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ABSTRACT

Background: Patients with heart failure with preserved ejection fraction account for more than half of all
hospitalizations because of heart failure. On the other hand, atrial fibrillation and heart failure are quite
often diagnosed together and one disease influences the development of the other. Timely and accurate
diagnosis of heart failure with preserved ejection fraction is the basis for effective treatment of this
category of patients. In 2019, the HFA-PEFF algorithm of diagnosis heart failure with preserved ejection
fraction (including patients with atrial fibrillation) was proposed. However, the algorithm implies cardiac
catheterization in patients at intermediate risk, which involves certain difficulties and cannot be used in
routine practice. As an alternative to cardiac catheterization in the diagnosis of heart failure with preserved
ejection fraction, we proposed a noninvasive diagnostic method — cardiopulmonary test. However, the
value of cardiopulmonary test technique has not been conclusively studied, especially in patients with
a combination of chronic heart failure and atrial fibrillation. Aim: The aim of the study was to evaluate
the role of the cardiopulmonary test in the diagnosis of heart failure with preserved ejection fraction in
patients with atrial fibrillation. Methods: 138 patients with atrial fibrillation were included in our study.
Using HFA-PEFF algorithm (algorithm for diagnosis of heart failure with preserved left ventricular ejection
fraction) all patients were initially divided into 3 groups: low probability of heart failure — 23 patients,
intermediate probability — 96 and high probability — 19 patients. The stress-test allowed to precisely
assess of patients at intermediate risk and finally form the groups: Group 1 without heart failure, 85 patients
(61.6%); Group 2 patients with heart failure and preserved ejection fraction, 53 patients (38.4%). The next
diagnostic stage was cardiopulmonary test. Results: During cardiopulmonary test, the anaerobic exercise
threshold was 6.8 and 4.85 METs for the first and second groups, respectively (p <0.001), reflecting
lower exercise tolerance in the second group of patients. Analysis of variance (ANOVA) demonstrated
a statistically significant increase in pro-BNP levels with a decrease in peak VO, (p <0.001). Also, analysis
of variance demonstrated a significant statistical difference with respect to systolic pulmonary artery
pressure in the subgroups with severely, moderately reduced oxygen consumption and in the group
with normal peak VO, (p=0.07). ROC analysis determined a peak VO, of 20 mi/kg/min, above which
the HFA-PEFF algorithm was unlikely to detect heart failure (AUC 0.73; confidence interval 0.65-0.82;
p=0.043; sensitivity 85%; specificity 51%). Conclusion: The cardiopulmonary test is a reliable instrumental
non-invasive method in the diagnosis of heart failure with preserved ejection fraction.
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OPUTUHAJIbHOE NCC/TTIEAOBAHUE

KAPOUOMY/IbMOHAJbHbIV TECT KAK KOMMOHEHT
B AUATHOCTUYECKOM AJITOPUTME ONMPEAENEHUA
CEPAEYHO HEAOCTATOYHOCTU C COXPAHHOW
OPAKLME BbIBPOCA JIEBOIO XKENYAOUYKA

Y NALMEHTOB C ®UBPUNNALUEN NPEACEPAUNA

A.C. 3otoB', E.C. lop6aueBa’, U.A. MaHngenb' 2, 3.P. Caxapos’, 0.0. LLlenect', A.B. Tpouukuii',

P.1. Xa6a3zoB'

T ®epepanbHbIi HAYYHO-KITMHUHECKUI LIEHTP CNELMani3vpoBaHHbIX BIAOB MEAVLIMHCKOM MOMOLLM U MEAVLIMHCKUX TEXHOMOTUIA,
Mocksa, Poccuiickas ®egepaums

2 MepBbiii MOCKOBCKUIN rOCYAaPCTBEHHbIN MEONLIMHCKINA yHUBEpCUTET MeHn V.M. CeveHoBa (CeHeHOBCKMIi YHNBEPCUTET),
Mocksa, Poccuiickas ®egepaums

