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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

Chronic Heart Failure (CHF) is a complex syndrome that
affects at least 6.5 million adults in the USA. The preserved
left ventricle ejection fraction was met in at least 50% of
patients. The data were published by the Center of Heart and
Stroke Statistics in 2020. Right ventricle (RV) involvement in
the pathological process of patients with chronic heart failure
with preserved left ventricle ejection fraction is a common
problem. The pathogenesis, mechanisms, and prognosis of RV
dysfunction in patients with HFpEF have not yet been fully
evaluated. Several questions have been raised regarding these
aspects.

Methods: We investigated 26 patients with documented and
confirmed HFpEF diagnoses. Patients were divided into two
separate groups: patients with normal sinus rhythm and those
with atrial fibrillation. For all subjects, the right ventricle
(RV) systolic and diastolic functions were assessed using
transthoracic ultrasound. We studied the RV measurements and
volume, Tricuspid Annular Plane Systolic Excursion (TAPSE),
Fractional Area Change (FAC), Right Ventricular Index of
Myocardial Performance (RIMP), pulse Doppler S-wave,
and Eccentricity Index (EI). Additionally, we evaluated the
secondary echocardiographic parameters for RV dysfunction
such as pulmonary hypertension using the following markers:
systolic pulmonary artery pressure (sPAP), s pulmonary
artery pressure (mPAP), tricuspid regurgitation (TR) velocity,
pulmonary velocity acceleration time (PVAT) and SPAP/
TAPSE ratio.

We searched for selected echocardiographic parameters that
might better indicate both RV systolic and diastolic deterioration
in patients with HFpEF.

Results: None of the parameters evaluated during transthoracic
echocardiography that were proposed to assess RV function
revealed specificity for patients with HFpEF, except for the Right
Ventricular Index of Myocardial Performance (RIMP). We did
not observe the significant statistical correlation between FAC,
TAPSE and S® and the severity of RV deterioration or patients’
subjective symptoms. Only the RIMP plays an important role
in the assessment of RV contractility and diastolic dysfunction.
Meanwhile, RIMP values were not correlated with pro-BNP
levels, severity of pulmonary hypertension, or heart failure
NYHA class.

Conclusions: 1. HFpEF is widespread, especially among
elderly women with concomitant arterial hypertension,
overweight status, and acquired valvular disease. 2. In patients
with HFpEF, the RV is mainly involved in the pathological
process, regardless of the cardiac rhythm. In our trial, RV
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involvement was observed in all 26 patients. Its involvement
might have occurred based on subjective, objective, and
echocardiographic findings. 3. In patients with HFpEF, the
minimal essential echo parameters that should be examined
for better evaluation of the RV functions are the following:
RV and RVOT linear and volumetric measurements, TAPSE,
FAC, Tissue Doppler S°, RIMP. 4. RIMP itself was found to
be a sensitive marker for the description of RV dysfunction,
including both systolic and diastolic function, in patients with
HFpEF despite age, sex, and cardiac thythm. 5. The value of
RIMP was not linked to either the severity of HF, level of pro-
BNP or degree of pulmonary hypertension.

Key words. Chronic heart failure with preserved left ventricle
ejection fraction, right ventricle, transthoracic echocardiography,
right ventricular index of myocardial performance (RIMP).

Introduction.

Chronic heart failure with preserved left ventricular ejection
fraction (LVEF) is a pathological condition characterized by
subjective and objective symptoms. These symptoms appear in
patients with preserved LV function, when ejection fraction is
> 50%.

Chronic heart failure with preserved left ventricle ejection
fraction occurs relatively often among patients aged > 65 years
and is diagnosed in at least > 50% of the population. HFpEF
increases the risks of hospitalization and mortality. After the first
hospitalization, the 5-year risk mortality rate was approximately
35%. Moreover, the risk of rehospitalization was similar to that
in patients with decreased LV function.

In accordance with the Erwan Donal, in general, HFpEF is
spread among 2% of the population of Western European
countries and is diagnosed in at least 54% of subjects (an average
0f 40-71%). The majority of these patients were elderly women.
Regarding the population between 25 and 49 years, the rate
between males and females is about 0:1; however, in population
over 80 years old, the rate is 4-6%:8-10%, respectively [1].

In accordance with a trial performed by Amil M, Shah et
al., several basic echocardiographic parameters confirmed the
presence of HFpEF. This trial was based on the PARAGON-HF
trial results (angiotensin-neprilysin inhibition in heart failure
with preserved ejection fraction), which was held in 2019-2020.

