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Pesome

AKTyanbHOCTb. [JuarHoctuka XPOHUYECKMX AndDY3HbIX 3a6051eBaHMi NEeYEHN, cpeaun KoTopbix Hanbonee
PacrnpocTpaHeHbl HEaNKoroibHas KUpoBasi 60NE3HbL NeyeHu (HAXBM) v xpoHuuecknii FENaTNT, aCCOLMUPOBAHHBIN ¢
Bupycom C (XIC), octaetcy aKTyanbHoW He ToNbko Ang FAaCTPO3HTEPOSIOrOB, HO U AN CeMeHbIx Bpayen. HAXBIM
TECHO CBA3aHa C OXUPEHUEeM unu U36bITOUHOI Maccoi Tena, MHCYIMHOPE3UCTEHTHOCTbIO, aTePOreHHOW AUCUnNuaemMmuei
" caxapHbiM Anabetom 2 Tuna, yacrorta KOTOPbIX Ha CEroAHALIHUN JeHb aocTUraeT YPOBHA anuaemMun. Xuposas
ANCTpodUa neveru, Kak HeankoronbHas, Tak u BcneacTeue KUPOBOTO NepepoxaeHns noa geicTauem BUpyCa renaTtuTa

KO/ilareHa B CTeHKe, YTO MpUBOAUT K NOBbILIEHNIO apTepnanbHoii KECTKOCTN, B pesy/nbTare Yero uamMeHsioTcs
YNpyrosnactmyeckme ceoicrsa apTepuin. M3BectHo, yto nporpeccnposanune hpubposa nsmeHsier MOPONOruio nevyeHn un
B/IVSAET Ha €€ BHYTPEHHEE 1 BHElHee KpoBoo6palleHne. Llens MCCNEAOBaHMA: ONpPesenuTb 0COBeHHOCTI nokasarenen

pacnpeaensnu no rpynnam B 3aBucuMocTy oT STMONOrNYECKOro aKTopa: ¢ NoMoLbIo UMMYHOMEPMEHTHOro aHanmsa %
94 naumeHToB ¢ XI'C NOATBEPXAEHA BUPYCHAA 3TMONOrUS 6onesHu, y 101 yenosexa na OCHOBaHUM 06 bEKTUBHOIrO
obcnenosanus, VMHCYTMHOPE3UCTEHTHOCTU 1 rMnepannuaemMun AnarHocTuposada HAME. CoHosnactorpaduio neuenu

Y BCex 6O/IbHbIX BbISIBAEHbI M3MEHEHUA nokasaTenei cocyancTon HECTKOCTU, a UMEHHO Moay s 3NacTuyHoCTH,
YBEMYeHNe nHaekca apTepuanbHoi XKECTKOCTH, CKOPOCTU NYNbLCOBOM BOMHbLI 1 TONILMHbBI KOMMNNIeKca UHTUMa-Meama

(p < 0,05). MNoBblweHue CKOPOCTU NYSIbCOBOW BOSHBI BbISBNEHO Y 79 (78,2 %) naumenTos ¢ HAXGBM (p < 0,05) un y 87
(92,5 %) o6cnenoBaHHbIX ¢ XIC. Meanana CKOPOCTU NYNLCOBOI BOMHLI y nauueHTos ¢ HAXBIM 6bina Boiwe ro
CPABHEHWIO ¢ BoNbHLIMU XTC: 9,52 1 6,34 cM/c cooTBeTCTBEHHO. Y NauuenTos ¢ HAXBI ycTaHoBNEHa cBsi3L XECTKOCTU

HAXBN (p < 0,05). MenunaHa sxxectkocTn neuern 6bINN BbILEe Y 60MbHBIX XIC — 7,77 (6,50-10,11) kra npoTue 6,78
(5,49-6,90) kNa Y nauuenTos ¢ HAXBN (p < 0,05). BbiBoabl. Heszasucumo OT 3Tnonornyeckoro akropa, npwm
XPOHWYEeCKnxX Anddy3sHbIX 3a6onesanmsx NEYeHN oTMEeYaeTCs NoBbileHue MOAYNA 3NACTUYHOCTU apTepuansHoi
CTeHKN. Ans 60nbHBbIX XITC Hapsiiy ¢ yBenmyeHmem »ecTkocTu NapeHxumbl nevyeHn Hambosee XapaKTepPHO NOoBbIWEeHNe
KECTKOCTU CTEHKN COHHOM aprepun. Mpu HAXKEN otMevaercs YMEHbLUEHME PaCTIHKUMOCTH COCYANCTbIX CTEHOK, YTO
33KOHOMEPHO NPUBOAUT K yBEMUEHUIO TONLUMHBI KOMMNEKCE MHTUMA-Meana 1 CKOPOCTY Ny IbCOBOM BOMHLI.