AHHOTALUNSA

O6ocHoBaHue. Ha oo nauneHToB ¢ CcepaeyHo HeoCTaTOYHOCTbIO U COXPaHHON paKLmel Bbib-
poca npuxogntcs 6osiee MoA0BUHbI BCEX rOCAUTannN3auymii ro rnoBogJYy CEpAEYHON HEAOCTAaTOYHOCTY
Kak TakoBo. C Apyrovi CTOPOHbI, hnbpunnsayuio npeacepanii i CepaeyHyo He4oCTaTtoO4YHOCTb YacTo
ANarHOCTUPYOT COBMECTHO, M OAHO 3abosieBaHue BVSET Ha passutue apyroro. CBoeBpemeHHas
M TOYHasi guarHOCTUKa CepAeyHo HeOCTaTOYHOCTU C COXPaHHON hpaKume Bblibpoca sIB/ISIETCS OC-
HOBOW 3¢(hheKTUBHOIO IeHeHUs1 3ToN KaTteropuu nayneHToB. B 2019 rogy Esponerickon accoyvaymen
KapanonoroB 6bia npegsioxeH anroputm HFA-PEFF rno gnarHoCTuke cepge4qyHou HegocTaTtoOYHOCTU
C COoxpaHHOW hpakymer Bbibpoca, B TOM YACJIE y NauneHToOB ¢ hubpuansaymen npegcepani. Aroputm
rogpasymMeBaeT TakXxe KaTeTepusaunio cepgua y naymneHToB rMpOMeEXYTOYHOrO PUCKa, YTO COrMpsixe-
HO C OnpeAeneHHbIMU TPYAHOCTSMU U HE MOXXET UCMO/Ib30BaTbLCS B PYTUHHON rpakTuke. B kayecTse
anbTepHaTvBbl KaTeTepulauny cepgua npu anarHOCTUKe CepaevyHoN HEJOCTaTOYHOCTH C COXPaHHOM
pakyme Bbibpoca Hamu bbi1 NPeAI0XKeH HENHBa3UBHbIN METOL ANarHOCTUKU — KapanonybMOHa/lb-
HbIVi TECT, OAHAKO LJeHHOCTb METOAUKN OKOHYaTe/IbHO HE U3y4YeHa, Tem bosiee y naymeHToB ¢ pubpus-
aauven npegcepavii. enb ncecnegoBaHnss — o4eHUTb POJIb KapAMOry/IbMOHAIbHOrO TECTUPOBaHUS
B ANarHOCTUKe CepAeYHON He[OoCTaTOYHOCTY C COXPaHHOW hpaKumen Bbibpoca /1eBOro »esy[oyka
y nauynmeHToB ¢ ubpunnsayuen npegcepanii. Merogbl. B nccnegosaHve Bkaw4deHoO 138 naymeHToB
¢ mbpunnayven npegcepanii. icnonb3ys anroputm HFA-PEFF (anroputm gnarHOCTUKN CepaevYHoNn
He[OCTaTO4YHOCTU C COXPaHHOW ¢hpakumer Bblibpoca J1eBOro XeJsy[oyKa), Bce naymeHTbl n3Ha4asibHO
Ob1M pasgesieHbl Ha 3 rpynbl: ¢ HU3Kow (n=23), ymepeHHot (n=96) n BbicoKou (N=19) BEpOSATHOCTLIO
cepgeyvHovi HegocTatoYHocTu. [lpoBegeHne CTpecc-TecTa rno3B0JN/IO0 MPeLN3NOHHO OUEHUTb NaLneH-
TOB C MPOMEXXYTOYHbIM PUCKOM Y OKOHYaTes/IbHO CGhopMUpoBaTh rpynnbl: 1-5 rpynna — nayneHTsl 6e3
cepheyHo HegocTaTto4YHocTu (n=85; 61,6%); 2-5 rpynna — nauneHTbl C CepAeYHON HEOCTaTOYHOCThIO
n coxpaHHo ppakymer Bolbpoca (n=53; 38,4%). CnegyoLymm guarHoCTUHECKUM 3Tarom 6blI0 npoBe-
LeHVe KapauoryabMOHaIbHOro TecTupoBaHus. Pe3ynbrartsel. [lpy nposeneHnn KapanomnybMOHa  b-
HOro TecTta rnopor aHaspobHou Harpy3ku coctasun 6,8 n 4,85 METs gns 1-vi u 2-v rpynrbl COOTBETCT-
BeHHO (p <0,001), uTo oTpaxkaet 60osiee HN3KYHO TOJIEPaHTHOCTb K (hU3NHECKOW Harpy3Ke BO 2-i rpyrne
60/1bHbIX. [ucnepcuoHHbii aHam3a (ANOVA) npogeMoHCTpupoBas CTaTuCTUHECKN 3HaYUMOE MOBbILLE-
Hue ypoBHs pro-BNP ripu cHkeHvn nmkosoro sHadeHus VO, (p <0,001). Bbisio Takxke nokasaHo 3Ha4u-
MOe CTaTUCTUYECKOE Pasanyme B OTHOLLUEHUN CUCTOJIMHECKOIrO aB/IEHVST B JIEFOYHOM apTepun B rog-
rpynmnax ¢ BblpPa>keHHbIM, YMEPEHHO CHUXKEHHbIM NOTPebIeHNeM KUCI0poAa Y B rpyrne ¢ HOpMasbHbIM
rmkosbim VO, (p=0,01). lposeaeHHsii ROC-aHanns onpegesmn 3Ha4eHune nukosoro VO, — 20 ma/kr
B MUHYTY, BbllUE€ KOTOPOro BEPOSITHOCTb MOCTaHOBKM AunarHo3a CepaeYHON He[ocTatoOYHOCTU C UC-
rnosib3oBaHnem aaroputma HFA-PEFF 6ypet manoseposiTHou (AUC 0,73; noBepuTesibHbIf MHTEpBasl
0,65-0,82; p=0,043; 4yBcTBUTELHOCTE 85%); crieynpuydHocTb 51%). 3aknrodeHue. Kapanomnyibmo-
HaslbHbIVI TECT SBASIETCS HA[EXKHbIM HEVHBAa3UBHbIM MHCTPYMEHTa bHbIM METOLOM AUarHOCTUKN cep-
LEYHOV He[OCTaTOYHOCTY C COXPaHHOW pakymer Bbibpoca.
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BACKGROUND

