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ABSTRACT

The aim was to evaluate the prevalence and echocardiographic predictors of previously undiagnosed heart failure
with preserved ejection fraction (HFpEF) in patients with atrial fibrillation (AF) and chronic dyspnea.

Material and methods. This prospective observational study included 85 patients hospitalized for cardioversion
with paroxysmal or persistent AF and chronic dyspnea. All participants underwent transthoracic speckle-tracking
echocardiography of left atrial longitudinal strain (LAS). HFpEF probability was assessed using the HFA-PEFF
algorithm. Dynamic follow-up of diastolic function was performed at three predefined time points: during AF
paroxysm, 24 hours post-cardioversion, and one-month post-cardioversion.

Results. High probability of HFpEF was identified in 78.7% of patients (67 out of 85). These patients exhibited
significantly higher NT-proBNP levels, greater CHA2DS:-VASc score, as well as more impaired LAS parameters
and elevated left atrial stiffness index compared to low-intermediate HFpEF probability groups. At one-month
follow-up after cardioversion (n = 55), while NT-proBNP levels significantly declined, overall HFpEF probability
remained unchanged. Left atrial stiffness index demonstrated the strongest independent predictive value in verifying
high probability HFpEF, with remarkable discriminative capacity both during AF (OR = 34.5; 95% CI 2.5—478.7)
and after sinus rhythm restoration (OR = 193.1; 95% CI 7.3—1,207).

Conclusion. This study reveals high prevalence of undiagnosed HFpEF among AF patients undergoing
cardioversion, with disease probability persisting despite rhythm control during one-month follow-up. The left
atrial stiffness index is as a valuable diagnostic marker for HFpEF detection in this population, potentially enhancing
standard HFA-PEFF algorithm.
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PE3IOME

[leJb: OLEHUTH YACTOTY BCTPEYAEMOCTH M 3XOKapauorpadM4eckue NpeUKTOpbl paHee HeANarHOCTUPOBAHHON
Cep/ieuHOil HeIOCTaTOYHOCTH C coXpaHeHHO! (pakiueii Beiopoca (CHc®B) y nanuenTos ¢ pubpuuisimeii npen-
cepanii (PII) n XpoHHYECKOH OIBIIKOMH.

Marepuajbl 1 MeToABI. B mpocriekTnBHOE HabMOAaTENEHOE HCCIIEJOBAaHNE BKIIIOUCHB! 85 MAIIMEHTOB C MapoK-
CH3MaNbHOH Min nepcuctupylomeid popmoit OIT 1 XpoHHYECKOH OIBINIKOM, FOCIUTAIN3UPOBAHHBIX IS IIPO-
BEJICHMS KapJIHoBepcur. BeeM ydacTHHMKaM BBINONHSIACH TPAHCTOpaKajibHAsl dXOKapAnorpadus B COYSTaHHU C
METOJIOM CIEKJI-TPEKHMHra ISl aHajIM3a NpoaoibHOi nedopmarnuu aesoro npeacepaus (I1J1 JIIT). BepositHocTs
CHc®B onenuanacy ¢ nomonipto anroputma HFA-PEFF. [Ins nuHamMuueckoro HaOMIOJCHUS 32 MAIllHCHTaMHU
OBLTH BBIJEITICHB! TPY BPEMEHHbIE TOUKH: BO BpeMs GUOpMLIIIMN Ipeacepani, yepes 24 9 mocie KapJHOBEepCHH
n gepe3 1 Mec HaOIIOACHMSI.

Pe3yanTatsl. Beicokas BepostHOcTs CHc®B 65112 BhIsIBIICHA Y 78,7% nanuenTos (67 u3 85). B sroit rpymme 3a-
PETHCTPHPOBAHBI CTATUCTHYECKH 3HAUYNMO Ooiee Beicokue ypoBHU NT-proBNP, Gonee BrICOKHE Garubl MO IIKase
CHA:2DS2-VASc, a Takxke 6onee Huzkue nokasatenu [1]] JII1, 6onee Bricokuit maAekc xectrocTH JIIT o cpaBHe-
HUIO C TAIMEHTAaMH C HU3KOH U poMexyTouHo! BeposiTHOCTEI0 CHc®B. [Ipn muraMudeckoM HaOMIOICHUN Yepe3
1 mec mocie kapauoBepcud (n = 55) komudectBo 6awioB mo anroputMy HFA-PEFF octaBanoch HeHM3MEHHBIM,
HECMOTpS Ha CTAaTHCTHYECKH 3HaUnMoe cHKeHHe ypoBHs NT-proBNP. Hanbompryto mporHoCTHIeCKy 0 3HAYH-
MOCTb JJIsl BEISIBIICHHS ITAIIMEHTOB C BEICOKOH BEPOSTHOCTBHIO CEPACIHON HEAOCTATOYHOCTH IIPOJEMOHCTPUPOBAI
nngexc xectkoctH JIII, ¢ otHOmeHneM mancoB 34,5 (95%-i nosepurensHsit mHTEpBan (1) 2,5-478,7) Bo Bpems
OITm 193,1 (95% AN 7,3—-1207) npu CHHYCOBOM PHTME.

3ak04enne. [TomydeHHbIe TaHHBIE CBUIETENBCTBYIOT O BBICOKOH PacpOCTPaHEHHOCTH paHee HeIUarHOCTHPO-
BaHHOH CHc®B cpenu marmenTtoB ¢ ®II, rocnurann3upoBaHHBIX T Kapanosepcuu. BepoarHocts CHe®B cy-
IECTBEHHO HE N3MEHIAch B TEUEHNE MECSIIA ITOCJIE BOCCTAaHOBIIEHHUs CHHYCOBOTO puTtMma. MHunekc sxectkoctn JIIT
o0azaeT BBICOKOH THarHOCTHYECKOM eHHOCThIo sl Bepudukaunu CHc®B y naHHOi KaTeropuu naueHToB U
MOYKET pacCMaTPUBATHCS KaK JOIOJHUTENbHBIN KPUTEPU NTPH HCIOIB30BAaHUM cTaHIapTHOro anroputma HFA-
PEFF.