Knwuesbie cnosa

apTepuanbHas XecTkoCTb; TONMHA KOMNAeKkea NHTUMa-Meana; anpdysHbie 3a6onesaHmns neuexu
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Intrdduction

diseases, in which the pathological process is not limited only by the liver, they are characterized by the
involvement of various organs and systems. General practitioners often face liver pathology in patients
undergoing a survey for cardiovascular and endocrine diseases. After all, it is known that the combination of
ischemic heart disease and liver disease pathogenically cause the course and progression of each other,
which, in turn, significantly increases cardiovascular mortality [1]. For example, it is found that in patients
with NAFLD, the incidence of cardiovascular diseases is significantly higher than in persons without NAFLD
even regardless of obesity and conventional risk factors for cardiovascular pathology [2].

NAFLD is closely associated with obesity or excessive body weight, insulin resistance (IR), atherogenic
dyslipidemia, and type 2 diabetes, the frequency of which to date reaches the level of epidemic [3, 4]. Fatty
liver dystrophy, both non-alcoholic and as a result of fatty degeneration under the influence of hepatitis C
virus, can itself be the cause of the so-called hepatic IR. In other words, IR can not only lead to liver

in 57.0 % of NAFLD patients was not only associated with liver disease, but also was a result of
cardiovascular disease [5]. Several previous studies [6, 7] have shown that hepatitis C infection can alter
carbohydrate and lipid metabolism, which in turn leads to liver resistance to peripheral insulin action and
ultimately, to the development of diabetes, The exact mechanisms underlying the development of IR
mediated by the virus, are still insufficiently studied, although several hypotheses have been proposed. One
of them is inhibition, under the influence of virus, of the insulin signaling pathway by blocking the protein

Compensatory liver capabilities determine the fact that violation of its function is usually diagnosed already
in the late stages, when most parenchyma is already replaced by the connective tissue, but there are a
number of studies that indicate impaired portal blood flow already in the early stages of the chronic
pathological process in the liver, which often preceding changes in the functional state of the organ.

deposition in the wall increase, which leads to an increase in arterial stiffness, resulting in changed elastic
properties of the arteries. Evidently, the progression of hepatic fibrosis changes liver morphology and affects
its internal and external blood circulation. It has been proved that the violation of hepatoportal blood
circulation triggers a cascade of vegetative, neurohumoral and metabolic reactions, which cause changes in
central hemodynamics, increase the disorder of intrahepatic blood circulation, in this way, completing the
vicious cycle [9].

The gold standard for measuring and classifying fibrosis is liver biopsy, but due to invasive procedure and
significant complications, the clinical use of this technique is limited, Therefore, today in the modern
research centers, minimally invasive diagnosis dominates over invasive methods. The evaluation of
haemodynamic changes does not hold aloof, Thus, with the help of new modern methods of research, it is
possible to define three types of arterial stiffness: local, regional and systemic [10]. The most commonly
used methods for measuring arterial stiffness include not only blood flow velocity. Measuring pulse wave
velocity (PWV) is the gold standard for determining arterial stiffness, Other methods, such as measurement
of central systolic pressure, augmentation index (AI), are under the influence of pathophysiologic states,
medications, heart rate that makes them less reliable [11]. Some researches have been found that vascular

1

the analysis of vascular stiffness indicators is not limited only to cardiovascular pathology, but it is used as
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nonspecific marker of fibrosis [12, 13]. Thus, Japanese scientists have conducted the study in 3,040 healthy
subjects measuring the serum NT-pro-BNP level as a marker of heart failure, FIB-4 scale indicators as a
marker of fibrosis, elasticity of brachial artery by means of pulse wave velocity and augmentation index
analysis. In 2,135 subjects, indicators were re-measured after 3 years. According to the statistical analysis,
the authors concluded that there was a correlation between the degree of fibrosis and early indicators of
heart failure. However, this was not associated with the vascular lesions [14].

