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ABSTRACT

The authors of the article have analyzed the problem of advanced heart failure (AHF). Despite significant and,
without exaggeration, revolutionary achievements in clinical pharmacology, cardiac surgery, and implantation
arrhythmology, the number of patients with chronic heart failure (CHF) in many countries is not decreasing, and
in some states, for example, in Russia, it is increasing. At the same time, unfortunately, immediate and long-term
results of the so-called optimal therapy of CHF are often disappointing for both the patient and the doctor. In 2007,
experts from The Heart Failure Association of the European Society of Cardiology proposed the term advanced
heart failure (AHF) to refer to CHF in which optimal drug therapy, as well as cardiac resynchronization therapy,
are not effective, which causes repeated hospitalizations and justifies the need for advanced treatment methods
such as heart transplantation and mechanical circulatory support, and/or transition to palliative care. The opinions
of experts from the established cardiological communities in the Old and New Worlds on the definition, diagnostic
criteria, and treatment of AHF have been changing over time. Unfortunately, this evolution has not yet arrived at
a consensus. The lecture consistently addresses the issues of terminology, diagnosis, prognostic stratification, and
routing of patients with AHF, as well as short- and long-term strategies for treating these patients.
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PE3IOME

IMpuBoxutcs anammus npoGiieMsl mporpeccupytonieit cepaednoi Hepocrarounoctu (IICH). Hecmotpst Ha cyme-
CTBEHHEIE, He OyAeT MpeyBeMYeHNEeM CKa3aTbh — PEBONIOIMOHHBIE, JOCTIKEHHS KINHUYECKOil (hapMakomorum,
KapIAUOXUPYPrUH ¥ MUMIUIAHTALMOHHON apUTMOJIOTHM, YUCIO MAlEHTOB C XPOHMYECKOH CepledyHON HenocTa-
ToyHocThio (XCH) Bo MHOTHX CTpaHax He COKpallaeTcsi, a B HEKOTOPBIX, HanpuMmep B Poccun, yBenmuuBaeTcs.
IIpu 3TOM, K COXAIECHUIO, HEPEIKO HEMOCPEACTBEHHBIE U OTAAJICHHBIE PE3yJIbTAThl TAK Ha3bIBAEMOM ONTHMAJIb-
Hoii Tepanuu XCH BBI3BIBAIOT pa3oyapoBaHHE KaK y MaIMEHTa, Tak U y Bpada. B 2007 r. sxcnepTsl Accoluanumn
cepzedHoit HeocTatouHocTn EBpomnetickoro obmecTsa kapauonoros npemnoxuty tepmuH [ICH mist o6o3nHaue-
Hust XCH, npu xoTopoil onTumanbHas MeJUKAMEHTO3HAs Tepalus, a TaKkKe CepAecyHas PeCHHXPOHU3UPYIOLIAs
Tepanus He SBISIOTCS 3(Q(EKTUBHEIMU. DTO SIBISIETCS IIPUIMHOM IMOBTOPHBIX TOCHHUTAIN3AMH 1 000CHOBBIBAET
HEO0OXOIMMOCTh TIPHMEHEHNS TAKHX TIEPETOBBIX METO/IOB JIEUEHHsI, KaK TPAHCIUIAHTALUs Cep/Illa M MeXaHNJIecKast
HoAepskKa KpoBOOOpamieHus1, 1 (WIH) Iepexoia K NauIHaTHBHOHM nomomnty. CoracoBaHHbIE TTO3UIIH SKCIIEPTOB
aBTOPHUTETHBIX Kapauosorndeckux coodmects B Crapom n HoBom Caerte, kacaronuecs onpeseseHus, KpuTepres
nuarHocTuky u jgedenus IICH, MeHsAmch co BpeMeHeM, HO, K COXKAJICHHUIO, X 3BOJIIOLUS 0 CUX IIOp HE 3aBep-
LIMJIAach MOJHBIM KOHCEHCYCOM. B jekiuu nmocnenoBaTenbHO paccMaTpPHBAIOTCS BOIPOCH TEPMUHOJIOTUH, JHA-
THOCTHKH, TIPOTHOCTUYECKON cTpaThduKkanuy u Mapmpytusanun nanuenToB ¢ [ICH, a taxke kpaTKocpodHOH
JIONTOCPOYHOH CTPATETHH JICUSHUS ITUX OOIBHBIX.

KiroueBble cjoBa: Tporpeccupyiomias — cepieyHass HEJIOCTaTOYHOCTh,  OIPEJIeNICHHE,  WHIUKATOPBI,
HPOTHOCTHYECKAsl CTpaTH(UKALWS, KIMHUYECKHE MapKepbl, OMOMapKepbl, BH3yalH3alHs, TeCT ¢ (u3nueckon
Harpy3Koi, COIyTCTBYIOIIHE 3a00JI€BaHMs, CTPATErMU BEACHMS, MEXaHHUYeCKas IMOJJepiKKa KPOBOOOpaIeH s,
TpaHCIUIaHTaLMs CepALa.

KonpaukT nuHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HACTOSIIEH CTaThH.

HUcTounuk q)l/lHal-lCPlpOBaHl/lﬁ. ABTOpLI 3asBJIAIOT 00 OTCYTCTBHUHU (bHHaHCPIpOBaHI/IH.

Jas uurupoBanus: Kamoxun B.B., TeruakoB A.T., becnanosa U.J1., Kamoxuna E.B., TepentseBa H.H., Cu-
oupesa O.®., I'pakosa E.B., Ycos B.1O., OcunoBa M.A. IIporpeccupyromas (advanced) ceprednas HemocTa-
TOYHOCTb. bronnemens cubupckou meduyunel. 2021; 20 (1): 129-146. https://doi.org/10.20538/1682-0363-2021-
1-129-146.
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INTRODUCTION

Chronic heart failure (CHF) is a notorious medi-
cal and social problem that belongs to the priorities
of national health systems in almost all developed
and developing countries [1, 2]. This is explained
by the fact that despite the significant and even re-
volutionary achievements in clinical pharmacology,
cardiac surgery, and implantation arrhythmology,
the number of patients (especially those with heart
failure with preserved left ventricular (LV) ejection
fraction (EF)) with this disabling, costly, and often
deadly condition does not decrease in many coun-
tries. In some countries, for example in Russia, it
increases [3—6]. At the same time, immediate and
long-term results of the so-called optimal therapy of
heart failure are, unfortunately, often disappointing
for both the patient and the doctor [7, 8].

