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Over a long period, chronic heart failure was primarily associated with impaired contractility of the left ventricular myocardium,
which is a manifestation of systolic dysfunction. Based on modern ideas about the pathophysiology of CHF syndrome, systolic
dysfunction is considered as one of the etiological factors along with changes in wall tension and the structure of diastolic filling,
i.e. everything that is included in the concept of “LV remodeling”.

The objective is to present a review of the key parameters of chronic heart failure and left ventricular diastolic dysfunction ac-
cording to the latest updates.

The role and significance of diastolic dysfunction as the cause of chronic heart failure syndrome have only been determined over
the past three decades, which can be explained by the difficulty of early diagnostics of diastolic dysfunction. The article describes
the historical evolution of heart failure and left ventricular diastolic dysfunction estimation. It is important to note the high prevalence
of diastolic dysfunction. The signs of myocardial diastolic dysfunction are detected in people with almost any heart disease. The
universal review of the most important parameters which determine this disorder has been presented. It has been shown that
Doppler echocardiography is now the noninvasive “gold standard” for estimation of diastolic dysfunction.

We have presented methods of treatment for diastolic dysfunction according to the 2017 American College of Cardiology/American
Heart Association updated Guidelines for the management of heart failure

Conclusions. The experimental studies demonstrate that the survival of HF patients with a preserved EF depends not so
much on its indices, but on the severity of DD. DD is a more prognostic marker of mortality rate in patients with HF than EF,
which requires further study for better therapeutic efficacy.

AiacToniuHa AMCOYHKLIA: Bip BiAKPUTTA AO OCTaHHIX OHOBAEHb
T. B. AweynoBa, I. B. Aemuaerko, H. M. Tepacumuyk, H0. K. PeayHeHko, 0. A. Kouy6en, T. M. AmbpocoBa

[MpoTsarom TprBanoro Yacy XpoHiyHy cepLeBy HeAOCTATHICTL NOB'A3yBany NepeayciM i3 NopyLIEHHSIM CKOPOYYBarbHOI aKTUBHOCTI
Miokapga NiBoro LLUNYHOUKA, L0 € NPOSIBOM CUCTOMNIYHOI ANCAYHKLT. 3a CydacHMK ysBNEHHSMI Npo Natodisionorito cuHapomy
XPOHIYHOI CepLieBOi HeOCTaTHOCTI, CUCTOMIYHY AMCHYHKLIO PO3rMSAAlTh K O4MH 3 eTIONOriYHNX haKkTopiB pasom 3i 3MiHamu
Hanpy»eHOCTi CTiHKM Ta CTPYKTYpM AiaCTONIYHOMO HANOBHEHHS!, TOOTO BCIM TWM, LLO BXOAWTL Y MOHATTS «PEKOHCTPYKLS NiBOrO
LUIYHOYKa».

MeTa po60TK — npeacTaBuTy OFMNsA KIKOHOBYX NapaMeTpiB XPOHIYHOT CepLEeBOi HeAOCTAaTHOCTI Ta AiaCToNIYHOT ACYHKLIT NiBoro
LUMYHOYKA BiANOBIAHO [0 OCTaHHIX OHOBMEHD.

Y ¢hopMyBaHHi CHAPOMY XPOHIYHOI CEpLIEBOI HEAOCTATHOCTI POrb | 3HAYEHHS AiaCTONIYHOT ANCAYHKLT BUHAYAKOTH TiflbK1 Npo-
TArOM OCTaHHiX TPbOX AECATUPIY, L0 MOXe Oy TV NOSCHEHO CKMNaAHICTIO paHHbOI AiarHOCTWKM AiacToniyHoi AucdyHkuii. MNMokasaHa
icTOpIS PO3BUTKY CepLIEBOi HEAOCTATHOCTI Ta AiaCTONIYHOT AUCYHKLIT NIBOrO LUMyHOYKa. BaXnnBo Biga3Ha4nTV BUCOKY MOLLIMPEHICTL
giacTonivHoi amcchyHkuii. O3Hakm iacToniyHoi AMChYHKLIT Miokapaa BUSIBNSHOTL B OCID Maibke 3 Oyab-IKUM 3aXBOPHOBAHHAM CepLs.
Hapenennit ornsag HanbinbLL BaxnMBMX NapameTpiB, LU0 BU3HaYatoTh Liel po3nag. HuHi HeiHBa3MBHUM «30M0TUM CTaHOapTOM»
ANS OLiHIOBaHHS AiacToniYHOT ANCYHKLIi € gonnepiscbka exokapaiorpadis.

OnwucaHo mMeToam nikyBaHHS AiaCTonivHOI ANCYHKLIT, L0 3aCHOBaHI Ha OHOBNEHWX pekoMeHaaLisx AMepUKaHCbKoi Konerii
kapgionoris/AMepukaHCbKoT acowjiaii cepLs B NikyBaHHI NawieHTiB i3 cepLeBoto HegocTaTHicTio 2017 p.

