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L INTRODUCTION

Heart remodeling, including that of left ventncle (LV), 15 a self-sufficient pathophysiological process leading w
the progress of heart failure (HF) irrespective of neurohumoral status . The variety of LV remodeling patterns is
explained by the complex hierarchy of structural and functional levels of its arrangement: from treating 1 as a
“hydrodynamical system of input-output™ on the level of the integral organism to genetically determined network
of molecular interconnections (genomics, protheomics, lipidomics) in the cells and extracellular matrin. This
approach is based on the multiplicity of pathophysiological factors participating in the remodehing process,
including non-cardiomyocyte ones (the concept of “polycellular tissue pump™) ~.

All these numerous factors due to modern paradigm of HF development and progress can act as the “syndrome
modifiers™” defining its individual course and prognosis: arterial hypertension (AH). degree of atherosclerosis
process, endothelial dysfunction, metabolic disorder, etc. *

Nowadays the Seattle Heart Failure Model (SHFM) is one of the most available models for mdividual
determination of HF prognosis. By way of considering a number of clinical, laboratory and mstrumental
parameters it enables to determine 1-, 2- and 5-year survival *. However, this model does not account the whole
complexity of progressing process and heterogeneity of HF prognosis, especially in terms of the preserved
ejection fraction (EF) of LV, i.e. it demands being further improved and supplemented with other sufficient
prognostic parameters.

The disorder of functional properties of ervthrocytes as the corpuscles of integrative environment - blood — can
be regarded as a potential “modifier” of HF syndrome ***. Modem literature does not contain enough data s to
the ervthrocytes functional properties positioning in the integral aspect as possible predictors of myocardium state
and the prognosis as to its remodeling. This is partially related to methodological difficulties.

Biophysical approach to blood and its components as to optically inhomogeneous media with the use of
corresponding research techniques represent one of the ways to study such interactions.

Optically the structure of any biological tissue, including blood, as a type of the connective one, is described by
two-component amorphous-ceystalline structure. The crystalline component of extracellular matrix s an
architectonic network of coaxial cylindrical fibrillar protein molecules possessing the properties of unaxial
anisotropic birefringent crystals. Thus, biological tissue has optically isotropic and anisotropic components
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bunctional properties of ervthrocytes are determined by a complex molecular arrangement that includes a great
amount (ghout 900) and variety of protein structures including fibrillar ones °. These properties determine the
ability of an erythrocyte to transform the parameters of laser radiation by the emergence of elliptically polarized
aser waves and the possibility to anabze polarization heterogeneity of the mmgr.s of smears Qg-myth{m%
stispension by way of laser polarimetry ™ oy b B i
Taking into account all mentioned abave, it can be assumed that- the: W_ﬂf poiszimaic.- :
ervthrocytes on the stages of cardiovascular continuum represent potentsal additional, sufficient
“modifier™ of HF syndrome and studying them is important concerning ﬂmﬁmagrativaqmachﬁ ndersta
the process of myocardium remodeling.
That 1s why the aim of this research is to studyv the interconnections of survival parameters, functional state ofLV'
myocardivm and optical properties of erythrocytes at various LV remodeling patterns of the patients suffering
from AH and coronary heart disease (CHD). :

2. OBJECT AND METHODS OF INVESTIGATION

S male patients with AH (essential), CHD and various stages of HF took in the mlynmlkcrossamh

study. Verification of AH, its degree and stages, clinical forms of CHD (stable Eﬂgma pectoris of Il and
fimetional class (the Canadian Cardiovascular Society Classification), diffuse and postinfarction card:osclemm)
HE functional class (NYHA) was performed according to up-to-date recommendations and standards * °. The
average age of the patients was 60 (54-66), the average AH duration — 10 (3-21) years. The examined patients
signed the informed consent forms of participation in the research. :
Al patients underwent complex examination, including anthropometrics (height, mass and body surface area
(13SA) by Du Bois formula) ' and paraclinical laboratory tests.