KunroueBble ciioBa: GpuOpHLIAINS TpeCepanii, cepAedHast HeIOCTaTOYHOCTh C COXPAaHEHHOH (hpakimei BEIOpoca,
Kapauosepcus, edopmanus neBoro npencepauns, mkana HFA-PEFF

KOHq)J’IHKT HHTEPECOB. ABTOpI)I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6HI/IKaHI/Ieﬁ HaCTOHU.[eﬁ CTaTbHU.

Hcrounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBIISIOT 00 OTCYTCTBHM ()MHAHCHPOBAHUS IPH NMPOBEICHHN UCCIENO0-
BaHMSI.

CooTBeTCTBHE NPUMHIMIAM 3THKH. Bce manueHTs! noanucan MHGPOPMUPOBAHHOE COIJIaCHE Ha ydacTHE B HC-
cnenoBanuu. MccenenoBanue onoOpeHO 3THYECKUM KOMHMTeTOM MeaunuHckoro uHcturyta PY/IH (mpoTokon
Ne 16 ot 16.03.2023).

Jns untupoBanus: Jlasierora M.A., CraBuesa 10.B., Cadaposa A.®., Tumodeena T.M., Kobanasa XK.JI. Dxo-
Kapauorpaduieckne MpeAnKTOpsl HeANarHOCTHPOBAHHOM CepIedHOI HEJOCTATOYHOCTH C COXPaHEHHON (paKiu-
eif BBIOpoca y TOCIUTAIH3UPOBAHHEIX MAIEHTOB C (GHOPHILIAINEH TpeacepAni 1 skao0aMu Ha OJBIIKY. Broie-
menb cubupcrou meouyunwvt. 2025;24(4):21-30. https://doi.org/10.20538/1682-0363-2025-4-21-30.
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INTRODUCTION

Verification of the diagnosis of heart failure with
preserved ejection fraction (HFpEF) in patients with
atrial fibrillation (AF) and complaints of dyspnea
can be significantly challenging, as both conditions
are highly prevalent in the elderly, have similar
symptoms, and may directly cause each other [1-5]. At
present, questions regarding the reversibility of heart
failure after cardioversion as left atrial (LA) function
normalizes and, consequently, the appropriateness
of diagnosing HFpEF during hospitalization for
cardioversion remain insufficiently studied.

Moreover, this patient population often have
comorbid conditions (such as chronic obstructive
pulmonary disease, anemia, and obesity), which
complicate the accurate interpretation of the underlying
cause of dyspnea. Given the abovementioned,
optimizing the detection of HFpEF in this patient group
is critically important to enable timely adjustments in
pharmacological therapy [1, 2, 6].

Patients with HFpEF are often characterized by
cardiac fibrosis, remodeling, overload, and impaired
LA function. These changes can be assessed using
parametersalready widely employedinclinical practice
and metrics whose role requires further investigation.
Among these, the evaluation of LA longitudinal strain
(LAS) via speckle-tracking echocardiography is of
particular interest [7-10].

LAS is a promising echocardiographic marker that
reflects not only LA function but also left ventricular
(LV) filling pressure. It may serve as a complementary
parameter to validated clinical tools, such as the
H2FPEF and HFA-PEFF scores, which are used for
diagnosing HFpEF [11, 12]. Moreover, LAS is likely
a more sensitive marker of diastolic dysfunction
compared to conventional parameters assessing LA and
LV morphology [3, 13]. For instance, some studies have
demonstrated high accuracy of LAS in differentiating
between HFpEF and other causes of dyspnea in
patients with sinus rhythm [14-16]. However, data on
the utility of this method in patients with AF remain
limited and require further investigation.

The aim of this study was to assess the prevalence
and echocardiographic predictors of previously
undiagnosed HFpEF in patients with atrial fibrillation
and chronic dyspnea.

MATERIALS AND METHODS

After screening 171 patients, this prospective
observational study included 85 patients aged
> 55 years with paroxysmal or persistent AF

and complaints of chronic dyspnea, who were
consecutively admitted to the Cardiac Intensive
Care Unit at Vinogradov City Clinical Hospital
(a branch of RUDN University) for cardioversion
between March 2023 and May 2024. The final
analysis included 55 patients who underwent a one-
month follow-up. The method for sinus rhythm
restoration (either pharmacological or electrical
cardioversion) was selected according to current
clinical practice guidelines of the Russian Ministry of
Healthcare.

The main exclusion criteria were previously
diagnosed heart failure, inability to restore and
maintain sinus rhythm during follow-up (AF episodes
requiring repeat cardioversion), left wventricular
systolic dysfunction, presence of potentially reversible
causes of AF (such as electrolyte disturbances or
thyrotoxicosis), and severe comorbidities (including
severe anemia, chronic obstructive pulmonary
disease, or active malignancy). A follow-up visit was
scheduled one month after discharge to assess changes
in laboratory and echocardiographic parameters.

The study database recorded the main clinical
and demographic characteristics of the study
sample. Additional parameters included duration of
medical history and AF type, along with presence
of comorbidities. Dyspnea severity was classified
according to NYHA criteria. Standard laboratory
parameters were documented at hospital admission,
and changesin NT-proBNP were reported atadmission,
next day, and one month post-cardioversion. All
patients underwent thromboembolic and bleeding risk
assessment using CHA,DS -VASc and HAS-BLED
scales, respectively, based on clinical and laboratory
parameters.

Electrocardiography (ECG) was used to assess QRS
complex morphology and basic interval durations (PQ,
QRS, and QT). Transthoracic echocardiography was
performed using expert-class equipment (GE Vivid
E90, GE Healthcare, Horten, Norway) with standard
imaging planes ensuring optimal visualization and
recording of required parameters. The method for
assessing global LV contractility (the Teichholz
method or Simpson’s method) was selected based on
visualization quality and presence of regional LV wall
motion abnormalities, following the clinical practice
adopted at the institution.

