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The study of the role of central aortic pressure and vascular rigidity in the patients with arterial hypertension is an exciting prospect both from scientific and practical points of view. In the survey presented, the mechanisms of the increased arterial stiffness in the patients with arterial hypertension and the clinical data on the evaluation of the interaction between central aortic pressure and the risk of complications in cardiovascular pathology are considered. The evaluation of central blood pressure offers new challenges and additional opportunities for risk stratification for development of cardiovascular complications in young and middle-aged patients, as well as for the evaluation of the effectiveness of antihypertensive drugs. 
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The pathogenesis of arterial hypertension (AH) reflects complex interactions of internal (genetic) and external factors [8]. It has been proved that the endothelium of vessels plays an important role in the regulation of such processes as dilatation and constriction of blood vessels, adhesion of platelets and growth of smooth muscle cells of blood vessels. Endothelium synthesizes vasoactive substances – vasoconstrictors and vasodilators, between which there is equilibrium in physiological conditions [13]. Among the biologically active substances synthesized by the endothelium, the main place is occupied by nitric oxide (NO), which is not only a powerful vasodilator, but also inhibits the processes of the vascular wall remodeling [29]. It has been established that when the blood pressure rises, the ability of endothelial cells to release relaxing factors, including nitric oxide, decreases and the production of vasoconstrictor factors (endothelin-1, thromboxane) increases, what leads to the development of endothelial dysfunction [10].

It was pointed out that in patients with AH a disturbance of flow-dependent vasodilatation is observed, which is supposed to be associated with the disturbance of the synthesis and secretion of nitric oxide [36]. An increase in the activity of the sympathetic nervous system is accompanied by the development of an imbalance between the synthesis of vasodilating and angioprotective factors on the one hand and vasoconstrictive factors on the other [2]. This leads to the dysfunction of the endothelium, increased vascular tone, local spasm and further structural changes in the vascular wall [11]. It was shown that the causes of the endothelial dysfunction are also hypoxia, free radical damage, hypercholesterolemia, hyperglycemia, hyperhomocysteinemia, endogenous intoxications (renal, hepatic insufficiency, pancreatitis, viremia and bacteremia, etc.), exogenous intoxications (smoking, etc.) [11, 14].
Long-standing endothelial imbalance and functional vasospasm are accompanied by compensatory hypertrophy of the smooth muscle cells of the vascular wall, its middle layer media [7]. Structural and functional changes in the arterial wall are observed: in small arteries and arterioles – sclerosis and hyalinosis, in large vessels – elastofibrosis and arteriosclerosis, what increases the rigidity of the vascular wall, progressive disruption of its structure and early development of atherosclerosis [12]. Hypertrophy of the smooth muscle cells of the vessels increases the degree of vasoconstriction, what leads to an increase of the peripheral vascular resistance and promotes an increase of blood pressure [11]. A long-term effect of increased blood pressure on the vessel wall both directly and indirectly through the action of vasoactive peptides, oxidative stress causes not only vasoconstriction but also the growth and migration of smooth muscle cells, inflammation, apoptosis and production and degradation of the extracellular matrix and further remodeling of the arterial wall [50].
Thus, atherosclerosis is a disease of the intima with the formation of a fibro-atherosclerotic plaque and the occlusion of a vessel. Arteriosclerosis is a disease of the middle layer of the vascular wall and is accompanied by an increase in the collagen content, calcification, hyperplasia and hypertrophy of the smooth muscle cells of vessels, what leads to the corresponding arterial wall hypertrophy and increased vascular rigidity. The relationship between the degree of arterial stiffness and the extent of atherosclerotic plaque damage has been established [58]. It is not always possible to prove the influence of the traditional risk factors of atherosclerosis on the development of arteriosclerosis [22], what suggests alternative pathophysiological mechanisms of the latter. Endothelial dysfunction and the pathology of the intima contribute to arterial stiffness, but the relationship between arteriosclerosis and atherosclerotic disease has not been sufficiently studied. 
Disturbance of the conduction function is associated with the narrowing or occlusion of a vessel and the violation of tissue perfusion below the occlusion site. Disruption of the damping function is associated with an increase in the stiffness of an arterial wall, what leads to an acceleration of the reflected wave, an increase of systolic and pulse pressure and a decrease of diastolic pressure. This increases the risk of complications of AH – myocardial infarction, stroke, exfoliating aortic aneurysm [35, 43, 55]. It is assumed that the hemodynamic significance of such changes is manifested only at the stage of development of isolated systolic arterial hypertension in patients of the older age groups [4]. The statistics on the condition of elastic properties of arteries in young people are few and contradictory. The measurements of arterial stiffness at a young age have not been adequately studied.
It was observed that atherosclerotic changes of arteries are often detected in patients with AH of young age, what demands the study of the processes of early vascular remodeling [3, 5]. The use of new research methods in this direction is of particular importance, since it will help to identify initial changes in the vascular wall before the appearance of clinical symptoms [7, 9, 57].

