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Резюме

Артериальная гипотония часто встречается при хронической сердечной недостаточности. Снижение артериального давления может быть 

обусловлено различными причинами, в том числе снижен ием насосной функции сердца, лекарственными препаратами, измененной вазо-

реактивностью, связанной с сопутствующими заболеван иями (например, сахарным диабетом) и др. Единых критериев оценки тяжести ар-

териальной гипотонии нет. Степень влияния ее на прогноз и течение заболевания окончательно не изучены. Сложность ведения пациентов 

с сердечной недостаточностью и артериальной гипотонией заключается в подборе и титровании рекомендованных лекарственных препа-

ратов для компенсации заболевания без развития дополнительных побочных эффектов. На сегодняшний день разработаны поэтапные ал-

горитмы назначения и коррекции лекарственной терапии пациентам с артериальной гипотонией. В данной статье представлен клинический 

случай ведения пациента с тяжелой артериальной гипотонией на фоне хронической сердечной недостаточности со сниженной фракцией 

выброса левого желудочка.

Пациенту с врожденным пороком сердца (двустворчатым аортальным клапаном) в 25 лет было выполнено протезирование аортального 

клапана. Спустя 13 лет, после перенесенной вирусной инфекции, развилась декомпенсация хронической сердечной недостаточности 

со снижением фракции выброса левого желудочка до 19% с последующим сохранением клинической симптоматики на уровне III — IV 

функционального класса, несмотря на оптимальную медикаментозную терапию в течение года. При наличии у пациента показаний к сер-

дечной ресинхронизирующей терапии была имплантирована система модуляции сердечной сократимости, после чего улучшения клини-

ческой симптоматики не отмечалось, наблюдались частые (до 4 в течение год) декомпенсации, требовавшие госпитализаций. С целью 

предотвращения прогрессирования заболевания и улучшения прогноза, несмотря на гипотензию, был назначен сакубитрил/валсартан 

в минимальных дозах, на фоне чего удалось компенсировать пациента и добиться стабильного течения хронической сердечной недоста-

точности без потребности в госпитализации в течение 9 месяцев. Данный клинический случай позволяет рассматривать необходимость 
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проведения дополнительных клинических исследований для изучения возможности назначения малых доз сакубитрил/валсартана у па-

циентов с артериальной гипотонией на фоне сердечной недостаточности с целью уменьшения выраженности клинической симптоматики 

и улучшения прогноза.
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Abstract

Hypotension is often in chronic heart failure patients. It has various reasons, including a decrease in the pumping function of the heart, medications, 

altered vasoreactivity associated with concomitant diseases (for example, diabetes mellitus). There are no universal criteria for assessing the severity 

of hypotension. Its prognosis significance has not been studied well. It is difficult to select and titrate the drugs recommended for treatment of 

heart failure, so that the prescribed therapy compensates the patient and does not cause the development of side effects. Step–by–step algorithms 

for prescribing and correcting drug therapy for heart failure patients with hypotension have been developed. This article presents a clinical case of 

management of a patient with severe hypotension and chronic heart failure with a reduced left ventricular ejection fraction.

Aortic valve replacement was performed the patient with congenital heart disease (bicuspid aortic valve) in 25 years. In 13 years, after a viral infection, 

there was a decompensation of chronic heart failure with reduced ejection fraction to 19%. Against the optimal drug therapy, heart failure persisted 

III– IV functional class with 4 hospitalization during a year. Despite the indications for cardiac resynchronization therapy, a system for modulating 

cardiac contractility was implanted, after which there was no improvement in clinical symptoms, there were frequent decompensations up to. In order 

to prevent the progression of the disease and improve the prognosis, despite hypotension, sacubitril/valsartan was prescribed, against which it was 

possible to compensate the patient and achieve a stable course of chronic heart failure without the need for hospitalization for 9 months. This case 

report suggest that additional clinical researches are necessary to study the possibility of prescribing of small doses of sacubitril/valsartan in patients 

with hypotension and heart failure to reduce the severity of clinical symptoms and to improve the prognosis.

Key words: terminal heart failure, bicuspid aortic valve, cardiac resynchronization therapy, heart transplantation, cardiac contractility modulation, 

hypotension, sacubitril/valsartan
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24h ECG — 24-Hour Holter monitoring, ACE inhibitors — angiotensin-converting enzyme inhibitors, ALT — alanine aminotransferase, ARB — angiotensin 

II receptor blocker, ARNI  — angiotensin receptor-neprilysin inhibitor, ARVI  — acute respiratory viral infection, AST  — aspartate aminotransferase, 

AUS — ultrasound examination of abdominal organs, BMI — body mass index, BP — blood pressure, CHF — chronic heart failure, CKD — chronic 

kidney disease, CRTd — cardiac resynchronization therapy with a defi brillator, ECHO-CG — echocardiography, ECG — electrocardiography, EDV — 

end-diastolic volume, EGD — esophagogastroduodenoscopy, ESC — European Society of Cardiology, ESD — end-systolic dimension, FC — functional 

class, FDA — Food and Drug Administration, FS — fractional shortening, GFR — glomerular fi ltration rate, GGTP — gamma-glutamyl transpetidase, 

