a study is not prudent. However, pediatricians are
used to defining abnormality based on statistical distribu-
tions of values using percentiles or SD scores. The best
example is the definition of elevated blood pressure defined
as >95th percentile for age, gender, and height. Similarly,
definitions of LVH in childhood are also based on
percentile values. However, as with echocardiographic
assessment of left ventricular mass, to avoid any bias,
IMT should be measured in a standardized manner [108,
109]. Table 2 summarizes the results of a number of IMT
studies in children.

At the moment, until the methodology of measurements
of IMT and internal dimensions of arteries are unified, it
seems that IMT measurement should be used at least as a
tool for monitoring (using the same methodology) TOD and
the effects of treatment in children with cardiovascular risk.
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