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Change of elastic properties of arterial wall has an important meaning for pathogenesis of lesions of all organs in 
arterial hypertension (AH). This article reviews all parameters characterizing vascular elasticity, approaches to 
their measurement and prognostic value. These parameters include ankle-brachial index, pulse pressure, aug-
mentation index, pulse wave velocity in aorta, and cardio-ankle vascular index. Moreover, this article considers 
information about the use of mentioned parameters for evaluation of cardiovascular risk and control of therapy 
in different categories of patients.
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Relevance
A wide range of measures aimed at combating car-
diovascular mortality has brought to its gradual de-
crease in recent years [1]. However, cardiovascular 
disease (CVD) continues to be the leading cause of 

death in the Russian Federation. Thus, according to 
the Federal State Statistics Service 940.5 thousand 
people died from CVD in 2015, representing more 
than half from total number of deaths [2]. 

Nowadays the fight against CVD is based on the “risk 
factor concept”, which aims to identify people with high 
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probability of developing cardiovascular system disease 
and to subsequently perform preventive measures [3]. 
With a certain degree of conditionality, all preventive 
measures can be divided into two groups: primary pre-
ventive measures and secondary preventive measures. 
To a large extent the latter ones represent the direct 
subject of activity of a practicing physician. One of the 
factors influencing secondary prevention efficiency is 
the timing of its starting.  Accordingly, the early identi-
fication of subclinical lesions of target organs becomes 
crucially important meaning detection of such health 
condition of an individual when the risk factors have 
already influenced it in negative and often irreversible 
way. Subclinical markers of CVD include left ventricular 
myocardial hypertrophy (LVH), chronic cerebrovascular 
disease, chronic kidney disease stage 3, albuminuria, 
and retinopathy. The lesions of vascular wall being a tar-
get organ by itself have an important meaning in patho-
genesis of various organ lesions. Subclinical markers of 
vascular wall lesions include the calcification of coro-
nary arteries, the presence of atherosclerotic plaques 
in coronary arteries, increased arterial stiffness, aug-
mentation of central blood pressure (BP), decreased 
ankle-brachial index, etc. Recently, most attention has 
been given to the evaluation of arterial stiffness due to 
its role in CVD development. 

The damaging effects of high vascular stiffness on 
organs are closely associated with impaired damp-
ing function of the arterial system, which smooths 
out pressure fluctuations caused by cyclical ejec-
tion of blood from the left ventricle and transforms 
pulsating arterial blood flow into continuous blood 
flow required for peripheral tissues. Impaired damp-
ing function of the arterial system leads to several 
pathophysiological events increasing CVD risk. These 
events include elevated systolic blood pressure (SBP) 
that occurs due to lack of transformation of the ki-
netic energy of left ventricular blood flow into the po-
tential energy of stretching aortic wall. It increases 
left ventricular afterload that leads to LVH, elevates 
oxygen consumption, impairs diastolic function, de-
creases cardiac output and in the end results in de-
velopment of chronic heart failure. More than that, in-
creased velocity of shock and reflected waves propa-
gation through rigid vessels shifts the time of reflect-
ed wave return from diastole to late systole being the 
cause of decreased diastolic BP (DBP) and resulting 
in decreased coronary perfusion. Lowered DBP and 
elevated SBP together lead to the increase of pulse 
pressure (PP) which accelerates arterial lesions and 
is associated with target organ lesions [4].  

Methods of vascular stiffness evaluation
In clinical practice arterial stiffness can be evaluated 
using various techniques. Nowadays the most studied 
ones include PP, ankle-brachial index (ABI), augmen-
tation index (AI), aortic pulse wave velocity (APWV), 
cardio-ankle vascular index (CAVI).  