More than half of heart failure (HF) hospitalizations
are due to patients with preserved ejection fraction [1].
Atrial fibrillation (AF) and CH are often diagnosed
together, and one disease can influence the
development of the other [2—-4].

A timely and accurate diagnosis of HF with preserved
ejection fraction is crucial for effective treatment of
this patient population. In 2019, the Heart Failure
Association of the European Society of Cardiology
(HFA/ESC) proposed an algorithm for diagnosing HF,
which is also applicable to patients with AF [5].

The use of the “new” diagnostic algorithm,
rather than the H2FPEF algorithm [6], enables
accurate diagnosis of HF with preserved ejection
fraction. However, the algorithm requires cardiac
catheterization in intermediate-risk patients, which
presents certain challenges and is unsuitable for
routine use. As an alternative to cardiac catheterization
for diagnosing HF with preserved ejection fraction, we
propose cardiopulmonary testing (ergospirometry),
a noninvasive diagnostic method.

Ergospirometry, also called cardiopulmonary
test, is a stress test that evaluates the reaction and
interaction of the cardiovascular and respiratory
systems and the metabolic response of the body to
physical exercise. Gas exchange parameters, such
as oxygen consumption, carbon dioxide release,
and minute ventilation, are monitored during the test.
Additionally, the patient’s well-being, blood pressure,
and electrocardiogram (ECG) are monitored [7].
The 2019 ESC guidelines state that a decrease in peak
oxygen consumption (VO,) <20 mL/kg per minute
and/or an increase in minute ventilation to volume
of CO, extracted (VE/VCO,) >30 are predictors of high
risk and confirm HF [5].

The value of the cardiopulmonary test has not been
definitively studied [5, 8], especially in patients with
HF combined with AF. In our study, we evaluated the

cardiopulmonary test as a component in the diagnostic
algorithm for determining HF with preserved ejection
fraction in patients with AF and its prognostic role in
cardiac surgery practice.

This study aimed to evaluate the role of
cardiopulmonary testing in the diagnosis of HF with
preserved left ventricular ejection fraction in patients
with AF.

METHODS

Study design

A nonrandomized, uncontrolled, single-center pilot
study was conducted prospectively.

Eligibility criteria

The inclusion criteria were an AF diagnosis, patient
age over 18 years, normal serum thyroid hormone
levels, and preserved left ventricular ejection fraction.

The inclusion criteria excluded patients who
refused to participate, were under 18 years old, had
a reduced left ventricular ejection fraction according
to ECHO-CG, had systemic inflammatory diseases
of connective tissue (such as rheumatoid arthritis
or systemic lupus erythematosus), had a malignant
oncological process, or had musculoskeletal diseases
that impaired their self-care.

