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The Framingham study demonstrated that myocardial infarction (25% of cases) and arterial hypertension (AH) (75% of cases) caused the
development of chronic heart failure (CHF). The most significant predictor of CHF development was an increase in systolic blood pressure
(SBP) and pulse pressure and each increase in SBP by 20 mm Hg and pulse blood pressure by 16 mm Hg led to an increase in the incidence
of CHF by 52% and 55%, respectively.

The presented clinical case of a patient with CHF, developed due to long-term hypertension, considered the mechanisms of CHF development,
as well as the issue of pharmacotherapy of AH in combination with chronic heart failure with systolic dysfunction. The key mechanisms that
directly lead to the development of CHF in AH are hemodynamic overload, reduction of myocardial contractility, left ventricular hypertrophy
(LVH). The likelihood of CHF development in patients with AH is by 4 times higher, whilst in patients with LVH it is by 15 times higher. Along
with LVH, one of the early manifestations of LV remodeling in AH is the development of diastolic dysfunction, which precedes the development
of systolic abnormalities in AH and LVH. Antihypertensive therapy resulted in reduction of the incidence of CHF by approximately 52%
compared to patients who did not receive adequate therapy. The decrease in the incidence of CHF was linearly dependent on the decrease in
SBP: each decrease of SBP by 10 mm Hg led to a 26% reduction in the relative risk in CHF development.

It has been established that AH is not only one of the leading etiological factors in CHF development, but also have similar key links in pathogenesis.
The strategy for the selection of pathogenetic pharmacotherapy should be determined taking into account the above circumstance. Currently, the
European Society of Cardiology recommends prescribing beta-blockers to all patients with stable CHF Class II-1V as a standard treatment in
combination with ACE inhibitors and diuretics in the absence of contraindications. In addition to RAAS blockers, medications for patients with AH
in combination with systolic CHF can be supplemented with thiazide or loop diuretics, as well as mineralocorticoid receptor antagonists (MRA).
Key words: heart failure, arterial hypertension, systolic dysfunction, beta-blockers, ACE inhibitors.

ApTepianbHa rinepTeHsis i cepueBa HeAOCTaTHICTb Y 3arasibHONMIKaPCbKi NPaKTULL
B.M. )XgaH, O.€. Kitypa, €.M. Kitypa, M.lO. BabaHiHa, M.B. Tka4eHkoO

3a gannmu OpeMiHreMCcbKOTo J0CIIIKEHHs], Cepe/l XBOPHX Ha Xporiumy cepieBy negoctaricts (XCH) Tisbku y 25% npuannoio po3BuTky OyB
nepenecenuii irdapkr Miokapja, a'y 75% — aprepiaabia rineprensist (Al). Haii6inbim snaunum npeaukropom possutky XCH 6yiio 36isbiers
cucrosiunoro aprepianbHoro Tucky (CAT) i mysbcoBoro TucKy BianosiaHo, koxue 36inbiments CAT va 20 mm pr.ct. i myibscosoro AT Ha
16 MM pT.CT. IPU3BOMIIO 10 36ibinenst yactoTn po3sutky XCH Ha 52% i 55% BiANnoBigHoO.

Ha npuksazni npuseseHoro kiiHiuHoro Bunajky naiienrta i3 XCH, sika po3Bunysacs Ha T gosrorpuBanoi Al, po3risiHyTo MexaHi3mMu pos-
Butky XCH, Taxkox Bucsitiieno nuranus dapmakoreparnii A"y noexnanni 3 XCH i3 cucromiunorio apuchynxkiieo. OCHOBHUME MeXaHi3MaMH,
mo Gesnocepenbo mpu3BoasATh 10 po3BuTky XCH npu AT € remopunamivyHe nepeBaHTaKEHHs, 3HUKEHHsT MiOKap/iaJbHOi CKOPOTJIMBOCTI,
rineprpodis miBoro murynouka (IJIII). Taxk, y manienris 3 Al itmosipnicTs y nopansiomy possutky XCH migsumyernces y 4 pasn, a3 [JIII -y
15 pazis. [opsix i3 [V ognum i3 pamnix mposisis pemomemioBanus JIII B ymoBax Al € po3BuTok miactosiunoi quchyHKII, sTka epeaye po3-
BUTKY cuctoiynnx nopyuens ipu AT i [JIIIL. AururinepreHsuBHa Teparris cripusijia 3SMEHIIIEHHIO Y cepeiHboMy Ha 52% yactori pozutky XCH
TTOPiBHSHO 3 XBOPUMH, SIKi He OTPUMYBAJIN a/ICKBATHY Tepalito. SHuKeHHs yacToT po3Butky XCH miniiino 3amexaino i suuskenns CAT: koxue
smkenns Ha 10 mm pr.ct. CAT npuBoansio 1o amennrenus Ha 26% BigHocHoro pusuky po3sutky XCH.