PP is one of the first parameters that estimates 
arterial stiffness. The mechanism of PP elevation 
as the consequence of increased arterial stiffness is 
described above. In 1994 S. Madhaven demonstrated 
for the first time that PP>63 mm Hg has negative in-
fluence on the coronary heart disease (CHD)-related 
mortality of patients with arterial hypertension (AH) 
[5]. The Framingham heart study provided convinc-
ing evidences of the negative influence of high PP on 
prognosis of patients with cardiovascular pathology 
[6]. It was demonstrated that the coronary risk was 
significantly elevated and correlated with target or-
gan lesions in case of SBP levels between 130- and 
170-mm Hg and increased PP. The PIUMA study [7] 
demonstrated a high prognostic value of the aver-
age PP, in particular, its increase above 53 mm Hg 
led to five-fold elevation of the risk of all cardiovascu-
lar complications.   Another study showed a strong-
er correlation between left ventricular myocardium 
mass index with PP rather than peripheral BP [8]. 
Low cost and high availability of the use of PP for 
arterial stiffness evaluation is another advantage of 
this technique. At the same time, PP levels depend 
on stroke volume, heart rate and initial BP levels that 
restricts the applicability of this parameter especially 
in young patients with hyperkinetic circulation type.  

Estimation of ABI is another simple and available 
method of vascular stiffness evaluation. ABI reflects the 
ratio of SBP measured at the ankle to SBP measured in 
the upper arm. ABI decrease below 0,9 is a predictor of 
CHD, stroke, transitory ischemic attacks, renal failure, 
and total mortality [3]. It is necessary to highlight that 
neither ABI nor PP may be considered highly specific 
markers of arterial rigidity since they are influenced by 
atherosclerotic lesions of the lower limbs [9]. 

AI is a less studied criterion of arterial rigidity 
comparing with ABI and PP. Nevertheless, the exist-
ing data demonstrate that it may be used as an inde-
pendent predictor of coronary events and significantly 
correlates with the degree of LVH [10]. However, AI 
has an independent predictive value for prognosing 
the risk of total mortality in patients with established 
CHD diagnosis [11]. 

According to some data [12], AI elevation may be 
diagnosed even before the identification of such indi-
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cators as increased thickness of the carotid intima-
media complex and decreased endothelium-depen-
dent vasodilation. AI can be determined by recording 
and subsequent automatic analysis of the sphygmo-
gram. This feature is realized in such devices as the 
VaSera VS-1500N volumetric sphygmograph and the 
BpLab 24h-blood pressure monitoring system with 
Vasotens extension. 

The positive aspects of AI, as a method for assess-
ing vascular stiffness, should include high sensitivity 
as well as variability in response to therapy. The re-
sults of our own observations confirm the high value 
of the method for the assessment of antihypertensive 
therapy effectiveness [13]. The negative side of the 
method is its dependence on heart rate and baseline 
BP. Another important disadvantage is the lack of ref-
erence values. It is only known that the AI measured 
on the brachial artery should be in the range of nega-
tive values. 

APWV evaluation is rightly considered to be the 
“golden standard” for assessing vascular stiffness. 
Measuring the characteristics of wave propagation 
along the aortic pathway is the most appropriate from 
clinical point of view, since the aorta and its main 
branches are responsible for most of the pathophysi-
ological effects of arterial stiffness. According to the 
guidelines of the American Heart Association, arte-
rial stiffness should be measured noninvasively via 
carotid-femoral pulse wave velocity (PWV) evaluation 
[14, 15]. APWV in other segments like ankle-brachial 
one may be useful, but currently no long-term study 
of this method is available in the USA or in Europe. 
The determination of PWV in other arterial segments 
like carotid-radial one is not recommended since it 
has no prognostic value. 

The prognostic value of APWV evaluation in terms of 
cardiovascular risk has a wide evidence base. 5-year 
observation on patients with AH demonstrated the 
increase of the risk of cardiovascular complications 
and death by 1,4 times for each increase of APWV by 
3,5 m/s independently from any other known risk fac-
tor [16]. Some authors consider that APWV correlates 
with the risk of acute myocardial infarction, acute 
cerebrovascular accident, cardiovascular and total 
mortality more tightly than age, BP levels, smoking, 
LVH, and CHD [17]. 