The echocardiographic examination was performed by means of ultrasound scanner Philips EnVisor (USA) using

standard technigues with the analysis of heart cavities sizes (including the volume of left atrium (LAV), indexed
by BSA (LAV., ml/m’)); cardmhacmodxnamlcs (EF of LV, %); calculation of LV myocardium mass (L
with indexation by BSA (LVMM/BSA, g/m’); performing pulse wave Dopplerography. The parameters of
transmittal flow, particularly the speed of early diastolic filling (E, cm/s) and the parameters of mitral valve’s
fihrous annulus kineties including early diastolic velocities of septal (ewp, cm/s) and lateral (ey,. cin/s) parts and
their average values (e,, cm/s) were investigated dopplerographically. The relation of E to e (E/e,, Efey and
e 1 were caleulated respectively.
Venfieation of diastolic dyvsfumetion (D) of LV and elevation of LV end-diastolic filling pressure (EDFP) was
crformed according to guidelines "'

investigated =_rm'p of patients was stratified into 4 remodeling patterns of LV: pattern 1 (P;) - sinus rhythm,

drastolic function of LV is not abnormal (n = 8 (22,9%), pattern 2 (P,) — sinus thythm, DD of LV, EDFP of LV is
not elevated (n — 11 {31.4%), pattern 3 (P;) — sinus rhythm, DD of LV, EDFP of LV is elevated (n = 5 (14,3%)
and pattern 4 (Pg) — patients with stable atrial fibrillation (AF), DD of LV, with elevated LV EDFP (n = 11
5 + /ol

Ihe prognosis parameters {1-, 2- and 5-yvear survival (S;, S» Ss), mortality rates (M;, M>, Ms); mean life
expectaney (MLED were caleulated according to Seattle Heart Failure Model (SHFM) basing on such predictors
asaze. body mass, HF NYHA class, the value of systolic arterial pressure, CHD occurrence, the results of
complete blood count (hemoglobin and lymphocytes levels), total cholesterol, uric acid and sodium of blood
I'tus research did not include the patients with the signs of moderate and severe anemic syndrome and the 111
‘..:_, of HE.

tdy of optical hir\.f'm}_.t“nl.t of washed envthroceytic suspension smears was performed in the conventional
+f laser polanimeter (Fig. 1)
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Fig.1 Optical scheme of polanmeter, where: 1 — He-Cd laser: 2 - colimator: 3, 3.8 - quarteraave plates. 4, 9
polanizer and analyzer respectively: 6 - object of investigation {erythrocvtic suspension smear); 7 - nucroohjective, 1t D
camers, 11 - personal computer
Irradiation of erythrocytic suspension smears was performed by collimated beam (O = 107 s of Hed d Lo
) ) P! P ; }
(= 0441 pm). By means of polarization light source (quarterwave plates 3, 5 '.md polarizer 4) different
polarization states of the illuminating beam were formed. Polarization images of ervthrocytic suspes

{6} were projected by microobjective 7 on the plane of light sensitive plate (8G0x60(} ol ( CD eamera (10

By rotating the transmission axis of analyzer 9 by the angle © within 0° — 180" the arrays of nummal and
Iﬂl’f‘ (nl X nk I"r‘l\ (m x n)

maximal intensity levels of ervthrocytic suspension simears mmages were determned
. 3 (m’:) ~ . sui ) = o - 1 il ¥

fort every particular pixel of CCD-camera. Then the values of polarization ellipticity {§) of envthrocyte

suspension smears images were calculated using the following rc]mion (1)

(mxn)

ﬂ(m X R ) = arclg mm

X )

(1)

For objective characteristics of the statistical structure of coordinate distributions [ (pelarization maps) ol
erythrocytic suspension smears laser images the ensemble of statistical moments of the 1%-4" order (2, (median),
24 (dispersion), Z; (asymmetry) and Z; (excess) respccmeiy} was used, calculated from relations (2):

=—Z|(ﬁ)|

* r:I

Z,= —Z(/J’)

= z, N Z(ﬂ)

- 11
" z =
. il N 4 ('8 ) _ .

<)

wh.erc N =800x 600 — total amount of plXEl‘i of CCD-camera 10 (Fig.) registering polarizationslly
heterogeneous field of erythrocytic suspcnsmn smears *