Amil M, Shah reviewed the following parameters: left ventricle
ejection fraction (LVEF), left ventricle hypertrophy (LVH),
size and volume of left atrium, lateral and septal tissue Doppler
parameters of mitral annulus and E/e” ratio, and tricuspid annular
plane systolic excursion (TAPSE). After analysis, the author
concluded that increasing LV mass, elevation in E/e’ ratio, and
dilatation of LA (LA volume and LAVi) might be considered
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the best markers for confirming HFpEF and the best predictors
for further hospitalization and mortality risk [2]. Nevertheless,
it should be emphasized that LA volume and LAVi parameters
did not reveal sufficient prognostic and diagnostic value in other
similar trials.

RV dysfunction, regardless of its exact cause, always
negatively affects the course of patients’ primary disease and
prognosis. The mortality rate was significantly increased in
patients with LVEF < 30%. RV contractility function is an
important prognostic marker also in patients with IHD if LVEF
<40% [3].

The right ventricular ejection fraction (RVEF) is defined as the
contractility function of the RV and the pre/post load forced to
that cavity. Hence, all those conditions that impact the above-
mentioned parameters might deteriorate the RV function and
might provide the RV diastolic and systolic dysfunction [3].

RV dysfunction is a common finding in patients with HFpEF.
Based on the available data, it varied from 4 to 48% [4].
Thomas M. Gorter attentively discussed this issue in his trial.
The author reviewed all echo parameters in detail that were
used during the clinical trial to evaluate RV function [4]. For
example, the following parameters were calculated: tricuspid
annular plane systolic excursion (TAPSE), fractional area
change (FAC), lateral tricuspid annulus peak systolic velocity
(S"), right ventricle end-diastolic volume (RVEDV), pulmonary
artery systolic pressure (PASP), and mean pulmonary artery
pressure (MPAP). Based on these parameters, the author
concluded that TASPE and FAC should be considered the
main echocardiographic parameters for the assessment of RV
function, and a meaningful relationship is fixed between these
two markers [4].

Several echocardiographic parameters are used for evaluating
RV systolic functions, mainly RV performance index (RV
RIMP), tricuspid annular plane systolic excursion (TAPSE),
myocardial acceleration during isovolumic contraction (RV
IVA), fractional area change (FAC), RV three-dimensional
ejection fraction (3D RVEF), lateral tricuspid annulus peak
systolic velocity (S*), RV strain index. TAPSE, FAC, and S are
used frequently among listed parameters for assessing the RV
systolic function [5].

Single and unique parameters that directly uncover RV
involvement in patients with HFpEF are currently difficult to
determine. For instance, an RV FAC <45%, which is considered
an important parameter for the assessment of RV systolic
function, is rarely met in patients with HFTEF rather than in
patients with HFpEF. Based on other clinical trials, RV systolic
and diastolic strains are the best markers for evaluating RV
function. As for TAPSE as a separate marker for RV function
assessment, no significant information was obtained using that
one parameter individually in HFpEF patients: its reduction
was clinically significant in 20% cases only; meanwhile in
patients with HFTEF, reduction of TAPSE was important in
approximately 46% of cases, respectively [6].

Measures and volume of heart cavities might be considered
as important indirect echocardiographic indicators of RV
dysfunction in patients with HFpEF, especially LA measures
and volume; meanwhile, LA size and volume might be the
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norm in a third of patients [7]. Size of LA was declared as a
certain prognostic marker in the -PRESERVE Trial (Irbesartan
in Patients with Heart Failure and Preserved Ejection Fraction).
Nevertheless, the LA volume did not reveal any prognostic
significance in the same trial. A similar result was found in
the Spironolactone for Heart Failure with Preserved Ejection
Fraction (TOPCAT) trial when the longitudinal size of LA
(and not its volume) was detected as a prognostically important
marker. Moreover, in the CHARM trial (Candesartan in Heart
Failure), LA size did not reveal any prognostic significance in
further mortality rates [7].

RIMP is defined as the active performance index of the right
ventricle. In other words, it defines the connection between the
periods needed for blood accumulation in the RV and its release.

Calculating the RIMP, we assumed receiving information
about both the systolic and diastolic functions of the RV.
Moreover, we might evaluate the correlation between RIMP
and other parameters of RV function, such as TAPSE, FAC,
and S'.

TAPSE and FAC mostly provide information about the
longitudinal movement of the RV walls and its global contractile
function. These parameters are almost completely reduced
when RV contractile function deteriorates. Nevertheless, lots
of clinical trials describe a weird situation when, when RV
contractile function is declined, but those parameters that
describe its longitudinal strain are in norm (namely, TASPE,
FAC and S°) [8]. Consequently, the scientists principally
paid attention to RIMP as a marker for evaluating RV global
contractile function because, in general, RIMP might provide
information regarding both RV systolic and diastolic functions
simultaneously [8].