Beranosieno, mo Al € He TisbKY OHUM i3 TPOBiZIHUX eTioNOTiYHNX YMHHKKIB po3BUTKY XCH, a if Ma€ 3 0CTaHHBOIO CHITBHICTD Y KJIFOYOBUX JIAH-
kax marorexesy. Crpareris BuGopy rnaroreHeT4Hoi (hapMakoTepariii BUSHAYae€ThCst 3 ypaxyBaHHsaM I1iei o6ctaBunu. Ha choronni €sporneiichke
TOBapPUCTBO KAP/I0JIOTiB peKOMeH/1y€ npusHavaTu b-AB ycim naierram 3i crabinbron XCH [T-1V DK B gKoCTi cTaHAaPTHOTO JIIKYBaHHS Pa30M
i3 iAIID i giypernkamu 3a BiJICYTHOCTI IPOTUIIOKa3aHb. Y XBopuX i3 noeanantsm Al ta cucromriunoio XCH MoskimBe 3acTOCYBaHHST I0/IATKOBO
1o 61okaropis PAAC Tiasupnux abo meTabOBUX JIiyPETUKIB Ta aHTATOHICTIB MiHEPATIOKOPTUKOIIHUX pertentopis (AMP).

Kmiouosi cosa: cepyesa nedocmamuicmo, apmepiaivia zinepmensis, cucmoiiuna oucymnxuyis B-aopenodnoxamopu, inzidimopu AIID.

ApTepuanbHas runepTeH3us U cepaevyHas HeJ0OCTaTOYHOCTb B 00LeBpaye6HON NpakTuke
B.H. )XgaH, O.E. Kutypa, E.M. Kutypa, M.FO. bBabaunHa, M.B. Tka4yeHko

TTo panupiv OPeMUHTEMCKOTO HCCIe0BaHUs, cpeiid GOJIBLHBIX XPOHUYECKOi cepiaednoil Hepocratounoctbio (XCH) tosnbko y 25% npuannoi
pasBuTHsI ObLI TIepeHeceH bl MHhapKT MUOKap/a, a y 75% — aprepuaibhast runeprensus (Al). Hanbosiee 3HauuTeIbHBIM IPEAUKTOPOM Pas-
sutust XCH 6bu10 yBennuenne CAJI u myJibCOBOTO JaBJieHKs COOTBETCTBEHHO, Kakioe yBeiundenue CAJl na 20 MM pr.ct. u mysbcoBoro A/l Ha
16 MM pT.CT. IPUBOANIIO K yBesmuenuio yactorsl pazsurnst XCH na 52% n 55% cooTBeTCTBEHHO.