Diastolic function was evaluated using tissue
Doppler imaging in apical four-chamber view by
measuring peak mitral inflow E-wave velocity (E)
and averaging lateral and septal mitral annular early
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diastolic velocities (e’), with subsequent calculation
of E/e’ ratio. Automated strain analysis was
conducted using specialized software. For LV global
longitudinal strain (LVGLS) assessment, automatic
tracking between endocardial and epicardial borders
was performed followed by bull’s eye diagram
generation and GLS calculation. Left atrial strain
was evaluated using ECG-gated images from apical
4- and 2-chamber views. The zero-reference point
for atrial strain curves was set at the ECG R-wave
followed by analysis of reservoir (LASr), conduit
(LAScd), and contractile (LASct) phases, with the
latter parameter assessed only during sinus rhythm
[17]. Left atrial stiffness index was calculated as E/e’
divided by LAST.

The likelihood of HFpEF was assessed using
the HFA-PEFF score. In cases of intermediate
HFpEF probability, a diastolic stress test (DST) was
performed according to protocols outlined in current
Russian and international guidelines [12, 18, 19]. DST
was positive if: 1) there was an increase in E/e’ ratio >
15 (2 points), or 2) there was an increase in E/e’ ratio
> 15 with a peak tricuspid regurgitation velocity > 3.4
m/s (3 points).

Statistical analysis was performed using IBM
SPSS Statistics software (v. 27.0). Quantitative data
are presented as median and interquartile range Me
[/OR], while qualitative variables are expressed as
absolute numbers and percentages n [%]. To assess
statistical significance of intergroup differences,
we used the Mann-Whitney U test for independent
samples, Wilcoxon signed-rank test for two related
samples, and Friedman test with subsequent post-hoc
pairwise comparisons (with Bonferroni correction)
for three related samples. Differences were considered
statistically significant at p < 0.05 (with Bonferroni
correction at p < 0.017).

To identify independent predictors of persistent
high HFpEF probability at one-month follow-up,
we performed logistic regression analysis separately
for parameters recorded during AF episodes and
after cardioversion. Variables showing statistical
significance at p < 0.1 were included in the
multivariate analysis. For each independent predictor,
ROC analysis was performed. The predictive value
of variables was assessed based on the area under the
curve (AUC), with optimal cutoff values determined
using the Youden index.

All patients provided a written informed consent
to participate in the study. The study protocol was
approved by the Ethics Committee of the Medical

Institute at RUDN University (Minutes No. 16 dated
March 16, 2023).

RESULTS

High probability of HFpEF according to the
HFA-PEFF score was identified in 67 patients
(78.7%), including 47 patients with initially high
HFpEF probability and 20 patients with intermediate
probability and positive diastolic stress test (DST).
Intermediate and low HFpEF probabilities were
recorded in 16 and 2 cases, respectively. At one-
month follow-up, AF episodes were documented in
30 patients (35.3%), including 25 from the group with
high HFpEF probability and 5 from the group with
low/intermediate probability. Thus, the final analysis
included 55 patients (42 with high HFpEF probability,
including those with positive DST — Group 1; and 13
with low/intermediate HFpEF probability — Group 2).
Group 1 patients demonstrated higher NT-proBNP
levels (both at admission and during follow-up) and
higher CHA2DS2-VASc scores (Table 1).

Data on the dynamics of HFA-PEFF score
components and LA strain parameters in patients
with HFpEF are presented in Table 2. Over
the one-month follow-up period, the median
HFA-PEFF score remained unchanged (5—5 points,
p > 0.05). Transition from high to intermediate
HFpEF probability occurred in only three patients,
driven exclusively by reductions in NT-proBNP
levels. During follow-up, we noted statistically
significant positive changes in some algorithm
parameters (NT-proBNP, lateral e¢’) and in all LA
strain parameters.

Statistically significant differences: * — for FU-1
vs. FU-2 and FU-3; FU-2 vs. FU-3; # — for FU-2 vs.
FU-3; ** — for FU-1 vs. FU-2; ## — for FU-1 and FU-2
vs. FU-3.

Logistic regression analysis demonstrated that
the left atrial stiffness index (E/e’/LASr) was the
only independent predictor of HFpEF persistence
at one-month follow-up in AF patients undergoing
cardioversion, showing significant associations both
during the AF episode (odds ratio (OR) = 34.5 [95%
Cl 2.5-478.7; p = 0.008]) and after sinus rhythm
restoration (OR=193.1[95% CI1 7.3-1207; p=0.008])