RIMP might also be calculated for evaluation of RV global
contractile function when tricuspid regurgitation maximal
velocity is not adequately reachable, for example, in cases of
eccentric tricuspid jet and severe RV dysfunction. In those
situations, the calculation of RIMP is quite acceptable.

It should be foreseen that TAPSE and S' values might be
impacted by a certain problem in the pericardial cavity. For
instance, pericardial effusion in post-CABG patients. Hence,
we should expect that RIMP is a more specific parameter for
evaluating RV contractile function rather than TAPSE or S.
Paradoxical movement of IVS that is frequently met among the
post-CABG patients might also impact TAPSE and S’ value.
That phenomenon disrupts the normal structure of RV, and
despite the preserved contractile function, it impacts FAC and
TAPSE parameters. Hence, TAPSE and FAC might be in false
ranges. That phenomenon also proves that RV global contractile
function is better to be assessed using RIMP rather than TAPSE
or FAC [8].

Hezzy Shmueli reviewed data from the patients and concluded
that univariate markers for a high mortality rate in patients
with pulmonary embolism (PE) are the following: Pulmonary
Accelerating Time, PVAT < 81 msec, Stroke Volume, SV <44
cc, and RIMP > 0.42. The sensitivity of RIMP was at least 75%,
and its specificity was about 74% (P = 0.05). Meanwhile, sPAP,
TR Velocity, and FAC did not reveal any significant diagnostic
value regarding measures and volume of the right cavities [9]. In



conclusion, the author supposed that RIMP might be considered
as an important and separate echocardiographic indicator of
mortality in patients with PE [9].

Yasunobu Hayabuchi also reviewed some obstacles that might
impact the RV RIMP. The author pointed out the phenomenon
called pseudo-normalization in patients with RV infarct. That
might increase RV end-diastolic pressure and pressure in
pulmonary arteries; hence, it might impact IVCT in general.
Hence, the author suggested paying great attention to the RIMP
calculation in the appropriate population of patients [10].

Nese Dursunoglu also wrote about obstacles and problems in
the calculation of RV RIMP in his article. The author observed
the patients with sleep apnea syndrome. The author concluded
finally that diastolic dysfunction of RV was observed in patients
with moderate/severe apnea (AHI 215). Higher RV RIMP was
detected in that group also and was not met among the patients
with mild apnea syndrome (AHI: 5-14) and among the control
patients (AHI < 5). Hence, Nese Dursunoglu concluded that
sleep apnea syndrome and its especially severe impacts on RV
systolic/diastolic function and on RV RIMP, respectively [11].

Another attractive correlation was detected by Ioulia Grapsa.
She observed 93 patients who developed pulmonary hypertension
for various reasons. The author wrote that RV RIMP is slightly
correlated with TR regurgitation jet velocity; however, it is
more correlated with the severity of pulmonary regurgitation
and the eccentricity index. Additionally, a slight connection
was observed between RV RIMP and RV acceleration time
[12]. It was an interesting finding because, in general, the lower
the RVOT/PV acceleration time is, the higher the pulmonary
hypertension and the more visible the RV deterioration is.

Enrico Vizzardi focused his attention on TAPSE as the easiest
reachable marker. Meanwhile, he pointed out that several
obstacles might impact TAPSE values, including myocardial
movement and compliance and volume overload of heart
cavities. Hence, TAPSE usually roughly and imprecisely reflects
the RV function and might be frequently overestimated. As for
RIMP, lots of barriers might be neglected while calculating
the RIMP parameters rather than TAPSE. Thus, RIMP usually
reflects RV function more predictively and adequately [13].

In conclusion, we attempted to estimate the RV systolic
and diastolic functions using almost all echocardiographic
parameters and values that are available nowadays. Our
attention was paid basically to the tissue Doppler of the RV and
RVOT. We evaluated the following echo parameters: TAPSE,
RIMP, TAPSE/sPAP ratio, FAC, and RV S'. Our objection
was to better delineate that the most valuable and specific echo
parameter that might assist in RV assessment among the patients
suffered from HFpEF.

Materials and Methods.