Different approaches for wave registration can be 
used for APWV measurement. The corresponding 
sensors can reflect the pressure, the dilation of the 
arterial wall, and the blood flow velocity measured by 
the Doppler method. The path travelled by the wave is 

usually equated to the surface distance between the 
two registration areas. 

A piezoelectric tonometer is used in the methods 
based on applanation tonometry (for example, the 
“traditional” SphygmoCor device). The SphygmoCor 
device has been used in studies of arterial wall stiff-
ness in chronic kidney disease, as well as in some 
other studies. Since January 2016 the SphygmoCor 
technology has been approved for measuring CBP, AI, 
APWV in routine clinical practice in the USA, and the 
costs are reimbursed by insurance companies. 

The Complior system is an example of devices us-
ing mechanical sensors for registering pulse waves. 
This technique has been used in most epidemiologi-
cal studies that have demonstrated the prognostic 
value of APWV for cardiovascular events. 

One type of the devices registering arterial wall 
oscillations is volumetric sphygmometers equipped 
with 4 oscillometric cuffs located on both hands 
and ankles (Omron VP1000, VaSera VS-1500N, ABI-
system 100). In addition, the system for 24h BP moni-
toring BpLab with Vasotens extension is also able to 
calculate APWV by registering a sphygmogram at one 
point using a specific mathematical algorithm. 

Despite the large evidence base, it is necessary 
to emphasize some limitations of the use of APWV 
for evaluation of arterial rigidity. In particular, some 
difficulties preventing high-quality registration of 
pressure pulse waves with mechanical sensors and 
applanation tonometry on femoral artery may occur 
in patients with metabolic syndrome, obesity, diabe-
tes mellitus and peripheral artery disease [18]. The 
presence of aortic, ileal or proximal femoral stenosis 
can distort the results of any measurement method. 
Abdominal obesity especially in men and large breast 
in women lead to errors in measuring the distance be-
tween two registration points [19]. It requires precise 
measurement of the distance because even small er-
rors may influence the absolute values of APWV [20]. 
Different researchers recommend either using the 
total distance between registration points on the ca-
rotid and femoral arteries or subtracting the distance 
from the carotid artery to the jugular notch from the 
total distance or subtracting the distance from the 
carotid artery to the jugular notch from the distance 
between the jugular notch and the measurement site 
on the femoral artery [19]. All three options allow only 
approximate estimation of the distance which is irrel-
evant for the studies aiming at identifying difference 
between the original and repeated measurements. 
However, the differences in distance measurement 
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methods become critically significant in comparison 
of the results of different studies, and it imposes cer-
tain restrictions on the use of this method. In addi-
tion, APVW values depend on initial BP levels.

In recent years, CAVI, a new marker of high vascu-
lar stiffness, which does not depend on the initial BP 
levels, has attracted increasing attention. It is proved 
that the level of CAVI reflects the severity of coronary 
atherosclerosis in patients with established CHD 
[21]. Angiographic studies demonstrated that CAVI 
increases proportionally with the number of coronary 
arteries affected with atherosclerotic lesions [22], as 
well as the extent and the degree of stenosis [21]. 
More than that, CAVI is an independent parameter 
positively associated with the coronary calcium score 
and the degree of coronary stenosis [23]. There is a 
significant correlation between CAVI and severity of 
atherosclerosis in the carotid arteries in patients with 
cerebrovascular disease [24].   

CAVI measurement is performed using a VaSera 
VS-1500N volumetric sphygmograph.  Apart from 
CAVI, this device can measure ABI, AI, and APWV. 
Simultaneous analysis of the main markers of high 
vascular stiffness allows using this device for screen-
ing of subclinical vascular lesions.  It should also be 
noted that according to the order of the Ministry of 
Health of the Russian Federation dated December 
26, 2016. No. 997n “On Approval of the Rules for 
Functional Diagnostics”, volumetric sphygmometers 
are included in the equipment standard of the func-
tional diagnostics department.