The exclusion criteria included chronic infectious
processes, contraindications to anticoagulant therapy,
thyroid disease accompanied by hypo- or
hyperthyroidism, and thrombosis of the left atrial
appendage.

Settings

The study involved 138 patients with persistent
AF and preserved left ventricular ejection fraction. All
participants provided written consent to participate
in the study. This study was conducted at the Federal
Scientific and Clinical Center for Specialized Medical
Care and Medical Technologies of FMBA of Russia.
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Duration of the study
The study was conducted from 2021 to 2022.

Description of the medical intervention

Table 1 presents demographic characteristics.
Patients diagnosed with HF were older than those in
group 1. The other demographic characteristics were
comparable between the groups.

Table 2 shows the clinical characteristics of the
patients. All patients were diagnosed with AF.

Upon admission to the hospital, all patients underwent
laboratory and instrumental investigations, including
general and biochemical blood tests, N-terminal brain
prohormone natriuretic peptide (NT pro-BNP), chest X-ray,
electrocardiogram (ECG), transthoracic echocardiography
(Table 3), and cardiopuimonary testing. If required,
transesophageal echocardiography, coronarography,
and other investigative methods were performed.

ORIGINAL STUDY ARTICLES

The next step in the diagnosis was cardiopulmonary
exercise testing. A treadmill was used with changes
in running speed and a track incline according to the
Bruce protocol (Table 4) [9]. Criteria for discontinuing
exercise testing include angina or chest pain, ischemia
or arrhythmia on ECG, systolic blood pressure
>250 mm Hg or diastolic blood pressure >120 mm Hg,
decrease in blood pressure >20 mmHg from the
highest value during testing, oxygen desaturation
<80%, weakness, dizziness, impaired consciousness,
or signs of respiratory failure [11, 11].

Ethical review

The study received approval from the local ethical
committee of the Federal Scientific and Clinical Center
for Specialized Medical Care and Medical Technologies
of FMBA of Russia, as evidenced by extracts from
protocols no. 9, 2021, and no. 8, 2022.

Demographic characteristics of patients

Group 1
(n=85)

59 (55; 65)

Index

Age, years
Gender, male/female*
Body mass index, kg/m? 30 (27.5; 33)

Body surface area, m? 2.08 (1.93; 2.23)

67 (78.8%) / 18 (21.2%)

Table 1
Group 2
(n=53) P
65 (62; 69.3) <0.01
37 (69.8%) / 16 (30.2%) >0.05
29 (28; 32) >0.05
2.04 (1.86; 2.18) >0.05

Note: Quantitative data are presented as Me (Q;; Q,), where Me is median, Q, and Q, are lower and upper quartiles,
respectively; * data are presented as absolute values (percentages). In tables 1-3, 5, indicators are highlighted in bold, when
comparing which a statistically significant difference was determined.

Clinical characteristics of patients

Index

History of arrhythmia, years

Arterial hypertension, n (%)

Postinfarction cardiosclerosis, n (%)

History of percutaneous coronary intervention, n (%)

Acute cerebral circulatory disorder
Transient ischemic attack, n (%)

History of thromboembolic complications, n (%)
Chronic obstructive pulmonary disease, n (%)
Brachiocephalic artery atherosclerosis, n (%)
Atherosclerosis of the lower limb arteries, n (%)
Diabetes mellitus, n (%)

Kidney pathology, n (%)

History of catheter ablation, n (%)

10

Table 2
Group 1 Group 2

(n=85) (n=53) -
4 (2; 7.75) 6 (2.75; 10)* >0.05
65 (76.5) 44 (83) >0.05
7 (8.2) 8 (15.1) >0.05
7 (8.2) 8 (15.1) >0.05
6 (7) 10 (18.7) >0.05
- 1(1.9) >0.05
2(2.3) 4 (7.5) >0.05
13 (15.3) 9(17) >0.05
3(3.5) 6 (11.3) >0.05
10 (11.8) 10 (18.7) >0.05
27 (31.8) 14 (26.4) >0.05
36 (42.3) 8 (15.1) <0.05

https://doi.org/10.17816/clinpract112301
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Group 1 Group 2
Index (n=85) (n=53)
Atrial fibrillation form, n (%)
e Paroxysmal 78 (92.8) 36 (67.9)
e Persistent 7 (8.2 5(9.4)
e Long persistent - 12 (22.6)
EHRA index, n (%)
o | 49 (57.6) 20 (37.7)
e |l 27 (31.8) 26 (49.1)
e I 9 (10.6) 7 (13.2)
NYHA functional class, n (%)
e NYHAO 22 (25.9) 5 (9.4)
° NYHAI 23 (27) 15 (28.3)
e NYHAI 39 (45.9) 32 (60.4)
e NYHAII 1(1.2) 1(1.9)