‘The material was statistically analyzed usmg the software 51.1!1(!5- Statistica v, 8.0 (StatSoft Inc., USA) and Minitab
V. 16.0 {Sachet Inc., USA). The comparison of the absolute and relative fn:quu'lucs of nominal and order
‘pai ers was pﬂ'fm'med using thie tables of cross-tabulation with Pearson ¥* criterion assessment, and in the
case of its mathematical instability — the tables “2x2™ and the significance assessment of the exact Fisher's test
{The cluster analysis was carried out by K-means technique. To compare the quantitative parameters the non-
parametric dispersion analysis was applied. The central tendency and variation of the parameters were designated
as Me (Qq5-Qys), where Me — médian, Q,s and Q»s — upper and lower quartile correspondingly. Correlation ()
was determined by means of Spearman’s correlation analysis. The regressive analysis was performed with the use
of the logistic regression model and a goodness-of-fit Hosmer-Lemeshow test. The level of statistical significance
for correlation coefficient was p < 0.05. For the comparison of quantitative parameters in independent samples
the Bonferroni correction was used and statistical significance level amounted to p < 0.008. At the adeguacy of

wpr—pT
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logistic regression equation the frequency of concordant pairs m‘edommatod, as well as p > 0.05 for czm:uonm
the Hosmer-Lemeshow test. 1 :
3. INVESTIGATION RESULTS AND DISCUSSION
Fable 1-3 presents the characteristics of the group of patients under examination. The patients of P; were
characterized by the preserved systolic and diastolic functions, while those of P, ~ by asymptomatic DD of LV
myvocardium, e, they did not have HF in the classical sense. The patients of the above mentioned pm&
aceording to HF classification of the American Heart Association /Amesican College Cardiology dﬂnmm i |
rather spread asymptomatic stage B with powerful predictors of HF development '°. However. the ;
parameters were also caleulated for them, as a wide range of prognostic predictors is prcsupposed by S !
meluding EF of LV, also for the contrast of those with the patients being at the more remote stages of '
cardiovascular continuum (P and Py).

ﬁbm
L U Cliical gnd echo~characteristics of patients at different lefi ventriculor remodeling patterns !
! P P, - ¥ Py $
1 n-=%8 =11 n=5 n=11 -
Age. yeas ; 50(50-54) | 60(52-62) 62 (68-67) ;ﬁ_(go'ogﬂ
_AHAF) 6 |3 0 0
— AH/CHD (AF) 1 2 ' 8 5 11
NYHAITHF(AF) | 8 11 1 0
NYHA ITHF (AFr) | [ 2 5
NYHA I HF (AFr) | o 10 2 6
Preserved LVDF (AFr) | 8 0o 0 0
DDI(AFD 0 10 - 0 L .6
DD 11 (AFT) | 0 | I 2 0
DD 111 (AFr) | 0 l 0 N 3 0
DDnd({AFs) | 0 | O 0 11 '
89 (80-91) y
Sy % 97 (97-9%) 96 (96-97) 89 (86-94) p: < 0,001
= ---——--—i- —_— — = pl-0|003
80 (65-83)
82 Yo | 95(94-96) | 93(92-95) 79 (75-88) p1 < 0,001
| 2 o | p2= 0,003
| | 57 (34-63)
Ss, % | RT(85-90) |  83(81-87) 55 (48-73) ps < 0,001
o A - . 2= 0,003
g 11 (9-20)
M., % 3(2-4) 4 (3-4) 11 (6-14) P < 0,001
| 1 - p: = 0,003
s 20 (17-35)
M, % 6 (5-7) 7 (5-8) 21 (12-25) P < 0,001
! } I _ P:=0003
43 (27-66)
M, % i4(11-16) 17 (13-19) 45(27-52) pi < 0,001
e, TN p2 = 0,003
o ——— ' 6.6 (4,2-7.4)
MLL. vears '! A 124{11,5-14,0) 6.4 (5,6-94) p: < 0,001
; p, 0,003
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AFr -~ absolute frequency; DF ~ diastolic function; DD L, 11, III - diastolic dysfunction I (impaired relaxation). 1l
(pseudonormalization) Ta III (restriction) type: DI n/d — DI not defined (in case of stabe AF) p. - statisticnl
significance of difference P, vs. Py; p: - statistical significance of difference P, vs. Pa.

Table 2
__ Parameters of structural and functional state of left veriricle in groups of compariso

— e

PI i P- lir P P
i n=§ _ n=1l | n=5 i
: e L - 2 T
; % 281 | 4.5 Sl e "'

LAY . ml'm (32332 4) (31.3-39.0) ..4_,___\_-..1\} n
SRR Ty L. A% iluicis: SN A ! AT AL , p: = U,
. S 151,8 1443 1820
_l.\ MM B:\A-. am _‘ { 1:8,0—]()7.9) . | ‘_[.B;{}_]S_;_i_ _|‘} ."':'(l_" ‘_\.:.t:' . K 164,821