Ha npumepe npuBezieHHOr0 KnHu4Yeckoro ciayyast naruenta ¢ XCH, passuBiieiicst Ha done mmresbHoi AT, paccMOTpeHbl MEXaHU3MbI Pa3BUTHS
XCH, a Takske ocBeleHbI BOIIPOCH (hapMaKOTepaIIi XPOHIYECKOI Cep/IeHON HeZIOCTATOYHOCTH € CUCTOINYECKOi cdynknmeil. OCHOBHBIMI MeXa-
HU3MaMH, KOTOPbIE HEIIOCPEACTBEHHO NpuBOAAT K passutiio XCH npu AT, gBJIsiioTCs TeMo/iIMHAMIYeCKUe Teperpy3ku, CHIKEHIe MUOKapINaaIbHON
cokparumocty, rureptpocust seBoro sxemynouka (IVIXK). Tax, y marrentoB ¢ AI' BepositHocTb passutis B rasbheiimem XCH nosbiaercst B 4 pasa, a
¢ TJIOK — B 15 pas. Hapsiny ¢ [JIK, oannm u3 pantux nposisietrunii pemozeupoBanist JIK B yemoBusx Al sirisiercst pa3BuUTHe AUACTOIMICCKON UC-
yHKIH, KOTOpast IPEAIIECTBYET Pa3BUTHIO CHCTOIMIecKuX Hapyienuii npu Al u IVIJK. AuTirunepreHsuBHast Tepamist IPUBO/IIIIA K YMEHBIICHIIO
B cpeneM Ha 52% dactorst passutist XCH 110 cpaBHEHMIO ¢ GOIBHBIMHI, KOTOPBIE HE TIOJIYYAIH a/ICKBATHYIO Teparniio. CHIDKEHHUE YaCTOTbI Pa3BUTHS
XCH sneitno 3asucero ot camskernst CAJL: kaxoe camskerne Ha 10 mm pr.ct. CAT npuBoisio k ymenbiennio Ha 26% prcka passurist XCH.
YcranosineHo, uto AT sIBIIsieTCS He TOJIBKO OJHUM U3 BEYIIUX 3THONOTHYecKIX (hakTopos passurist XCH, HO 1 nMeet ¢ nocsieiHeii 001HOCTb B KJIHO-
YeBBIX 3BEHbsIX MaTorenesa. Crparerns BBIOOpa MaTOreHeTHYECKOi (hapMaKkoTepariui OIPeesIsieTcs ¢ y9eToM aToro obcrositenbersa. Ha ceroprst EBpo-
nefickoe 00IEeCTBO Kap/IMOJIOroB PeKOMEeHyeT HazHauaTh B-AB Becem nanuentam co crabunbhoit XCH 11-1V DK B kauecTBe CTaHAAPTHOTO JICYCHUst
Bmecte ¢ HATID u irypeTnkamMu pu OTCYTCTBUM TIPOTHBOTIOKaszaHuit. ¥ 60sbHbIX ¢ codetanvieM AT u cucrosmueckoii XCH Bo3MOKHO TpuMereHue B
nonosiHenwe K 6okaropamM PAAC TuasuiHbIX WK HETJIEBbIX JMYPETUKOB U AHTATOHUCTOB MUHEPAJIOKOPTUKOU/IHBIX perentopos (AMP).

Kntouegoie cnosa: cepoeunasi Hedocmamourocmy, apmepuaivhas 2unepmeHsusl, CUCOIuUeckast oucymxuus, B-adperobrokamopo, ureubumopot AIID.
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Arterial hypertension (AH) remains one of the most ultimate
causes of chronic heart failure (CHF) development in all age
groups. The Framingham study demonstrated that myocardial
infarction (MI) (25% of cases) and arterial hypertension (AH)
(75% of cases) caused the development of chronic heart failure
(CHF) in patients. In 25 European countries, AH is considered
the cause of CHF development in 53% of patients (Euro
HeartSurvey, 2002-2003) [8, 13].

In people with blood pressure (BP) greater than 140,/90 mmHg the
risk for the development of CHF is twice higher compared to individuals
who have systolic blood pressure less than 140/90 mmHg. The most
significant predictor for the development of CHF was the increase in
SBP and pulse pressure and each increase in SBP by 20 mmHg and
pulse blood pressure by 16 mmHg increased the incidence of CHF by
52% and 55%, respectively [8]. The summary analysis of the EPRP
and DIG studies has found that in patients with CHF and the ejection
fraction of 30% — <50% mortality was dependent on the level of SBP
in the form of a U-curve, that is, it was maximum at high and low SBP.
At the same time, in patients with an ejection fraction of <30%, a linear
inverse dependence of mortality on the level of SBP was observed: the
higher the SBP the lower the mortality rate and the lower the SBP
the higher the mortality in patients with CHF. Other risk factors
and diseases as obesity, diabetes, smoking and dyslipidemia, CHD
contribute to the development of CHF [5, 10, 13].