The aim of this lecture was to consider contem-
porary views on the problem of advanced heart fai-
lure (AHF), the prevalence of which in the popula-
tion of patients with CHF ranges from 1 to 10% [9,
10].

TERMINOLOGY

In 2007, experts from the Heart Failure Associ-
ation (HFA) of the European Society of Cardiolo-
gy (ESC) proposed the term AHF to refer to heart
failure, in which optimal drug therapy, including

diuretics, renin-angiotensin-aldosterone system
Asymptomatic Mild CHE
cardiac dysfunction
NYHA class* I II
CHF stage** B

(RAAS) inhibitors, beta-blockers (unless these
drugs are not contraindicated and are well tolera-
ted), and cardiac resynchronization therapy (if there
are appropriate indications) are not effective. It is
considered not effective if the following persist:
objective signs of severe cardiac dysfunction, such
as severe systolic and/or diastolic LV dysfunction,
high ventricular filling pressure and increased na-
triuretic peptide blood levels, which are associated
with heart failure corresponding to III-IV functio-
nal class (FC) according to NYHA (New York
Heart Association), dyspnoea and/or fatigue at rest
or with minimal exertion, as well as episodes of flu-
id retention and/or peripheral hypoperfusion at rest.

All of the above is the reason for repeated hos-
pitalizations (> 1 case over the past six months) and
justifies the need for using such advanced treatment
methods as heart transplantation and mechanical
circulatory support, and/or the transition to palli-
ative care [11]. The studied cases included not yet
fatal patients with refractory heart failure requi-
ring consideration of the use of a circulatory assist
device and/or heart transplantation and patients
with end-stage heart failure in which irreversible
changes in the end-organs cause contraindications
to surgery and palliative care is the only possible
option (for example, inotropic drug infusions, ul-
trafiltration or peritoneal dialysis and end-of-life
care) were in question.

AHF
Moderate CHF Severe CHF Refractory CHF
111 v
C D

Fig. 1. Position of advanced heart failure (AHF) in chronic heart failure (CHF) classifications [11]: * Classification of the New York
Heart Association; ** Classification by the American Heart Association and the American College of Cardiology

Well-known difficulties of precise CHF function-
al class (FC) diagnosis, associated with the subjec-
tivity of a patient and a doctor in determining what
limitation to physical activity is slight or significant
and what exertion is habitual for the patient, were
described many times in the «Bulletin of Siberian
Medicine» among other sources [12—14]. This sub-
jectivity naturally leads to low reproducibility of the
results of assessing CHF FC in the same patient by
different doctors. CHF affects mainly elderly peo-
ple. Taking into account polymorbidity, the infor-

mativity of the exercise test performed to objectify
FC (a 6-minute walk test, for instance) is often un-
acceptably low in these patients, since the distance
traveled by the patient can be affected not only by
myocardial, but also by coronary or respiratory fail-
ure and other factors [14].

At the same time, some doctors and researchers
give a rather subjective interpretation of the NYHA
classification. They identify intermediate FC values
(for example, III-IV) and attempt to introduce addi-
tional gradations into the classification. One of these
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is I1Ib class which is not categorically identified as
“advanced”. This class is vaguely characterized as
a more serious disturbance of the functional status
than in FC III, on the one hand, but not as severe as
in CHF corresponding to FC IV, on the other hand
[14, 15]. Medicine does not belong to exact scienc-
es, but such an argument cannot be understood, as if
you are being convinced that more than two results
are possible after flipping a coin — not only “heads”
or “tails”, but also the coin’s hanging in the air.

As for repeated hospitalizations, this is a con-
troversial criterion, since some patients with AHF
may often seek unplanned medical care and receive
it in an outpatient setting (for example, in the Uni-
ted States in the emergency department), and some
patients are hospitalized for reasons not directly
related to CHF (for example, exacerbation of the
underlying disease or comorbid pathology, or dis-
turbances of heart rhythm and conduction). Most
often, unplanned hospitalizations in these patients
are caused by acute heart failure (including so-
called acute decompensated heart failure) [8] and
circumstances related to refractory CHF [11].

It is important not to allow for confusion of
concepts. AHF is a form of CHF, which even in
rapidly developing decompensation is fundamen-
tally different from acute heart failure [1]. D.V.
Preobrazhenskiy et al. [12] rightly consider the
concepts of “heart failure” and “chronic heart fai-
lure” as synonyms, since speaking of acute heart
failure, it is customary to indicate its specific form,
such as pulmonary edema, cardiogenic shock, or
acute pulmonary heart (it does not matter whe-
ther this preceded CHF or not). Nevertheless, in
the special medical literature, there is also an op-
posite point of view, according to which acute
heart failure includes episodes of acute cardiac de-
compensation in patients with CHF in the absence
of the clinical presentation of pulmonary edema
and cardiogenic shock. We quote what we can-
not understand: “Acute decompensated heart fail-
ure (first-time, decompensation of CHF) — poorly
expressed symptoms of acute heart failure that do
not meet the criteria for cardiogenic shock, pul-
monary edema ...” [16]. Apparently, all clinicians
have encountered primary and secondary refracto-
ry disease in patients with CHF (it is important to
recall pseudo-refractoriness that can be associated
with the patient’s non-compliance) with the treat-

ment. There are no generally accepted criteria for
verifying this condition (similar to those for resis-
tant hypertension [17]). This is probably why re-
peated attempts to introduce the refractory phase
(stage) of CHF in its classification are met with
reasonable resistance from the leading cardiolo-
gists of Russia. Yu. N. Belenkov at the “Classifi-
cation of chronic heart failure” round table at the
annual (14.12.2001) conference of the Society
of Specialists in Heart Failure, objected to such
a pro- posal as follows: “You cannot introduce a
refractory phase. Refractory to what? We do not
make a classification for ourselves, but a classifica-
tion for everyone. Your refractory patient and my
refractory patient are different patients because we
have plasmapheresis, ultrafiltration, and artificial
LV~ [18].