ROC analysis identified the following cutoff values
for the left atrial stiffness index (see Figure): > 1.10
(area under the curve [AUC] 0.83; sensitivity 49.1%;
specificity 100%) during AF and > 0.48 (AUC 0.86;
sensitivity 91.2%; specificity 66.7%) during sinus
rhythm.
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Table 1
Baseline Clinical and Demographic Parameters of Study Participants at the Time of Inclusion
Parameter Group 1 (n=42) Group 2 (n=13) p
Age, Me [IOR], years 75.5 [68;82] 73 [67;75] 0.18
Female sex, n (%) 29 (69.0) 6 (46.1) 0.24
Smoking, n (%) 3(7.1) 0(0) 0.77
Heart Failure Characteristics
HFA-PEFF, Me [IOR], points 6.0 [5.0;6.0] 4.0 [3.0;5.0] <0.0001
NYHA FC, n (%)
Sl 29 (69) 11 (84.6) 0.46
— 11 13 (31) 2 (15.4)
NT-proBNP, Me [IQOR], pg/ml 1,225 [568; 2,225] 226 [171;694] <0.0001
Atrial Fibrillation Characteristics
AF subtype, n (%)
—newly diagnosed (paroxysmal or persistent); 9(21.4) 4(30.8) 0.75
— paroxysmal; 34 (81.0) 11 (84.6) 0.91
— persistent; 8 (19.0) 2 (15.4)
Duration of AF history (including patients with newly diagnosed AF), n (%)
— less than 1 year; 11 (26.2) 5(38.5) 0.95
— 1-3 years; 13 (31.0) 5 (38.5)
— more than 3 years 18 (42.8) 3(23.0)
AF paroxysm duration >48 hours, n (%) 17 (40.5) 2 (15.4) 0.18
CHA2DS>-VASc, Me [IQR], points 4.0 [3.0;5.0] 3.0[2.0;3.0] 0.014
HAS-BLED, Me [IQR], points 2.0[1.0;2.0] 2.0 [1.0;2.0] 0.66
Comorbidities
Hypertension, n (%) 42 (100.0) 13 (100) 0.87
Coronary artery disease, n (%) 7 (16.6) 1(7.7) 0.73
Obesity, n (%) 17 (40.5) 3(23.1) 0.42
Diabetes mellitus, n (%) 6 (14.3) 0 (0) 0.3
Stroke, n (%) 4 (9.5) 1(7.7) 0.73
CKD (GFR-EPI <60 ml/min/1,73 m?), n (%) 24 (57.1) 4 (30.8) 0.18
Pharmacological Therapy
ACEI/ARBs, 1 (%) 28 (66.7) 9 (69.2) 0.87
Beta-blockers, n (%) 13 (31.0) 7 (53.8) 0.24
MRAS, 1 (%) 2(4.8) 1(7.7) 0.77
Thiazide diuretics, n (%) 5 (12.0) 3(23.1) 0.58
Loop diuretics, n (%) 6 (14.3) 0 (0) 0.35
CCBs, n (%) 9 (21.4) 4 (30.8) 0.75
AAD, n (%) 18 (42.9) 4 (30.8) 0.65
Anticoagulants, n (%) 25 (59.5) 7 (53.8) 0.97

Note. AAD — antiarrhythmic drugs; ACEI — angiotensin-converting enzyme inhibitors; AF — atrial fibrillation; ARB — angiotensin II receptor
blockers; CCB — calcium channel blockers; CKD- chronic kidney disease; FC — functional class; GFR — glomerular filtration rate; HFA-PEFF —
Heart Failure Association score for HFpEF diagnosis; MRA — mineralocorticoid receptor antagonists; NT-proBNP — N-terminal pro-brain natriuretic
peptide; NYHA — New York Heart Association functional classification. The results were considered statistically significant at p < 0.05.

Table 2
Longitudinal Changes in Laboratory and Echocardiographic Parameters
Parameter FU-1 FU-2 FU-3 P
NT-proBNP, Me [IQR], pg/ml 1,225 [560; 2,297] 899.0 [330.5; 412.5] 374 [133; 1,099] <0.001"
LAVI, Me [IQR], ml/m? 40.0 [31.9;45.2] 40.8 [33.7,44.2] 37.0 [34.0; 43.0] 0.03*
1VSd, Me [IQR], cm 1.3[1.1;1.4] - 1.2 [1.1;1.3] 0.01
LVPWd, Me [IQR], cm 1.1[1.0;1.2] - 1.11.0;1.2] NS
LVMI, Me [IQR], g/m? 96.9 [82.3;108.5] - 96.0 [77.5;108.5] 0.02
RWT, Me [IQR] 0.48 [0.43;0.55] - 0.48 [0.42;0.55] NS
PASP, Me [IQR], mm Hg 35.0[28.7;41.2] - 35.5[28.7;41.2] H3
TRV, Me [IQR], m/s 2.8 [2.1;3.6] - 3.0[2.4;3.5] NS
Lateral e’, Me [IQR], cm/s 0.06 [0.05; 0.09] 0.07 [0.06; 0.09] 0.07 [0.05; 0.08] <0.001*
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Endof table 2

Parameter FU-1 FU-2 FU-3 p

Septal e’, Me [IQR], cm/s 0.06 [0.05; 0.08] 0.07 [0.05; 0.08] 0.05 [0.04; 0.06] <0.001*
E/e’ ratio, Me [IOR] 11.4[9.0;14.0] 12.0[9.3;14.5] 11.6 [9.0; 14.5] NS
GLS, Me [IQR], % 16 [14;18] - - -
LASr, Me [IOR], % 11.5[8.0;14.0] 15.5[11.7;21.2] 21.0 [17.0;24.0] <0.001"
LAS cd, Me [IOR], % —7.0 [-10.0; —4.0] -10.5 [-13.0; -8.0] -13.0 [-14.5; -10.5] <0.001"
LAS ct, Me [IOR], % - 5.0 [-8.0; -3.0] -7.0 [-12.0; -4.5] 0.006
E/e’ | LASr, Me [IOR] 1.0 [0.68;1.7] 0.70 [0.52;1.0] 0.53[0.41;0.78] <0.001"

Note. FU — follow-up; FU-1, FU-2, and FU-3 represent time points corresponding to parameter measurements at admission (during AF episode —
FU-1), 24 hours post-cardioversion — FU-2, and 30 days post-cardioversion — FU-3, respectively. LVMMI — left ventricular mass index; LA — left
atrium; NS — not significant; PASP — pulmonary artery systolic pressure; TRV — peak tricuspid regurgitation velocity; LVPWd — left ventricular
posterior wall thickness; IVSd — interventricular septum thickness; E/e’ — ratio of early diastolic mitral inflow velocity to average mitral annular
tissue Doppler velocity; E/e’/LASr — left atrial stiffness index; LV GLS — left ventricular global longitudinal strain; LAScd — left atrial conduit
strain; LASct — left atrial contraction strain (assessed in sinus rhythm only); LASr — left atrial reservoir strain.
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Figure. ROC curve for the left atrial stiffness index measured during: a — sinus rhythm; b — atrial fibrillation episodes

DISCUSSION

HFpEF often remains underdiagnosed in AF patients,
since in clinical practice dyspnea, which is the cardinal
symptom of heart failure, may be attributed solely to
AF [20, 21]. Specifically, J.A.Naser et al. et al. (2023)
reported high HFpEF probability in 62% of patients
with this arrhythmia, yet only 5% had corresponding
ICD-10 codes in medical records at enroliment [20].

