ORIGINAL RESEARCH Vol. 2 (4) 2022 Cardiac Arrhythmias

DOI: https://doi.org/10.17816/cardar111076 .
Research article —
updates

Prognostic value of N-terminal Brain Natriuretic
Peptide (NT-proBNP) in Risk Assessment of Adverse
Cardiovascular Events in Patients with Atrial
Fibrillation and Heart Failure with Reduced Left
Ventricular Systolic Function

Marina Ch. Matsiukevich, Darya A. Bubeshka, Viktor A. Snezhitskiy

Grodno State Medical University, Grodno, Belarus

According to Russian epidemiological studies, the incidence of chronic heart failure (HF) in the general population is ap-
proximately 7%, increasing from 0.3% in the group aged 20-29 years to 70% in patients aged > 90 years [1]. In the general
population, the incidence of atrial fibrillation (AF) ranges from 1% to 2%, which increases with age, that is, from 0.5% at the
age of 40-50 years to 5%—15% at the age of 80 years [2]. HF and AF aggravate significantly each other’s course and mutually
increase the risk of adverse outcomes [3, 4]. Moreover, the incidence of AF in patients with HF increases with increasing New
York Heart Association (NYHA) grade; that is, among patients with HF of NYHA grade I, the incidence of AF is < 5%, whereas
among patients with HF NYHA grade IV, the AF incidence in > 50% [5].

Chronic HF is a syndrome with complex pathophysiology, which is characterized by the activation of neurohumoral systems,
namely, the renin—angiotensin—aldosterone system (RAAS), sympathetic nervous system (SNS), and insufficient activity of the
natriuretic peptide (NUP) system. In the early stage of HF, i.e. asymptomatic dysfunction of the left ventricle, the activation of
the SNS and RAAS plays a compensatory role aimed at maintaining cardiac output and circulatory homeostasis [6]. Moreover,
the NUP system has a counter-regulatory function in relation to the RAAS and SNS, and with prolonged and excessive activation
of the SNS and RAAS or with insufficient NUP system activity, imbalance occurs and HF progresses [7].

The brain natriuretic peptide (BNP) and biologically inactive N-terminal fragment of BNP (NT-proBNP) are the most studied
and significant in clinical practice representatives of the NUP system. BNP and NT-proBNP are secreted by cardiomyocytes
of the left ventricular (LV) myocardium in response to an increase in the mechanical load and stress of the LV myocardium.
NT-proBNP is widely used as a test to rule out HF in patients with dyspnea. The NUP level also correlates with the severity and
prognosis in patients with an established diagnosis of HF, and studies have reported that the NUP level acts as a criterion for
treatment efficiency in patients with HF [8]. NT-proBNP is a biomarker not only for HF but also for several other conditions,
such as acute coronary syndrome and myocardial infarction (MI), because it is associated with an increased risk of death from
all causes, regardless of age, stable effort angina grade, myocardial infarction history, and LV ejection fraction (LVEF) [9].

NT-proBNP levels can be influenced by several additional factors such as age, obesity, or glomerular filtration rate. The
prognostic value of NT-proBNP is relevant in comorbid patients with AF associated HF because AF can increase NT-proBNP
levels independently [10]. Given that NUP secretion depends on intracardiac hemodynamics, the NT-proBNP levels may also
depend on the approach to managing AF. Tachycardia is associated with high NT-proBNP levels [11].

The rhythm control approach has advantages over the heart rate control approach in patients with HF and LVEF < 50% to
reduce mortality and the number of unplanned hospitalizations due to HF progression [12].

To date, the prognostic significance of NT-proBNP levels in relation to the risk of adverse events in patients with HF and
reduced LV systolic function associated with AF, depending on the approach of AF management, remains unresolved.