Finally, the final (terminal) stage of CHF should
be distinguished from AHF. According to ESC
experts [11], the main difference between them is
the presence of a certain degree of reversibility in
the severity of CHF manifestations when applying
cutting-edge treatment methods. The ambiguous
phrase “a certain degree of reversibility” dictates
the need to search for informative discriminant
signs. Doctors in the absence of the latter should
not rush to pronounce a sentence on a patient with
CHF.

Such indistinct criteria were the subject of de-
served criticism and the reason for revising the
definition of AHF for it to take into account the
evaluation of the effectiveness of new classes of
drugs (such as sinus node If-channel inhibitors and
angiotensin receptor and neprilysin inhibitors),
characteristics of comorbid pathology, the con-
dition of the end-organs, and other variables ne-
glected by the ESC experts in 2007. The opinions
of experts of reputed cardiological communities in
the Old and New Worlds regarding the definition
and criteria for diagnosis and treatment of AHF
have changed over time, but, unfortunately, their
evolution has not yet ended in full consensus, and
none of the proposed interpretations are indisput-
able [9, 19]. In this regard, it is worth quoting the
titles of the works of well-known cardiologists, who
vividly designated the problem: “Advanced heart
failure and end-stage heart failure: does a difference
exist?” [20], “A changing trend toward destination
therapy: are we treating the same patients different-
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ly?” [21], “Rise of the machines? Left ventricular
assist devices for treatment of severe heart failure”
[22], “Mechanical ventricular assistance as destina-
tion therapy for end-stage heart failure: has it be-
come a first-line therapy?” [23].

DIAGNOSTIC CRITERIA

Obviously, in order to speak about AHF with
confidence, it is necessary to justify the presence of
heart failure itself in the patient first. The principles
of CHF diagnosis are well developed and described
in numerous recommendations [3, 5, 24]. Modern
criteria for the diagnosis of AHF, as a rule, include
signs first formulated in 1998 by K.F. Adams Jr.
and F. Zannad [25]: LV EF value determined at
rest is less than 30%, CHF corresponds to FC III-
IV, or maximum oxygen consumption is less than
14 ml / kg / min. However, even among patients
hospitalized with acute heart failure, at least half
have normal LV FV values. The absence of LV
global contractile dysfunction should not contradict
the diagnostic conclusion about AHF in the pres-
ence of other symptoms and signs of this condition
[9].

Detailed criteria for the diagnosis of AHF, for-
mulated in current memorandums of the HFA ESC
[9], the American Heart Association (AHA) and
the American College of Cardiology (ACC) [26],
as well as the Heart Failure Society of America
(HFSA) [27], are presented in Table 1.

After reviewing the criteria presented in Table
1, many clinicians are likely to have questions.
The greatest list of questions, perhaps, is caused
by AHF criteria presented in AHA/ACC recom-
mendation, since they do not specify whether all
criteria are obligatory for verification of AHF, they
contain inaccurate wording (e.g., “frequent”, “usu-
ally”’) and do not include any characteristics of a
state of cardiac contractile and lusitropic functions.
It should be noted that the North American experts
focused strictly on CHF and discussed AHF briefly
in the context of CHF [26]. However, in the ab-
sence of information about the presence and seve-
rity of global (segmental) systolic and diastolic ven-
tricular dysfunction, as well as their remodeling,
detection of CHF is not always infallible, and the
diagnosis itself is not irreproachable [14, 28-32].

In this regard, the recommendations of the HFA
ESC 2018 look more reasonable [9]. They em- pha-
size a thorny path at differential diagnosis, since the
symptoms and signs indicated in paragraphs 1 and
4 (Table 1) can be the result of not only cardiac dys-
function, but other conditions (for example, severe
lung disease, non-cardiac cirrhosis of the liver, or,
most often, renal failure of mixed etiology). How-
ever, these patients have a low quality of life and
a bad prognosis and require the same attention as
someone in whom heart failure is the only existing
illness.

Table 1
Most common criteria for diagnosing AHF [9, 26, 27]
HFA ESC, 2018 AHA /ACC, 2013 HFSA, 2015
All the following criteria must be present despite | 1. Repeated (>2) hospitalizations | The presence of progressive and/or persistent

optimal guideline-directed treatment:

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

2. Severe cardiac dysfunction defined by 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
on severe diastolic dysfunction or LV structural
abnormalities according to the ESC definition 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
visits or hospitalizations over the last 12 months.

or ER visits for HF in the past year
2. Progressive deterioration in
renal function (e.g. rise in BUN
and creatinine)

3. Weight loss without other cause
(e.g. cardiac cachexia)

4. Intolerance to ACE inhibitors
due to hypotension and/or
worsening renal function

5. Intolerance to beta-blockers due
to worsening HF or hypotension
6. Frequent systolic blood pressure
<90 mmHg

7. Persistent dyspnoea with
dressing or bathing requiring rest
8. Inability to walk 1 block on the
level ground due to dyspnoea or
fatigue

severe signs and symptoms of HF despite optimized
medical, surgical, and device therapy. It is generally
accompanied by frequent hospitalizations, severely
limited exertional tolerance, and poor quality of life
and is associated with high morbidity and mortality.
Importantly, the progressive decline should be
primarily driven by the HF syndrome.