HF — heart failure, HFmrEF — heart failure with midrange LV ejection fraction, HFpEF — heart failure with preserved LV ejection fraction, HR — heart 

rate, IABP — intra-aortic balloon counterpulsation, INR — international normalized ratio, LA — left  atrium, LBBB — left  bundle branch block, LDH — 

lactate dehydrogenase, LVEF — left  ventricular ejection fraction, MCS — mechanical circulatory support, MRA — mineralocorticoid receptor antagonist, 

NYHA — New York Heart Association, OM — omecamtiv mecarbil, RCT — randomized clinical trial, RV — right ventricle, sPAP — systolic pulmonary 

artery pressure, SV — stroke volume, T2DM — type 2 diabetes mellitus, QRS axis — electrical heart axis 

Introduction
Th e management of chronic heart failure (HF) 

remains an extremely pressing issue today. In the Russian 

Federation, HF of functional class (FC) I-IV, according to 

the New York Heart Association (NYHA) classifi cation, 

aff ects 7.9 million individuals [1]. Present-day advances 

in drug therapy can help improve the quality of life 

and increase life expectancy. However, they inevitably 

increase the number of patients with end-stage HF. End-

stage HF is characterized by persisting severe clinical 
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symptoms despite optimal treatment (Table 1) [2]. Th ere 

are reasons to establish the diagnosis of end-stage HF in 

1–10% of all patients with HF [3].

Drug treatment currently plays a central role in pre-

venting the progression of HF. According to modern 

approaches, patients with chronic heart failure (CHF) 

with decreased LV systolic function should receive the 

following if they have no contraindications [1, 4]:

1) Angiotensin receptor-neprilysin inhibitor (ARNI) 

OR, if it cannot be prescribed/is contraindicated/

leads to intolerance, an angiotensin-converting 

enzyme (ACE) inhibitor OR, if an ACE inhibitor 

leads to intolerance and ARNI cannot be prescribed, 

an angiotensin II prescription blocker (ARB) [5–7].

2) Beta blocker (BB) [1, 6].

3) Diuretic (in the case of congestion) [6, 8]. 

4) If there is no eff ect from a three-component ongoing 

therapy and LV EF < 35%, a mineralocorticoid recep-

tor antagonist (MRA) should be added [5, 6].

5) To improve the prognosis, all patients with CHFrEF 

are indicated to have sodium-glucose cotrans-

porter-2  inhibitors (SGLT-2, “metabolic diuretics”) 

added to their treatment.

If a patient takes ACE inhibitors/ARBs, BBs, MRAs 

and a diuretic and clinical symptoms persist, then, 

if there is sinus rhythm with HR >  70  bpm with the 

intake of a target dose of BBs or intolerance to them, 

the addition of If-channel blockers (ivabradine) is indi-

cated. For patients with atrial fibrillation, oral antico-

agulants should be prescribed, and for patients with 

HR >  70  bpm with the intake of a target dose of BB, 

digoxin should be added. If a patient takes ACE inhibi-

tors/ARBs, BBs, MRAs and a diuretic and has systolic 

blood pressure (BP) > 100 mm Hg and clinical symp-

toms persist, an ACE inhibitor/ARB should be replaced 

with ARNI [5, 6].

In patients with end-stage CHF, the administration 

of these groups of medicinal agents is limited by the fre-

quent development of severe arterial hypotension (syn-

onym: hypotension). 

Arterial hypotension is blood pressure more than 

20% below normal values; in absolute terms, it is a 

decrease in systolic blood pressure < 90 mm Hg or mean 

BP < 60 mm Hg. [9]. According to randomized clinical 

trials (RCTs), arterial hypotension develops in 10–15% 

of patients with HF [2].

Arterial hypotension in cases of HF can be caused 

by decreased cardiac pumping function, medication-

induced hypovolemia, vasodilation, impaired vasoreac-

tivity (for example, in patients with diabetes mellitus) 

[3]. Arterial hypotension can be caused by high doses of 

loop diuretics, which remain the basis for managing con-

gestion in patients with HF. Progression of heart failure is 

oft en accompanied by impaired renal function (develop-

ment of chronic cardiorenal syndrome), which, in turn, is 

accompanied by resistance to diuretics [10, 11]. Chronic 

cardiorenal syndrome may have several mechanisms, 

including hemodynamic disturbances, neurohormonal 

activation, increased tubular sodium reabsorption, 

infl ammation, oxidative stress and drug nephrotoxic-

ity. Resistance to diuretics, in this case, usually develops 

due to a number of renal adaptations aft er the admin-

istration of diuretics (“braking phenomenon”), includ-

ing hypertrophy and hyperfunction of nephron sites, as 

well as increased renin secretion. To manage the braking 

phenomenon, thiazide diuretics are used simultaneously 

with loop diuretics. However, there are no reliable RCT 

data regarding the eff ectiveness of this combination, and 

the combination may lead to the development/aggrava-

tion of arterial hypotension [3].