Characteristics of the study population:

A prospective single-center study was conducted at David
Aghmashenebeli University of Georgia (SDASU) and the
Cardiology Department of the Clinic Jerarsi. The data was
collected from January 2024 through July 2024. 26 patients
with a diagnosis of HFpEF were examined. That diagnosis was
confirmed based on 1. subjective and objective symptoms for
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HFpEF; 2. assessment of risk factors; 3. assessment of H2FPEF
score; and 4. evaluation of the level of NT-proBNP. We avoid
including those patients in the trial who had the conditions that
directly impacted RV functions: COPD and bronchial asthma,
pulmonary emphysema, sleep apnea syndrome, pulmonary
embolism, and CTEPH. Additionally, patients with pathological
conditions that might have impacted the NT-proBNP level
were not chosen for the trial: myocarditis, hypertrophic
cardiomyopathy, pericardial disease, severe anemia, severe
renal disease, and liver insufficiency. Other exclusion criteria
were the following: refusal to sign the informed consent, subjects
with decreased LV ejection fraction below 50%, normal value
of Pro-BNP regardless of the presence of symptoms of chronic
heart failure, patients with severe acquired or any kind of
congenital heart valvular diseases, patients who had any major
adverse cardiac event (MACE) three months prior to being
involved in this trial, including coronary revascularization (PCI
of CABG), patients with operated heart valves, patients with
active cancer, patients with active viral hepatitis, and patients
with unsatisfied ultrasound window.

The following potential patients were considered to be
involved in this trial: over 30 years old male or female subjects,
patients who sign the informed consent form, > 3 subjective
or objective symptoms of chronic heart failure based on 2021
ESC Guidelines for the diagnosis and treatment of acute and
chronic heart failure, > 1 supportive risk factor for development
of HFpEF based on 2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure, H2FPEF score score
> 3, Pro-BNP level > 220 pg/ml in patients with sinus rhythm
and > 660 pg/ml in patients with atrial fibrillation, preserved LV
ejection fraction > 50%.

This trial and its ethical aspects were reviewed by the scientific
board of David Aghmashenebeli University of Georgia
(SDASU). All materials, including patients’ informed consent
and patients’ facing materials (HFpEF ultrasound criteria
checklist, HFpEF symptoms checklist, concomitant treatment
checklist and list for the comorbidities, NYHA heart failure
checklist), were discussed and approved by the scientific board
of the above-mentioned university.

Those patients who applied for the outpatient department
of the clinic Jerarsi with the symptoms of heart failure were
enrolled in our trial. All those patients were consented based
on Good Clinical Practice (GCP) standards. The subjects were
adequately informed about trial design. They were provided
with the detailed information regarding expected laboratory and
instrumental examinations. All the questions arising from the
potential subjects were answered. Finally, all suitable patients
signed the trial-related consent form. Original documents are
now stored among the medical sources for each subject.

All comorbidities and concomitant conditions were evaluated
based on medical documents that were provided by the consented
subjects on the day of examination. The certified copies of all
medical sources are now stored among the medical sources for
each subject.

Medical treatment prescribed for each subject was attentively
evaluated. We confirm that almost all subjects enrolled in our
trial were treated based on guideline-directed medical therapy



(GDMT) for HFpEF. Among the 26 subjects, beta-blockers
were prescribed in 23 patients (88.4%), angiotensin II receptor
blockers/ACE inhibitors were prescribed in 26 patients (100%),
loop diuretics were prescribed in 22 patients (84.6%), thiazide
diuretics were prescribed in 12 patients (46.2%), antiplatelet
drugs were prescribed in 12 patients (46.2%), anticoagulants
(NOAC:s) were prescribed in 17 patients (65.4%), and SGLT2
inhibitors were prescribed in 12 patients (46.2%). We did not
interfere in the basic treatment regime for either subject because
it was not the aim and objective of our subjects (Figure 1).

SGLT2 inhibitors I
Anticoagulants (NOACs) I

Antiplatelet drugs I

Thiazide divretics NG

Loop diuretics | I

AT I Blockers / ACE
inhibitors

Beta-blockers I

0.00% 20.00% 40.00% 60.00% 80.00% 100.00%  120.00%

Figure 1. Guideline-directed medical therapy (GDMT) for HFpEF
enrolled in this trial.

All patients were divided into two separate groups: those with
normal sinus rhythm and those with atrial fibrillation.

All enrolled patients were provided with the preprinted
questionnaires, created by the investigator based on 2021 ESC
Guidelines for the diagnosis and treatment of acute and chronic
heart failure and approved by the scientific board of SDASU.
Those questionnaires contained an HFpEF symptoms checklist,
a concomitant treatment checklist, a list for the comorbidities,
and a NYHA heart failure checklist.

Demographic aspects were reviewed for all patients in both
groups, including gender, age, weight, height, and BMIL
Patients’ medical conditions, treatments, and ECG evaluations
were assessed.