= | 60,7 ' 59,2 - 47.8 ;
o " X 1 =4 +
o (58961,2) | (555612) | (445-57.2) pr
4 - L p 0.0 |
g 21,9
f s e | (20,3-23.0) 11.4
Ee s 71484 | 766985 -~ 0,001 Wi
{ p, = 0,002 . R
i 15,3 T
Elen 49 (44-54) 6.2 (4,4-7.8) * (13,9-154) 6.1 (5.3-9.6)
) P = 0.005
I 16,9
| S i ame | (165-196) s ka ia B
Eie, 5,7 (4,9-6,2 ; 0.6 (5,7-7.5) p < 0,001 B.1(5.9-11.7)
| B U.Ul:
| 3.9 (3.8-4.2)
e 9(5.8-7 PRI RC
Csepty SITVS 94 (7,9-11.5) 0,9 (5.8 .l‘l}_ ! Py < 0,001 | A
13,7 ; 4.6 (4.3-5.7)
] q i ks |
€. STS (11,2-14.9) 8. lf).()-]U_.:.-J B pi = 0,005 ‘
; 11,5 . & 4.5 {4.2-4.8) {
/ : { 5(6,9-8.9 §= | -
Sres SO/ aog-12) | PSO89 | o ho01

p: — statistical significance of difference P; vs. P;; p» — statistical significance of ditference P.ve. P p
statistical significance of difference P, vs. Ps: ps - statistical significance of difference P> vs. Poi ™ - analbvzed in
case of sinus rhythm

Table 3
Statistical moments of polarization maps of ervthrocytic suspension snicars at different parterns of ot veniricwlar

remodeling
FeROGEiE

- - T
' n=8 n- 11 | n=5 | =11 |
7 0,37 0,35 l 037 ; 0.41 '
. (029041) | (032-040) | (034-047) | " (039-034)
1 | o 0325
0,220 260 | 0,290 b
Z (0,173-0,255) (0,230-0,290) (0.280-0,320) ‘“["‘f b 'i::'l'u"‘l”‘
S—— 1 5 I — i s
0.640 | 0,545
0,265 0,390 ‘ * y .
Zy : Nk [ (0,540-0.710) ' (0.470-0.620)
Gyisddla) | {0'“90—0'.:30) ______ f p<0001 | pr=0,012
- * 0355 0,490 | 0710(0,6900.880) | Do
(0,160-0,505) ©430:0590) | p<ooor | TR

p]. - statistical significance of difference P, vs. P3; p; — statistical significance of difference P. vs. P
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hus. the contmuum of remodeling patterns of LV is characterized by the increase of frequency of constel ation
of AH'CAD in P- if compared with P, (* = 4.232. df = 1, p = 0.040; mcmamFmﬂptestpnﬂ,m s
1008, frequency with P; and Py: progrt.%lng of systolic and DD of LV; clinical manifestation of HF; the groﬁﬂb
nl anisotropy of the erythroeytic suspension in the form of the increase of the values of statistical moments ofﬂw
‘4" order of its laser i images’ polarlz.atmn maps.
The average age of P; patients is statistically significantly lower than that of the other three patterns. This fact
.\pl ains lhe observed statistically utgmﬁca.m correlations Z,-Z4 with the age (r = 045, p= 0.007; r = 0.5, p =
1002 T = 0534, p = 0.001 respectively). Thus, to exclude the influence of the age factor. the analysis of
correl u ons /--7; with parameters of structural and functional LV myﬁcﬁdlmn state was perfon’ned in ﬂlﬂ .
ampling, homogeneous by age (Tables 4-3), g
Table 4
Varriv of correlation coefficients of statistical moments of 24" order with some parameters of structural a1
functional s'rate of left ventricle @aﬂm i-4). n a

B Z, Zy : '
EF r=-0,52 =-(0,54 r= -0,64
L ; p=0,023 p=0,016 p= 0,003
T { r= 0,60 r=0,65
LVMM/BSA | r=044  5=0.007 b= 0,003
. i r=0,63 r w057 5
e i ) ’ i o
- ¥ Coept r=0,27 p= 0’004 p= 0’011
|
™ ; o r=0,50 15
e ] B ] p=0,029 il i
Table§ |

wiv of correlation coefficionts of statistical moments of 24" order with some parameters of structural and functional

state of lefi veniricle (patterns 1-3), n = 13

= . Z; | Z; | Z4
LAV, r=0,65 ! r=0,83 r=0,80
| 0.016 ___p=0.001 p =0.001
Bew — r=038 pr: &)6]6 . prj %5’7
| rmoss | ram | oae
- R
clore, according to the correlation matnees data, the erythrocytic suspension anisotropy growth correlated