End of Table 2

P

<0.05
>0.05
<0.05

<0.05
<0.05
>0.05

<0.05
>0.05
>0.05
>0.05

Note: Data are presented as absolute values (percentages), p value was calculated by Mann-Whitney or x2 method and
Fisher exact test depending on data type; * quantitative data are presented as Me (Q;; Q;), where Me — median, Q, and Q; —
lower and upper quartiles, respectively. EHRA — European Heart Rhythm Association atrial fibrillation symptom rating scale;

NYHA — New York classification of functional class of heart failure.

Data of instrumental and laboratory examination methods

Echocardiography Group 1 Group 2
and NT-proBNP (n=85) (n=53)

LV ejection fraction, % 60 (56.5; 63) 60 (57; 63)

LA Indexed volume, mL/m? 31 (26; 34) 40 (34.8; 46.6)
LV end-diastolic volume, mL 104 (90; 121) 100.5 (85.8; 121.8)
LV end-systolic volume, mL 37 (32; 45) 36.5 (31.8; 49.5)
LV end-diastolic dimension, cm 5(4.7; 5.3) 5 (4.6; 5.23)

LV end-systolic dimension, cm 3.2 (2.8; 3.45) 3.4 (2.9; 3.6)
LV myocardial mass index, g/m? 79 (66.5; 92.5) 80 (66; 90)
Pressure in the pulmonary arteries, mmHg 25 (20; 29.5) 34 (26.8; 43.3)
E/e’, cm/sec 9.5 (8; 11.9) 10 (8.5; 14)
Indexed right atrial volume, mL/m? 22 (19; 26) 29.5 (23; 36.6)
TAPSE, cm 2(1.8;2.1) 1.78 (1.6; 2)
NT-proBNP, pg/mL 102.6 (68.12; 208.6) 483 (264.8; 794.1)

Table 3

p

>0.05
<0.001
>0.05
>0.05
>0.05
>0.05
>0.05
<0.001
>0.05
<0.001
0.027
<0.001

Note: Quantitative data are presented as Me (Q;; Q,), where Me is the median, Q, and Q, are the lower and upper quartiles,
respectively; p-value between groups calculated by the Mann-Whitney method. LV — left ventricle; LA — left atrium; E/e’ —
ratio of peak velocities of early transmitral blood flow and early diastolic movement of the mitral ring; TAPSE — tricuspid

annular plane systolic excursion; NT-proBNP — N-terminal brain prohormone natriuretic peptide.

Table 4
Bruce protocol for cardiopulmonary testing
Step, no. Speed, km/h Lift angle, % Duration, min
1 2.7 10 3
2 4.0 12 3
3 5.5 14 3
4 6.8 16 3
5 8.0 18 3
6 8.9 20 3
7 9.7 22 3
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Statistical analysis

The SPSS 28.0.0.0.0 software package (IBM SPSS
Statistics, Chicago, IL, USA) was used for data analysis.
Quantitative data were presented as median (Me)
and quartiles (25%; 75%), and categorical data were
presented as absolute number (n) and proportion (%).
Analysis of variance (ANOVA) was performed. The
Mann-Whitney U test was used to compare two
independent groups, whereas the Kruskal-Wallis test
was used for three independent groups. For categorical
features, the x2 test with Yates correction and Fisher’s
exact test were used. The discriminatory ability and
reliability of peak oxygen consumption in determining
HF, as well as the sensitivity and specificity of this factor,
was evaluated using receiver operating characteristic
(ROC) analysis. Statistical significance was established
at p <0.05.