For all patients, a detailed heart ultrasound examination
was done. This examination was performed at the cardiology
department of the Jerarsi clinic using the heart ultrasound
machine MINDRAY Resona 19. Cardiac measurements were
performed based on the 2015 guideline of the American
Society of Echocardiography and the European Association
of Cardiovascular: Recommendations for Cardiac Chamber
Quantification by Echocardiography in Adults. Right ventricle
ultrasound findings were evaluated based on the 2010 guideline
of the American Society of Echocardiography, endorsed by the
European Association of Echocardiography: Echocardiographic
Assessment of the Right Heart in Adults, Echocardiographic
Assessment of the Right Heart in Adults: A Practical Guideline
from the British Society of Echocardiography (2020), and
additional scientific materials and articles related to echo
evaluation of the right ventricle. Diastolic dysfunction echo
parameters were assessed based on the 2016 guideline of the
American Society of Echocardiography and the European
Association of Cardiovascular Imaging: Recommendations
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for the Evaluation of Left Ventricular Diastolic Function by
Echocardiography. LV was studied using a 17-segment model.
For assessment of diastolic function, the following parameters
were assessed: mitral PW Doppler, tissue Doppler, DT, IVRT,
LA volume, LAVi, and TR velocity. The main attention was
paid to right cavities, especially RV. The following aspects were
studied: RV linear measurements, RV volume, FAC, TAPSE,
TDIRV S°, RIMP, and Eccentricity Index (EI). Normal ranges
for the essential parameters were the following: FAC < 35%,
RIMP > 0.54, TAPSE <20 mm, RV S§* <10, and EI < 1.

Normal ranges for RV linear and volume measurements were
the following: RV basal size 25-41 mm, RV middle size 19-35
mm, RV longitudinal size 59-83 mm, proximal RVOT size 21-
35 mm, distal RVOT size 17-27 mm. RV end-systolic volume
10-44 ml in males and 8-36 ml in females; RV end-diastolic
volume 35-87 ml in males and 32-74 ml in females; RV lateral
wall thickness <5 mm.

Pulmonary hypertension was measured with the TTE
approach using the following parameters: systolic pulmonary
pressure (sPAP), mean pulmonary pressure (mPAP), tricuspid
regurgitation maximal velocity (TR Vmax), pulmonary
acceleration time (PVAT), and TAPSE/sPAP ratio. The normal
ranges for all those parameters were the following: SPAP < 25
mmHg, mPAP < 20 mmHg, TR Vmax < 2.8 m/sec, PVAT <
130 msec, and TAPSE/PASP < 0.36.

Required laboratory analyses, including pro-BNP and ECG
examinations, were obtained at the Clinic Jerarsi. All certified
and signed copies are now stored among the medical sources of
each patient.

After receiving all data, the H2FpEF score checklist was
completed. The following data was entered there: heavy (2
points), hypertensive (1 point), atrial fibrillation (3 points),
pulmonary hypertension (1 point), elder > 60 (1 point), and LV
filling pressure (1 point). The highest point that was received by
the enrolled patient was 9 points, and the lowest was 4 points.

A HFpEF ultrasound and laboratory confirmation checklist
created based on 2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure and approved by the
scientific board of SDASU was completed for each patient. All
patients received the 5 and more points, and therefore, HFpEF
was fully confirmed. None of the subjects needed to make
additional diastolic stress-test examinations. The completed and
signed checklists are now stored among the medical sources of
each patient.

Statistical Analysis.

Echocardiographic parameters of the right ventricle were
evaluated separately in male and female patients and in patients
with sinus rhythm and atrial fibrillation. For proving the zero
hypothesis, the independent-samples Mann-Whitney U test
was used. Correlative analyses were held using the Pearson
correlation test for identification of relationships between
ultrasound parameters of RV systolic and diastolic findings
and levels of pro-BNP, SPAP/PASP ratio, PVAT, TR Vel, and
NYHA HF class. During statistical processing, when P < 0.05,
the data were considered reliable, and if P > 0.05, the statistical
data were considered unreliable.



Results.

Among 26 patients included in this trial, 21 subjects were
female (80.8%), and 5 subjects were male (19.2%).

The first group with normal sinus rthythm contained 12 patients,
and the second one with atrial fibrillation contained 14 subjects.
The ratio was 1:1.28.