The main mechanisms that directly lead to the development of
CHF in AH are hemodynamic overload, reduction of myocardial
contractility, left ventricular hypertrophy (LVH). Prolonged
significant uncontrolled increase in blood pressure leads to
overload of the left heart, LVH, left ventricular dysfunction and,
as a consequence, the onset of CHF. The development of the latter
can be accelerated if AH is combined with coronary heart disease,
diabetes mellitus, obesity, increased activity of renin-angiotensin
and sympathoadrenal systems. LVH is a sole risk factor for the
development of CHF. Thus, in patients with Ah, the likelihood of
the follow-up development of CHF is increased by 4 times and with
LVH by 15 times. Along with LVH, one of the early manifestations
of LV remodeling in arterial hypertension is the development of
diastolic dysfunction, which precedes the development of systolic
dysfunctions in hypertension and LVH. In patients with arterial
hypertension, diastolic dysfunction or its combination with
systolic one is more commonly observed [9, 14].

At the initial stage of the left heart remodeling, left ventricular
hypertrophy is acompensatory response that allows normalization
of myocardial systolic load. Subsequently, dilatation of the
left ventricle with a decrease in its function occurs. Another
mechanism for the development of CHF in patients with arterial
hypertension is the development of atherosclerotic lesions of the
coronary arteries and coronary heart disease [13, 14].

Case report

The 54-year-old patient S. was admitted to the Cardiological
unit with complaints of tachycardia, dyspnea at rest, peripheral
edema, distended stomach.

The patient presented a 10-year history of the disease since
2009, when attacks of tachycardia occurred. The examination
revealed the increase in blood pressure up to 180/120 mmHg. He
took antihypertensive drugs on irregular basis. He experienced
type IT diabetes mellitus in 2013. In 2018, dyspnea, peripheral
edema, distended stomach occurred.

Physical examination showed moderate overall health state of
the patient, forced position, orthopnoea, acrocyanosis, congestive fine
rales in the lower parts of the lungs, blood pressure of 150/90 mmHg,
heart rate of 110 bpm, arrhythmic, left border of the heart was along
the anterior axillary line, the right one was on parasternal line, tones
were attenuated, arrhythmic, systolic murmur over the apex and I11-
IV intercostal space to the left, the liver extended 3—4 c¢m below the
costal margin, free intraabdominal fluid.
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Laboratory tests revealed Hb 120 g/I, RBC 3,8x1012/L,
WBC 5,0x109/L, ESR 5 mm/h; urinalyses revealed traces of
protein, RBC 2-3 FOV, WBC 6-8 FOV; blood biochemistry
showed creatinine 133 pmol/1, urea 10 mmol /L, total cholesterol
6,3 mmol/L, LDL 2,4 mmol/L, uric acid 370 mmol/L, fibrinogen
4,0 g/L, glycated Hb 7.5%.

ECG revealed left axis deviation, reduced voltage, atrial
fibrillation with the heart rate of 100-120 bpm.

Ultrasound cardioscopy revealed LV end diastolic volume of
70 mm and end systolic volume of 62 mm, left atrium of 46 mm,
ejection fraction (EF) 37%, moderate regurgitation on the
mitral and tricuspid valve, thickness of the posterior wall of the
LV 11 mm , interventricular septum 10 mm. Simpson ejection
fraction 40%. The diameter of the left atrium was 6.1 cm.

The chest X-ray revealed cardiomegaly due to the left and
right ventricles dilatation, lung congestion.

Clinical diagnosis: stage IIT hypertension, Class II, very
high risk (4). Hypertensive cardiomyopathy, persistent atrial
fibrillation. HF Class ITA with LV systolic dysfunction, Class I'V.
Type II diabetes mellitus in subcompensation stage.

Medications included 40 mg/day intravenous torasemide,
0.25 mg/day digoxin, 50 mg/day eplerenone, 5.2 mg/day ramipril;
on day 4 of therapy the dose was increased to 5.0 mg and on day 7
up to 7.5 mg; 20 mg/ day xarelto, 1000 mg/day metformin.