This study aimed to assess the predictive value of NT-proBNP in relation to the development of adverse cardiovascular
events in patients with permanent or persistent AF associated with HF and LVEF < 50%.
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HayuHas craTbs

lMporHocTuyeckas s3HauMMocTb N-TepMUHanbHoOro
¢parMeHTa MO3roBoro HaTpUMypeTU4YecKoro
nentuga (NT-proBNP) B oueHke pucka passutus
Heb6naronpuATHLIX COObLITMI Y NaLUEHTOB

¢ pubpunnsaumen npeacepaunA B COMETaHUM

C CepAeyHoOM He0CTaTOYHOCTbIO CO CHUXKEHHOM
CUCTONMYECKOW (YHKLMEN NIeBOro XeayAouKa

M.Y. Martiokesuy, [1.A. bybewko, B.A. CHexuuKkumn

[POLHEHCKMIA rOCYAAPCTBEHHBIN MeAULMHCKUI yHUBepcuTeT, [poaHo, benapychb

AxkmyansHocme. Hanbonee 3HauMMbIM B KJIMHUYECKOW MpaKTUKe BUOMapKepoM cepaeyHoii HepoctatouHoctu (CH) sB-
nsietcst N-TepMUHanbHbIA parMeHT Mo3roBoro Hatpuiypetuyeckoro nentuga (NT-proBNP). NT-proBNP Takke sBnsetcs
MPOTrHOCTUYECKMM MapKepoM Pa3BUTUS TSIKENbIX KIIMHUYECKMX UCXOZ0B Y maumeHToB ¢ dmbpunnsaumein npegcepamin (ON)
be3 amarHocTupoBaHHoi CH. MporHoctyeckas 3HauMMocTb NT-proBNP B oTHOLIEHWM pucka pa3BUTMA HebnaronpusiTHbIX
cobbiTnin y naumentos ¢ ®MN u CH ¢ dparumen Boibpoca nesoro enypodka (OB JIXK) < 50 %, B 3aBUCMMOCTY OT TaKTUKM
BefeHusa DI, He [OCTaTOYHO U3yYeHa.

Llente. OuenuTb nporHocTuyeckyo LieHHoCTb NT-proBNP B oTHOwWeHUM pa3suTus HebnaronpusTHbIX CepAeYHO-COCYau-
CTbIX CODBITMIA Y NALMEHTOB C NOCTOSIHHOM UnKM nepcucTupylowen gopmoii O B couetanumn ¢ CH ¢ OB JIK < 50 %.

Mamepuaner u Memodsl. 06cnepoBaHo 152 naumenta ¢ Of1 B couetanum ¢ CH ¢ OB JIXK < 50 %. Bcem naumenTam bbinn
BbinosiHeHbl: 3X0 KI, 24-yacoBoe MonutopupoBaHue K, onpepenenue ypoBHs NT-proBNP. KoHeuHas Touka ans oueHKu
nporHo3a Teyennss CH — pexkomnencaumsa CH 1 cBA3aHHas ¢ 3TUM rocnuTanu3aLms, KOHeYHas TOUKa 1 OLEHKW NporHosa
Teyenns O — peunaus O nocne ycnewwHoi anekTpuyeckoii Kapanosepeun (IKB). Onpefenenne npeanKTOpoB Hebnaro-
NPUATHOrO UCX0[a NPOBEAEHO METOA0M MHOro(haKTOPHOr0 PerpeccMoHHOr0 aHanumsa.

Pesynemamel. TNepuop Habnoaenns coctasun B cpegHem 12,4 [oT 11 po 14,5] Mecsua. MaumeHTbl ¢ nepeucTMpyloLLei
topmoit O n CH ¢ OB JTXK < 50 %, umetowme yposeHb NT-proBNP = 1096 nr/mn nepea 3KB, uMenu bonee BbICOKWI pUcK
peumaousa O, OLL = 2,12 [95 % AW ot 1,48 no 4,1]. YpoBeHb NT-proBNP = 1184 nr/Mn accoummpoBaH € NOBbILLIEHHBIM pu-
CKOM fieKoMneHcaumm CH 1 cBA3aHHOM € 3TUM FOCMIUTaNM3aLmMM Y NaLMeHTOB € NOCTOsHHOM dopMoii O n guarHocTMpoBaH-
Hoi CH ¢ ®B JIX < 50 %, Ol = 2,61 [95 % OW ot 1,15 po 5,85].