In patients with an inadequate response to treatment 

with oral diuretics, intravenous administration of diuret-

ics is recommended, starting with a dose higher than for 

oral medications. However, this can also contribute to the 

development of arterial hypotension. If diuretic therapy 

has no eff ect, peritoneal dialysis can be prescribed  [2]. 

Indications for dialysis include end-stage HF, fl uid over-

load, progression of chronic kidney disease (CKD), and 

end-stage CKD [2].

Parenterally administered inotropic agents may 

improve hemodynamics in patients and delay deteriora-

tion in target organ function [2]. Inotropic agents can 

be conditionally divided into catecholamine derivatives 

(dopamine, dobutamine), positive inotropic agents with 

vasodilatory eff ect (levosimendan) and cardiac glyco-

sides. Th ese medications are indicated for CHF patients 

with persistent congestion, hypoperfusion, regardless of 

the administration of vasodilators or diuretics. Despite 

Table 1. Updated HFA–ESC criteria for defi ning advanced heart failure

All the following criteria must be present despite optimal guideline–directed treatment:

1. Severe and persistent symptoms of heart failure [NYHA class III (advanced) or IV].

2. Severe cardiac dysfunction defi ned by a reduced LVEF ≤30%, isolated RV failure (e.g., ARVC) or non–operable severe valve abnormalities 

or congenital abnormalities or persistently high (or increasing) BNP or NT–proBNP values and data of severe diastolic dysfunction or LV 

structural abnormalities according to the ESC defi nition of HFpEF and HFmrEF.

3. Episodes of pulmonary or systemic congestion requiring high–dose intravenous diuretics (or diuretic combinations) or episodes of low output 

requiring inotropes or vasoactive drugs or malignant arrhythmias causing >1 unplanned visit or hospitalization in the last 12 months. 

4. Severe impairment of exercise capacity with inability to exercise

Note: BNP — B-type natriuretic peptid, NT–proBNP — N-terminal pro-BNP, HFpEF — heart failure with preserved ejection fraction, HFmrEF — heart failure with mid-range 

ejection fraction, ARVC — arrhythmogenic right ventricular cardiomyopathy, LV — left ventricular LVEF — left ventricular ejection fraction, NYHA — New York Heart Association, 

ESC — European Society of Cardiology, RV — right ventricular
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the favorable eff ect on hemodynamics and severity of 

symptoms, long-term use of medications with positive 

inotropic eff ect (except digoxin) has a negative eff ect 

on the prognosis for CHF patients [12]: Th ese agents 

increase myocardial oxygen demand and intracellular 

calcium concentration thereby increasing the risk of car-

diac arrhythmia and death [12]. Th erefore, such medi-

cations should be administered only during the acute 

period of hypoperfusion and hypotension that cannot be 

corrected with agents of other classes.

Levosimendan is a medication with three main 

properties: inotropic, vasodilatory and cardioprotec-

tive. Its half-life is 1–1.5  hours, and clinical eff ects are 

due to the formation of active metabolites OR-1855 and 

OR-1896, with the eff ect persisting for 7–9 days aft er the 

end of a 24-hour infusion. Its inotropic eff ect is due to 

the increased sensitivity of cardiomyocyte myofi brils to 

calcium, which leads to the binding of troponin C to cal-

cium ions and the formation of a troponin C and cal-

cium complex. Th is, in turn, leads to increased myocar-

dial contractility without developing diastolic relaxation 

abnormalities. Th e vasodilatory eff ect is due to the open-

ing of ATP-sensitive potassium channels on the mem-

brane of smooth myocytes of the vascular wall, which 

reduces total peripheral and pulmonary vascular resis-

tance and, therefore, pre- and aft erload. Th e cardiopro-

tective eff ect of levosimendan is also based on its eff ect 

on the opening of mitochondrial ATP-sensitive potas-

sium channels [12]. 

Th e REVIVE and SURVIVE studies, the two largest 

studies to this date, showed that hypotension developed 

more frequently during treatment with levosimendan 

than with a placebo, but not with dobutamine. Th e inci-

dence of atrial fi brillation in the levosimendan group 

was higher than in both comparator groups. Ninety 

percent of patients received levosimendan at a rate of 

0.2  mg/kg/min during the fi rst 2  hours; among them, 

70–85% continued to receive the agent at the same rate 

over the next 24  hours. Th e main side eff ect of levosi-

mendan was the development of hypotension (in 50% of 

subjects) and arrhythmias. Results of clinical trials indi-

cate that levosimendan should be used with caution in 

patients with arterial hypotension, especially in cases of 

hypovolemia.