RESULTS

Objects (participants) of the study

The study included 138 patients with AF who received
FMBA treatment in 2021. The majority of patients had

ORIGINAL STUDY ARTICLES

a history of surgical intervention at our clinic and
underwent repeated postoperative examination and
health monitoring. All patients were diagnosed with
AF and had a normal left ventricular ejection fraction.
The HFA-PEFF algorithm (Heart Failure Association
Pretest assessment, Echocardiography and natriuretic
peptide, Functional testing, Final etiology) was used
to initially divide the patients into three groups based
on their probability of developing HF: low (n=23),
moderate (n=96), and high (n=19). An additional stress
test was conducted to accurately evaluate patients
with intermediate risk (2-4 points) and finalize the
groups. Group 1 comprised 85 patients without HF
(61.6%), and group 2 involved 53 patients with HG and
preserved ejection fraction (38.4%) (Fig. 1).

Main results of the study

Clinical data analysis showed that patients in
group 2 (with HF) were generally older than those in
group 1. Additionally, this group had a higher number
of patients with persistent and long-term persistent
AF, a longer history of AF, and a higher frequency of

n=138

Examination, complaints,
and laboratory and instrumental tests

Scoring

0-1 point:
no HF (n=23; 16.7%)

2-4 points:
moderate probability of HF
(n=96; 69.5%)

5-6 points:
high probability of HF
(n=19; 13.8%)

Load test

Group formation

Group 1: no HF (n=85; 61.6%)

Group 2: confirmed HF (n=53; 38.4%)

Fig. 1. Diagnostic algorithm of heart failure with preserved ejection fraction in patients with atrial fibrillation.

HF — heart failure.

12 https://doi.org/10.17816/clinpract112301
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dyspnea complaints during minimal and moderate

physical activity (79.2% vs. 43.5% in group 1, p <0.05). = 8007
When evaluating laboratory and instrumental g
investigations, most patients in group 2 were found to —E' 600 -
have atriomegaly of various degrees of severity and \g
pulmonary hypertension. 025
Furthermore, tricuspid annular plane systolic ”§ 4007
excursion (TAPSE), which indirectly indicates right EQ
ventricular contractility, was diagnosed below 1.7 200 4

in 11.8% and 24.5% of patients in groups 1 and 2, ' ' '
respectively (p <0.05). Additionally, the NT-proBNP Subgroup 1 Subgroup 2 Subgroup 3
level was significantly higher in group 2 with a median  Fig, 2. Relationship between peak oxygen consumption
of 483 pg/mL compared with 102.6 pg/mLin group 1. and NT-proBNP levels (mean values) (p <0,001).
Table 5 shows statistically significant differences NT-ProBNP — N-terminal brain prohormone natriuretic
between the groups for each indicator of the peptide; VO, — oxygen consumption.
cardiopulmonary test. Remarkably, group 2 reached
the maximum threshold of anaerobic load at a lower levels >20 mL/kg /min, which is considered normal
load than group 1: 4.85 vs. 6.8 METs (metabolic (Table 6). We analyzed the works of our foreign
equivalents), respectively (p <0.001), indicating a lower colleagues [8] and adopted their division into ranks,
exercise tolerance. while considering the presence of AF in all patients.
Moreover, several calculations were performed on Figure 2 shows that the level of NT-proBNP
the entire patient sample. The patients were divided significantly increases as peak VO, decreases
into three subgroups based on their peak oxygen (p <0.001). This means that the more pronounced the CH
consumption using ANOVA. Group 1 consisted of phenomena, the more severe the metabolic disorders
patients with peak VO, levels <17 mi/kg /min, group 2 in the patient’s body and the greater the decrease in
included patients with levels between 17 and peak oxygen consumption. In contrast, the patients
20 mL/kg /min, and group 3 included patients with in the second group (oxygen consumption from 17 to

Table 5
Results of the cardiopulmonary test in the studied groups
Group 1 Group 2
L3 (n=85) (n=53) p

VO, peak, mL/kg / min 24.79 (21.72; 29.32)* 16.86 (14.81; 19.83)* <0.001
VE/VCO, 30.4 (27.9; 33)* 35.5 (31.1; 39.6)* <0.001
Anaerobllc metapollg threshold: maximum 6.8 (6.2; 7.95)" 4.85 (4.18; 5.6)" <0.001
anaerobic exercise limit, METs

Change in both indices in one patient 5(5.9) 37 (69.8) <0.001

(VO,; VE/VCO,), n (%)

Note: p-value between groups calculated by Mann-Whitney method or x2 and Fishers exact test depending on the type of
data; * quantitative data are presented as Me (Q;; Q,), where Me is the median, Q, and Q, are the lower and upper quartiles,
respectively; VO, — oxygen consumption; VE/VCO, — minute ventilation/carbon dioxide production.