Indicators of advanced HF in the setting of optimal
medical and electrical therapies that should trigger
consideration of referral for evaluation of advanced
therapies include:

*Need for intravenous inotropic therapy for symptomatic
relief or for maintaining end-organ function

* Peak VO, <14 mL/kg/min or <50% from the
predicted value

* 6MWT distance <300m

« >2 HF hospitalizations in the last 12 months

» >2 unscheduled visits (e.g. ER or clinic) in the last
12 months
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Table 1 (continued)

HFA ESC, 2018

AHA/ACC, 2013

HFSA, 2015

4. Severe impairment of exercise capacity with
inability to exercise or low 6MWTD (<300 m) or
pVO2 (<12-14 mL/kg/min), estimated to be of
cardiac origin.

In addition to the criteria mentioned above,
extra-cardiac organ dysfunction due to heart
failure (e.g. cardiac cachexia, liver, or kidney
dysfunction) or type 2 pulmonary hypertension
may be present, but are not required.

9. Recent need to escalate diuretics
to maintain volume status,
often reaching daily furosemide
equivalent dose >160 mg/day and/
or use of

supplemental metolazone therapy
10. Progressive decline in serum
sodium, usually to <133 mEq/L
11. Frequent ICD shocks

e Worsening right ventricular HF and secondary
pulmonary hypertension

* Diuretic refractoriness associated with worsening
renal function

« Circulatory—renal limitation to RAAS inhibition or
beta-blocker therapy

* Symptoms of progressive/persistent CHF (NYHA
functional class I1I-1V)

« Increased 1-year mortality (e.g. 20-25%) predicted by

HF survival models (e.g. SHFS, HFSS, etc.)

* Progressive renal or hepatic end-organ dysfunction

e Persistent hyponatraemia (serum sodium <134
mEq/L)

* Recurrent refractory ventricular tachyarrhythmias;
frequent ICD shocks

« Cardiac cachexia

« Inability to perform ADL

Note. HFA — Heart Failure Association; ESC — European Society of Cardiology; AHA / ACC — American Heart Association /American College
of Cardiology; HFSA — Heart Failure Society of America; 6MWT - 6-minute walk test; ACE — angiotensin-converting enzyme; ADL — activities
of daily living; BNP — B-type natriuretic peptide; BUN — blood urea nitrogen; CRT — cardiac resynchronization therapy; ER— emergency room;
HF — heart failure; HFSS — Heart Failure Survival Score; ICD — implantable cardioverter-defibrillator; LV — left ventricular; LVEF — left ventricular
ejection fraction; NT-proBNP — N-terminal pro-B-type natriuretic peptide; HfmrEF — heart failure with mid-range ejection fraction; HfpEF — heart
failure with preserved ejection fraction; ARVC — arrhythmogenic right ventricular cardiomyopathy; NYHA — New York Heart Association; PCWP —
pulmonary capillary wedge pressure; RAAS — renin-angiotensin-aldosterone system; RAP — right atrial pressure; SHES — Seattle Heart Failure

Score; pVO2 — peak exercise oxygen consumption.

PROGNOSTIC STRATIFICATION

Accurate and timely prognosis is important
for any disease, but in such a severe pathology as
AHF, the results of predictive stratification are of
particular importance. In order to justify referring
the patient with chronic heart failure in a specia-
lized center (e.g., heart failure clinic), it is enough
to detect pronounced decompensation. However, to
select patients requiring the use of advanced treat-
ment methods, such as heart transplantation and ar-
tificial left ventricle, and to determine the optimal
time for this therapy, it is necessary at first to have
a substantiated assumption on unacceptably high
risks of death in the absence of aid from an organ
transplant surgeon or specialists in mechanical cir-
culatory support [9].

A fairly extensive list of indicators of adverse
prognosis in AHF is presented in Table 2 [9]. It is
logically grouped by ESC experts according to the
method of obtaining information (markers obtained
in a clinical study and by performing simple instru-
mental tests; biomarkers evaluated in the laboratory;
results of heart and vascular imaging; and exercise
testing) and the presence of comorbid pathology.

As you can see, the prognosis in AHF patients
is associated with a large number of factors with

an obvious linear relationship (from weak to almost
functional) between many of them. For example,
the quality of life in a patient with CHF is related
to gender, parameters of LV remodeling (geometric
and electrophysiological) and its functional state,
the level of asthenia and the severity of depression,
as well as the presence of metabolic syndrome (obe-
sity and indicators reflecting the severity of syste-
mic inflammation and oxidative stress), iron defi-
ciency, and coronary insufficiency [33—39]. Depres-
sion of heart rate variability in these patients is di-
rectly related to age, heart remodeling, the degree of
systolic and diastolic LV dysfunction, the presence
of diabetes mellitus and diabetic autonomic neurop-
athy, as well as the clinical severity of heart failure,
and, conversely, the effectiveness of CHF treatment
[40—43]. Hyperuricemia can be one of the mani-
festations of metabolic syndrome or chronic kidney
disease [44—46]. The number of cardiac and extra-
cardiac factors affecting the level of the so-called
cardiac biomarkers is generally difficult to calculate
[47-53].

Due to the multicollinearity between risk factors,
the partial prognostic value of each of them is dif-
ficult to determine and, therefore, it is not easy to
distinguish significant independent predictors from
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randomly detected and not carrying any addition-
al information ones. The way out of the problem-
atic situation in clinical practice can be the use of

multi-factor models of prognosis, which, for obvi-
ous reasons, have their advantages over monofactor
models [9, 54, 55].