Beieode!. MosbileHHbIN ypoBeHb NT-proBNP coxpaHsieT cBoto NPOrHOCTMYECKYH 3HaUMMOCTb B OTHOLLEHWUW pUCKa pa3Bu-
TSt HebnaronpuaTHbIX cobbITkiA Y NaumeHToB ¢ O n CH ¢ OB JIXK < 50 %. 31 pesynbTaThl AEMOHCTPUPYIOT YHUBEPCANBHOCTL
1 BbICOKYI0 UH(OpMaTMBHOCTL onpefeneHus ypoBHs NT-proBNP 1 no3BonsioT afeKBaTHO OLIEHWBATb KaK TAXECTb M MPOrHO3
TeueHus CH y naumeHToB Ha doHe O, Tak u puck peunamsa @Iy naumentos ¢ CH ¢ ®B JIXK < 50 %.

KnioueBble cnoBa: pubpunnsums npeacepamin; cepaeyHas HeocTaTouHOCTb; NT-proBNP; nporHocTUyeckas 3HauMMOoCTb.
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MATERIALS AND METHODS

The study included 152 patients with AF associated
with ischemic heart disease (IHD) that was associated with
HF and LVEF < 50% (LVEF 42.0% [39; 45.5]). The inclusion
criteria were as follows: persistent or permanent AF, age
35-70 years, and documented manifestation of HF with
LVEF < 50% for at least 3 months before inclusion in
the study. The exclusion criteria were as follows: paroxysmal
AF, AF associated with organic valvular heart disease, acute
myocardial infarction (MI) or Ml < 6 months old, progressive
exertional angina, acute myocarditis, operated valvular
disease of any localization, hemodynamically significant
stenosis of the coronary arteries, complete block of one of His
bundle branches, severe renal failure (glomerular filtration
rate [GFR] < 30 mL/min/m?), changes in the levels of thyroid
hormones, and electrolyte disorders. At the time of study
inclusion, all patients underwent standard general clinical
laboratory tests, transthoracic echocardiography (LVEF was
assessed using the Simpson method in the B-mode), and
24-h ECG monitoring.

The NYHA grade was determined using a 6-min walk
test. The HF phenotype was determined based on the LVEF
according to the classification [13], where LVEF < 40%
indicates heart failure with reduced left ventricular ejection
fraction (HFrEF) and LVEF of 41%-49% indicates heart failure
with a moderately reduced left ventricular ejection fraction
(HFmrEF).

The NT-proBNP level was determined by enzyme
immunoassay in the venous blood serum. The technique was
performed according to the manufacturer’s instructions, and
the expected normal levels for NT-proBNP range from 0 to
125 pg/mL.

The primary endpoints of the study were AF recurrence
(in patients with persistent AF) after successful electrical
cardioversion (ECV) and hospitalization due to AF progression
in patients with persistent AF. The criteria for recurrent AF
include a documented episode of AF lasting >30 s. The criteria
for HF progression are an increase in clinical signs/symptoms
of HF, a decline in the NYHA grade, and an increase in
NT-proBNP levels.

Statistical data processing was performed using
the STATISTICA 10 software package (StatSoft Inc.) and
StatTech v. 2.6.6 (Stattech, Russia). Quantitative indicators
were assessed for compliance with the normal distribution
using the Shapiro-Wilk test (< 50 subjects). Levels of
indicators between the two groups were compared using
the non-parametric Mann-Whitney U-test. Descriptive
statistics of numerical indicators were presented as Me [Lg;
Uqgl, where Me is the median, Lq is the 25" percentile, and
Uq is the 75th percentile. Qualitative indicators in the groups
were described using absolute and relative frequencies of
occurrence (percentage). Percentages in the analysis of four-
field contingency tables were compared using Pearson’s
X’-squared test. To assess the diagnostic significance of
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the combinations of quantitative and qualitative attributes
in predicting a certain outcome, direct enumeration and
filtering of binary logistic regression models were employed.
The threshold value of the level of statistical significance was
taken as equal to 0.05.

All participants were informed about their inclusion in
the study and signed an informed consent to participate.
The study complies with the Declaration of Helsinki and was
approved by the local ethics committee (Protocol No. 1 dated
January 26, 2020).

RESULTS

Depending on the AF form, all patients were initially
distributed into two groups. Group 1 included 60 patients with
persistent AF and HF with LVEF < 50% (mean age, 57 [54;
61] years, 85% men), and group 2 included 92 patients with
persistent AF and HF with LVEF <50% (mean age 56 [52;
65.5] years, 85.7% men).