In recent years, elastography, a new non-invasive method for assessing the degree of liver fibrosis, is widely
used in clinical practice and included in manuals for the diagnosis and treatment of liver diseases.
Radiofrequency signals in Quantitative ultrasound vascular examination help determine intima-media

Purpose of the study: to identify the distinguishing features of local arterial wall stiffness in patients with
NAFLD and hepatitis C and correlation of these indicators with liver fibrosis.

Materials and methods

examination, insulin resistance, and hyperlipidemia. Morphologic verification of liver fibrosis was performed
in 66 patients (33.8 %): 42 (21.5 %) — with hepatitis C and 24 (12.3 %) — with NAFLD. Among 94 persons
diagnosed with hepatitis C, there were 50 (53.2 %) men and 44 (46.8 %) women, whose average age was
(44.7 £ 2.3) years. Among 101 patients diagnosed with NAFLD, these indicators were as follows: 32
(31.7 %) men, 69 (68.3 %) women, (48.4 + 2.9) years. The control group included 20 apparently healthy
individuals. All patients and the control group agreed to participate in the study. Sonoelastography of the
liver and evaluation of local arterial wall stiffness were performed on Soneus p7 scanner (Ukraine). The local

arterial stiffness was determined by a linear sensor at a frequency of 5-12 MHz in duplex scanning. The

method is realized in the form of special E-AS mode, in which the following parameters are measured
automatically: minimum diameter of the vessel for a cardiac cycle (Dpip), circumferential arterial strain
(CAS), arterial stiffness index (SI), elasticity modulus (EM), AI, PWV. For measurement of intima-media
thickness, E-BMI mode was used. Statistical processing of research results was carried out by means of

was carried out by means of non-parametric Wilcoxon-Mann-Whitney test. Differences were considered
Statistically significant if the error was less than 5 % (p < 0.05). In order to determine the interconnection
between indicators, a correlation analysis was conducted with the calculation of the Spearman’s rank-order
correlation coefficient (r).

Results

The changes of vascular stiffness, namely in the elasticity modulus, an increase in arterial stiffness index,
pulse wave velocity and intima-media thickness (P < 0.05), were found in all patients. An increase in pulse
wave velocity was detected in 79 (78.2 %) persons (p < 0.05) with NAFLD and in 87 (92.5 %) — hepatitis
C.
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Table 1 — Parameters of the right carotid artery wall stifiness

Hepatitis C (n = 94) NAFLD (n = 101) Control group (n = 20)
Parameters
Me LG-UQ Me LG-UQ Me LO-UQ

CAS 0.05 0.03-0.07 0.04 0.03-0.08 0.06 0.04-0.07
Al, % 0.00 0.00-8.20 5.47* 0.00-14.29 29.80 8.33-45.90
EM, kPa 116.745 81.41-198.04 125 47~ 87.56-162.25 84.78 73.07-116.80
PWY, s 7.38 6.25-9.82 7.71 6.76-8.84 6.26 5.79-7.37
Si 9.28 6.65-16.57 9.56 7.36-13.28 7.02 5.87-8.88
D, MM 6.98 6.16-7.84 7.39 6.47-8.78 816 7.70-8.78
IMT, mm 0.64* 0.58-0.73 0.71% 0.63-0.81 0.51 0.50-0.55

Notes (here and in Table 2): signiticant difference {P < 0.05): * — compared to the control group; *— between
indicators in patients with hepatitis C and NAFLD.