Y.N.V. Reddy et al. (2018) demonstrated hemo-
dynamic evidence of HFpEF via right heart
catheterization in 64% of AF patients with unexplained
dyspnea [21]. Our study identified high HFpEF
probability using HFA-PEFF score in most elderly
AF patients without prior heart failure history but with

chronic dyspnea, aligning with invasive diagnostic
data. Indeed, when using the mainstay — exercise stress
right heart catheterization — HFpEF can be detected in
65-94% of AF patients [21-23]. Furthermore, AF is
associated with a 2.5-fold increased risk of developing
clinically significant LV diastolic dysfunction (with
3.4% annual incidence) during follow-up compared to
sinus rthythm [20]. These findings together underscore
the imperative for active HFpEF screening in AF
patients with chronic dyspnea [20-24].

HFpEF in AF patients may be the sole thrombo-
embolic risk factor requiring anticoagulant therapy
and itself constitutes an indication for prognosis-
modifying medications [11, 12, 25]. Moreover, AF
episodes can induce changes that promote the
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development and progression of heart failure [24,
26]. Consequently, post-cardioversion changes in
both individual HFpEF markers and overall HFpEF
probability are of particular interest.

Indeed, sinus rhythm restoration may be
accompanied by reverse remodeling of cardiac
chambers [27-29], where functional improvements
in LA and LV (E/e’ and LASTr) along with reductions
in HF biomarkers typically precede morphological
changes (LA volume index), which may require
months of maintained sinus rhythm. Some studies have
demonstrated restored atrial mechanical synchrony
[30] and increased LASr shortly after cardioversion
[29, 31]. The latter rarely normalizes completely,
likely due to atrial myocardial stunning whose duration
varies depending on AF episode characteristics, atrial
size, and underlying structural heart disease [32, 33].

In our study, despite successful sinus rhythm
restoration in all cases (main inclusion criterion),
only three patients (4.5%) showed reduced HFpEF
probability (from high to intermediate) based on
NT-proBNP reduction. The overall study population
exhibited bidirectional changes in medial/lateral
mitral annular velocities alongside improvements
in LA reservoir, conduit, and contractile functions.
These findings supported by existing evidence [24—
33] suggest limited short-term reversibility of HFpEF
parameters post-cardioversion and highlight the need
for early initiation of prognosis-modifying therapies
(anticoagulants, SGLT2 inhibitors, and non-steroidal
MRAs) [11, 12]. Improved LA function following
rhythm control supports the early rhythm control
strategy demonstrated in EAST-AFNET 4 [34], where
HF hospitalizations were part of the primary endpoint.

Among echocardiographic markers of HFpEF, the
stiffness index (E/e’/LLASr) deserves special attention
as it represents an integrated measure of left heart
diastolic function [6, 35-42]. Several studies have
demonstrated in HFpEF patients associations of this
parameter both with AF recurrence after cardioversion
or catheter ablation [35, 36] and with long-term
prognosis  [37-39]. Furthermore, the stiffness
index has been investigated for HFpEF screening
as a potential adjunct to currently used diagnostic
probability models [6, 40, 41]. While standardized
reference values are lacking, this index typically does
not exceed 0.3 in healthy individuals.

HFpEF leads to increased stiffness index values,
with additional contribution from impaired LA
reservoir function during AF episodes, explaining
the varying cutoff values identified by ROC analysis

in our study [31, 42]. Although this parameter
showed slightly greater accuracy immediately after
cardioversion, its potential utility during AF is
particularly clinically relevant, as Russian practice
typically involves only a single pre-cardioversion
echocardiogram. In our study, the stiffness index was
the sole predictor of persistent HFpEF during follow-
up. Consequently, this indicator may be valuable both
as an adjunct to other HFpEF probability assessment
methods and as a potential alternative to diastolic stress
testing in cases of intermediate HFpEF probability.
However, the precise role of the stiffness index in
contemporary HFpEF diagnostic algorithms requires
further investigation.

Study limitations include the relatively small
sample size, short follow-up period (one month),
and lack of a control group with permanent AF. A
promising direction for future research involves
investigating the long-term effects of cardioversion
combined with HFpEF-targeted therapy on left atrial
remodeling and clinical outcomes.

CONCLUSION

In this study, the majority of elderly patients with
atrial fibrillation and chronic dyspnea demonstrated
high probability of HFpEF according to the HFA-
PEFF score, which persisted during follow-up after
cardioversion. The limited reverse remodeling of
cardiac chambers observed despite maintained sinus
rhythm supports the importance of active HFpEF
screening in this population to enable early initiation
of prognosis-modifying therapies. The stiffness index
appears particularly valuable in this context as a
potential adjunct to current guideline-recommended
diagnostic algorithms for early HFpEF detection.

REFERENCES

1. Reddy Y.N.V., Carter R.E., Obokata M., Redfield M.M.,
Borlaug B.A. A simple, evidence-based approach to help
guide diagnosis of heart failure with preserved ejection
fraction. Circulation. 201828;138(9):861-870. DOI: 10.1161/
CIRCULATIONAHA.118.034646.

2. Pieske B., Tschope C., de Boer R.A., Fraser A.G., Anker S.D.,
Donal E. et al. How to diagnose heart failure with preserved
ejection fraction: the HFA-PEFF diagnostic algorithm: a
consensus recommendation from the Heart Failure Association
(HFA) of the European Society of Cardiology (ESC). Eur. Heart
J.201921;40(40):3297-3317. DOI: 10.1093/eurheartj/ehz641.