The change of the mechanical properties of large arteries has a clear pathophysiological connection with clinical outcomes [15]. In addition, identified and unidentified factors of the cardiovascular risk of target organ damage, as well as the changes of the phenotype of large arteries [21] may participate in the pathogenesis of cardiovascular events. In a number of studies [45] an analysis of the central pulse wave was carried out and an independent prognostic value of the indices reflecting the morphofunctional state of the aorta and large arteries was established (Table 1).

Table 1. Studies in which the relationship between central pressure (in the aorta or carotid artery) and the risk of complications in cardiovascular pathology is proven [50]
	Measurements
	Authors
	Country
	Predictive value

	Pulse pressure (invasive methods)
	Y. Lu et al. [38]
	China
	Increased risk of restenosis after angioplasty

	
	T. Nishijima

et al. [48]
	Japan
	Higher severity of IHD

	
	D. Chemla

et al. [23]
	France
	Greater risk of concentric left ventricular hypertrophy

	
	F. Philippe

et al. [51]
	France
	Severity of IHD

	
	Y. Nakayama et al. [47]
	Japan
	Increased risk of restenosis after angioplasty

	
	N. Danchin

et al. [26]
	France
	Higher risk and severity of IHD

	Pulse pressure (non-invasive methods)
	T. K. Waddell

et al. [59]
	Australia
	Predictor of coronary atherosclerosis

	
	M. F. O'Rourke 
et al. [50]
	France
	Higher overall and cardiovascular mortality

	
	P. Boutouyrie

et al. [21]
	France
	Increase of the carotid artery intima-media complex thickness

	
	P. Boutouyrie

et al. [21]
	France
	Reduction of the carotid artery intima-media complex thickness  on the background of a decrease of pulse pressure

	
	S. Laurent et al. [35]
	France
	Higher risk of coronary complications

	
	G. Jondeau

et al. [32]
	France
	Dilation of the aorta in Marfan syndrome

	AI (invasive methods)
	K. Hayashi

et al. [28]
	Japan
	Higher severity of IHD

	
	H. Ueda

et al. [56]
	Japan
	Increased risk of restenosis after angioplasty

	AI (non-invasive methods)
	G. M. London

et al. [37]
	France
	Higher overall and cardiovascular mortality

	
	P. S. Saba

et al. [53]
	Italy
	More significant left ventricular hypertrophy and carotid artery remodeling

	
	T. Weber

et al. [61]
	Austria
	Higher severity of IHD

	
	J. Nurnberger et al. [49]
	Germany
	Higher cardiovascular risk

	Fractional systolic /diastolic BP
	P. Jankowski

et al. [31]
	Poland
	Higher severity of IHD

	
	Y. Nakayama

et al. [47]
	Japan
	Higher risk of IHD

	
	T. Nishijima

et al. [48]
	Japan
	Higher risk of IHD

	Systolic BP
	N. De Luca

et al. [27]
	Europe/

Australia
	Regression of left ventricular hypertrophy


Abbreviations: BP – blood pressure; AI – augmentation index; IHD – ischemic heart disease.
The results of the studies show that pulse wave velocity (PWV) is a direct indicator of arterial stiffness and can be a better predictor of subsequent cardiovascular events in comparison to such well-known risk factors as age, arterial hypertension (AH), hypercholesterolemia and diabetes mellitus. The studies with PWV evaluation allowed to establish that increased arterial stiffness may be a predictor of cardiovascular risk in practically healthy individuals [58], patients with diabetes mellitus [25], end stage renal failure [19] and elderly people [44]. It was demonstrated that arterial stiffness is a predictor of mortality in AH patients [35]. Thus, a population study "Copenhagen County Population" [54] demonstrated that an increase of PWV (> 12 m/s) is associated with a 50% increase in the risk of cardiovascular events. In addition, the prognostic value of PWV was established in a Japanese study [30], in which the duration of assessment averaged 8.2 years.
It was found that the indirect indices of aortic stiffness and reflected wave, such as central aortic pressure and augmentation index are independent predictors of cardiovascular events [31, 60] and mortality. Thus, in a study [60] involving 1272 normotensive and untreated AH patients, it was demonstrated that central systolic BP was an independent predictor of cardiovascular mortality after the correction for various cardiovascular risk factors, including a mass of the left ventricular myocardium and the evaluation of intima-media complex thickness with ultrasound examination of carotid arteries. Moreover, the patients with high aortic pressure have a worse cardiovascular prognosis than the patients with more effective control of central aortic pressure [63].
Increased aortic stiffness is also an independent predictor of diastolic dysfunction in patients with AH [46], and may also limit exercise tolerance in dilated cardiomyopathy [20]. In patients with heart failure with a preserved left ventricular ejection fraction systolic dysfunction and arterial stiffness appear with age and / or with AH progression [33].
Increased arterial stiffness is associated with the dysfunction of the endothelium and a decrease in the bioavailability of nitric oxide (NO) [62]. Endothelial dysfunction, which is detected in patients with great cardiovascular risk factors, may define why these conditions are also associated with increased arterial stiffness in the early stages before the clinical manifestation of atherosclerotic process [24].