The average follow-up duration was 12.4 [11-14.5] months.
By the end of the follow-up period, 26 (43.3%) patients in
group 1 maintained sinus rhythm (subgroup 1a), and 34 (56.7%)
patients had an AF recurrence (subgroup 1b). The median
sinus rhythm maintenance in the group with recurrent AF
was 2.4 [1.3; 5.3] months. The compared subgroups did not
differ in the regimens and doses of antiarrhythmic therapy at
the time of inclusion in the study. Patients in both subgroups
were comparable in terms of sex, age, major risk factors, and
structure of cardiovascular diseases (CVDs). Individuals having
their first episode of arrhythmia and those having a lower
NYHA grade were more common in the group without AF
recurrence. The characteristics of the studied subgroups are
presented in Table 1.

Both subgroups initially did not differ in general laboratory
parameters. However, at the time of study enrollment,
patients with recurrent AF had significantly higher NT-proBNP
levels. The NT-proBNP levels measured before the ECV
were 676 [354; 958] pg/mL in subgroup 1a and 1481 [652;
2339] pg/mL in subgroup 1b (p = 0.0001).

The evaluation of EchoCG parameters measured before
ECV revealed no statistically significant differences between
the studied subgroups in terms of the left atrial volume
(LAV; 130.2 [109.7; 143.4] mL versus 138.9 [108.8; 148] mL),
LAV index (LAVI; 48.2 [39.7; 62.4] mL/m? versus 53.2 [40.4;
65.8] mL/m?), left ventricular end-systolic dimension
(LV ESD; 44 [41; 51.5] mm versus 47 [43.5; 51] mm),
left ventricular end-diastolic dimension (LV EDD; 59 [56;
62.5] mm versus 61 [56.5; 64] mm), end-diastolic volume
index of the left ventricle (LV EDVI; 98.7 [87.2; 111.8] mL/m?
versus 106.4 [84.4; 118.5] mL/m?), end-systolic volume
index of the left ventricle (LV ESVI; 54.2 [43.2; 66.4] mL/m?
versus 60.7 [44.1; 70.3] mL/m?), LVEF (45% [39%; 47.5%]
versus 42% [38%; 46%]), dimension of the right ventricle
(25 [22; 26] mm versus 25 [24; 26] mm), LV myocardial
mass (315 [278; 352] g versus 320 [289; 374.5] g), and LV
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Table 1. General characteristics of the patients.
Subgroup 1a Subgroup 1b
Characteristics of patients No AF recurrence AF recurrence P
(n=26) (n = 34)
Age, years 58 [53; 62] 59 [56; 64] is
Male, n (%) 22 (84,6) 29 (85,3) is
BMI, kg/m? 31127,5; 34] 32 [29; 36] is
GFR, mL/min/1.73 m? 64 [51: 74] 59 [51; 691 is
Duration of AF episode before ECV, months 31[2; 5] 51[2; 6] is
New episode of AF, n (%) 19.(73.1) 14 (41.2) 0,01
Comparative characteristics of patients according to the cardiovascular disease structure
[HD, n (%) 26 (100) 34.(100) is
SEA, n (%) total 21(80.8) 27 (79.4) is
Grade 1 6 (28.5) 5(18.5) is
Grade 2 11 (53.4) 13 (48.1) is
Grade 3 4(19.1) 9 (33.4) is
History of MI, n (%) 5(19.2) 7 (20.6) is
CH (NYHA), n (%)
Grade | 4 (15.4) 1(2.9) 0,02
Grade Il 20 (76.9) 19 (55.9) is
Grade IlI 2(1.7) 14 (41.2) 0,01
20 (76.9) 24 (70.6) .
HFmrEF/HFrEF, n (%) 623.1) 10 (29.4) is
AH, n (%) total 23 (88.4) 29 (85.3) is
Degree 1 3(13.1) 2(6.9) is
Degree 2 19 (82.6) 23 (79.3) is
Degree 3 1(4.3) 4(13.8) is

Note: AH — arterial hypertension; BMI — body mass index; CVD — cardiovascular disease; GFR — glomerular filtration rate (CKD-EPI); HFmrEF — heart
failure with moderately reduced left ventricular ejection fraction; HFrEF — heart failure with reduced left ventricular ejection fraction; IHD — ischemic
heart disease; is — insignificant differences; Ml — myocardial infarction; NYHA — New York Heart Association grade; SEA — stable effort angina.

myocardial mass index (152 [135; 177] g/m? versus 154 [134;
183] g/m?). Patients with arrhythmia recurrence had a higher
level of pressure in the pulmonary artery (41 [35; 47] mm
Hg versus 35 [33.5; 44.5] mm Hg in subgroups 1b and 1a,
respectively, p < 0.01).