BucHoBku. EkcnepumeHTantHi 4OCTImKEHHS NOKa3yHTb: BUXKMBAHHS XBOPUX Ha CEpLIEBY HELOCTATHICTb 3i 30epexeHoto thpak-
Li€t0 BUKUAY 3anexuTb He CTiMNbKK Bif NOKa3HWKIB OCTaHHBOI, CKiMbKM Bif, BUPaXXEHOCTI AjiacTonivHoi AncdyHkuii. [iactonivyHa
ANCYHKLIS Y XBOPUX HA CEpLIEBY HEAOCTATHICTb € BiNbLU MPOrHOCTUYHMM NMOKA3HUKOM CMEPTHOCTI, HiXX dopaKkLis BUKMAY, sika
noTpebye 40OaTKOBMX AOCAIMKEHb A1 KPaLLOro JiKyBaHHS.

AMaCTOI\W-IGCKaH AVIC(I)yHKUMH: OT OTKPbITUA A0 NOCAEAHUX 00HOBAEHMIA
T. B. AweynoBa, A. B. AemupeHko, H. H. Tepacumuyk, H0. K. PeayHeHko, O. A. Kouy6e#, T. H. AM6pocoBa

B TeyeHne onnuTenbHOMoO Nepuoaa XpoHndeckas cepaedHast HeJOCTaTOMHOCTb CBA3bIBaNM NPeXae BCero ¢ HapyLleHeM Cokpa-
TUMOCTU MWOKapAa NeBOoro Xenyao4ka, 41o ABnaeTca nposasneHnem CHCTOMNNYECKON ﬂl/lCd,’)yHKLLI/IVI. Mcxops 13 coBpeMeHHbIX
I'Ipe,D,CTaBJ'IEHVIVI 0 I'IaTO(bl/ISVIOJ'IOI'VIVI ChHOpoMa XpOHVI‘-ieCKOVI cepp,equﬁ HEe0CTaTO4HOCTU, CUCTONNYECKYHO ,DMC(*)yHKLI,VIIO pac-
CMaTpuBaraT Kak OANH U3 3TUONOrMHECKNX d)aKTOpOB HapAaay ¢ N3MeHeHneMm HanpsKeHNA CTEHOK U CTPYKTYPbI AUaCTONMYECKoro
HanonHeHud, T. €. CO BCEM TEM, YTO BKIMOYAETCA B NMOHATUE «pPeMOOENNPOBaHNA NEBOrO Xenyaovkar.
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Llenb pa6otbl — npeacraBntb 0630p OCHOBHbIX MapamMeTpoB XpOHVI‘-IeCKOVI Cep,D,e‘-IHOVI HEeLOoCTaTOYHOCTM U ANACTONNYECKON
LlI/IC(byHKLWIVI JIeBOro Xenyao4vka B COOTBETCTBUM C NocCneaHUMuU 0BHOBMEHMAMM.

B chopmmpoBaHUM CUHOpPOMa XPOHUYECKOH CEPAEHHOI HEAOCTATOUHOCTM POTTb U 3HAYEHNE ANacTONMYECKOH ANCKHYHKLM CTanu
ONpeaensTh NULLb Ha NPOTSKEHM MOCNEAHNX TPEX AECATUNETUM, YTO MOXKET BbiTb 0BGBSACHEHO TPYAHOCTbLIO PaHHEl AnarHoCTy-
kv OmacTonnyeckoi AucyHkumn. MokasaHa UCTopust pasBUTIS CepLeYHON HeJOCTAaTOYHOCTY 1 ANaCcTONMYECKOI AUCTYHKLMM
NEBOTO Xenyaoyka. BaxHo 0TMETUTL BbICOKYH0 pacnpOCTPaHEHHOCTb ANacTonM4eCKoil AMcyHKLMM. MpU3HaKW AuacTonnyeckoi
AUChYHKUMM MUOKapAa OTMEYaloT Y NNL, MpakTUyecku ¢ Niobbiv 3abonesaHnem cepaua. MpeacTasneH yH1BepcanbHbii 063op
Hanbonee BaxHbIX NapaMeTpoB, OMPeensioLLMX 3TO PacCTPONCTBO. MokasaHo, YTo B HACTOSILLEE BPEMS| HEMHBA3UBHBIM «30M10ThIM
CTaHAapTOM» [Msi OLEHKI inacTonn4eckoil AucyHKLMM SBNSETCS A0NNMepoBckas axokapayorpadms.

IMpencTasneHbl METob! NeYeHIs ANacTONNYECKON ANCHYHKLMM, OCHOBAHHbIE Ha OGHOBMEHHBIX PEKOMeHaALIMSIX AMEPUKaHCKOM
Kornerum Kapamomnoros/AMEpUKaHCKOM accoLmaLmi cepaua B NeYeHnI NaLUneHToB ¢ CepaeqHor HeaoCTaTouHOCTbio 2017 T.