Table 2

Clinical markers and parameters obtained by instrumental research

General clinical

Age 1 HR in sinus rhythm but not in atrial fibrillation Reduced peripheral muscle
Male sex Reduced HR variability strength
1 QRS duration Recent /recurrent HF hospitalizations Rales
Longer HF duration Changed haemodynamic profiles” Edema
Higher NYHA class Cardiomegaly JVD
Lower and labile SBP and lower DBP and MAP S3 Hepatomegaly
Lower pulse pressure Poor quality of life Ascites
Biomarkerss
Low sodiu -ESR
. - Oxidative stress and fibrosis
Cardiomyocyte injury _ST2
- Trop onm - Galectin-3
Cardiomyocyte stress - GDF-15
- Higher BNP and/or NT-proBNP
. - MR-proADM
- Increased NT-proBNP over time
- Lower LDL

- ANP - Uric acid
- MR-proANP

. -Low T3
Inflammation - Albuminuria
- CRP uminu

Imaging
Echocardiography
Longo st of hypolakiaesis - Low LV RS at rest
&€ . P - No LV GLS increase in the dobutamine stress test
- LV dilatation .
. . . - Pulmonary congestion by lung ultrasound
- Diastolic dysfunction . .
. . - Inflammation and fibrosis on CMR
- Mitral regurgitation R . .
. . - Poor viability of the myocardium on stress echocardiography and CMRR
- Aortic stenosis - Reduced miBG uptake
- LV hypertrophy P
- LV mass
Cardiopulmonary exercise test
tests
pVO2

Short distance in the 6-min walk test
V/V ., slope

Co-morbidity

Cardiovascular

- Ischemic heart disease/prior myocardial infarction
- Prior transient ischemic attack/stroke

- Peripheral arterial disease

- Atrial fibrillation

- Ventricular arrhythmia, sudden cardiac death, ICD
shocks

Non-cardiovascular

- Chronic kidney disease

- Diabetes

- Chronic obstructive pulmonary disease

- Sleep apnoea and Cheyne—Stokes breathing

- Smoking
- Anemia
- Higher red cell distribution width
- Higher white blood cell count
- Iron deficiency
- Liver dysfunction and low albumin
- Depression

- Senile asthenia

- Cachexia
- Cognitive dysfunction
- Diuretic resistance

Note. ANP — atrial natriuretic peptide; BNP — B-type natriuretic peptide; CMR — cardiovascular magnetic resonance; CRP — C-reactive protein;
DBP — diastolic blood pressure; ESR — erythrocyte sedimentation rate; GDF-15 — growth differentiation factor 15; HF — heart failure; HR —
heart rate; ICD — implantable cardioverter-defibrillator; JVD — jugular venous distention; LDL — low-density lipoprotein; LV — left ventricular;
LVEF — left ventricular ejection fraction; miBG — metaiodobenzylguanidine; MAP — mean arterial pressure; MR-proADM — mid-regional pro-

adrenomedullin; MR-proANP — mid-regional pro-atrial natriuretic peptide

; NT-proBNP — N-terminal pro-B-type natriuretic peptide; NYHA —

New York Heart Association; pVO2 — peak exercise oxygen consumption; SBP — systolic blood;pressure; VE/VCO2 — minute ventilation—carbon

dioxide production relationship; S3 — gallop rhythm.

* is detected according to the presence/absence of congestion (or hypoperfusion) signs.
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Out of more than 100 multi-factor predictive
models proposed for patients with CHF, the most
well-validated are SHFM (Seattle Heart Failure
Model), HFSS (Heart Failure Survival Score),
MECKI (Metabolic Exercise test data combined
with Cardiac and Kidney Indexes), INTERMACS
(Interagency Registry for Mechanically Assisted
Circulatory Support), MAGGIC (Meta-Analysis
Global Group in Chronic Heart Failure), BIO-
STAT-CHF (A Systems Biology Study to Tailored
Treatment in Chronic Heart Failure), BCN Bio-HF
(Barcelona Bio-Heart Failure), and UCLA score
(University of California, Los Angeles) [9]. An un-
acceptably low survival rate during the year in most
cases is indicated by an assessment of the prognosis
at a level not exceeding 80% (for example, on the
SHFM or MAGGIC model) [9].

ESC experts emphasize the prognostic value of
the treatment-related factor [9]. Non-compliance by
a doctor or patient with the provisions of modern
recommendations for treatment of CHF (particular-
ly refusal to use a B-blocker) is associated with a
worsening prognosis. However, it should be under-
stood that the term AHF is applicable only to de-
scribe the phenotype of treated CHF. If the patient
for one reason or another did not receive optimal
therapy, then regardless of the clinical severity of
decompensation, it is too early to talk about this
form of heart failure.

PATIENT ROUTING

All patients with CHF should undergo regular
checkups for timely detection of progression of
symptoms and signs. The described mnemonic “I
need help” is useful for identifying patients with
AHF who need a timely referral to a specialized
center which uses advanced methods of heart fail-
ure treatment that are not available in an ordinary
clinic. It stands for the following: I (Inotropes),
N (NYHA class), E (End-organ dysfunction), E
(Ejection fraction), D (Defibrillator shocks), H
(Hospitalizations), E (Edema/escalating diuret-
ics), L (Low blood pressure), P (Prognostic medi-
cation) [56].

Unfortunately, patients with AHF are often re-
ferred to advanced heart failure centers too late.
The routing scheme developed within the frame-
work of the active screening concept, the goal of
which is timely referral of these patients to the ap-

propriate specialized medical centers, is present-
ed in general form in Figure 2 [9]. The concept of
active screening justifies referral (if there are ap-
propriate indications) to a local heart failure clinic
of patients with CHF symptoms corresponding to
NYHA FC 1II.

When planning the timing of specialized medical
care for patients with AHF, you can use the classifi-
cation of heart failure severity phenotypes provided
in the INTERMACS registry (Interagency Registry
for Mechanically Assisted Circulatory Support) [9,
57] (Table 3).

In general, only the 2™, 3%, and 4" phenotypes
are unconditionally related to AHF, since the 1%
type corresponds to acute heart failure and the 5%—
7™ types — to non-severe CHF.