Within 7 days after stabilization, the patient was prescribed
with beta-blocker carvedilol 3.125 mg 2 times a day.

The patient was therefore discharged in a satisfactory
condition with recommendation to continue outpatient treatment
with 0.25 mg/day digoxin, 7.5 mg/day ramipril, 10 mg/day
torasemide, 50 mg/day eplerenone, carvedilol according to the
titration scheme (3.125 mg 2 times daily, 12.5 mg 2 times daily),
20 mg xarelto, 1000 mg/day metformin. A follow-up visit after 6
months showed that the patient was in his regular general state
with no edema, hemodynamic parameters were satisfactory, heart
size was decreased, the patient was taking 25 mg carvedilol (this
is a clinically tolerated dose), 7.5 mg/day ramipril; 25 mg/day
eplerenone, 0.25 mg/day digoxin, 20 mg/day xarelto.

The reported clinical case gives evidence that untreated
hypertension lead to CHF with LV systolic dysfunction. Unlike
diastolic dysfunction, in CHF with systolic dysfunction, blood
pressure is often decreased, even hypotension is observed, and as
a result, it is impossible to use adequate doses of medications.

Anotherimportant mechanism by which arterial hypertension
leads to the development of CHF is the occurrence of atrial
fibrillation, the cause of which is arterial hypertension in 70% of
patients. Atrial fibrillation is the sole factor in the development
of CHF and, basically, exacerbates the clinical course of the
underlying disease [3].

Population and clinical studies have also confirmed correlation
between diabetes mellitus and CHF development. Diabetic
cardiomyopathy still remains a poorly understood condition,
although the role of a number of pathogenetic factors, leading to the
development of CHF in diabetes patients, has been proven. Due to
hyperglycemia, glucose metabolism changes with increasing beta-
oxidation and consequently leads to damage to the myocardium by
free fatty acids (lipotoxicity). Insulin resistance, activation of the
renin-angiotensin-aldosterone system (RAAS), impaired calcium
metabolism, collagen formation, hypertrophy and fibrosis determine
the relevant phenotype of diabetic cardiomyopathy [12].

Obviously, early and adequate treatment of hypertension and
concomitant diseases is crucial in prevention of CHF, reducing
the incidence of its occurrence. A meta-analysis of 12 studies
that reported information on the incidence of CHF showed that
antihypertensive therapy resulted in reduction of the incidence of
CHEF by approximately 52% compared to patients who did not receive
adequate therapy. The decrease in the incidence of CHF was linearly
dependent on the decrease in SBP: each decrease of SBP by 10 mmHg
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led toa 26% reduction in the relative risk in CHF development. Similar
results were obtained in later studies. The SOLVD study showed the
benefit of reducing blood pressure in patients with systolic CHF and
hypertension when using ACE inhibitor (ACEI). The efficacy of
ACET in reducing mortality was higher in patients with hypertension
and CHF compared to normotensive patients. The achievements in
fundamental and clinical medicine have established that hypertension
is not only one of the key etiological factors in the development of
CHEF, but also have similar key links in pathogenesis. The strategy for
the selection of pathogenetic pharmacotherapy should be determined
taking into account the above circumstance.

Currently, it is generally accepted that ACEI and beta-
blockers are the major means of pathogenetic therapy for CHF,
since they alone have evident effect on the rate of progression of
cardiac dysfunction and mortality from CHF [2, 4, 15].

Pharmacological effects of ACEI in arterial hypertension and
CHEF are qualitatively the same. Basically, ACEI influence almost
on all components of the pathogenesis of arterial hypertension and
CHF, which is usually reflected on positive neurohumoral and
hemodynamic effects. Therapy with ACEI in arterial hypertension
helped to reduce the risk of CHF by approximately 16%; the
HOPE study (2000) showed that ACEI ramipril reduced the risk
of the development of CHF, including in patients with arterial
hypertension, by approximately 23% [2, 3].