BbiBoAbI. OKCnepuMeHTasnbHble MCCIIeA0BaHMS MOKA3bIBAKOT, YTO BbIKMBAEMOCTb NaLMEHTOB C CEpAE4YHON HEAOCTATOYHOCTHIO C
COXpaHeHHOM chpakLmen BbIGpOCa 3aBUCHT HE CTOMBKO OT NokasaTenem NocneaHeN, CKOMbKO OT BbpaXKeHHOCTY AMaCTONMYECKOM
ancchyHkumm. Ouactonuyeckas AMCKhYHKUMS Y NaLYEHTOB C CepaeYHON HEA0CTAaTOYHOCTLIO SIBNSIETCS Goree NPOrHOCTUYECKUM
rokasaTenieM CMepPTHOCTH, YeM dhpakLms BbIGpoca, KoTopas Hy)aaeTcs B AarbHENLLNX UCCIEO0BaHUSIX A1s MyYLLEro NIeYeHUs.

Chronic heart failure (CHF) is a pathological condition when
the heart, due to impairment of the pump function, can not
provide the organs and tissues with the necessary amount of
blood in accordance with the metabolic needs of the tissues.
From a clinical point of view, CHF is a syndrome, the typical
features of which are reduced tolerance to physical acti-
vity, fluid retention, progressive pattern and decreased life
expectancy. Left ventricular (LV) diastolic dysfunction (DD)
(LVDD) is characterized by alterations in LV diastolic filling /
distension and is a strong predictor of cardiovascular events
and heart failure (HF). Given the increased incidence, this
pathology becomes one of the most serious problems of
modern medicine with substantial financial costs [1,2].

Aim

The objective is to present a review of the key parameters of
chronic heart failure and left ventricular diastolic dysfunction
according to the latest updates.

Historical evolution of HF and LVDD evaluation

The studies of diastole and diseases that are associated
with its changes started in 1877, when Francois-Franck
concluded through studies that the maximal filling of the LF
occurs during early diastole. In 1906, Henderson described
three phases of diastole, and in 1921, Wiggers and Katz
discovered that the left atrium (LA) had a significant influ-
ence in patients with altered LV. In 1927, Meek found in
the experiment that the phase of active relaxation in diastole
affects contractility of myocardium. In 1949, Wiggers almost
completely described the basic state of myocardium in dias-
tole —relaxation. In 1975, W. H. Gaasch found in a series of
experimental and clinical studies the difference in diastole of
healthy people and patients with cardiovascular pathology,
using changes in LV pressure and volume. In 1983-1984,
H. H. Echevernia, A. H. Doherty and R. Souter introduced
the term “diastolic heart failure” into clinical practice [1-3].

Nowadays, the term “diastolic dysfunction” is in use.
Diastole is disturbed also in systolic HF and considered
to be more stressing with further worsening of exercise
intolerance and determines the prognosis and systolic
contraction disturbances, so HF is a common entity with
both phenotypes [4,5]

The signs of myocardial DD are detected in people with
almost any heart disease. Thus, in patients with arterial
hypertension (AH), left ventricular diastolic dysfunction
(LVDD) occurs in 50-90 % of cases and closely correlates
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with the degree of increase in blood pressure (BP) and AH
presence. The prevalence of LVDD in patients with type
2 diabetes mellitus (DM) without clinical manifestation of
heart disease is found in 75 % of cases. The combination of
type 2 DM with AH increases the frequency of LVDD signs
detection. According to the results of a large epidemiological
study, the presence of type 2 DM 5 times increases the risk
of CHF in women and 2.6 times in men. Comorbid AH and
obesity in patients with type 2 DM without ischemic heart
disease (IHD) increase the probability of LVDD manifes-
tation and left ventricle remodeling, which contributes to
the development and progression of HF. In addition, type 2
DM is an independent predictor of CHF development. So,
Borlaug B.A. and co-authors demonstrated in their study
the presence of previously undiagnosed CHF in 28 % of
patients with type 2 DM over 60 years of age [6,7].

Up to last year, 2016 Guidelines of the European So-
ciety of Cardiology and the Heart Failure Association for
the diagnosis and treatment of acute heart failure (AHF)
and CHF were in use. Patients with HF were previously
divided into 3 major classes based on changes in the LV
ejection fraction (EF): CHF with reduced (less than 40 %)
EF (HFrEF), formerly called systolic heart failure; CHF with
mid-range (40 % to 49 %) EF (HFmrEF), so-called “gray
zone”; CHF with preserved (50 % or more) EF (HFpEF).

While the current updated version, proposed by a
group of experts in 2017, is of great interest [8,9] due to
significant changes. Based on these Guidelines, the 2013
update included only two categories of patients with cutoff
value for EF of 40 % for the definition of HF with preserved
or reduced EF.

The majority of patients with HF and preserved LVEF
usually have diastolic dysfunction, which is considered as
one of HF causes in such patients [9,10].

However, patients with a reduced LVEF may also have
diastolic dysfunction, while mild systolic dysfunction (SD) is
present in some patients with a preserved LVEF.