SHORT-TERM TREATMENT STRATEGY

Since a reasonable conclusion about AHF leaves
little hope for the success of pharmacotherapy
aimed at hemodynamic, neurohumoral, volumetric,
myocardial, and immune unloading of the heart, ac-
cording to the figurative expression of V. Pernias
et al. [58], the solution to the problem lies outside
the heart (heart transplantation or implantation of
a circulatory assist device). However, in a situa-
tion where the patient’s clinical condition is rapid-
ly deteriorating or there is a reason for assuming
reversible dysfunction of end-organs, active phar-
macotherapy or temporary mechanical circulatory
support may be required. Such a short-term strategy
can be lifesaving for a patient who is on the waiting
list for a transplant or implantation of a circulatory
assist device [9].

The use of non-glycosidic inotropes and va-
soconstrictors should be limited to cases of acute
decompensated heart failure, low cardiac output
syndrome, and cardiogenic shock [9, 59-62]. Al-
lowed medicines include vasoconstrictors (for ex-
ample, norepinephrine and vasopressin), inotropes
with vasoconstrictor properties (for example, dopa-
mine and adrenaline), as well as inodilators, among
which, according to some experts, the most prom-
ising is levosimendan (its use is permissible in the
absence of a pronounced decrease in systolic blood
pressure —>85 mmHg) [9, 60].

The cornerstone of congestion correction in
these patients is loop diuretics. For the purpose of
the so-called decongestion (not to be confused with
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anticongestant therapy in the otorhinolaryngologic
practice) in case of refractory edema syndrome, in-
cluding the one associated with the “braking phe-
nomenon”, they should be used (after or against the
background of systemic arterial hypotension cor-
rection) intravenously at a high dose, in combination
with one another, with neurohumoral modulators,
and drugs improving renal filtration (for example,
aminophylline or a “renal” dose of dopamine) and
increasing oncotic blood pressure (albumin, blood
plasma) [5, 9, 63, 64].

In patients with normal or elevated systemic
blood pressure, a combination of diuretics with va-
sodilators may be effective, the most promising of
which are serelaxin (a recombinant analog of human
relaxin-2), low doses of nesiritide (a recombinant
form of human brain natriuretic peptide), and the
vasopressin antagonist tolvaptan (especially in case
of hyponatremia of dilution) [63, 65, 66]. Finally,
the use of drugs from the group of the sodium-de-
pendent glucose co-transporter type 2 inhibitors
(such as dapagliflozin or empagliflozin) in combi-
nation therapy can help to shift the process from the
“dead point” and achieve the coveted euvolemia in
refractory edema syndrome [63, 67, 68].

If other methods of dehydration are ineffective, it
is possible to use extracorporeal ultrafiltration (gen-
tle regimes using a minimum volume of extracorpo-
real blood and an ultrafiltration rate of no more than
250 ml / hour are preferable) and peritoneal dialysis
[5,9, 69, 70].

Temporary (usually from several days to
several weeks) mechanical circulatory support
(mono- and biventricular) can be indicated in the
development of cardiogenic shock, as well as in
a situation where it is necessary to gain time de-
ciding on a heart transplant or implantation of an
artificial ventricle (ventricles). For this, percutane-
ous transluminal methods are currently available,
including intra-aortic balloon counterpulsation and
Impella® ventricular support systems, as well as
paracorporal devices (for example, the so-called
tandem heart), including combining mechanical
circulatory support with blood oxygenation (ve-
noarterial extracorporeal membrane oxygenation)
[9, 71-76].

The following terms are used to describe various
technologies for temporary mechanical circulatory
support in discrete clinical situations [24]:

1. “Bridge to decision” / “Bridge to bridge” —
is used in patients with cardiogenic shock existing
until haemodynamics and end-organ perfusion are
stabilized to exclude contraindications for long-term
mechanical circulatory support (for example, brain
damage after resuscitation) and consider additional
therapeutic options, including long-term ventricular
assist device therapy or heart transplantation.

2. “Bridge to candidacy” — the use of tempo-
rary mechanical circulatory support can lead to im-
proved function of the end-organs and give the right
to heart transplantation to those patients for whom it
was previously contraindicated;

3. “Bridge to transplantation” — mono- and
biventricular mechanical circulatory support to
keep alive patients at high risk of death waiting
for a heart transplant (application may take several
months or even years since only 10% of these pa-
tients will receive a donor heart within a year);

4. “Bridge to recovery” — mechanical circula-
tory support to keep patients alive until their cardiac
function is restored to a level sufficient to remove
the circulatory assist device (usually we are talking
about a partially reversible cause of CHF, such as
acute myocarditis or peripartum cardiomyopathy).

LONG-TERM TREATMENT STRATEGY

Conventional surgical treatment is aimed at cor-
recting etiological factors, as well as the leading
mechanisms underlying CHF. We are talking, for
example, about revascularization of ischemic but
viable myocardium in patients with LV EF < 35%,
prosthetics of the aortic valve in severe symptom-
atic aortic valve stenosis with an average pressure
gradient > 40 mm Hg. or in severe aortic regurgita-
tion in all patients with symptoms and asymptom-
atic patients with LV EF < 50%, as about surgery
to correct mitral regurgitation (endovascular place-
ment of the mitral valve clip theoretically looks
more justified in a situation of high perioperative
risk), including secondary (due to LV dilation) se-
vere mitral insufficiency (especially in patients with
LV EF <30%), which cannot be corrected with the
help of pharmacotherapy and electrophysiological
methods of treatment [9].