Table 6
Analysis of variance: Testing of significance differences between VO, peak and pro-BNP
VO, peak, Number pro-BNP, pg/mL
mL/kg / min of patients, n 25th 50th (median) 75th
Subgroup 1 (<17) 27 271.80 488.30" 1368.75
Subgroup 2 (17-20) 21 102.06 231.45 459.60
Subgroup 3 (>20) 90 72.54 129.70 285.55

Note: * With a decrease in O, consumption (1 subgroup). the level of NT-proBNP was significantly increased in relation
to 2 and 3 subgroups. VO, — oxygen consumption; NT-proBNP — N-terminal brain prohormone natriuretic peptide.
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Analysis of variance: testing the significance of differences between VO, peak
and pulmonary artery pressure

VO, peak, Number
mL/kg / min of patients, n
Subgroup 1 (<17) 27
Subgroup 2 (17-20) 21
Subgroup 3 (>20) 90

Table 7
Pressure in the PA, mmHg
25th 50th (median) 75th
29.0 34.07 43.5
21.25 28.0 40.0
20.0 25.5 30.0

Note: * In the 1st subgroup the pressure in the pulmonary arteries was significantly higher in relation to the 2nd and
3rd subgroups of patients. VO, — oxygen consumption; PA — pulmonary arteries.

20 mL/kg per minute) showed a moderate increase in
NT-proBNP (median 231.45 pg/mL). According to ESC
recommendations, this level is acceptable for patients
with AF and does not always indicate HF [12]. However,
13 patients with confirmed HF were included in this
group of variance analysis (i.e., VO, peak value was
17-20 mL/kg /min).

ANOVA showed a statistically significant difference
(p=0.01) in pulmonary artery systolic pressure between
the groups with markedly and moderately reduced
oxygen consumption and the group with normal peak
VO, (Table 7). In the group with reduced peak oxygen
consumption <17 mL/kg per minute, pulmonary artery
pressure was significantly higher in both persistent and
paroxysmal forms of AF (Fig. 3).

DISCUSSION
The ANOVA showed that peak oxygen
consumption decreases as the NT-proBNP level and

38
36
34
32 1

30 -

Systolic pressure, mmHg

28 1

26 1

Subgroup 1 Subgroup 2 Subgroup 3

Form_AF_2

—— Paroxysm —— Persistent

Fig. 3. Relationship between peak oxygen consumption
and pulmonary artery pressure (p=0.01, Scheffe test).
AF — atrial fibrillation.

pressure in the pulmonary artery system increase.
The pathognomonic sign of diastolic dysfunction
is an increase in pressure in the left atrium. As HF
progresses, there is a decrease in tolerance to
physical load, which is manifested by an increase in
NT-proBNP levels in laboratory tests and an increase
in pulmonary artery pressure in instrumental tests.
This decrease in tolerance leads to unsatisfactory
results in cardiopulmonary testing. The data obtained
reveal that ergospirometry is a reliable diagnostic
method for HF with preserved ejection fraction and
are feasible in patients with AF.

ROC analysis showed that a peak VO, >20 mL/kg
per minute would make a diagnosis of CH using
the HFA-PEFF algorithm unlikely. Based on our
calculations, the cutoff point for peak VO, was
20 mL/kg /min with an AUC of 0.73, a 95% confidence
interval of 0.65-0.82, and a p-value of 0.043. The
sensitivity was 85% and the specificity was 51% (Fig. 4).

1.0 1 ROC .,
0,8
2 0,6 1
2
.“U:)
c
@ 0,4+
0,2
0 T T T T 1
0 0,2 0,4 0,6 0,8 1,0
1 Specificity

Diagonal segments generated by links

Fig. 4. Diagnosis of heart failure by peak oxygen
consumption (VO,).
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As stated in the 2019 ESC guidelines, confirmation of
HF requires a reduction in peak oxygen consumption
(VO,) of <20 mL/kg /min [5].