The incidence of diastolic myocardial dysfunction as a
cause of CHF increases dramatically with age. The preva-
lence of preserved LV systolic function among patients with
CHF of older age groups is widely represented in the med-
ical literature. As a result of a clinical study conducted by
I. A. Sharoshina it was found that LV systolic function is
preserved in more than 60% of patients with CHF of 60
years old and older, and it occurs in 47 % of patients with
CHF at the age of 66-75 years old and in 64 % — over 75
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years old. Given the data of National Heart Failure Project,
CHF with preserved systolic function of the left ventricle in
the US is observed in 50 % of women over 65 years old
and a third of men of the same age [12].

Approximately 1-2 % of the adult populations in dever
loped countries have HF, with a prevailing risk >10 % among
patients over the age of 70 years old. Among the people
older than 65 years old with newly diagnosed exertional
dyspnea, unrecognized HF (mainly HFpEF) is detected in
one of the six. The risk of HF occurring at the age of 55 is
33 % for men and 28 % for women. The number of patients
with HFpEF varies from 22 % to 73 %, depending on the age
of detection, sex of the studied population, old myocardial
infarction. Recent data based on examination of hospitalized
patients suggest that the HF incidence is lower in HFrEF
than in HFpEF. HFpEF, apparently, has other epidemiologi-
cal and etiological reasons than HFrEF. Patients with HFpEF
are older and women with concomitant hypertension and
atrial fibrillation (AF) are more common among them, while
Ml occurs in a smaller percentage [11,13-15].

LV diastolic function is the ability of the LV to be filled
with the amount of blood that is necessary to maintain ade-
quate cardiac output at an average venous pulmonary pres-
sure of no more than 12 mm Hg. Diastolic filling of the heart
is regulated by a variety of cardiac and extracardiac factors.

Filling of the ventricles with blood in a healthy person
is typically divided into two phases: the phase of rapid
(active) filling during early diastole and the phase of slow
(passive) filling during late diastole ending with the atrial
systole. Atrial systole is no more than 25 % in cardiac output
in preserved diastolic relaxation and normosystole, which
allows it to be considered as only an additional pump for
ventricles filling. However, with the progression of CHF,
the systole of the atria assumes a fundamentally important
compensatory role [16,17].

Relaxation of the myocytes causes a rapid isovolumic
pressure drop in the blood remaining in the LV chamber,
during the first phase of diastole known as isovolumic
relaxation. When the pressure of the blood in the LV falls
below the pressure of the LA, the mitral valve opens causing
the LV chamber to fill with blood during early diastole. The
latter depends on both the pressure in the atrium itself and
the rate of ventricular myocardium relaxation, which leads to
pressure equalization between the atrium and the ventricle.
Anincrease in IVRT indicates a slowdown in energy-depen-
dent cellular relaxation, and the decrease corresponds to an
increase in the filling pressure. The rapid filling of the ventri-
cle with blood is an integral part of relaxation, as the ventricle
can not expand without the blood entering it. The active,
energy-dependent part of the relaxation represented by
the rate of actin-myosin dissociation and the passive one,
non- energy-dependent part of the relaxation represented
by stretching the elastic structures of the myocardium,
compressed during systole, determine the process of re-
laxation. When the ventricle relaxes during the 1st phase,
ionic fluxes and a new force arise, which moves the actin
and myosin filaments in the opposite direction, providing
the fibers elongation. Because of this, relaxation is as
active process as one (hence the term “active relaxation”).
It has been proved that with a gradual disruption of energy
production, myocardial relaxation changes appears earlier
than the indices of systolic function decrease. After the mitral

valve opening, the ventricle relaxation increasingly depends
not on cellular active relaxation, but on the blood flow, which
is regulated by the filling pressure and the atrioventricular
valve orifice area.

The phase of passive filling consists of diastasis
(the static equilibrium state of the LV during mid-diastole
when the LV and LA are relaxed and static) and atrial
systole [18].

Further changes in pressure and volume in late diastole
occur passively, under the influence of the blood “pumping”.
During this period, the ventricle filling depends on the ventricle
chamber stiffness, the pressure in the atrium and its contracti-
lity, as well as on the heart rate, pericardial conditions, preload
and afterload. In its turn, the stiffness of the ventricular cham-
ber myocardium depends on the mechanical properties of
the cardiomyocytes, connective tissue stroma, bloodstream
and the ventricle geometry (the walls volume to the chamber
volume ratio). Passive properties of the myocardium begin to
determine LV filling already in early diastole, but maximally
affect the filling process in the phase of diastasis and atrial
systole. Further the LV blood supply occurs by inertia, against
the pressure gradient, i.e., with deceleration. Increased
lengthening of early diastolic LV filling indicates a slowing
of passive relaxation and a reduced lengthening indicates a
high filling pressure. Approximately at mid-diastole, there is no
atrioventricular pressure gradient (the phase of diastasis), and
mitral inflow is practically absent until the systole of the atria.
The value of the maximal atrial systolic velocity depends on
the LA preload (LA filling by the moment of atrial contraction)
and the stiffness of the left ventricular myocardium. It is dif-
ficult to affect the stiffness of the ventricle. Apparently, it is a
question of such measures as a decrease in the degree of
hypertrophy, surgical treatment of pericarditis, attempting to
influence the degree of fibrosis severity [19].