To identify predictors of AF recurrence in patients with
HF and LVEF < 50%, clinical, anamnestic, laboratory, and
instrumental parameters were included in the univariate
regression analysis (Table 2).

In the multivariate regression analysis, only the NT-
proBNP level retained its predictive value for AF recurrence
(OR = 1.35 [95% ClI 1.14-3.04]). According to the ROC
analysis results, the level of NT-proBNP of > 1096 pg/mL
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with a sensitivity of 86.0% and a specificity of 84.3% is
associated with recurrent AF (area under the ROC curve,
0.89; 95% CI 0.81-0.95). Patients with persistent AF and
HF with an LVEF < 50%, who have an NT-proBNP level of
> 1096 pg/mL before ECV have an increased risk of recurrent
AF (OR = 2.12 [95% CI 1.48-4.1]).

Patients with permanent AF and HF with LVEF < 50%,
who were hospitalized during the follow-up period due
to HF progression, were included in subgroup 2a, and
67 (72.8%) patients with permanent AF and HF with LVEF
< 50%, who were not hospitalized during the follow-up
period, were included in subgroup 2b. During the follow-
up, both subgroups were taking the main groups of drugs
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Table 2. Data included in univariate regression analysis
Characteristics of patients p-value RR Cl -95% Cl +95%
Age 0.54 0.98 0.92 1.05
Sex 0.07 2.62 0.92 7.48
Cardiovascular disease heredity 0.69 0.83 0.33 2.09
AF heredity 0.83 1.13 0.37 3.44
Smoking 0.05 1.02 0.92 1.48
New AF episode 0.03 1.03 1.002 1.14
Age of AF, months 0.77 0.99 0.85 1.13
Body mass index, g/m? 0.55 1.03 0.93 1.14
Type |l diabetes mellitus 0.89 0.95 0.72 1.24
GFR, mL/min 0.4 0.99 0.97 1.01
NT-proBNP, pg/mL 0.0003 1.53 1.19 4.64
Average daily HR (before ECV), beats/min 0.02 1.02 1.003 1.24
LA volume, mL 0.87 1.12 0.91 1.49
LAVI, mL/m? 0.23 1.08 0.96 1.18
LV EDD, mm 0.93 1.004 0.92 1.1
LV ESD, mm 0.33 1.04 0.96 1.12
LV EDVI, mL/m? 0.71 1.012 0.91 1.1
LV ESVI, mL/m? 0.44 1.03 0.89 1.05
LV SV, mL 0.26 0.98 0.96 1.01
LVEF, % 0.17 0.97 0.93 1.01
LVMM, g 0.87 0.98 0.75 1.27
LVMI, g/m? 0.75 0.99 0.98 1.02
Systolic PAP, mm Hg 0.001 1.15 1.09 1.65

Note: AF — atrial fibrillation; EDD — end-diastolic dimension; EDVI — end-diastolic volume index; ESD — end-systolic dimension; ESVI — end-systolic
volume index; GFR — glomerular filtration rate (CKD—EPI); LA — left atrium; LAVI — left atrial volume index; LV — left ventricle; LVMI — left ventricular
mass index; HR — heart rate; MM — mass of the left ventricular myocardium; NT-proBNP — N-terminal fragment of brain natriuretic peptide; PAP —

pulmonary artery pressure; SV — stroke volume.

indicated for HF, such as angiotensin-converting enzyme
inhibitors/angiotensin Il receptor blockers/angiotensin
receptor and neprilysin inhibitors, beta-adrenergic blocking
agents, mineralocorticoid antagonist receptors, and diuretics.
Groups 2a and 2b received comparable therapy in groups and
doses of drugs taken.