The combination of the arguments led to the fact that the European Society of Cardiology  and the European Society of Hypertension separately emphasized the importance of central pressure and arterial stiffness in their recommendations for the management of AH patients in 2007 and 2013 [39, 41, 42]. Thus, in 2007 the European Society of Cardiology issued the recommendations in which it was suggested to use PWV more than 12 m/s [40] for the detection of subclinical target organ damage and from 2013 – more than 10 m /s [42].
The measurement of central aortic pressure and arterial stiffness has become widely used in clinical practice for the evaluation of various categories of patients. It was proved that PWV as an index of arterial rigidity and a central index of augmentation are independent predictors of cardiovascular events [1, 6, 16, 18, 34]. Therefore, available data show that great vessels in patients with AH are not only target organs, but they play a significant role in the progression of this disease and probably in its development, still further research is necessary to prove this. However, many issues related to the rigidity of the great vessels and the spread of pulse waves are far from being resolved.
Therefore, the study of the role of central aortic pressure and vascular rigidity in patients with AH seems very important both from scientific and practical points of view. The evaluation of the central blood pressure opens up new ground and additional opportunities for stratification for the risk of development of cardiovascular complications in young and middle-aged patients, as well as for the evaluation of the effectiveness of antihypertensive drugs.
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АРТЕРИАЛЬНАЯ РИГИДНОСТЬ КАК ФАКТОР РИСКА ПРИ АРТЕРИАЛЬНОЙ ГИПЕРТЕНЗИИ
И. И. Князькова, М. В. Богун, Н. В. Кузьминова, А. В. Жадан (Харьков)
Изучение роли центрального аортального давления и сосудистой ригидности у больных с артериальной гипертензией (АГ) весьма актуально, как с научной, так и практической точки зрения. В обзоре литературы рассмотрены механизмы повышения артериальной жёсткости при АГ и клинические данные по оценки взаимосвязи между центральным аортальным давлением и риском осложнений при сердечно-сосудистой патологии. Оценка центрального артериального давления открывает новые перспективы и дополнительные возможности для стратификации по риску развития сердечно-сосудистых осложнений лиц молодого и среднего возраста, а также для оценки эффективности антигипертензивных препаратов.

Ключевые слова: артериальная гипертензия, артериальная ригидность, скорость распространения пульсовой волны, факторы риска сердечно-сосудистых осложнений.
АРТЕРІАЛЬНА РИГІДНІСТЬ ЯК ЧИННИК РИЗИКУ ПРИ АРТЕРІАЛЬНІЙ ГІПЕРТЕНЗІЇ
І. І. Князькова, М. В. Богун, Н. В. Кузьмінова, А. В. Жадан (Харків)

Вивчення ролі центрального аортального тиску і судинної ригідності у хворих на артеріальну гіпертензію (АГ) дуже актуально, як з наукової, так і практичної точки зору. В огляді літератури розглянуті механізми підвищення артеріальної жорсткості при АГ і клінічні дані щодо оцінки взаємозв'язку між центральним аортальним тиском і ризиком ускладнень при серцево-судинній патології. Оцінка центрального артеріального тиску відкриває нові перспективи і додаткові можливості для стратифікації щодо ризику розвитку серцево-судинних ускладнень в осіб молодого і середнього віку, а також для оцінки ефективності антигіпертензивних препаратів.

Ключові слова: артеріальна гіпертензія, артеріальна ригідність, швидкість поширення пульсової хвилі, чинники ризику серцево-судинних ускладнень.