If the active relaxation is entirely determined by the car-
diomyocytes properties, then the stiffness of the myocardi-
um largely depends on the state of interstitium. At the heart
of increased myocardial stiffness there is an excessive
deposition of fibrous tissue in the myocardium (processes
of collagen synthesis predominate over its degradation) [20].

LVDD is the inability of myocardial muscle fibers to relax
during diastole, resulting in insufficient blood in the LV. In
order to compensate for the lack of blood in the ventricles
and their weak work, LA at the same time begins to work
with increased strain and tries to draw in as much blood as
possible. As a result, this leads to an overload of the atrium
and an increase in its volume. Proceeding from the latter,
by LVDD is meant such damage to the heart muscle
which requires an increased pressure in the pulmonary
veins and the LA to adequately fill the LV cavity. In case of
LVDD, the LV filling is slowed down, delayed or insufficient
resulting in signs of pulmonary or systemic congestion
development [21]. In its pure form, DD occurs in less than
20 % of all cases.

Disturbance of the diastolic properties of non-hyper-
trophied myocardium may be due to interstitial fibrosis
development in it and is observed after 45 years old as a
variant of the age norm. This type of diastole changes is
common for the aging heart (even in the absence of any
cardiovascular disease) due to the naturally occurring
disorders caused by normal aging of distensibility, stiffness
and compliance of the LV myocardium, because of changes
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in tissues (primarily an increase in the content of collagen
and osteopontin), a decreased receptor function, endothelial
dysfunction, etc. [22].

Disorders of LV diastolic function due to ischemia and
| or cardiosclerosis are now generally recognized in IHD
patients including those without a history of myocardial
infarction (MI). The inhibition of myocardial relaxation re-
sulting from reduced blood supply to the myocardium, in
turn, worsens myocardial ischemia. Reduction in the rate
and completeness of active diastolic relaxation takes a
leading role in DD pathogenesis. Therefore, myocardial
fibrosis, its hypertrophy, ischemia, as well as the increase
in afterload in AH are classified as the main pathogenetic
factors that contribute to DD development. Myocardial
hypertrophy is a consequence of such diseases as hyper-
trophic cardiomyopathy, hypertension; aortic valve stenosis.
The result of the above factors interaction is an increase in
calcium ions concentration in cardiomyocytes, decrease in
the compliance of the LV myocardium, disorder of cardiac
muscle relaxation, change in the normal ratio of early and
late LV filling, increase in the end-diastolic volume (EDV).
In addition, the causes of hemodynamic disorders can be
such diseases as: constrictive pericarditis — a thickening of
the pericardium resulting in heart chambers compression;
primary amyloidosis — deposition of amyloid causes atrophy
of muscle fibers and a decrease in myocardial elasticity;
coronary vessels pathology leading to chronic coronary
heart disease, and the development of myocardial rigidity
(stiffness) due to cicatricle changes.

Due to compensatory pulmonary hypertension develop-
ment, right heart preload is increased, DD of both ventricles
is formed. The risk factors are such conditions as obesity
and diabetes. Restrictive lesions of the myocardium (Loef-
fler's endocarditis and endomyocardial fibrosis or Davies
disease), which can reduce the process of relaxation, or
diastole. This muscle is adversely affected by harmful habits
such as alcohol abuse and smoking, caffeine addiction also
causes an additional heart load. The environment has a
direct impact on this vital organ state.

So, the term “diastolic dysfunction” means clinically
significant changes in LV filling. A classic standard for this
pathology detection is an invasive intervention — heart
catheterization [23].

Nowadays, the noninvasive “gold standard” for DD
estimation is Doppler echocardiography [24]. Echocardio-
graphic assessment of LV diastolic function is an integral
part of the routine evaluation of patients presenting with
symptoms of dyspnea or HF. Echocardiography is the most
important diagnostic method in HF patients, as long as
physical examination, electrocardiogram and X-ray do not
give sufficient information to identify systolic or diastolic
form of HF. Assessment of LV diastolic function is an inte-
gral element for the echocardiographic evaluation of each
patient (Fig. 1).

Classification and Diagnostic criteria

There are three grades of LVDD: DD with impaired
relaxation and normal LV filling pressures (grade 1), pseudo-
normalization (grade Il) and DD occurs when LV relaxation
is impaired along with markedly elevated LV filling pressures
(grade lll) (Table 1) [24,25]. These are stages of myocardial
diastolic dysfunction progression. In the absence of appro-
priate medical and preventive measures, the first grade
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In patients with normal LV EF

1 Average E'e' >14 %
2 Septal e’ velocity <7 cm/s
or Lateral ' velocity <10 cm/s
3 TR velocity >2.8 m/s
4 LA volume index >34 ml/m?