In a retrospective analysis, both subgroups were
comparable in terms of sex, age, major risk factors, and
CVD structure. However, subgroup 2a included a significantly
smaller number of patients with HFmrEF than subgroup 2b
(10 patients [40%] versus 47 patients [70%]; p = 0.02), and
subgroup 2a also had significantly more patients who had
one or more episodes of hospitalization associated with HF
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progression (14 patients [56%] versus 19 [28%]; p = 0.03)
(Table 3).

In a retrospective analysis, both subgroups did not differ
in general laboratory parameters. However, in a retrospective
analysis, subgroup 2a had significantly higher NT-proBNP
levels at the time of study enrollment. The NT-proBNP level in
the subgroup with repeated hospitalizations was 2293 [1300;
4675] pg/mL, and in the subgroup without hospitalizations, it
was 989 [758; 1600] pg/mL (p < 0.0005).

At the time of study inclusion, groups 2a and 2b were
comparable in terms of the level of systolic pressure in
the pulmonary artery; however, compared with group 2b,
group 2a was characterized by significantly higher values
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Table 3. General characteristics of the patients.
Subgroup 2a Subgroup 2b
AF + HF AF + HF
Characteristics of patients Hospitalized due to HF Not hospitalized due to HF p
progression progression
(n = 25) (n=67)
Age, years 56 [50; 65] 61[53; 66] is
Male, n (%) 21 (84) 58 (86) is
2 . .
BMI, kg/m 31 [26.4: 35] 30 [27; 34,7] is
GFR, mL/min/1.73 m? 59 [49: 73] 68 [53;74] is
Dyslipidemia, n (%) 15 (60) 39 (58) is
AF duration, months 17 112 62] 23 [12; 44] is
1.or more episodes of hospitalization due to HF progression in 14 (56) 19 (28) 003
history, n (%)
Comparative characteristics of patients according to the structure of cardiovascular disease
[HD, n (%) 24 (96) 67 (100) is
SEA, n (%) total 11 (44) 19 (28) is
Grade 1 2 (8) 3(4) is
Grade 2 5(20) 6(9) is
Grade 3 4(16) 10 (15) is
History of MI, n (%) 4 (16) 20 (30) is
HF (NYHA), n (%)
Grade | 1(4) 3(5) is
Grade Il 15 (60) 43 (64) is
Grade Ill 9 (36) 21(31) is
HFmrEF/HFrEF, n (%) 10 (40)/15 (60) 47 (70)/20 (30) 0,02
AH, n (%) total 23(92) 61(91) is
Degree 1 3(12) 4 (6) is
Degree 2 19 (76) 49 (73) is
Degree 3 1(4) 5(7) is
Type Il DM, n (%) 5(20) 16 (24) is

Note: AH — arterial hypertension; BMI — body mass index; CVD — cardiovascular disease; DM — diabetes mellitus; GFR — glomerular filtration
rate (CKD-EPI); HFmrEF — heart failure with moderately reduced left ventricular ejection fraction; HFrEF — heart failure with reduced left ventricular
ejection fraction; IHD — ischemic heart disease; is — insignificant differences; Ml — myocardial infarction; NYHA grade — New York Heart Association

grade; SEA — stable effort angina.

of the LAV (138.8 [119.7; 151.4] mL versus 119.3 [99.5;
135.1] mL/m?, p = 0.02), LAVI (74.2 [51.9; 87.5] mL/m?
versus 59.9 [43; 75.5] mL/m?, p = 0.015), higher LV EDD
(64 [60; 65] mm versus 59.5 [55; 63] mm, p = 0.002),
LV ESD (49 [47; 53] mm versus 44 [41; 52] mm, p=0.01), LV
EDVI (106.9 [100; 122.7] mL/m? versus 94.4 [79.6; 104.4]
mL/m?, p=0.01), and LV ESVI (68 [51.7; 75.8] mL/m? versus
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51.9 [43.2; 66.2] mL/m?, p = 0.01). In group 2a, a tendency
toward a lower LVEF was found; however, the level of
statistical significance was not reached (39 [34; 45]%
versus 42 [38; 46]%, p = 0.09).