I deteroratzion ot th

e structural and functional state of LV.

crrelations with the survival parameters were performed both 1n the total and in homogeneous by age groups of
trenfs under examination, as the age is a separate prognostic predictor in SHFM (Tables 6-8).
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Table o
Matrix of correlation cocfficients of statistical moments of 24" order with parameters of prognosis (patteris |-

— e 4m '{::‘.
I ) e e o O s o . |
< r=-{.61 | re <057 | r=u0.63
=1 | p< (],UU_]_ I S pe _U,”l]; 1 p= 0,001
< | r=-0,62 i R LA = 0,63
PRI, . S SR (. — p < 0001 L
g | --0.62 } r=-05x ! +
i e —————] ___I-"E_Us_”_U_]. _ L peopo ] p < b.us
M. r= 10,61 | r=057 r= 063
= p < (,00] | peoool | p<0.001
X r=0,62 ' r— 058 T = (65
L _ | p< 0001 p < .00] | p < 0.00
M 1= 0,63 r =034 r = 0.65
o p<0OOI . p<0@OL p < 0,001
. 1= -0,62 ' e -0,58 1= 064
e | p < 0,001 kg P RRIL L p < 0,01
Table 7

Matrix of correlation coefficients of statistical moments of 274" order (age correcteds with parameters of prognosis

-

{patterns 1-4). n=20

i Z; 1"';l;i;wl“;'fILLfEl:Z]::
g j t = 0,57 .' = 0,67 | r=-0,73
> P= 0,009 X P Ezﬂl_’_l.‘.‘_ ) B P_..._“;l_}"ﬁ"‘.:'
M r=0,62 .' r=0,70 : r=0.76
” p = 0,004 [ p=00006 | p-000009
. r=-0,58 ! 1= -0,67 : r=-0,74
M p= 0,007 l p=0,0011 p=00002
Table 8
Matrix of correlation coefficients of statistical moments of 27-4" order (age correcteds with paramers
of structural and ng:c‘r_iqgr_(_{!_.g{au]{ of left ventricle (patterns 1-4) » = 20
|
S, Sa Ss M, M- M. MLI
LVMM/ | r=-049 | r=-046 | r=-047 | 1-049 | r=046 | r-056 | r--048
BSA p= 0,033 p=0046 | p=0,041 p=0033 | p=0046 |p-0014 p-10.032 |
oo r=-048 | m=-0,50 | r=-049 r=048 | =050 | r=0471 | r=-053 |
Mol T p=0034 |} . p=0028 p=0033 | p=0036 | p=0,028 [ p=0042 1 p=0015 |

I Thus statistically significant correlations were observed between three groups of parameters: survival, structural
' and functional LV myocardium state and statistical moments of the 2™-4" order of coordinate distributions of
* ellipticity of polarization of laser images of the erythrocytic 5u=‘»pensmn smears. Here, the deterioration of the
_ prognosis in the continuum of P - P, correlated with both abnormality of structural and functional state of LV
- and growth of the erythrocytic suspension anisotropy.
. As Z;-7,4 correlated with both the parameters of survival and of structural and functional LV state, they were
~ selected for the analysis of association with the prognosis. For that the model of logistic regression was used in

. the following general form (3): ,

?;'- 1 tE

[ S . -
b o old] s
+ .
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€
B+ X

l+e""

p:

wnere p

constant, {, - coefficient, X - predictor (Z>-Z.).

(3)

probability of belonging to one of the binary outcomes (0-1), e — base of natural logarithm (2.72), Ba -

Eh ionging of each patient to one of two clusters according to the survwal rm was used as a binary Gutcome.
1t 'ne croup of patients under study was divided into clusters by relation to Me of such survival parameters as

l\ .Coand MLE (Table 9).