3. Thomas L., Marwick T.H., Popescu B.A., Donal E., Badano
L.P. Left Atrial Structure and Function, and Left Ventricular
Diastolic Dysfunction: JACC State-of-the-Art Review. J. Am.
Coll. Cardiol. 201923;73(15):1961-1977. DOI: 10.1016/].
jacc.2019.01.059.

Bulletin of Siberian Medicine. 2025; 24 (4): 21-30 27



Davletova M.A., Stavtseva Y.V., Safarova A.F. et al.

Echocardiographic predictors of undiagnosed heart failure with preserved ejection

4.

10

11.

12.

13.

14.

15.

16.

28

. Ponikowski P.,

Cleland J.G.F., Lyon A.R., McDonagh T., McMurray
J.J.V. The year in cardiology: heart failure. Eur. Heart J.
2020;41(12):1232-1248. DOI: 10.1093/eurheartj/ehz949.
Voors A.A., Anker S.D., Bueno H.,
Cleland J.G.F., Coats A.]J.S. et al. ESC Scientific Document
Group. 2016 ESC Guidelines for the diagnosis and treatment
of acute and chronic heart failure: The Task Force for the
diagnosis and treatment of acute and chronic heart failure of
the European Society of Cardiology (ESC) Developed with the
special contribution of the Heart Failure Association (HFA) of
the ESC. Eur. Heart J.2016;37(27):2129-2200. DOI: 10.1093/
eurheartj/ehw128.

. Reddy Y.N.V., Obokata M., Egbe A., Yang J.H., Pislaru S,

Lin G. et al. Left atrial strain and compliance in the diagnostic
evaluation of heart failure with preserved ejection fraction. Eur.
J. Heart Fail. 2019;21(7):8391-900. DOI: 10.1002/ejhf.1464.

. Carlisle M.A., Fudim M., DeVore A.D., Piccini J.P. Heart

failure and atrial fibrillation, like fire and fury. JACC Heart
Fail. 2019;7(6):447-456. DOL: 10.1016/j.jchf.2019.03.005.

. Sugumar H., Nanayakkara S., Prabhu S., Voskoboinik A.,

Kaye D.M., Ling L.H. et al. Pathophysiology of atrial
fibrillation and heart failure: dangerous interactions. Cardiol.
Clin. 2019;37(2):131-138. DOIL: 10.1016/j.cc1.2019.01.002.

. Bisbal F., Baranchuk A., Braunwald E., Bayés de Luna A.,

Bayés-Genis A. Atrial Failure as a Clinical Entity: JACC Review
Topic of the Week. J. Am. Coll. Cardiol. 202021;75(2):222—
232. DOI: 10.1016/j.jacc.2019.11.013.

. Patel R.B., Alenezi F., Sun J.L., Alhanti B., Vaduganathan M.,

Oh J.K. et al. Biomarker Profile of Left Atrial Myopathy in
Heart Failure With Preserved Ejection Fraction: Insights From
the RELAX Trial. J. Card. Fail. 2020;26(3):270-275. DOI:
10.1016/j.cardfail.2019.12.001.

Galyavich A.S., Tereschenko S.N., Uskach T.M., Ageev F.T.,
Aronov D.M., Arutyunov G.P. et al. 2024 Clinical Practice
Guidelines for Chronic Heart Failure. Russian Journal of Car-
diology. 2024;29(11):6162. (In Russ.). DOI: 10.15829/1560-
4071-2024-6162.

McDonagh T.A., Metra M., Adamo M., Gardner R.S.,
Baumbach A., Bohm M. et al. ESC Scientific Document Group.
2021 ESC Guidelines for the diagnosis and treatment of acute
and chronic heart failure. Eur. Heart J. 2021;42(36):3599—
3726. DOI: 10.1093/eurheartj/ehab368.

Singh A., Addetia K., Maffessanti F., Mor-Avi V., Lang R M.
LA strain for categorization of LV diastolic dysfunction. JACC
Cardiovasc. Imaging. 2017;10(7):735-743. DOI: 10.1016/j.
jcmg.2016.08.014.

Reddy Y.N.V., Borlaug B.A., O’Connor C.M., Gersh B.J.
Novel approaches to the management of chronic systolic heart
failure: future directions and unanswered questions. Eur. Heart
J. 2020;41(18):1764—-1774. DOTI: 10.1093/eurheartj/ehz364.
Kurt M., Wang J., Torre-Amione G., Nagueh S.F. Left atrial
function in diastolic heart failure. Circ. Cardiovasc. Imaging.
2009;2(1):10-15.DOI:10.1161/CIRCIMAGING.108.813071.
Obokata M., Negishi K., Kurosawa K., Arima H., Tateno R.,
Ui G. et al. Incremental diagnostic value of la strain with leg
lifts in heart failure with preserved ejection fraction. JACC
Cardiovasc Imaging. 2013;6(7):749-758. DOI: 10.1016/].
jcmg.2013.04.006.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Badano L.P., Kolias T.J., Muraru D., Abraham T.P.,
Aurigemma G., Edvardsen T. et al. Standardization of left
atrial, right ventricular, and right atrial deformation imaging
using two-dimensional speckle tracking echocardiography:
a consensus document of the EACVI/ASE/Industry Task
Force to standardize deformation imaging. Eur. Heart J.
Cardiovasc. Imaging. 2018;19(6):591-600. DOI: 10.1093/
ehjci/jey042.