Long-term mechanical circulatory support in
the framework of “definitive treatment” technology
can be considered as an alternative to heart trans-
plantation in patients with end-stage CHF, in which
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| Age <75% l«
Co-morbidity causing YES
life expectancy <1 year**
NO
Advanced HF despite
optimal guideline < >

. NYHA class 1T
directed management

(including CRT/ICD if indicated)

v

Any of these characteristics:

* Prior inotrope use

* LVEF <20%

* Intolerant of beta-blocker or RAS inhibitor/ARNI

* Hyponatraemia

* >] admission or unplanned visit to HF clinic for HF in last 12
months

* SBP <90 mmHg

* Worsening renal function or SCr > 160 pmol/L

* Worsening liver function due to HF

* Haemoglobin <120 g/L

* Ventricular arrhythmias/ICD shocks

* Persistent congestions/need for escalating diuretic doses

YES NO

v \4 v

Refer to an AHF center Manage in local
(or discuss this possibility) HF service
'

Re-evaluation
in 3-6 months

Fig. 2. Triage of patients with advanced heart failure (HF) and appropriate timing of referral [9]: ARNI — angiotensin receptor—

neprilysin inhibitor; COPD — chronic obstructive pulmonary disease; CRT — cardiac resynchronization therapy; ICD — implantable

cardioverter-defibrillator; LVEF — left ventricular ejection fraction; NYHA — New York Heart Association; RAS — renin-angiotensin
system; SBP— systolic blood pressure; SCr — serum creatinine.

* >75 years with good functional status apart from HF (mono-organ disease); ** e.g. incurable cancer, dementia, severe COPD
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for objective or subjective reasons, transplantation
is not feasible (see below). Naturally, such devices
must be implanted and administered only in centers
with professionally educated doctors to reduce the
risk of complications (secondary infection, pump
thrombosis, bleeding, thromboembolism, and dys-
function of the device itself), which, despite contin-
uous improvement in technology, remains a serious
problem [9, 24, 77].

The results (patient survival and quality of life)

depend on the correct selection of patients for this
intervention and the type of device chosen. High
survival rates are usually observed among people
under 70 years of age, without diabetes, renal failure
or cardiogenic shock. In carefully selected groups
of patients, implantation of second- or third-gene-
ration continuous axial or centrifugal flow devices
(that are more effective than devices that use pul-
satile pumps) generally provides better results than
optimal drug therapy in patients dependent on ino-

of implantation of circulatory assist devices largely tropes.

Phenotypes in patients with heart failure [9, 24, 57]

Table 3

Phenotype

Time frame for intervention

INTERMACS 1: Critical cardiogenic shock

Patients with life-threatening hypotension despite rapidly escalating inotropic support, critical organ
hypoperfusion, often confirmed by worsening acidosis and/or lactate levels.

«Crash and burny

Definitive intervention needed
within hours: ECLS, ECMO,
percutaneous
support devices

INTERMACS 2: Progressive decline

Patients with a declining function despite intravenous inotropic support, (may be manifested through worsen-
ing renal function, nutritional depletion, and inability to restore volume balance).

Also describes declining status in patients unable to tolerate inotropic therapy.

«Sliding on inotropes»

Definitive intervention needed
within few
days: ECLS, ECMO,
LVAD

INTERMACS 3: Stable but inotrope-dependent

Patients with stable blood pressure, organ function, nutrition, and symptoms with continuous
intravenous inotropic support (or a temporary circulatory support device or both), but
demonstrating repeated failure to wean from support due to recurrent symptomatic
hypotension or renal dysfunction.

«Dependent stability»

Definitive intervention elective
over a

period of weeks to few months:
LVAD

INTERMACS 4: Resting symptoms

Patients can be stabilized close to normal volume status but experience daily symptoms of
congestion at rest or during ADL. Doses of diuretics generally fluctuate at very high levels.
More intensive management and surveillance strategies should be considered, which may
in some cases reveal poor compliance that would compromise outcomes with any therapy.
Some patients may shuttle between 4 and 5.

«Frequent flyer»

Definitive intervention elective
over a

period of weeks to fe\i&months:
LvAD thosein

INTERMACS 5: Exertion intolerant

Patients feel comfortable at rest and with ADL, but are unable to engage in any other activity, living
predominantly within the house. Patients are comfortable at rest without congestive

symptoms, but may have underlying refractory elevated volume status, often with renal
dysfunction. If underlying nutritional status and organ function are marginal, patients may

be more at risk than INTERMACS 4 and require definitive intervention.

«Housebound»

Variable urgency, depends upon
maintenance
of nutrition, organ function, and
activity: LVAD

INTERMACS 6: Exertion limited

Patients without evidence of fluid overload feel comfortable at rest, with ADL and minor

activities outside the home but fatigue after the first few minutes of any meaningful

activity. Attribution to cardiac limitation requires careful measurement of peak oxygen

consumption, in some cases with haemodynamic monitoring to confirm the severity of cardiac impairment.
«Walking wounded»

Variable, depends upon
maintenance of
nutrition, organ function, and
activity
level: LVAD / Discuss
LVAD as option

INTERMACS 7: Advanced NYHA class I11

A placeholder for more precise specification in future, this level includes patients who are
without current or recent episodes of unstable fluid balance, living comfortably with
meaningful activity limited to mild physical exertion.

«Placeholder»

Transplantation or circulatory
support may not currently be
indicated

Note. ADL — activities of daily living; ECMO — extracorporeal membrane oxygenation; NYHA — New YorkHeart Association; ECLS —
extracorporeal life support; ECMO — extracorporeal membrane oxygenation; INTERMACS — Interagency Registry for Mechanically Assisted
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The survival rate after this operation is compa-
rable to the early survival rate after heart transplan-
tation (2-year survival at the level of 76—85%) [9,
24,71, 78].

The main pros and cons of long-term mechanical
circulatory support, formulated by EACTS (Euro-
pean Association for Cardio-Thoracic Surgery) ex-
perts [79], are presented in Table 4.