Inotropes may also be used in patients with end-stage 

HF prior to temporary mechanical circulatory support 

(MCS), long-term MCS or heart transplantation. Long-

term treatment with inotropes is not recommended for 

patients awaiting transplantation. Long-term MCS is 

advisable in such cases. Long-term therapy with inotro-

pes may be a palliative option for patients with no alter-

native treatment options [2].

Omecamtiv mecarbil (OM), a new selective oral 

inotrope, is a cardiac myosin activator that improves 

myocardial contractility in patients with CHF. Th e 

GALACTIC-HF study established the safety of OM, 

including the absence of adverse eff ects of OM on renal 

function, serum potassium levels, blood pressure or 

heart rate (HR) [13, 14]. Th e Food and Drug Adminis-

tration (FDA) recently approved another new medica-

tion for the management of HF with reduced ejection 

fraction (HFrEF)  — vericiguat, an oral soluble guanyl-

ate cyclase stimulator that increases the bioavailability 

of nitric oxide. Th e VICTORIA study, which included 

patients with LVEF < 45% aft er a recent hospitalization 

for decompensated HF or aft er receiving intravenous 

diuretics, revealed that this drug reduces mortality from 

cardiovascular events and the number of hospitalizations 

for HF [15].

Th e EMPEROR-Reduced trial demonstrated a lower 

risk of death due to cardiovascular causes or hospital-

ization for HF for 16 months due to the eff ect of empa-

glifl ozin at a dose of 10 mg per day compared with the 

placebo (1:1 ratio) in a group of 3,730 patients with HF 

with reduced LV ejection fraction ≤40% and increased 

NT-proBNP [16]. Empaglifl ozin reduced the risk of 

hospitalization for heart failure by 30% (HR 0.70; 95% 

CI 0.58–0.85; p < 0.001). In  addition, the incidence of 

adverse renal events (required chronic hemodialysis or 

kidney transplantation or persistent reduction in esti-

mated glomerular fi ltration rate) dropped by 50% in 

the empaglifl ozin group (HR 0.50; 95% CI 0.32–0.77; 

p < 0.01). BP in the empaglifl ozin and placebo group was 

122.6 + 15.9 and in the placebo group 121.4 + 15.4 mm 

Hg, respectively; the proportion of patients with arte-

rial hypertension was 1,349 (72.4%) and 1,349 (72.3%), 

respectively. No information was provided on the use of 

this medication in patients with arterial hypotension.

In the DAPA-HF study, the treatment of patients with 

HFrEF with and without T2DM with dapagliflozin led 

to a decrease in body weight (-0.7 kg after 4 months and 

–0.8 kg after 8 months, respectively, p = 0.14) and sys-

tolic BP (–1.6 mm Hg and –1.8 mm Hg after 4 months, 

respectively, p = 0.43) [17]. One of the key inclusion 

criteria in the DAPA-HF study was SBP ≥95  mm Hg. 

Baseline SBP in 1,205  patients was <  110  mm Hg, in 

981 patients ≥110 < 120; in 1,149 patients ≥120 < 130; 

and in 1,409  patients ≥130  mm Hg. Placebo-adjusted 

SBP reduction from the baseline with up to 2 weeks of 

dapagliflozin administration was –2.54 (–3.33 to –1.76) 

mm Hg. Patients with the lowest SBP levels demon-

strated more optimistic results in reducing the number 

of HF decompensations (per 100  person-years) [RR 

20.6; 95% confidence interval (95% CI) 17.6–24.2] than 

patients with the highest SBP values (RR 13.8; 95% CI 

11.7–16.4). The benefit and safety of dapagliflozin were 

similar throughout the SBP range (p = 0.78). The dis-

continuation of the study drug demonstrated no dif-

ferences between dapagliflozin and placebo groups in 

the analyzed SBP categories. Dapagliflozin had little 

effect on SBP in patients with HFrEF, was superior to 

the placebo in HF stabilization and was well tolerated 

throughout the SBP range in patients enrolled in the 

DAPA-HF study [17].
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In general, SGLPT2  inhibitors do not increase the 

risk of arterial hypotension in patients with T2DM. 

Th erefore, possible hypotension should be considered on 

a case-by-case basis, especially in patients with a history 

of low BP, long-term T2DM or comorbidities [18].

Intra-aortic balloon counterpulsation (IABP) can also 

be performed in patients with end-stage HF. A  single-

center study (n = 56) revealed that IABP provided clini-

cal stabilization in 57% of patients before the implanta-

tion of the MCS system [2].

Despite the advances in medication management 

of end-stage HF, many of these patients require heart 

transplantation (Table 2). It  signifi cantly improves sur-

vival, quality of life and prognosis compared with drug 

treatment. If a patient’s condition worsens, a short-term 

MCS may be required as a “bridge” to heart transplanta-

tion [2]. Th e main limitation of heart transplantation is 

the relatively small pool of donor hearts that varies from 

country to country.