Concluding the discussion of the methods of vas-
cular stiffness evaluation, we would like to emphasize 
that the above-mentioned markers of arterial rigid-
ity do not substitute each other and have indepen-
dent prognostic significance, and, consequently, their 
complex evaluation is necessary for more accurate 
evaluation of cardiovascular risk in concrete patient. 

Clinical significance of evaluation of 
vascular stiffness
In general, evaluation of arterial stiffness may be 
used ad a screening approach for subclinical athero-
sclerosis detection and determination of the groups 
of high cardiovascular risk. Detection of subclinical 
lesions of vascular wall in patients without CVD aim-
ing to modify lifestyle and to prevent further struc-
tural and functional lesions of target organs has a 
high value. 

Arterial stiffness has an independent prognostic 
value in relation to fatal and non-fatal cardiovascu-

lar events in patients with AH [3, 25]. The results of 
arterial stiffness measurement demonstrated that a 
significant part of AH patients with moderate cardio-
vascular risk could be reclassified as high cardiovas-
cular risk patients. 

It has been established that decreased vascular 
elasticity indicates atherosclerosis progression and 
is associated with global severity of atherosclerotic 
process in patients with CHD and peripheral artery 
disease [26]. 

The brain is particularly sensitive to the decrease 
of vascular elasticity and, as a consequence, to a 
more pulsating blood flow [4]. Local circulation is 
connected with low resistance of microvessels which 
facilitates the transmission of excessive energy of the 
pulsating flow to the microvascular bed [27]. This may 
contribute to recurrent episodes of microvascular is-
chemia, tissue damage and is manifested as white 
matter tension, clinically unconfirmed focal brain 
infarction and tissue atrophy that contributes to the 
development of cognitive impairment and dementia. 
Aortic stiffness is also associated with increased risk 
of ischemic or haemorrhagic stroke [28].   

Arterial stiffness is tightly related to decreased 
glomerular filtration rate and is a predictor of pro-
gressing kidney lesions up to terminal kidney insuf-
ficiency requiring dialysis [29]. Increased vascular 
stiffness is associated with higher risk of albuminuria 
and its progression [30]. High arterial rigidity is a po-
tent independent predictor of total and cardiovascu-
lar mortality in the population of patients with chronic 
kidney disease [31]. 

The above-mentioned data suggest the high prog-
nostic value of arterial stiffness markers for deter-
mination of total cardiovascular risk in different cat-
egories of patients. However, apart from solving the 
problems related to cardiovascular risk estimation, 
arterial rigidity markers can be used for therapy con-
trol. Even though nowadays there is no convincing 
evidence of improved prognosis associated with de-
creased arterial stiffness, it can be assumed by anal-
ogy with LVH, and these data will be available soon. 
In this regard, reduction of vascular stiffness should 
become a separate goal (intermediate endpoint) of 
therapy of patients with CVD together with reaching 
target levels of BP, cholesterol, cardio- and nephro-
protection, etc.  

Among the non-pharmacological approaches in-
fluencing vascular wall in a positive way, moderate 
physical activity, weight loss, low-salt diet, moderate 
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alcohol consumption, intake of garlic, fish oil, and 
α-lynoleic acid should be mentioned [32]. 

Pharmacological agents with a proved effect of 
decreased vascular remodelling include angioten-
sin-converting enzyme inhibitors, angiotensin recep-
tor type II blockers, calcium channel blockers, several 
beta-blockers with vasodilating effects, indapamide, 
nitrates, and statins [33, 34, 35]. The results of our 
study [13] demonstrate a higher efficiency of a fixed 
combination of amlodipine and lisinopril comparing 
with metoprolol monotherapy. 

Conclusion
Thus, nowadays practicing doctors have a sufficient 
number of methods evaluating arterial stiffness. 
These methods include some available markers (PP 
and ABI) and more sensitive and specific ones (AI, 
APWV, CAVI) requiring, however, additional equip-
ment. The use of the above-mentioned vascular stiff-
ness indicators in routine clinical practice for esti-
mation of cardiovascular risk and therapy efficiency, 
undoubtfully, should contribute to increased quality 
of medical care for CVD patients. 
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