To identify predictors of readmissions due to HF
progression among patients with AF and HF with reduced
LV systolic function, a univariate regression analysis was
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Table 4. Data included in the univariate regression analysis.
Characteristics of patients p-value RR Cl - 95% Cl + 95%
Age 0.57 0.98 0.90 1.08
Sex 0.05 2.12 0.92 6.88
Heredity for cardiovascular diseases 0.75 0.88 0.42 1.09
Smoking 0.05 0.99 0.87 1.18
Age of AF, months 0.80 2.08 0.85 443
Body mass index, g/m? 0.72 1.89 0.97 2.24
Type 2 diabetes mellitus 0.03 2.07 0.82 1.14
GFR, mL/min 0.4 0.93 0.99 1.88
NT-proBNP, pg/mL 0.0001 2.83 1.29 3.24
Average daily HR, beats/min 0.62 1.02 0.93 1.14
LA volume, mL 0.055 1.13 0.99 1.38
LAVI, mL/m? 0.04 1.21 1.02 1.27
LV EDD, mm 0.03 1.34 1.02 1.17
LV ESD, mm 0.06 1.04 0.98 1.72
LV EDVI, mL/m? 0.04 1.21 1.04 3.92
LV ESVI, mL/m? 0.06 1.13 0.98 1.21
LVEF, % 0.81 1.36 0.85 1.47
LV MM, g 0.02 1.06 1.009 1.14
LVMI, g/m? 0.75 0.99 0.98 1.02
Systolic pressure in PA, mm Hg 0.65 1.15 0.96 1.05

Note: GFR — glomerular filtration rate; LA — left atrium; LAVI — left atrial volume index; LV EDD — left ventricular end-diastolic dimension; LV EDVI —
left ventricular end-diastolic volume index; LV ESD — left ventricular end-systolic dimension; LV ESVI — left ventricular end-systolic volume index;
LV MM — mass of the left ventricular myocardium; LVEF — left ventricular ejection fraction; LVMI — left ventricular mass index; PA — pulmonary artery.

performed, including clinical anamnestic, laboratory, and
instrumental parameters (Table 4).

In the multivariate regression analysis, NT-proBNP levels
retained their predictive value for the progression of HF
symptoms, with an OR of 1.28 [95% CI 1.12-4.16]. According
to the results of the ROC analysis, the level of NT-proBNP
of > 1184 pg/mL with a sensitivity of 79.7% and a specificity
of 65.3% is associated with HF progression in patients with
permanent AF and diagnosed HF with LVEF < 50% (area
under the ROC curve, 0.714 [95% Cl 0.573-0.854]). Patients
with persistent AF and HF with an LVEF < 50%, who had
NT-proBNP levels of >1184 pg/ml, had a 2.61-fold increased
risk of progression of HF symptoms [95% CI 1.15-5.85].

DISCUSSION

As the prevalence of AF increases, the prevention of its
complications has important public health and economic
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benefits. Despite significant progress in the prevention of
thromboembolic complications, particularly ischemic stroke,
less attention has been paid to methods for preventing
the adverse course of HF. The chronology of HF and AF
development is of practical interest because it can affect
the prognosis. It is assumed that AF development in
the presence of HF is associated with an unfavorable outcome.
Conversely, AF may contribute to HF development [14].
HF decompensation develops, and 20%-30% of all patients
with AF need hospitalization [15]. Generally, AF development
increases significantly the risk of lethal outcomes from CVD and
common causes in patients with HF, both with reduced LVEF and
in patients with preserved LVEF. The presence of AF presages
a greater risk of mortality, especially among individuals with
HFrEF (OR 2.72; 95% CI 2.12-3.48) compared with HF with
preserved LVEF (OR 1.83; 95% CI 1.41-2.37) [16, 17].

When assessing the risk of HF progression and
hospitalization in patients with AF and HF with an

1
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LVEF < 50%, depending on the chosen approach for AF
management, patients with HF and persistent AF had
a lower risk of hospitalization because of HF progression,
who could maintain sinus rhythm throughout the follow-up
period compared with patients with persistent AF who had AF
recurrence and compared with patients with permanent AF.

AF and atrial flutter are associated with higher blood
levels of BNP/NT-proBNP, with NT-proBNP levels in patients
with AF typically above diagnostic thresholds for HF. To
assess the prognosis of the HF course, due to the uncertainty
of the threshold value of the NT-proBNP level in the presence
of AF, randomized controlled trials in patients with HF
traditionally focus on higher threshold values of NT-proBNP
[18]. Despite attempts at developing models for predicting
the risk of HF in patients with AF, none of these models
included the BNP/NT-proBNP levels [19].