According to the IRODAT registry for 2018, in Russia, 

the number of heart transplantations was 1.72 per 1 mil-

lion of the population. Among patients with HF in Russia 

(2019), 900  individuals needed heart transplantation, 

and 337 transplantations were performed [18]. In 2020, 

the COVID-19  pandemic could not but have a nega-

tive impact on heart transplantation statistics. Since the 

prognosis for patients with end-stage HF is extremely 

poor, they oft en do not live to receive a heart transplant. 

In  this regard, the issue of drug treatment for patients 

with end-stage HF while on the waiting list for heart 

transplantation is extremely urgent.

Th is article describes the case of managing a patient 

with end-stage HFrEF with severe arterial hypotension 

while on the waiting list for heart transplantation.

Description of Clinical Case
In 2003, the patient, 25, was diagnosed with congeni-

tal heart disease: bicuspid aortic valve disease with severe 

aortic regurgitation. Th e patient in severe state was hos-

pitalized at the V.  I.  Burakovsky Institute of Cardiac 

Surgery of the A. N. Bakulev National Medical Research 

Center for Cardiovascular Surgery. On  admission, BP 

was 105/50  mm Hg and HR  — 90  bpm. Electrocardi-

ography (ECG) results revealed sinus rhythm with HR 

64  bpm, left  QRS axis deviation, signs of LV hypertro-

phy, incomplete left  bundle branch block (LBBB), diff use 

changes in the myocardium. Echocardiography (ECHO-

CG): LVEF 30%, left  atrium (LA) 4.6 cm, LV end-systolic 

dimension (ESD) 8.4  cm, LV end-diastolic dimension 

(EDD) 9.9 cm, LV end-systolic volume (ESV) 384 mL, LV 

end-diastolic volume (EDV) 552 mL, LV stroke volume 

(SV) 168 mL. Leafl ets of mitral valve were thin, mobile; 

anterior mitral leafl et was elongated. Aortic valve: 2 leaf-

lets, with no coaptation, ascending aorta 35 mm, at the 

level of the sinus of Valsalva 51–52  mm, arch 30  mm, 

descending aorta 19 mm, fi brous ring (FR) 43–44 mm, 

aortic regurgitation III–IV. Ultrasound examination of 

abdominal organs (US of the abdominal cavity) revealed 

ascites, hepatomegaly (right lobe 143  mm, left  lobe 

55 mm). Aortic valve prosthetics with MIKS-27 was per-

formed, as well as left  atrial appendage ligation. Recom-

mendations on discharge included warfarin 6.25 mg per 

day under the control of international normalized ratio 

(INR); perindopril 2 mg per day; spironolactone 50 mg 

per day; hydrochlorothiazide + triamterene 25  mg + 

50 mg per week; as a result, a stable course of the disease 

was maintained for 12 years. LVEF increased to 47%, LV 

EDD decreased to 9.2 cm.

At the age of 38, aft er an acute respiratory viral infec-

tion (ARVI) with catarrhal symptoms and fever up to 

39  0C, the following symptoms developed: shortness of 

breath with minimal physical exertion, at rest, when 

talking, and asthma attacks at night. Echocardiography 

revealed LVEF decrease to 23%.

From the age of 39, clinical symptoms increased; 

examination revealed an enlarged liver, elevated levels 

of alanine aminotransferase (ALT) up to 81  U/L, total 

bilirubin up to 34 μmol/L, creatinine up to 134 μmol/L, 

as well as decreased estimated glomerular fi ltration rate 

(eGFR) (CKD–EPI) to 61  mL/min/1.73  m2. Accord-

ing to ECHO-CG data, the function of the prosthesis is 

Table 2. Indications and contraindications to heart transplantation Patients to consider

Indications Contraindications

1. End–stage HF with severe symptoms, a poor 

prognosis, and no remaining alternative 

treatment options 

2. Motivated, well informed, and emotionally 

stable 

3. Capable of complying with the intensive 

treatment required postoperatively 

Contraindications

1. Active infection 

2. Severe peripheral arterial or cerebrovascular disease 

3. Pharmacologic irreversible pulmonary hypertension (LVAD should be considered with 

subsequent re–evaluation to establish candidacy) 

4. Cancer (a collaboration with oncology specialists should occur to stratify each patient 

as to their risk of tumour recurrence) 

5. Irreversible renal dysfunction (e.g. creatinine clearance 35 kg/m2 (weight loss is 

recommended to achieve a BMI)

6. Systemic disease with multiorgan involvement 

7. Other serious co– morbidity with poor prognosis 

8. Pre– transplant BMI >35 kg/m2 (weight loss is recommended to achieve a BMI

9. Current alcohol or drug abuse

10. Any patient for whom social supports are deemed insuffi  cient to achieve compliant care 

in the outpatient setting 

Note: LVAD — left ventricular assistant device, BMI — body mass index, HF — heart failure



A N A L Y S I S  O F  C L I N I C A L  C A S E S The Russian Archives of Internal Medicine • № 2 • 2022

148 

satisfactory, aortic regurgitation grade I, mitral regurgi-

tation grade III, LV EDD 9.1 cm; LV EDV 458 mL, LVEF 

19%, diff usely decreased left  ventricular contractility, 

increased pulmonary hypertension (systolic pulmonary 

artery pressure sPAP — 66 mm Hg).