Table 2 — Parameters of the 1eft carolid artery wall stiffness

Hepatitis C (n = 94) NAFLD (n = 101) Control group (n = 20)
Parameters
Me LGa-uQ Me La-ua Me LG-uG

CAS 0.05 0.03-0.08 0.05 0.04-0.06 0.07 0.05-0.08
Al, % 14.40 6.26-22.22 12.13 6.90-16.67 13.18 5.13-48.00
EM, kPa 114.43* 75.51-208.57 116.33* 87.19-165.75 67.02 64.35-78.79
PWV, mvs 6.34> 5.64-7.76 B.52%» 8.40-11.00 557 5.19-5.99
Si 10.49*¢ 7.38-16.99 7.29* 6.16-8.66 5.48 5.22-7.56
D mm 8.93 6.16-7.70 7.55 6.31-8.40 70 7.38-7.90
IMT, mm 0.65" 0.62--0.67 0.72» 0.69-0.75 0.52 0.48-0.58

Thus, the average IMT increased in 100 % of patients with hepatitis C, and in 86 (85.1 %) — with NAFLD.
Changes of carotid artery diameter were observed in one third of all surveyed persons (30 (30.1 %)).

For patients with liver steatosis of non-alcoholic origin only, the highest median value of the pulse wave
velocity is 9.52 m/s, which is 1.7 times higher than the values in the control group — 5,57 m/s (p < 0.05),
and 1.5 times higher compared to patients with hepatitis C — 6.34 m/s (p < 0.05) (Fig. 2).

wave elastography that allows us to consider this indicator a diagnostic criterion for early manifestations of
atherosclerotic plaques in liver steatosis (Fig. 3).

Carotid intima-media thickening is known to be an early marker of systemic atherosclerosis and an
independent risk factor for myocardial infarction, stroke, and sudden death [1]. In our study, IMT values
were highest in the group of patients with NAFLD, being 0.72 mm, which is significantly higher compared to
the control group — 0.52 mm (p < 0.05) and patients with hepatitis C — 0.65 mm (p < 0.05) (Fig. 4).
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Figure 1 — Median values of the left carotid artery watl Figure 2 — Median values of pulse wave velocity in
stiffness (0 — patients with hepatitis C, 1 — patients the left carotid artery wall (0 — patients with hepatitis

with NAFLD, 2 — controi group)} C, 1 — patients with NAFLD, 2 — controi group)}
20 f T T T T T T T T ] mm o Median
18 L F= GQB; px 0.001 i o i a i N 0.80 T T T T i 25-75 %
P | Eo 0.75 | s T Min-Max
16 - ; : s -
r 070 + -
065 l a I .
0.60 + -
: e —1
o4 0.55 -
1]
. g | | - 0.50 |- " -
4 L i i i i o0 4 | i i | 045 —l—‘ i
10 12 14 16 18 20 22 24 285 o8 o0 b—o o, J
SWV, mvs 0 1 2
Figure 3 — Corretation of liver parenchyma stiffness Figure 4 — Wedian values of intima-media thickness of
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The feasibility of using IMT as a diagnostic criterion for the early detection of atherosclerosis in patients with
chronic hepatitis C confirms the established correlation of such parameter of the liver parenchyma as the
Young’s modulus with intima-media thickness of the left carotid artery wall (r = 0.84; p < 0.001) (Fig. 5)

072 T T T T T | |
070 - [ t=0.84;p< 0.00‘T, |

0.68

0.68

0.64 ~
0.62
0.60
0.58 :
0.58 -

Carctid intima-media thickness, mm

0.54 | 5 1

Q.52 i i ] s I i 1 : |

SWV, kPa

Figure 5 — Corretation of liver parenchyma siiffness
with intima-media thickness of the ieft carotid artery
in patients with chronic hepatitis © acecording
to shear wave elastography

The sonographical assessment of the local stiffness of the arterial wall using E-AS mode allows us to
measure parameters automatically and to form an online inspection protocol (Fig. 6).

As is known, pulse wave velocity depends on the blood viscosity, heart rate and blood pressure. Its average
value in patients with hepatitis C is higher compared to persons with NAFLD: 8.26 and 8.11 m/s,
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respectively.

Thus, a probable increase in pulse wave velocity was detected in all surveyed groups compared to the
controls (p < 0.05), with the average value of this indicator in patients with hepatitis C exceeded 8.26 mm,
which is 1.2 times higher than that of patients with NAFLD (p < 0.05).

To determine the intima-media thickness, carotid ultrasound was carried out to obtain a steady image of the
near and far vascular walls. In the work, the far wall was examined and the following parameters were
assessed: control volume width, average IMT, deviation, median value, interquartile range, minimum and
maximum value (Fig. 7).