1
<50 % positive 50 % positive >50 % positive
|_ Normal Diastolic |_ NGt I_ Diastolic
function naeterminate Dysfunction

Fig. 1. Assessment of diastolic function via echocardiography (Modified from S. F. Nagueh, et
al, 2016).

of impairment goes to the second, and the second — to
the third. It is particularly difficult for diagnosis the second
grade of impairment — pseudonormalization. The first two
grades may not be accompanied by symptoms, while
the last grade corresponds to a severe degree of CHF with
marked symptoms.

Grade | - LVDD is classified as mild. Now this grade of
DD is usually called a delayed LV relaxation. This is the initial
stage of pathological changes in the myocardium and it
can be termed as hypertrophic, which is the most common
type. It occurs absolutely asymptomatically at the earliest
stages of development and that is its insidiousness, since
the patient does not presume a disorder in the heart work
and does not seek medical help. The hypertrophic type is
associated with slow ventricular relaxation in diastole and
is characterized by a decrease in the ability to pump blood
from the pulmonary artery into the ventricle in the filling
stage. The main volume of blood in this case comes during
the atria contraction. This is due to the lack of myocardial
elasticity. We should note that the diastolic pressure in
the LV can remain at normal level. With Type | there is no
HF dysfunction, and this type is diagnosed only with the help
of echocardiography.

One of the causes of LVDD is hypertension in which
there is a disorder of active relaxation and compliance,
increased myocardial mass and stiffness, an increase in
ventricles weight due to their walls thickening. The factors
leading to DD development worsen the process of rela-
xation, reduce the elasticity of the LV walls mainly due to
hypertrophy (thickening) of myocardium development. In
arterial hypertension, the disorder of relaxation is detected
in 90 % of patients with LV hypertrophy and in 25 % without
it. Significant DD is sometimes observed in patients with a
very mild and focal thickening of the ventricular wall without
obstruction.

Grade II-LVDD is characterized as moderate or pseu-
do normal. In grade II, due to insufficient relaxation of the LV
and a reduced volume of blood flow from it, the LA takes on
a compensatory role and begins to work hard enough for
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Table 1. Doppler indices values for the grade of DD differentiation [24,25]

LV relaxation

LAP (left atrial pressure)
Mitral E/A ratio

Average E/e’ ratio

Peak TR velocity (m/sec)
LA volume index

Normal Impaired Impaired Impaired

Normal Low or normal  Elevated Elevated

20.8 <0.8 >08t0<20 >2

<10 <10 10-14 >14

<28 <28 >28 >28

Normal Normal or Increased Increased
increased
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two. Ventricles filling occur due to the difference in pressure.
The second type of dysfunction can be characterized by
clinical symptoms of HF and signs of pulmonary congestion.

Grade Ill, or restrictive type of dysfunction, is the termi-
nal stage of DD formation. This is a serious disorder, which is
characterized by a sharp decrease in the LV walls elasticity,
its excessive stiffness, high pressure in the LA, a severe
clinical course of congestive HF. In grade Ill, severe wors-
ening resulting in pulmonary edema and cardiac asthma are
common. And these conditions are seriously life threatening
and often lead to death without proper emergency treatment.
In a restrictive type of DD, LV remodeling reaches such a
degree that the SD does not play the same basic role as
at the initial stage. This type of diastolic LV filling disorder
is an important predictor of cardiovascular mortality and
cardiac transplantation.

In patients who experienced acute myocardial infarction
(AMI), a feature of disadaptive LV remodeling is the tenden-
cy to develop a restrictive type of LV diastolic filling. It has
been established that exercise tolerance and quality of life
of CHF patients (functional class according to NYHA) are
more correlated with restrictive DD than with SD. Therefore,
restrictive type of DD detection, regardless of systolic LV
function and other adaptive-compensatory mechanisms in
CHF, indicates a more severe course of CHF. LVDD has
the worst prognosis in CHF patients.

At the early, initial stages of LVDD development, a
patient may not have any complaints. In 45 % of DD cases,
an asymptomatic course is observed. It is not uncommon
for cases of DD to be diagnosed by additional methods of
examination like an accidental finding. At later stages of
the disease, when clinical manifestations are caused by
increased pressure in the LA cavity and pulmonary arteries,
patients may experience the following complaints.

Dyspnea. Initially, this symptom is present only with
physical exertion, but in progression of the disease, dys-
pnea may appear with a slight exertion and patients are
breathless at rest.

Palpitation. An increase in heart rate is not common for
this heart disorder. In many patients, the heart rate reaches
submaximal values even at rest and increases significantly
during work, walking and excitement. There are sensations
of interruptions in the heart work, chest pain, accompanying
heart rhythm disturbances, most often, atrial fibrillation. A
common complaint among patients with this pathology is a
feeling of chest compression, shortness of breath.

There is a dry cough worsened by lying supine and
at night. Such patients are often treated for bacterial or
viral infection month after month misdiagnosing as having
bronchitis or another lung pathology. In fact, there is a dis-
order of diastolic function with manifestations of circulatory
insufficiency.