Severe right ventricular dysfunction (for exam-
ple, in the presence of significant tricuspid regur-
gitation) is usually considered as one of the main
contraindications to implantation of a LV assist de-

vice, but it is not an obstacle to heart transplantation
[24]. If it is predicted that severe right ventricular
dysfunction will be potentially reversible, then tem-
porary (from days to several weeks) extracorporeal
devices for mechanical support of the right ventricle
can be used in addition to an implanted LV assist de-
vice [24]. In patients with irreversible right ventric-
ular dysfunction secondary to left ventricular heart
failure, the use of long-term biventricular mechan-
ical circulatory support (using two implantable /
extracorporeal pumps or a so-called total artificial
heart) should be considered [79—81].

Table 4

Recommendations for evaluation and selection of patients for long-term mechanical circulatory support* [79]

LT-MCS implantation should be considered in patients with the following (Class of recommendation Ila, level of evidence - B):

* New York Heart Association functional class IIIB-IV and
* Ejection fraction <25% and

At least one of the following criteria:

— INTERMACS 2-4**

— Inotrope dependence

— Progressive end-organ dysfunction

— pVO, <12 ml/kg/min

— Temporary MCS dependence

LT-MCS implantation may be considered in patients with (Class of recommendation IIb, level of evidence - B):

* New York Heart Association functional class I[IIB-IV and
« Ejection fraction <25% and a need:

— To reverse elevated pulmonary vascular resistance or potentially reversible renal failure in potential

heart transplant candidates

— To allow time for transplant contraindications to be reversed, such as recent cancer, obesity, and
recovering drug and alcohol dependence in potential heart transplant candidates

Patient characteristics associated with a high risk of poor outcome after implantation of a left ventricular assist device (Class of

recommendation Ila-IIl, level of evidence — B-C):

« LT-MCS in patients with advanced age, after careful evaluation of comorbidities and senile asthenia, should be considered.
* LT-MCS in patients with peripheral vascular disease, depending on its severity, may be considered.

« LT-MCS in patients with active systemic bacterial/fungal infection is not recommended.

* In patients with well-controlled HIV, hepatitis B or hepatitis C, LT-MCS should be considered.

« In patients with diabetes with poor glycaemic control or end-organ complications, LT-MCS may still be considered.

* LT-MCS may be considered in patients with chronic dialysis.

« LT-MCS implantation in patients with haemostatic deficiencies and coagulopathies may be considered.

* LT-MCS implantation in patients with untreated aortic regurgitation or mechanical aortic valve is not recommended.

» LT-MCS in patients with untreated severe mitral stenosis is not recommended.

* LT-MCS implantation in patients with irreversible liver dysfunction, as diagnosed by liver enzyme laboratory tests and the Model of End-

stage Liver Disease score, is generally not recommended.

« In patients with poor neurological and cognitive function, LT-MCS implantation is not recommended.

« Frail patients and patients with limited mobility may be considered for LT-MCS implantation after careful evaluation.

* LT-MCS in patients who are living alone or who are suffering from depression should, after careful evaluation, be considered.
« LT-MCS implantation in patients who suffer from dementia is not recommended.

* LT-MCS implantation in patients with active substance abuse, not willing to cease the abuse, is not reccommended.

* LT-MCS implantation in patients with malignancies may be considered, if expected survival is >1 year.

Note. LT-MCS — long-term mechanical circulatory support; INTERMACS — Interagency Registry for Mechanically Assisted Circulatory
Support; pVO, — peak exercise oxygen consumption; HIV — human immunodeficiency virus.
* It is recommended that reversible causes of heart failure are ruled out; ** Patients with the INTERMACS 3 phenotype will benefit the most

[9].
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Despite the lack of well-organized controlled
studies, the cardiological community is dominated
by the view that heart transplantation at the final
stage of CHF improves survival (1-year survival
rate of about 90% and a median survival rate of 12.2
years), physical performance, and the quality of life
to a much greater extent compared to conventional
treatment, provided that the appropriate selection

criteria are carefully met (the gold standard of treat-
ment for refractory CHF) [9, 82].

Indications for heart transplantation largely coin-
cide with those for long-term mechanical circulatory
support, and the list of contraindications is longer
and includes additional points, such as high pulmo-
nary vascular resistance or transpulmonary pressure
gradient and recently treated cancer [9] (Table 5).

Table 5

Indications and contraindications to heart transplantation [9]

Patients to consider

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

to establish candidacy)

recurrence)

9. Current alcohol or drug abuse

2. Severe peripheral arterial or cerebrovascular disease
3. Pharmacologic irreversible pulmonary hypertension (LVAD should be considered with a subsequent re-evaluation

4. Cancer (a collaboration with oncology specialists should occur to stratify each patient as to their risk of tumour
5. Irreversible renal dysfunction (e.g. creatinine clearance <30 mL/min)

6. Systemic disease with multiorgan involvement

7. Another serious comorbidity with a poor prognosis

8. Pre-transplant BMI >335 kg/m? (weight loss is recommended to achieve a BMI <35 kg/m?)

10. Any patient for whom social supports are deemed insufficient to achieve compliant care in the outpatient setting

Note. LVAD — left ventricular assist device; BMI — body mass index; HF — heart failure.

If we recall shortage of donor hearts, the problem
of graft rejection, and lack of effective treatment for
coronary artery disease of the transplanted heart, it
becomes clear why the number of patients receiving
permanent mechanical circulatory support is con-
stantly increasing (for example, in Germany alone
in 2016, 1,000 implantations of LV mechanical sup-
port devices were performed). At the same time, the
number of heart transplants in the world has braked
at the level of 1994 (about 5,000 per year) [5, 9, 83].

CONCLUSION

AHF is a form of CHF, progression of which has
reached a stage where traditional evidence-based
therapy becomes ineffective. Patients at this stage
persist with symptoms and signs of severe heart fail-
ure, often accompanied by episodes of acute decom-
pensation that are associated with an adverse prog-
nosis. It is important to raise awareness of this form
of heart failure, since its prevalence in the multilion
population of patients with CHF can reach 10%,

and it requires timely application of advanced treat-
ment methods, such as heart trans- plantation and
mechanical circulatory support and/or transition to
palliative care.
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