Nauta J.F., Hummel Y.M., van der Meer P., Lam C.S.P.,
Voors A.A., van Melle J.P. Correlation with invasive left
ventricular filling pressures and prognostic relevance of the
echocardiographic diastolic parameters used in the 2016
ESC heart failure guidelines and in the 2016 ASE/EACVI
recommendations: a systematic review in patients with heart
failure with preserved ejection fraction. Eur. J. Heart Fail.
2018;20(9):1303-1311. DOIL: 10.1002/ejhf.1220.
Ovchinnikov A.G., Ageev F.T., Alekhin M.N., Belen-
kov Yu.N., Vasyuk Yu.A., Galyavich A.S. et al. The Role
of Diastolic Transthoracic Stress Echocardiography with In-
cremental Workload in the Evaluation of Heart Failure with
Preserved Ejection Fraction: Indications, Methodology, Inter-
pretation. Expert Consensus Developed under the Auspices of
the National Medical Research Center of Cardiology, Society
of Experts in Heart Failure (SEHF), and Russian Association
of Experts in Ultrasound Diagnosis in Medicine (REUDM).
Kardiologiia. 2020;60(12):48—63. (In Russ.) DOI: 10.18087/
cardio.2020.12.n1219.

Naser J.A., Lee E., Scott C.G., Kennedy A.M., Pellikka P.A.,
Lin G., Pislaru S.V. et al. Prevalence and incidence of diastolic
dysfunction in atrial fibrillation: clinical implications. Eur.
Heart J. 2023;44(48):5049-5060. DOI: 10.1093/eurheartj/
ehad592.

Reddy Y.N.V., Obokata M., Gersh B.J., Borlaug B.A. High
prevalence of occult heart failure with preserved ejection
fraction among patients with atrial fibrillation and dyspnea.
Circulation.  201830;137(5):534-535. DOIL:  10.1161/
CIRCULATIONAHA.117.030093.

Sugumar H., Nanayakkara S., Vizi D., Wright L., Chieng D.,
Leet A. et al. A prospective STudy using invAsive
haemodynamic measurements foLLowing catheter ablation
for AF and early HFpEF: STALL AF-HFpEF. Eur. J Heart
Fail. 2021;23(5):785-796. DOL: 10.1002/ejhf.2122.

Chieng D., Sugumar H., Segan L., Tan C. Vizi D,
Nanayakkara S. et al. Atrial Fibrillation Ablation for Heart
Failure With Preserved Ejection Fraction: A Randomized
Controlled Trial. JACC Heart Fail. 2023;11(6):646-658.
DOI: 10.1016/j.jchf.2023.01.008.

Reddy Y.N.V., Noseworthy P., Borlaug B.A., Albert N.M.
Screening for unrecognized HFpEF in atrial fibrillation and
for unrecognized atrial fibrillation in HFpEF. JACC Heart
Fail. 2024;12(6):990-998. DOLI: 10.1016/j.jchf.2024.04.010.
Arakelyan M.G., Bockeria L.A., Vasilieva E.Yu., Golit-
syn S.P., Golukhova E.Z., Gorev M.V. et al. 2020 Clinical
Guidelines for Atrial Fibrillation and Atrial Flutter. Russian
Journal of Cardiology. 2021;26(7):4594. (In Russ.) DOI:
10.15829/1560-4071-2021-4594.

Kittipibul V., Lam C.S.P. Heart failure with preserved ejec-
tion fraction and atrial fibrillation: epidemiology, pathophys-

BionneTteHb cMbUpckon MegmuuHel. 2025; 24 (4): 21-30



Original articles

27.

28.

29.

30.

31.

32.

33.

34.

iology, and diagnosis interplay. Heart Fail Rev. 2025. DOI:
10.1007/s10741-025-10488-0.

Von Roeder M., Blazek S., Rommel K.P., Kresoja K.P.,
Gioia G., Mentzel L. et al. Changes in left atrial function
in patients undergoing cardioversion for atrial fibrillation:
relevance of left atrial strain in heart failure. Clin. Res. Cardiol.
2022;111(9):1028-1039. DOI: 10.1007/s00392-021-01982-0.
Sonaglioni A., Nicolosi G.L., Bruno A., Lombardo M.,
Muti P. Echocardiographic Assessment of Left Atrial Me-
chanics in Patients with Atrial Fibrillation Undergoing Elec-
trical Cardioversion: A Systematic Review. J. Clin. Med.
2024;13(21):6296. DOI: 10.3390/jcm13216296.
Soulat-Dufour L., Lang S., Ederhy S., Ancedy Y., Beraud A.S.,
Adavane-Scheuble S. et al. Biatrial remodelling in atrial
fibrillation: A three-dimensional and strain echocardiography
insight. Arch. Cardiovasc. Dis. 2019;112(10):585-593. DOI:
10.1016/j.acvd.2019.06.010.

Dell’Era G., Rondano E., Franchi E., Marino P.N. Novara
Atrial Fibrillation (NAIF) Study Group. Atrial asynchrony and
function before and after electrical cardioversion for persistent
atrial fibrillation. Eur. J. Echocardiogr. 2010;11(7):577-583.
DOI: 10.1093/ejechocard/jeq010.

Shaikh A.Y., Maan A., Khan U.A., Aurigemma G.P., Hill J.C.,
Kane J.L. et al. Speckle echocardiographic left atrial strain and
stiffness index as predictors of maintenance of sinus rhythm
after cardioversion for atrial fibrillation: a prospective study.
Cardiovasc. Ultrasound. 2012;10:48. DOI: 10.1186/1476-
7120-10-48.

Schneider C., Malisius R., Krause K., Lampe F., Bahlmann E.,
Boczor S. et al. Strain rate imaging for functional quantification
of the left atrium: atrial deformation predicts the maintenance
of sinus rhythm after catheter ablation of atrial fibrillation.
Eur. Heart J. 2008;29(11):1397-1409. DOI: 10.1093/
eurheartj/ehn168.

Thomas L., McKay T., Byth K., Marwick T.H. Abnormalities
of left atrial function after cardioversion: an atrial strain
rate  study. Heart. 2007;93(1):89-95. doi: 10.1136/
hrt.2006.088609.