Fatigability and the inability to perform previously well
tolerated physical activity. Patients are surprised to note that
easily tolerable earlier physical exertions are now heavy
for them, accompanied by health deterioration and fatigue.

Lower extremity edema. As noted above, LVDD is a
pathophysiological disorder underlying of HFpEF syndrome
and therefore the evaluation of DD is of fundamental impor-
tance for the diagnosis. Taking into account the 2016 Guide-
lines of the European Society of Cardiology and the Heart
Failure Association for the diagnosis and treatment of acute
heart failure (AHF) and CHF, to improve the diagnosis of HF
with a slight decrease in EF and preserved EF, a clinical di-
agnosis (history, symptoms, electrocardiographic changes)
should be confirmed by the presence of cardiac dysfunction
at rest or using stress testing. Electrocardiography (ECG) -
is an aid in the diagnosis and allows identifying the signs of
myocardial ischemia and myocardial hypertrophy. Abnormal
ECG data increase the likelihood of having HF, but these
data are not very specific, therefore ECG are recommended
to exclude HF and not to confirm it. In case of CHF, the de-
termination of natriuretic peptides (NUP) concentration is
recommended. When the of brain natriuretic peptide NUP
(BNP), N-terminal fragment of the NUP precursor (NT-proB-
NP) 2125 pg/ml), echocardiography is indicated. If it is not
possible to determine NUP in routine practice, an EchoCG
is also recommended to confirm the diagnosis of HF. On
average, the serum concentration of NUP is lower in HF
patients with preserved LVEF than that in HF patients with
reduced LVEF [25].

It is important to note that there is no single sufficiently
accurate and reproducible EchoCG parameter that could
be used to diagnose LVDD. Diagnosis of early LVDD helps
prevent irreversible changes. Two-dimensional EchoCG in
combination with Doppler-echocardiogram, which allows to
obtain a real-time image of the myocardium and to estimate
its hemodynamic functions, is applicable to accessible
and informative methods for diagnosis verification. By
investigating the characteristics of transmitral blood flow,
the dynamics of LV filling are assessed to study its functional
state. For this purpose, using the impulse Doppler EchoCG,
the early peak velocity — Ve, the late peak velocity — Va,
the late diastolic filling velocity — A, and the peak early fill-
ing velocity — E are measured. The indices Ve/Va and E/A
are calculated. To determine the time of LV isovolumetric
relaxation (IVRT) and deceleration half time of the early
filling period (DTE), a continuous-wave Doppler ultrasound
is used. These indices values in a healthy patient are:
Ve/Va - 0.9-1.5, E/A — 1.0-2.0, IVRT <100 msec, DTE
<220 msec. Peak of diastolic waves corresponding to early
(e') and late (a") filling of the LV is measured by pulsed
wave tissue Doppler imaging In early diagnosis of LVDD,
the tissue Doppler-EchoCG method in pulse-wave mode
is a good supplement to the conventional Doppler EchoCG
of the transmitral flow in the absence of pronounced
changes in its geometry, since the results obtained with
the help of this method do not depend on hemodynamic
conditions.

At young age (up to 45 years old), healthy individuals
are characterized by relatively high values of these indices,
often at the upper limits of the norm. As a rule, in persons
over 45 years of age, the values of these indices are at
the lower limit of the norm. Values of the Ve/Va and E/A
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indices for diastolic function disorders are usually reduced,
and the IVRT is prolonged (transmitral blood flow type A,
blood flow with atrial systole predominance). Patients with
pseudo-normal transmitral blood flow (restrictive transmi-
tral blood flow of type B), which indicates more significant
disorders of LV function, constitute an exception. It is also
characterized by high values of the Ve/Va and E/A indices
and IVRT shortening. In the clinic, this variant of DD is less
common [9].

Radionuclide ventriculography and evaluation of active
and passive diastolic properties of the myocardium during
the catheterization of the ventricular cavity with the defini-
tion of its volume dynamics are the most informative. But
these techniques have limitations inherent in all invasive
procedures. With the help of new Doppler echocardiography
methods of the heart echolocation (digital color kinesis), an
assessment of focal diastolic function of myocardium, its in-
dividual segments, has become available, but it is also very
expensive. Therefore, Doppler echocardiography remains
available and the most common method.

Chest X-ray examination allows to determine the de-
gree of cardiomegaly, if there is a hypertrophy and is used
to detect signs of pulmonary hypertension.

MRI of the heart is not a routine method of examina-
tion, but is more informative than heart ultrasound and is
sometimes prescribed for controversial cases diagnosis.

Treatment modalities

The patient and the doctor need to be clearly aware
that even asymptomatic ventricular myocardial dysfunction
requires an administration of medications. Given the prev-
alence of heart DD, there has been an understanding of
the need for its correction in patients with both cardio-
vascular diseases (eg, AF, hypertension, IHD, pulmonary
hypertension) and other non-cardiovascular diseases
(DM, chronic renal disease (CRD), iron deficiency anemia,
chronic obstructive pulmonary disease (COPD), and obe-
sity). The optimal directions of diastolic HF treatment have
not yet been developed; there is no proven treatment for
patients with HFpEF, which would reduce the morbidity and
mortality of these patients. Since these people are usually
elderly patients with severe symptoms, an important goal of
management in such patients is to reduce symptoms and
improve their quality of life.