Figure 6 — Sonogram of the arterial wall Figure 7 — Sonogram of the carolid arfery walf
and parameters for its evaluation and parameters for its evaluation

Thus, in patients of all groups a probable increase was noted compared to controls (p < 0.05), with the
average IMT in patients with chronic hepatitis C exceeded 0.52 mm, which is 1.2 times higher than in the
group with NAFLD (p < 0.05).

It should be noted that according to shear wave elastography, shear wave velocity was higher in patients
with viral etiology of liver disease — 1.60 (1.44-1.94) m/s versus 1.41 (1.31-1.54) m/s in NAFLD patients
(p < 0.05). Young’s modulus was also higher in patients with hepatitis C and amounted to 7.77 (6.50-
10.11) kPa against 6.78 (5.49-6.90) kPa in patients with NAFLD (p < 0.05).

The median pulse wave velocity in patients with hepatitis C was higher compared to those with NAFLD: 9.52
and 6.34 m/s, respectively. In patients with NAFLD, a correlation was found between the stiffness of the liver
parenchyma and pulse wave velocity (r = 0.68; P < 0.05). The association is established between the liver

vs 1.41 (1.31-1.54) m/s in NAFLD patients (p < 0.05). The median liver stiffness was higher in patients with

Discussion
Arterial stiffness depends on structural and geometric properties of the arterial wall and its ability to stretch
Among the main determinants, there are age and blood pressure, Stiffness Is also a consequence of a

previous studies. In recent times, the amount of evidence about NAFLD association with vascular
atherosclerosis, regardless of other factors of cardiovascular risk, is increasing. The risk of heart failure
dependence on the presence of pronounced liver fibrosis is shown by K.A, So-Armah, 1.K. Lim et al. They
eéxamined 96,373 patients over 6.9 years, including those infected with human immune deficiency virus

regardless of HIV/hepatitis C status [17]. G. Novo, F. Macaione et al. investigated signs of cardiovascular
lesion, namely, stiffness of the carotid artery wall and myocardial deformation index in 39 patients with
compensated cirrhosis associated with hepatitis C virus before and after treatment with direct antiviral

Our study has shown that NAFLD is also associated with vascular lesions and increased arterial stiffness,
These findings correspond with the data of other scientists [18, 19]. In 2006, Targher et al. demonstrated
that patients with steatohepatitis compared to those with simple steatosis and control group have greater
carotid artery intima-media thickness, Moreover, in the same study, the degree of histological inflammation
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conventional cardiometabolic risk and IR factors [21].

Perhaps, a common link between liver fibrosis and vascular atherosclerosis is the presence of systemic
inflammation, which may lead to endothelial deformation, particularly in liver sinusoids and arterial wall, K,
Ozturk, O. Kurt et al. showed that fibrosis in patients with NAFLD, regardless of the components of metabolijc
syndrome, is accompanied by an increase in pentraxin-3 serum level, which is a marker of inflammation in

patients with hepatic dystrophy [22] was demonstrated for the first time in this study. In 2018, correlation
between histological activity of inflammation, arterial stiffness, and endothelial dysfunction in NAFLD has
been confirmed by work of A. Tuttolomondo, S. Petta et al., when examining 80 patients with steatosis and
83 healthy controls [23].

Turkish scientists investigated the relationship between the degree of vascular and hepatic stiffness in 125
patients with morphologically proven NAFLD. The study was conducted using the Mobil-O-Graph monitor on
the brachial artery. Arterial elasticity was evaluated by analyzing pulse wave velocity and augmentation
index. The indicators were higher than the data of the control group patients. Liver stiffness weakly, but
reliably correlated with both PWV and AI [12]. In our study, the correlation between PWV and carotid artery
stiffness was even more close (r=0.68; p < 0.05). According to M, Sunbul, M. Agirbasli et al., an increase

We investigated carotid artery stiffness using another method, but our data largely correspond with the data
of previous researchers.

Conclusions

1. Regardless of the Causative agent in chronic diffuse liver diseases, there is an increase in the modulus of
the arterial wall elasticity.

2. For patients with hepatitis C, along with increased stiffness of the liver parenchyma, an increase in the
carotid artery wall stiffness is most characteristic,

3. The patients with NAFLD have a decrease in distensibility of vascular walls, which naturally leads to an
increase in the intima-media thickness and pulse wave velocity,
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