Despite drug treatment in accordance with clinical 

recommendations, there were complaints of shortness 

of breath with minimal physical exertion and at rest, 

weakness, low-productive cough; increased cytolysis 

(ALT increased to 111 U/L) and decreased renal func-

tion were observed for a year. Despite indications for 

cardiac resynchronization therapy (left bundle branch 

block, QRS — 160 ms, CHF stage IIB, NYHA class IV, 

low LVEF (19%) along with optimal drug treatment), a 

cardiac contractility modulation system was implanted 

as part of clinical testing. There was no subsequent 

improvement in clinical symptoms; blood pressure 

decrease to 85/65 mm Hg was often observed; decom-

pensations became frequent, up to four times a year, 

and required hospitalization.

Nine months after implantation of the cardiac con-

tractility modulation system, there were complaints of 

dull pain in epigastric and mesogastric areas, which 

worsened when eating, nausea, weakness; chronic 

gastroduodenitis, exacerbation of pancreatitis were 

suspected. The patient was hospitalized in Gastroen-

terology Department. The patient’s state at admission 

was severe. Self-care was impossible due to shortness 

of breath. Body weight 64  kg, height 174  cm, BMI = 

21.14  kg/m2. Swelling of lower legs, up to the middle 

third. By  auscultation: vesicular breathing, decreased 

in the lower parts on both sides, no rales, RR 16  per 

minute. Heart sounds are clear, the sounds of the pros-

thesis are heard. Regular rhythm with HR of 60  bpm, 

blood pressure 110/70 mm Hg. Dry tongue with whitish 

coating. Abdomen of normal shape. Abdomen was soft 

and painless on palpation. Peristalsis was heard. Stool is 

regular, formed, with no pathological admixtures. Liver 

is not enlarged, its lower edge of normal elasticity on 

palpation, rounded edge. 

Complete blood count revealed no abnormalities. 

In blood biochemistry: increased total lactate dehydro-

genase (LDH) — 492 IU/L (225–450), gamma-glutamyl 

transpetidase (GGTP)  — 192  IU/L (9–39), alpha amy-

lase — 268 IU/L (0–220), total bilirubin — 42.0 mmol/L 

(1.7–20.5), direct bilirubin — 19.00 mmol/L (0.86~5.00), 

creatinine 156.8  μmol/L (eGFR (CKD-EPI)  — 

46.88  mL/min/1.73  m2), aspartate aminotransferase 

(AST) — 89 IU/L (5–34), ALT — 58 IU/L (0–32); INR 

2.5. Ultrasound examination of the abdominal organs 

(US of abdominal cavity) revealed diff use changes in 

liver, pancreas; cranio-caudal size of the left  lobe of liver 

104 mm, thickness — 53 mm, oblique vertical size of the 

right lobe — 148 mm, thickness — 105 mm, as well as 

normal size, increased echogenicity and heterogeneous 

structure of pancreas. Esophagogastroduodenoscopy 

(EGD) revealed a presentation of superfi cial gastritis, 

cardia insuffi  ciency, esophageal candidiasis. Recto-, 

sigmo- and colonoscopy revealed no organic pathology 

of the colon.

According to the examination results, the following 

diagnosis was established: chronic pancreatitis, exacer-

bation. Chronic superfi cial gastritis, exacerbation. Sub-

sequent laboratory tests aft er 14 days of treatment dem-

onstrated decreased level of transaminases: ALT 81 U/L, 

AST 25 U/L, creatinine 134 μmol/L (eGFR (CKD-EPI) — 

57.08  mL/min/1.73  m2), total bilirubin 34.0  mmol/L, 

potassium 3.9 μmol/L.

On ECG during hospitalization in the Gastroentero-

logical Department, sinus rhythm was registered with 

HR of 64  bpm, as well as sharp left  deviation of QRS 

axis, ventricular extrasystole, left  bundle branch block, 

repolarization disturbances in V5–6, probably due to 

the overload of the left  ventricle (Fig. 1 A). Periodically, 

changes associated with the heart contractility modula-

tion device were observed (Fig. 1 B).

А Б

Figure 1. Electrocardiogram
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A — parasternal position on the long axis

B — mitral regurgitation in the parasternal position 
along the long axis

С — apical four-chamber position: dilatation 
of the left  ventricle, the optimizer electrode in 
the right chambers

Figure 2 (A—C). Echocardiograms from 2018
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E — Left  ventricular end diastolic volume

F — mitral and tricuspid regurgitation

Figure 2 (D—F). Echocardiograms from 2018

D — gradient on the aortic prosthesis
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Holter ECG monitoring (24h ECG) revealed par-

oxysm of polymorphic ventricular tachycardia in the 

form of a 4-complex pirouette. Amiodarone, potassium 

asparaginate and magnesium asparaginate were added 

to the treatment, which aggravated weakness, yellow-

ing of skin, nausea, vomiting. The medications were 

discontinued.