Table9
B Survival rates in clusters of comparison_
o Above or equal Me Below Me it
S 0% | 26 (83'88) 7 (47..'}"3) HToR
S n=19 n=16
M. % ! 40 (24-53) 14 (11-16)
o NN 2 n=19 n=16
MLE, yeurs E 13.8 (12:4-14.9) 6.6 (5.4-92)
| _n=18 n=17

Therelore, 1 the suggested regressive models the probability of belonging to one of survival clusters due to the

predictors Z--Z, was caleulated {Tables 10-11),

Table 10
Parameters of logistic regression models for S and MLE clusters as outcomes and Z;-Z, as predictors
| . Z-sta- |

T { Coeffi-cient | ™. ¥’ Hosmer- %
Constant () Z Pro | (Bo) | :112; ! > rabar o “ &
958 T 208 | 0003 | 342010 | 3,01 | 0,003 4,347 0,739 | 84,0
5.1 688 -2.74 | 0 U!)h 10,7986 | 2.86 0,004 3,902 0,866 85.0
TETRS | 286 | 0004 | 3864 | 294 | 0,003 3.864 0869 | 902

P.P B 3 !e\ els of statistical <1gnsf'cance for p.p gndlx‘ respectively: CP ~ concordant pairs.

Table 11
_ Parameters of logistic regression models for 'n’; and MLE clusters as outcomes and Z-Z; as predictors
T
| Z-sta-
| . | Coeffi-cient | I * Hosmer- %
“onEt % . |
Constant (B Z : P (B1) ::cq ; p: I Mo dest Pz P
| 8

-65,1724 | 2,53 1 _Q{HI _:“_:’_‘_60 2,66 | 0008 8,108 0,323 76,7 |

-3.48h6 { fi:' | 0013 | 83677 2,81 | 0,005 5271 0,728 80,3

-4,.9082 267 | 0,008 | 92014 291 | 0,004 4.436 0,816 853

PP Jevels of statistical sli.,mf'cance forf3 . p anglx‘ respectively; CP — concordant pairs.

the presented shove models of logistic regression quite adequately describe the association of Z-Z, with

it Islers o

SUFV IV

u parameters, This testifies to their prognostic significance and possibility of usage together

hthe chimical, laboratory and instrumental data in the system of individualized complex assessment of AH and

CAD patients prognosis.

4. CONCLUSIONS

Lo Contmuum of LY remoedeling patterns of AH and CHD patients is characterized by worsenng of
parameters, deterioration of structural and functional state of LV myocardium and growth of the

2 . . . o ™ ath
ervthrocvtie suspension ansotropy m the form of increase of the value of statistical moments of the 2™-4" order

of polarization maps of its laser images.

2. The increase of the values of statistical moments of the 2™-4™ order of polarization maps of the
erythroevtic suspension laser images correlates with deterioration of structural and functional state of LV
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myocardium and is associated with unfavorable prognosis for AH and CHD patients in LV remodeling
continuum.

In perspective, we consider it worthy to study the relations of optical and other properties of envthrocytes
(deformability, catecholamine-binding function, etc.) at AH and CHD at different stages of cardiovasculs
continuum and in the context of metabolic disorders.

5. REFERENCES
[1] Ammstrong, W., Ryan, T., “Feigenbaum’s Echocardiography,” Lippincott Williams & Wilkins, 81
(2009).
[2] Bonow. R., Mann, D., Zipes D., Libby, P.. [Braunwald's Heart Disease]. A Textbook of Cardiosasculu
Medicine, Saunders, 2136 p. (2011).

[3] Keulenaer, G. De., Brutsaert, D., “*Systolic and diastolic heart failure are overlapping phenoty pes withm
the heart failure spectrum,” Circulation, Vol. 123, P, 1996-2605 (2011
[4] Fornal, M., Korbut, R., Krolezyk, J., Grodzicki, 1., “Evolution of rheological properties of eryihsocyies