The minimal age of the investigated patients was 52, and the
maximal age was 91. Hence, the average age appeared to be 79.
Clinical findings:

In patients with HFpEF in the sinus rhythm group, the most
frequent clinical symptoms were the following: dyspnea
(100%), decrease in physical tolerability (100%), fatigue and
decrease of performance (100%), peripheral edema (100%),
and murmur while heart auscultation (91.6%). In patients with
atrial fibrillation, the same observation uncovered the following
frequent subjective and objective symptoms: dyspnea (100%),
decrease in physical tolerability (100%), fatigue and decrease
of performance (100%), peripheral edema (100%), palpitation
(100%), murmur while heart auscultation (100%), dizziness
(78.5%), night paroxysmal dyspnea (57.1%), and wheezing
(57.1%) (Figure 2).

Night Cough
Wheezes
Orthopnea

Heart Palpitation
Peripheral Edema
Fatigue

Decrease in physical tolerability

Dyspnea

0

IS

o 20% 40% 60% 80% 100% 120%

Figure 2. The most frequent symptoms among all patients are involved
in this trial.

The severity of heart failure was studied based on the NYHA
classification of HF. Hence, in patients with sinus rhythm,
NYHA I class was met in one subject (8.3%), NYHA II was
met in 6 patients (50%), NYHA III was revealed in 5 patients
(41.6%), and NYHA IV was fixed in 0% of the investigated
population. On the contrary, in the atrial fibrillation group,
NYHA I class was met in 0% of subjects, NYHA II was met in
5 subjects (35.7%), NYHA III was fixed in 6 patients (42.9%),
and NYHA IV was detected in 3 subjects (21.4%).

Concomitant illnesses that might have impacted the
development of HFpEF were observed attentively also, and the
following results were uncovered: in patients with sinus rhythm,
the most frequent conditions were arterial hypertension (100%),
acquired heart valvular disease (91.6%), coronary artery disease
(41.6%), and anemia (25%). In subjects with atrial fibrillation,
the results were distributed as follows: arterial hypertension
(100%), acquired heart valvular disease (100%), arrhythmia
(100%), and other concomitant conditions, including chronic
kidney disease (50%) and coronary artery disease (35.7%)
(Figure 3).
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Figure 3. The most frequent comorbidities among all patients are
included in this trial.

Laboratory findings:

Laboratory tests were evaluated with caution. Those
results assisted in the establishing of HFpEF as well as in
the diagnostic approach of any concomitant condition that
might have influenced the development of HFpEF. The main
attention was paid to NT-proBNP (pg/ml), troponin (pg/ml),
creatinine (umol/L), etc. NT-proBNP was an important link
in the diagnostic approach of HFpEF. The most elevated NT-
proBNP that was met in patients with sinus rhythm was 7671.9
pg/ml (diagnostic cutoff for HFpEF is > 220 pg/ml), and in
patients with atrial fibrillation the same result was 19099 pg/ml
(diagnostic cutoff for HFpEF is > 660 pg/ml).

Echocardiographic findings:

After reviewing the results received from 26 investigated
subjects, some significant questions were tried to be answered.
Basically, the distribution of HFpEF in patients with sinus
rhythm and atrial fibrillation was sought while keeping in
mind that FAC < 35%, RIMP > 0.54, and TAPSE < 20. Those
parameters were declared as echo findings of RV dysfunction.
Using the independent-samples Mann-Whitney U test, we
uncovered that FAC, RIMP, and TAPSE were not significantly
different in male and female subjects in both groups despite
their gender affiliation (P > .05) (Table 1).

Table 1. Distribution of echocardiographic parameters of right
ventricle dysfunction in male and female patients.

Group Statistics
Patient’ gender Std. Std. Error
Male N Mean Deviation Mean
Female 21 49.78 [10.273 2.242

0,

FACY Male 5 4391 10.133 4.532

TAPSE  Female 21 17.95 |3.383 738

(mm) Male 5 17.80 |2.168 .970
Female 21 .6852 15753 .03438

RIMP Male 5 .6000 .19391 .08672

Independent-Samples Mann-Whitney U Test was used in the
assessment of the most predictive parameter (FAC, TAPSE,
RIMP) for RV dysfunction in patients with sinus rhythm and
atrial fibrillation, regardless of gender affiliation. FAC was the
main heterogeneous parameter that distinguished the patients
with sinus rhythm and atrial fibrillation (P < .05). Other



parameters, such as TAPSE and RIMP, did not emerge with the
same differences. The P value for TAPSE was 0.131, and for
RIMP it was 0.860, respectively (Table 2).

Table 2. Distribution of RV disfunction echocardiographic parameters
in patients with sinus rhythm and atrial fibrillation.