Arterial vasodilation with reduced afterload and blood pressure
is of particular importance in arterial hypertension and venous
vasodilation with reduced preload in CHF. The regression of cardiac
remodeling is important in both pathologies [6]. The advantage of
ACEI over some other classes of antihypertensive medications
is in their metabolic effects, aimed at improvement of glucose
metabolism, increase the sensitivity of peripheral tissues to insulin,
the presence of antiatherogenic and anti-inflammatory properties.
ACEI have the best nephroprotective activity compared to other
antihypertensive drugs with the ability to regress the remodeling
of the left ventricle, prevent ischemic and reperfusion myocardial
damage, decelerate the rate of progression of nephropathy, reduce
the clinical manifestations of CHF in prolonged use.

The resulting data on the ability of the above drugs to decelerate
the progression of CHF, reduce mortality, increase the life
expectancy of patients, improving its quality, allowed to recommend
them as a mandatory basic therapy for CHF or in combination with
arterial hypertension, regardless the severity and functional class.

ACEI are indicated for all patients regardless of etiology,
stage, type of decompensation.

ACEI are effective even at the initial stages of CHF with
asymptomatic LV dysfunction, as well as in CHF with preserved
systolic heart function.

non-administration of ACEI to patients with CHF cannot be
justified and leads to a conscious increase in the risk of mortality.

ACEI are recommended as the first-line drugs in patients
with reduced LV systolic function (EF <40-45%) both in the
presence and absence of symptoms (Class TA).

ACETI therapy should be started at low doses, gradually (no
more than once every 2-3 days, and with systemic hypotension

even less frequently: once a week, titrating them to achieve
optimal effect, i.e., to the target effect);

asymptomatic patients with documented LV dysfunction
should receive ACEI therapy to regress/ prevent the development
of HF. They reduce the risk of MI and sudden death in patients
with Class TA. ACEI dose titration is a completely individual
process, and each patient has his/her optimum and maximum
effective and tolerable doses. However, it should be emphasized
that staying at the minimum doses of ACEI (except in cases of
hypotension development) is simply erroneous. ACEI can be
prescribed to patients with outgoing hypotension, by 2 times
reducing the starting dose [1, 2, 4].

Currently, beta-blockers/ACEI combination therapy is the main
treatment for CHF in patients with systolic CHF dysfunction. For
the treatment of CHF carvedilol, bisoprolol, metoprolol of prolonged
action are approved. Beta-blockers therapy in CHF should be started
with caution. Doses should be increased slowly (no more than 1 time
per week, and with doubtful tolerance and excessive reduction of
blood pressure: once every 2 weeks or even a month) [1, 4].

In such cases, other therapy can be tried: to increase the dose
of diuretics and, where possible, ACEI, as well as to titrate beta-
blockers doses more slowly.

Currently, the European Society of Cardiology recommends
prescribing beta-blockers to all patients with stable CHF Class
II-TV as a standard treatment in combination with ACEI and
diuretics in the absence of contraindications. It is known that,
basically, patients with CHF have a permanent form of atrial
fibrillation, and beta-blockers are the drugs of choice for heart
rate control in tachysystolic form.

However, in practice, many physicians do not follow these
recommendations: only 1/3 of patients with CHF are prescribed
with beta-blockers, while 2/3 of patients receive ACEI therapy.

In addition to RAAS blockers, medications for patients with
AH in combination with systolic CHF can be supplemented with
thiazide or loop diuretics, as well as mineralocorticoid receptor
antagonists (MRA). Diuretics should always be used in combination
with ACEI (or ARB), beta-blockers, and MRA in HF patients with
low systolic function until signs of fluid retention disappear.

Thiazide diuretics can be used in patients with persistent renal
function and mild symptoms of stagnation. However, most patients
require prescription of loop diuretics (or their combination with
thiazide diuretics, MRA) because of the severity of HF symptoms
and the constant progression of renal dysfunction. Deceleration of
ventricular contraction by digoxin in CHF patients with systolic
LV dysfunction and concomitant AF is recommended only when
no other medications can be prescribed.

CONCLUSIONS

1. Currently, arterial hypertension is one of the ultimate
causes in the development of CHF.

2. Early adequate therapy of arterial hypertension and
comorbid conditions (diabetes mellitus, dyslipidemia, atrial
fibrillation) is crucial in the prevention of CHF development in
the conditions of general medical practice.
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