ECHO-CG revealed satisfactory function of the pros-

thesis, signifi cant dilatation of heart chambers, decreased 

LV systolic function (18%), relative insuffi  ciency of atrio-

ventricular valves.

Recommendations for outpatient treatment included 

warfarin 3.625  mg per day under the control of INR 

(target level 2.5–3.5), spironolactone 50  mg per day, 

carvedilol 6.25  mg per day, torasemide 20  mg per day, 

enalapril 2.5 mg per day. In the course of treatment, there 

was no signifi cant improvement for two months.

Cardiac resynchronization therapy with a defi brilla-

tor (CRT-D) was considered. However, due to technical 

diffi  culties with the cardiac contractility modulation 

system, implantation of a resynchronization device was 

not performed.

Decompensation of HF with liver damage, devel-

opment of hypoxic hepatitis, renal damage with the 

development of CKD stage C3aA1 were considered the 

symptoms that led to hospitalization in the Gastroenter-

ology Department. Th ere was a sharp deterioration two 

months aft er discharge, with dry cough, blood-streaked 

sputum. According to the results of ECHO-CG: sPAP 

70 mm Hg, EF 19%, LV ESV 371 mL, LV EDV 458 mL 

(Fig. 2). Th e patient was examined by a transplantologist 

and was placed on the waiting list for heart transplan-

tation. Considering the ineff ectiveness of the treatment 

performed and four consecutive hospitalizations due to 

CHF decompensation during the previous year, enalapril 

was discontinued and, despite the tendency to arterial 

hypotension, sacubitril/valsartan 12.5  mg per day was 

prescribed [4, 5].

Figure 2 (H—I). Echocardiograms from 2018

H — Th e maximal pressure gradient of tricuspid 
regurgitation is 50.71 mm Hg; systolic pressure in 
the pulmonary artery before taking sacubitril / 
valsartan is 70 mm Hg.

I — Th e maximal pressure gradient of tricuspid 
regurgitation is 27.47 mm Hg; systolic pressure in 
the pulmonary artery aft er 2 months sacubitril / 
valsartan treatment 32 mm Hg
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One month aft er this prescription, there was an 

improvement in general state, quality of life, increased 

exercise tolerance, regression of symptoms and signs of 

heart failure, and sPAP decreased to 53 mm Hg. Due to 

the decrease in blood pressure to 90/60 mm Hg, the dose 

of sacubitril/valsartan was reduced to 6.25 mg per day; 

the patient continued receiving carvedilol 6.25  mg per 

day, warfarin 4.375 mg per day under the control of INR, 

torasemide 20 mg per day, furosemide 120 mg per day; 

spironolactone was replaced with eplerenone 50 mg per 

day. A month later, hydrochlorothiazide 25 mg per day 

and acetazolamide 250 mg per day were added to therapy 

in order to achieve euvolemia. In the course of this treat-

ment, HF was compensated, the patient started leading 

an active life, became in touch with friends and family 

and started tending to his garden.

Five months aft er starting sacubitril/valsartan, the 

transplantologist expressed doubts over the need for 

heart transplantation based on the clinical examination 

of the patient and the results of his clinical and biochem-

ical tests. However, the patient remained on the waiting 

list for this intervention.

During nine months of treatment, the patient was 

stable, took care of himself, was in touch with his family, 

did chores and gardening. However, despite the ongoing 

therapy, the patient died suddenly (Fig. 3).

Discussion
Here is a case of HF progression in a patient aft er sur-

gery for congenital heart disease (bicuspid aortic valve) 

during 16 years with a signifi cant decrease in LV systolic 

function to 19% and increased FC.

Th e described clinical presentation was fully consis-

tent with end-stage HF: the patient’s state could not be 

stabilized, there were frequent episodes of HF decom-

pensation that required four hospitalizations within 

12  months despite treatment with ACE inhibitors, 

diuretics, MRAs.

Also, the patient tended to have arterial hypotension 

for a long time. Despite systolic blood pressure of less 

than 100 mm Hg, a drug from the ARNI group, sacubi-

tril/valsartan, was prescribed as a “drug of last resort” at 

a minimum dose in order to improve the course of heart 

failure and the prognosis.

Th e eff ectiveness of sacubitril/valsartan in patients 

with HF was evaluated in the multicenter random-

ized phase III study PARADIGM-HF, which included 

8,442  patients with HF II-IV FC and low LVEF that 

required no treatment with intravenous diuretics, with 

SBP above 100 mm Hg. Patients were randomized into 

groups taking enalapril 10  mg twice daily and sacubi-

tril/valsartan 100  mg twice daily, with an increase to 

200 mg twice daily. Th e study was terminated early due 

to a defi nite advantage of sacubitril/valsartan over the 

former drug of choice  — enalapril  — in the form of a 

20% reduction in the relative risk of mortality and hos-

pitalizations [1, 19]. 