Group Statistics

Std. Std. Error

AF N Mean Deviation Mean
FAC % AFrial fibrillation |14 44.09 7.774 2.078

Sinus rhythm 12 53.98 10.631 3.069
TAPSE  Atrial fibrillation |14 17.00 |3.038 812
(mm) Sinus rhythm 12 19.00 3.045 .879
RIMP Atrial fibrillation 14 .6607 1.19277 .05152

Sinus rhythm 12 6783 [.13176 .03804

Since FAC <35%, RIMP > 0.54, TAPSE <20, and S* <10 are
the principal parameters that characterized the RV dysfunction,
interestingly, this criterion was frequently fixed in RV-
deteriorated patients to describe both RV systolic and diastolic
dysfunction simultaneously. Based on the statistical analyses,
RIMP was the main parameter pointing to the presence of
RV dysfunction: 19 patients (86.4%), then S* < 10: 8§ patients
(36.4%); changing of TAPSE was revealed in 4 patients (18.2%),
and finally, FAC that was fixed in 3 patients (13.6%). Hence,
RIMP was the principal echocardiographic parameter that gave
a clue for systolic and diastolic RV dysfunction despite patients’
cardiac rhythm (Table 3).

Table 3. The frequency of RV dysfunction echocardiographic
parameters in patients with sinus rhythm and trial fibrillation.

$parameters Frequencies

Responses Percent of
N Percent Cases
Fac Var 3 8.8% 13.6%
Rimp_var 19 55.9% 86.4%
Sparametersa e Var 4 11.8%  182%
TDI S’ Var 8 23.5% 36.4%
Total 34 100.0% 154.5%

a. Dichotomy group tabulated at value 1.

During our investigation, we were trying to seek any
relation between the level of Pro-BNP and the frequency of
echocardiographic parameters of RV deterioration separately in
both groups. That question was asked independently as well for
each echo marker of RV dysfunction. Pearson correlation was
used for that statistical analysis. We did not find any statistical
clue in the correlation between FAC and degree of elevation
of pro-BNP either in patients with sinus rhythm or with atrial
fibrillation (P > .05) (Table 4).

We did not find any statistical correlation between RIMP
and degree of pro-BNP elevation, either in patients with sinus
rhythm or atrial fibrillation (P > .05) (Table 5).

The same answer was uncovered while investigating the
correlation between TAPSE and elevation of pro-BNP—no
correlation at all (P > .05) (Table 6).
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During our study, we were analysing the presence of any
statistical correlation between the ultrasound parameters of
pulmonary hypertension and RIMP. RIMP, itself, was chosen
because it was better to delineate the RV systolic and diastolic
dysfunction simultaneously. Correlation analysis was performed
using the Pearson correlation test.

Table 4. Colleralion of FAC with degree of pro-BNP elevation in
patients with sinus rhythm and atrial fibrillation.

Correlations
AF NT-proBNP FAC %
(pg/ml)
Pearson . | 097
NT-proBNP Correlation
(pg/ml) Sig. (2-tailed) 763
Sinus rhythm N 12 12
Pearson 097 !
FAC % Correlation ’
’ Sig. (2-tailed) |.763
N 12 12
Pearson ' 1 370
NT-proBNP Correlation
(pg/ml) Sig. (2-tailed) 213
Atrial N 13 13
fibrillation Pearson ' 370 :
FAC % Correlation
’ Sig. (2-tailed) 213
N 13 14

Table 5. Colleralion of RIMP with degree of pro-BNP elevation in
patients with sinus rhythm and atrial fibrillation.

Correlations
AF NT-proBNP RIMP
(pg/ml)
Pearson
. 117
NT-proBNP  Correlation
(pg/ml) Sig. (2-tailed) 718
N 12 12
Sinus rhythm
Pearson 117 1
RIMP Correlation ’
Sig. (2-tailed) .718
N 12 12
Pearson. 212
NT-proBNP  Correlation
(pg/ml) Sig. (2-tailed) 487
Atrial N 13 13
fibrillation Pearson . 212 1
RIMP Correlation
Sig. (2-tailed) .487
N 13 14

Since the normal range of SPAP (RVSP) was < 25 mmHg and
mPAP <20 mmHg, we questioned whether any relation between
the pulmonary hypertension and RIMP existed if we considered
that the RIMP cutoff was > 0.54. Finally, we received the result
about the absence of any statistical correlation between sPAP/
mPAP and pulmonary hypertension and RIMP (P > .05) (Table 7).



Table 6. Colleralion of TAPSE with degree of pro-BNP elevation in
patients with sinus rhythm and atrial fibrillation.