Regardless of the chosen approach of AF management,
in patients with AF associated with HF with LVEF < 50%,
the NT-proBNP level retains prognostic significance. This
can be due to the pathophysiological relationship between
HF and AF, which consists of the development and
progression of pathological myocardial remodeling. Despite
the reversibility of LV dysfunction, after the restoration of
sinus rhythm, factors for the development of arrhythmia
and adverse outcomes of HF persist [20]. Neurohumoral
activation, structural and functional remodeling of the atrial
and ventricular myocardium, endothelial dysfunction,
inflammation, and activation of the prothrombotic system do
not ensure a reduction in the risk of acute cardiovascular
events even after the restoration of sinus rhythm and
reversible LV dysfunction [21, 22]. Based on our results, an
elevated NT-proBNP level is associated with an increased
risk of adverse outcomes in patients with HF-associated
AF, both in patients with permanent AF and patients with
successfully restored sinus rhythm. In both patients with
recurrent AF and with developed HF decompensation,
comparative analysis revealed a tendency to larger LA
sizes, indicators of LV volumes and sizes, and tendency to
a lower LVEF value. However, these widely used markers of
the adverse clinical course of both AF and HF have not been
revealed to be predictive in the multivariate analysis.

The results of our study are consistent with those of
Brady et al. [23], who stated that in patients with HF and
LVEF < 35%, higher NT-proBNP levels are associated with
hospitalization due to HF or death from CVD, both in patients
with AF and patients without a history of AF episodes.

In this study, we also assessed the predictive value of
NT-proBNP levels in relation to the risk of AF recurrence
after successful ECV, associated with HF with an LVEF < 50%,
while a high NT-proBNP level, determined immediately
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on the day before ECV, was considered a predictor of AF
recurrence. Clinical manifestations of AF, in particular heart
rate, correlate significantly with NT-proBNP levels. This
was confirmed by Kuroda et al. [24], who reported that
the BNP levels decreased significantly immediately after
the restoration of sinus rhythm in comparison with the level
measured immediately before cardioversion. A decrease in
the BNP level may be associated with both a decrease in AF
severity and a slowdown in the processes of LV myocardial
remodeling, which is associated with the sinus rhythm.
However, the development of reverse myocardial remodeling
is a long-term process, and a rapid decrease in BNP levels
after cardioversion indicates a decrease in hemodynamic load
and a positive effect on sinus rhythm. Patients with more
hemodynamically significant AF showed a more pronounced
decrease in BNP levels after cardioversion.

The most beneficial approach to managing patients with
HF-associated AF is rhythm control. Routine determination
of the NT-proBNP levels before the restoration of sinus
rhythm will enable assessment of the level of LV myocardial
stress and optimization of the methods of management and
monitoring in the short and long-term follow-up period to
increase the probability of maintaining sinus rhythm.

In their recent study, Hamatani et al. [25] established
that BNP/NT-proBNP is a significant prognostic marker
for severe clinical outcomes, including stroke, all-cause
death, and hospitalization associated with HF progression
in patients with AF without HF. In this study, in patients
with HF-associated AF with LVEF < 50%, both of these
diseases can distort the possibility of interpreting the
NT-proBNP level. According to our results, an elevated
NT-proBNP level retains its prognostic value in relation to
the risk of adverse events in patients with HF-associated
AF with LVEF < 50%. These results demonstrate
the universality and high informative value of NT-proBNP
levels, which enables adequate assessment of both HF
severity and prognosis in patients with AF and the risk of
AF recurrence in patients with HF and reduced LV systolic
function.

CONCLUSIONS

1. NT-proBNP level of 1184 pg/mL is associated with
an increased risk of HF decompensation and associated
hospitalization in patients with permanent AF and HF with
LVEF < 50% by 2.5 [95% CI 1.15-5.85] times.

2. NT-proBNP level of =1096 pg/ml is associated with
an increased risk of arrhythmia recurrence in patients with
HF-associated AF with LVEF <50% after successful ECV by
2.12 [95% CI 1.48-4.1] times.
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