and left ventricular geometry in cardiovascular disease risk patients,”  Clinical Hemaorheology and
Microcirculation, Ne, 43.,P. 201-206 (20:09).
[5] Fox, K., Garcia, M., Ardissino, D., “Guidelines on the management of stable angina pectons: The Tuask
Force on the Management of Stable Angina Pectoris of the Luropean Society of Cardiology,” European Hear
Journal, Vol. 27., P. 1341-1381 (2006).
[6] Angelsky, O., Tomka, Yu., Ushenko, A., “Imeﬁiig,alion of 2D Mueller matrix structure of biological
fissues for pre-clinical diagnostics of their pathological states,” Journal of Physics D-applied Physics. Vol. 38,
P. 4227-4235 (2005).
[71 Angelsky, O., Ushenko, A., Burkovets, D., “Laser polarimetry of pathological changes i biotissues.”
Proceedings SPIE., Vol. 4900, P. 1045-1049 (2002).
[8] Ushenko, A., Pishak, V., Pishak, O., “Mueller matrices mapping of biological tissue architectonies,”
Proceedings SPIE, Vol. 5477, P. 178-185 (2004).
[9] Pasini, E., Mann, M., Thomas, A., “Red blood cell proteomics,” Transfusion Clintque et Biologique,
Vol. 17., P. 151-164 (2010).
[10] Ammar, K., Jacobsen, S., Mahoney, D., “Prevalence and prognostic significance of heart failure stages:
application of the American College of Cardiology/American heart association heart failure staging criteria in the
community,” Circulation, Vol. 115., P. 1563-1570 (2007).
[11] Nagueh, 8., Appleton, C., Gillebert, T. “Recommendations for the evaluation of left ventricular diastolic
function by ec!mcardiography." European Journal of Echocardiography, Vol. 10., P, 165193 (2009).
121 M, Fomal, R., Korbut, M., Lekka, “Rheological properties of erythrocytes in patients with high risk of
cardiovascular disease,” Clinical Hemorheology and Microcirculation., Vol. 39., P. 213-219 {2008).
[13] Shepro, D., *Microvascular research,” N.Y., Elsevier Academic Press, 1187 p. (2000).
(14] Angelsky, O., Ushenko, Yu., Dubolazov, A., Telenha, O., “The interconnection between the coordinate
distribution of Mucll:r—mairpgcs images characteristic values of biological liquid crystals net and the pathological
ges ﬂhuqant: ances in Optical Technologies, Vol. 2010. , P. 1-11 (2010).
[1s}) -"‘Levy , D;, Linker, D., “The Seattle Heart Failure Model: Prediction of Survivel ot
Failure,” Circulation, Vol. 113., P, 1424-1433 (2006).
[16]  Ushenko, A.G., Pishak, P., “Laser polarimetry of biological tissue: principles and applications,”
: g oherent-domain optical mcthodf Biomedical diagnostics. environment and material science], Ed. by V.V,
in, Kluwer Academic Publishers, Chap. 3, P. 93-138 (2004).
II7] Angelsky, O.V., Makslmyak. A.P., Maksimyak, P.P. and Hanson. S.G., “Optical correlation diagnostics
of rough surfaces with la.rgc surface nﬂmmogencmcs Opt. Express 14, 7299- 7311 (2006).
[18]  Angelsky, O.V., Tomka, Yu.Ya., Ushenko, A.G., Ushenko. Ye.G. and Ushenko, Yu.A., “Investgation
(xf ZD Mueller matrix structure of o‘loglcal tissues for pre-clinical diagnostics of their pathological states,”
ofPhySlcs D: Apphed Phys:cs 38, 4227-4235 (2005).
9] Angelsky, O.V., Dominikev, N.N., Maksimyak, P.P., Tudor, T., “Experimental revealing of polarization
_‘waves,” Appl. Opt. 38, 3112-3117 (1999).
[20] .Angelsky, O.V., Hanson, 8.G., Maksimyak, A.P., Maksimyvak P.P., “Interference diagnostics of wiite-
i gijghl vortiqes;" Opt. Express 13, 8179-8183 (2005).

S

Proc. of SPIE Vol. 8338 83381Z-¢



[21]  Angelsky, O.V., Burkovets, D.N., Maksimyak, P.P., Hanson, S,
coneept for diagnostics of random and fractal rough Surfaces, Apﬁl Opt. 4

h%m ingy i

[22 Angelsky, O.V., Maksimyak, P.P., Hanson, S.G., Ryukhin, V.V. “Ncw Feasibilities for Chmacﬁ-nz'ing:

Rough Surfaces by Optical-Correlation Techmques,” Appl Opt. 40, 5693-5707 (2001).

I |

(23] Angel’skii, O.V., Ushenko, 0.G., Burkovets, D.N., Arkhelyuk, O.D. and Ushenko, Yu.A.
“Polarization Correlation Studies of Multifractal Structures in Blous\w Dmgnosucs of Their Pathologic
Changes,” Laser Physics 10, 1136-1142 (2000). & & 1 '} ki
et 3N G
. % b o
e
e
fiLs g - i
vi ® ' i
¢ "‘r""f: o
1 .‘ J * i : .: ‘
e bis i toge b A !4.., ”
43 ‘wh i3 f
18

Proc. of SPIE Vel. 8338 83381Z-10