According to the 2017 Guidelines of the experts of
the European Society of Cardiology, diuretics should be
prescribed to patients with congestive HF due to DD.
Diuretics tend to reduce congestion, if there are any, but
they should be used with caution, so as not to cause an
excessive decrease in LV preload and a drop in cardiac
output. It is proven that diuretics reduce the symptoms of
HF, regardless of LVEF [9].

Dehydration therapy in the active phase (in the pres-
ence of congestive phenomena) is performed with the ex-
cess of the excreted urine over the water intake no more
than 1.0-1.5 liters per day in order to avoid electrolyte,
hormonal, arrhythmic and thrombotic complications.

Such diuretics as furosemide, torasemide, bumetanide
cause a more intense but less prolonged diuresis than
thiazide ones (bendroflumethiazide, hydrochlorothiazide,
metolazone, indapamide), although they can act syner-
gistically and their combination can be used for resistant
edema treatment. However, due to adverse effects, these
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combinations should be used with caution. Torasemide has
advantages over furosemide in terms of the strength of action,
degree of absorption (convenience of ingestion), duration of
action (better tolerability, with a lower incidence of urination),
a positive effect on neurohormones (less electrolyte distur-
bances, less progression of myocardial fibrosis and improved
diastolic filling of the heart) and reliably reduces the risk of
repeated hospitalizations due to CHF exacerbation. The goal
of diuretics is to achieve and maintain euvolemia (the «dry
weight» of the patient) with the lowest available doses. The
dose of diuretics should be adjusted according to individual
needs during the treatment process. After reaching euvole-
mia, diuretics are prescribed daily in minimum doses, allowing
to maintain a balanced diuresis (torasemide or furosemide).
To maintain the optimal acid-base balance, preservation of
sensitivity to loop diuretics and normalization of renal blood
flow, a 4-5-day course of carbonic anhydrase inhibitor ac-
etazolamide (0.75/day) is recommended every 2 weeks. In
patients with euvolemia / hypovolemia without symptoms,
diuretics can be temporarily withdrawn [26].

LVDD, the treatment of which depends on the degree of
disease, primarily affects the processes of hemodynamics.
Therefore, the therapy plan is based on the correction of
this process disorders. Theoretically, to improve the diastolic
function we should use drugs that reduce LV hypertrophy,
improve active relaxation and increase LV compliance. To
the methods of hemodynamic disorders correction should
include the following medical measures: control of BP; heart
rate reduction; water-salt metabolism maintaining to reduce
preload, as well as remodeling of cardiac geometry (reduc-
ing the thickening and returning the walls of its chambers
to normal) [26].

In persons with LVDD, it is important to treat AH (pre-
dominantly systolic), as evidenced by indirect research data.
In this regard diuretics, angiotensin-converting enzyme
(i-ACE) inhibitors, angiotensin Il receptor blockers (ARBs),
mineralocorticoid receptor antagonists (ARM) are effective,
but beta-blockers (BB) less effectively reduce systolic BP. In
recent studies, it has been shown that ARBs (olmesartan)
should not be administered to patients with HFpEF if they
receive |I-ACE and BB [9,25].

The optimal frequency of ventricular contraction (VCR)
in patients with LVDD and concomitant AF has not been
determined, moreover, excessive VCR control may be
harmful. Itis yet to be fully determined which drugs should
be preferred: digoxin, BB or calcium channel blockers (CCB)
lowering heart rate, or their combinations. Verapamil and
diltiazem should not be combined with BB. The data avail-
able to date are not sufficient to recommend patients with
HFpEF ablation of pulmonary veins or AV node.

Patients with angina pectoris should be managed in
the same way as patients with HFpEF. In patients with
LVDD, exercise tolerance is reduced, which, as a rule, is
accompanied by an increase in BP in response to exercise
and chronotropic insufficiency. Combined endurance-re-
sistance training is safe for patients with HFpEF and exer-
cise tolerance increasing (due to increased peak oxygen
consumption), improves the score on the scale of physical
functioning and diastolic function [9,25].

2017 American College of Cardiology/American Heart
Association updated Guidelines for the management of
patients with HF recommended using an angiotensin re-
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ceptor-neprilysin inhibitor (ARNI) (valsartan/sacubitril) and
a sinoatrial node modulator (ivabradine) [9].

Conclusions

Over the past decade, experimental studies have rejected
the previous concept that the prognosis for HF patients with
preserved LVEF is better than that for patients with reduced
EF. Evidence shows that the survival rate of HF patients
with preserved EF depends not so much on its indices, but
on the severity of DD. DD is a more prognostic marker of
mortality than EF in HF patients which requires further study
for better therapeutic efficacy.
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