Th e PIONEER-HF study demonstrated that the pro-

portion of patients treated with ARNI and experiencing 

symptomatic hypotension was not signifi ca ntly higher 

th an in those treated with enalapril (15% vs 12.7%, p = 

0.95). Switching from an ACE inhibitor to an ARNI had 

a signifi cant benefi cial eff ect on symptoms, morbidity 

and survival [1, 3]. 

Hypotension is an important factor limiting the titra-

tion of drugs for the treatment of HFrEF in routine prac-

tice [3]. Th ere is evidence that sacubitril/valsartan has 

a modulating eff ect on blood pressure: it lowers BP in 

patients with initially high values and can increase it in 

patients with initially low BP [1]. Using sacubitril/val-

sartan for the treatment of patients with end-stage HF 

and severe hypotension was not studied in RCTs [19, 20]. 

In  frail elderly patients, as well as in patients with systolic 

blood pressure of 100–110  mm Hg, an initial dose of 

ARNI 50 mg twice daily and slow titration (6–8 weeks) is 

recommended [3]. 

In this clinical case, despite indications for cardiac 

resynchronization therapy (CRT-D), the patient under-

went implantation of a cardiac contractility modula-

tion system. Five months later, instances of multiple 

organ failure increased, and LVEF did not increase. 

Figure 3. Chronological sequence of the disease development
Note: EF — ejection fraction
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Figure 4. Five–step algorithm for the management of patients with arterial hypotension [3]
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In  this regard, the patient was on the waiting list for 

heart transplantation; the corresponding indication was 

end-stage HF (signifi cant changes in hemodynamics and 

severe (irreversible) structural changes in target organs: 

heart, lungs, blood vessels, brain, kidneys).

Th e replacement of enalapril with sacubitril/valsar-

tan in this case was a “treatment of last resort”, which was 

prescribed despite the presence of arterial hypotension. 

Due to the “microdoses” (6.25 mg per day) of this agent, 

the patient’s general state and quality of life improved; 

HF was compensated and hospitalizations for HF could 

be stopped. New oral inotropes, OM and vericiguat, were 

not recommended for this patient due to the unavailabil-

ity of these agents in our country.

In 2020, the ESC working group developed a fi ve-

step algorithm for the drug treatment of patients with 

HFrEF in the presence of hypotension (Fig. 4). Accord-

ing to the algorithm, at the fi rst stage, careful monitoring 

of BP and assessment of the relationship between low BP 

and clinical symptoms are recommended. At the second 

step, the discontinuation of several drugs in patients 

with HF and arterial hypotension, i.e. slow calcium 

channel blockers (SCCBs), alpha blockers, etc., taken 

for comorbid pathologies (glaucoma, benign prostatic 

hyperplasia, etc.) should be considered. At the third step, 

the dose of diuretics should be reduced. At  the fourth 

step, dose reduction/withdrawal of the main groups of 

drugs for the treatment of CHF is considered depend-

ing on the clinical profi le of the patient. For patients 

with GFR <  30  mL/min/1.73  m2  and/or hyperkalemia, 

ACE inhibitors/ARA/ARNI/MRA should be discontin-

ued. For patients with bradycardia, the BB, digoxin dose 

should be reduced/discontinued; the implantation of a 

pacemaker should be considered. At the fi ft h step, man-

agement of a patient should be discussed at a case confer-

ence [3].

There were no attempts to prescribe SGLPT2 inhibi-

tors to the patient because, during the management of 

the patient, CHF was not indicated for them in our 

country.

Conclusion
Sacubitril/valsartan is the drug of choice for the 

treatment of patients with chronic HFrEF II-IV FC and 

should be used in combination with other agents (beta 

blockers, aldosterone antagonists) [1, 4, 21]. Th e dis-

cussed clinical case demonstrates the experience of pre-

scribing sacubitril/valsartan for a patient with end-stage 

heart failure accompanied by severe arterial hypoten-

sion, which allowed to stabilize the patient’s condition 

for nine months. In patients with failure of standard drug 

therapy for HF, careful dose titration of sacubitril/valsar-

tan under close clinical and laboratory control may be 

performed; it may increase the chance of survival until 

surgery for patients on the waiting list for heart trans-

plantation. RCTs should be conducted to investigate the 

possibility of prescribing low doses of sacubitril/valsar-

tan for patients with hypotension associated with severe 

HF in order to reduce the severity of clinical symptoms 

and improve prognosis; this prescription can be per-

formed simultaneously with new inotropes. Due to a 

large number of patients with arterial hypotension, the 

prescription of sacubitril/valsartan in low doses of 25, 

12.5 and 6.25 mg is advisable.
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