Kirchhof P., Camm A.J., Goette A., Brandes A., Eckardt L.,
Elvan A. et al. EAST-AFNET 4 Trial Investigators. Early
Rhythm-Control Therapy in Patients with Atrial Fibrillation.
N. Engl. J. Med. 2020;383(14):1305-1316. DOI: 10.1056/
NEJM0a2019422.

Author Contribution

35.

36.

37.

38.

39

40.

41.

42.

Machino-Ohtsuka T., Seo Y., Tada H., Ishizu T., Machino T.,
Yamasaki H. et al. Left atrial stiffness relates to left
ventricular diastolic dysfunction and recurrence after
pulmonary vein isolation for atrial fibrillation. J. Cardiovasc.
Electrophysiol. 2011;22(9):999-1006. DOI: 10.1111/j.1540-
8167.2011.02049.x.

Khurram I.M., Magbool F., Berger R.D., Marine J.E.,
Spragg D.D., Ashikaga H. et al. Association between left atrial
stiffness index and atrial fibrillation recurrence in patients un-
dergoing left atrial ablation. Circ. Arriythm. Electrophysiol.
2016;9(3):¢003163. DOI: 10.1161/CIRCEP.115.003163.

Kim D., Seo J.H., Choi K.H., Lee S.H., Choi J.0., Jeon E.S.
et al. Prognostic implications of left atrial stiffness index in
heart failure patients with preserved ejection fraction. JACC
Cardiovasc. Imaging. 2023;16(4):435-445. DOI: 10.1016/].
jemg.2022.11.002.

Zhu S., Lin Y., Zhang Y., Wang G., Qian M., Gao L. et al.
Prognostic relevance of left atrial function and stiffness in
heart failure with preserved ejection fraction patients with
and without diabetes mellitus. Front. Cardiovasc. Med.
2022;9:947639. DOIL: 10.3389/fcvm.2022.947639.

. Reddy Y.N.V., Obokata M., Verbrugge F.H., Lin G., Bor-

laug B.A. Atrial dysfunction in patients with heart failure
with preserved ejection fraction and atrial fibrillation. J.
Am. Coll. Cardiol. 2020;76(9):1051-1064. DOI: 10.1016/j.
jacc.2020.07.009.

Ma C.S., Liao Y.P., Fan J.L., Zhao X., Su B., Zhou B.Y.
The novel left atrial strain parameters in diagnosing of heart
failure with preserved ejection fraction. Echocardiography.
2022;39(3):416-425. DOI: 10.1111/echo.15304.

Rimbas R.C., Visoiu I.S., Magda S.L., Mihaila-Baldea S.,
Luchian M.L., Chitroceanu A.M. et al. New insights into
the potential utility of the left atrial function analysis in
heart failure with preserved ejection fraction diagnosis.
PLoS One. 2022;17(5):¢0267962. DOI: 10.1371/journal.
pone.0267962.

DiSalvo G., Caso P., Lo PiccoloR., Fusco A., Martiniello A.R.,
Russo M.G. et al. Atrial myocardial deformation properties
predictmaintenance of sinusrhythmafterexternal cardioversion
of recent-onset lone atrial fibrillation: a color Doppler
myocardial imaging and transthoracic and transesophageal
echocardiographic study. Circulation. 2005;112(3):387-395.
DOI: 10.1161/CIRCULATIONAHA.104.463125.

Stavtseva Yu.V., Kobalava Zh.D. — conception and design. Stavtseva Yu.V., Davletova M.A., Timofeeva T.M. — analysis and
interpretation of data. Stavtseva Yu.V., Safarova A.F. — justification of the manuscript or critical revision for important intellectual content.
Safarova A.F., Kobalava Zh.D. — final approval of the manuscript for publication.

Author Information

Davletova Marianna A. — Postgraduate Student, Assistant, Department of Internal Medicine with the Course of Cardiology and
Functional Diagnostics Named after Academician V.S. Moiseev, RUDN University, Moscow, maridavletova@mail.ru, https://orcid.
0rg/0009-0006-0025-6091

Bulletin of Siberian Medicine. 2025; 24 (4): 21-30 29



Davletova M.A., Stavtseva Y.V., Safarova A.F. et al. Echocardiographic predictors of undiagnosed heart failure with preserved ejection

Stavtseva Yulia V. — Cand. Sci. (Med.), Associate Professor, Department of Internal Medicine with the Course of Cardiology and
Functional Diagnostics Named after Academician V.S. Moiseev, RUDN University; Doctor, Cardiology Unit, Vinogradov City Clinical
Hospital, RUDN University, Moscow, y.stavtseva@gmail.com, https://orcid.org/0000-0001-9323-4444

Safarova Ayten Fuad Kyzy — Dr. Sci. (Med.), Professor, Department of Internal Medicine with the Course of Cardiology and
Functional Diagnostics Named after Academician V.S. Moiseev, RUDN University, Moscow, aytensaf@mail.ru, https://orcid.org/0000-
0003-2412-5986

Timofeeva Tatyana M. — Cand. Sci. (Med.), Assistant, Department of Internal Medicine with the Course of Cardiology and Functional
Diagnostics Named after Academician V.S. Moiseev; Doctor, Functional Diagnostics Unit, Vinogradov City Clinical Hospital, RUDN
University, Moscow, timtan@bk.ru, https://orcid.org/0000-0001-6586-7404

Kobalava Zhanna D. — Dr. Sci. (Med.), Professor, Corresponding Member of the RAS, Head of the Department of Internal Medicine
with the Course of Cardiology and Functional Diagnostics Named after Academician V.S. Moiseev, RUDN University, Moscow,
zkobalava@mail.ru, https://orcid.org/0000- 0002-873-1768

(><) Davletova Marianna A., maridavletova@mail.ru
Received in 02.04.2025;

approved after peer review in 28.05.2025;
accepted in 29.05.2025

30 BionneTteHb cMbUpckon MegmuuHel. 2025; 24 (4): 21-30