Diagnosing HF with preserved ejection fraction
can be challenging, as even recent large studies
have recognized [13]. This is often because dyspnea,
a common symptom of HF, may be mild and only
triggered by significant exercise in patients with
preserved ejection fraction and suspected HF.
Additionally, dyspnea may be misattributed to other
cardiovascular or pulmonary conditions or obscured
by obesity [13]. Patients with HF and preserved ejection
fraction have a very poor prognosis [14-16].

A recent meta-analysis found that patients with
AF and reduced ejection fraction had significantly
higher all-cause mortality than those with preserved
myocardial contractility; however, the risk of stroke
and rates of hospitalization for HF were similar in
both groups [17]. Furthermore, the study showed that
AF is common in patients with HF and is associated
with higher mortality and repeated hospitalizations,
including those for HF progression [18].

The challenge of diagnosing HF, coupled with the
poor prognosis of the disease, requires an aggressive
treatment approach, including surgery, for this patient
population [19]. Therefore, the diagnosis of HF with
preserved ejection fraction in patients with AF is a
critical issue.

The HFA/ESC recommendations mention the use
of ergospirometry as a method to objectively assess
the decrease in physical performance and distinguish
cardiac and noncardiac causes of dyspnea. However,
the value of cardiopulmonary testing has not been
definitively studied, especially in patients with a
combination of HF and confirmed AF.

Our study found that cardiopulmonary test can
diagnose HF with preserved ejection fraction in patients
with AF. ANOVA revealed a significant decrease in
peak VO, as HF progressed, which was associated
with increasing pro-BNP levels and pulmonary artery
pressure.

ROC analysis showed that VO, peak values above a
certain threshold make the presence of CH in a patient
unlikely. In our study, the value was 20 mL/kg /min with
an AUC of 0.73, a confidence interval of 0.65-0.82,
and a p-value of 0.043. The sensitivity was 85% and
the specificity was 51%. Our foreign colleagues [5, 8]
obtained similar results.

Based on the aforementioned information, we
conclude that the cardiopulmonary test is a dependable

diagnostic tool for HF with preserved ejection fraction.
Our study successfully demonstrated the effectiveness
of this method in patients with both HF and AF, which
had not been previously reported. Furthermore, the
method can be applied in patients with intermediate
risk using the new HF diagnostic algorithm, HFA-PEFF.
Based on current recommendations, intermediate-risk
patients are typically subjected to cardiac probing,
which may not be practical in routine clinical practice.
Performing cardiopulmonary testing in this patient
population can help identify the presence of HF or rule
out the diagnosis.

Ergospirometry may be useful in cardiac surgery. If
a patient with AF and HF has a VO, peak <20 mL/kg /
min, it may indicate a high-risk group and warrant an
aggressive surgical approach.

Therefore, we recommend modifying the HFA-PEFF
algorithm for diagnosing HF in patients with AF. If
intermediate risk is present, cardiopulmonary testing is
warranted (Fig. 5).

CONCLUSIONS

Our study demonstrates that ergospirometry can
be a reliable alternative to invasive testing and the
6-min walk test, providing valuable information for
clinicians. Cardiopulmonary testing is a reliable aid
in diagnosing HF in patients with preserved ejection
fraction.
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Patient with suspected HF

Examination, anamnesis

Echocardiography

e’ lateral and medial, pulmonary artery pressure, indexed left atrial
volume, E/e’, tricuspid regurgitation rate, LV mass index, LV wall
thickness, interventricular septum thickness, LV posterior wall,

pro-BNP
375-660 pg/mL
>660 pg/mL

global longitudinal systolic strain

Scoring

0-1 point:
no HF

2-4 points:

moderate probability of HF

5-6 points:
high probability of HF

Cardiopulmonary exercise test
VO, peak <20 mL/kg per min;
both VO, peak <20 mi/kg per min and VE/VCO, >30

Confirmation of HF with preserved ejection fraction

Correction of therapy, decision on ablation

Fig. 5. Algorithm for diagnosing heart failure [5]: Use of cardiopulmonary testing to confirm heart failure in patients with
atrial fibrillation. HF — heart failure; LV — left ventricle; e' — early diastolic speed of the mitral ring; E/e’ — ratio of peak
velocities of early transmitral blood flow and early diastolic movement of the mitral ring; pro-BNP — brain natriuretic pep-
tide; VO, — oxygen consumption; VE/VCO, — minute ventilation/carbon dioxide production.
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