Correlations
AF NT-proBNP TAPSE
(pg/ml) (mm)
Pearson. 348
NT-proBNP Correlation
(pg/ml) Sig. (2-tailed) 267
Sinus rhythm N 12 12
Pearson. 348 ]
TAPSE (mm) Cf)rrelatpn
Sig. (2-tailed) .267
N 12 12
Pearson . 01
NT-proBNP Correlation
(pg/ml) Sig. (2-tailed) 945
Atrial N 13 13
fibrillation Pearson , 021 i
Correlation
TAPSE (mm) ;2 tailed) 945
N 13 14

Table 7. Correlation between sPAP/mPAP and RIMP in patients with
sinus rhythm and atrial fibrillation.

Correlations
RIMP RVSP mPAP
Pearson Correlation |1 -.045 -.047
RIMP  Sig. (2-tailed) .828 .819
N 26 26 26
Pearson Correlation  -.045 1 1.000%*
RVSP Sig. (2-tailed) 828 .000
N 26 26 26
Pearson Correlation  |-.047 1.000%** 1
mPAP  Sig. (2-tailed) .819 .000
N 26 26 26

**_Correlation is significant at the 0.01 level (2-tailed).

Table 8. Correlation between TAPSE/PASP and RIMP in patients with
sinus rhythm and atrial fibrillation.

Tapse_pasp * Rimp_var Crosstabulation

Rimp var
= Total
No Yes ota
Count 5 16 21
No Expected Count 5.7 15.3 21.0
o) e
vowithinTapse_ )3 g00 76205 100.0%
pasp
Tapse_pasp Count 2 3 5
Expected Count 1.3 3.7 5.0
Yes % within Tapse
’ PSC_140.0%  60.0%  100.0%
pasp
Count 7 19 26
Total Expe'fltfd ]qount 7.0 19.0 26.0
o W 2APSC_ h6 9% 73.1%  100.0%
pasp

Since the cutoff for RIMP is > 0.54, the correlation between that
value and the TAPSE/PASP ratio was also investigated. TAPSE/
PASP ratio is one of the newest parameters distinguishing
pulmonary hypertension. We were interested in the possible
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relation of those findings in situations when the TAPSE/PASP
ratio cutoff was < 0.36 mm/mmHg. Finally, we uncovered no
plausible correlation at all (P > .05) (Table 8).

PVAT < 130 msec and TR Velocity > 2.8 m/sec were also
examined as secondary clues of pulmonary hypertension. In our
trial, the correlation between PVAT value and TR velocity on
the one hand and RIMP (cutoff > 0.54) on the other hand was
surveyed. That correlation was not found out (P > .05) (Tables
9 and 10).

Finally, we were trying to evaluate any correlation between
the class of heart failure and echo parameters of RV dysfunction
(FAC, TAPSE, RIMP). We were interested in whether the
severity of RV deterioration described by any of its echo
parameters was worsening or not concurrently in patients with
a high NYHA class of HF. Statistical analyses did not uncover
any plausible relation between those two points (P > .05)
(Tables 11-14).

Discussion.

Chronic heart failure with preserved LV function attracts
scientists’ attention nowadays. Its frequency and spreading,
primary and secondary hospitalization, and mortality rate
observed in patients with HFpEF tend to gradually increase.
Negative dynamics in hypostatization and mortality rate are

Table 9. Correlation between RIMP and PVAT in patients with sinus
rhythm and atrial fibrillation.

Correlations
PVAT (msec) RIMP
Pearson Correlation 1 .033
PVAT (msec) Sig. (2-tailed) 871
N 26 26
Pearson Correlation .033 1
RIMP Sig. (2-tailed) 871
N 26 26

Table 10. Correlation between RIMP and TR Velocity in patients with
sinus rhythm and atrial fibrillation.

Correlations
RIMP TR vel (m/sec)
Pearson Correlation |1 -.049
RIMP Sig. (2-tailed) 813
N 26 26
Pearson Correlation  -.049 1
TR vel (m/sec) | Sig. (2-tailed) 813
N 26 26

Table 11. The relation between echo parameters of RV dysfunction and
HF NYHA I class in patients with sinus rhythm and atrial fibrillation.

Group Statistics

NYHA N Mean Std. Std. Error
1 Deviation Mean
No 25 48.32 10.384 2.077
0,
FAC Y Yes 1 57.00 . .
No 25 .6660 16718 .03344
RIMP Yes 1 7400 . .
TAPSE No 25 17.84 3.184 .637
(mm) Yes 1 20.00



Table 12. Relation between echo parameters of RV dysfunction and
HF NYHA I class in patients with sinus rhythm and atrial fibrillation.

Group Statistics

NYHA N Mean Std. Std. Error
11 Deviation Mean
No 15 48.21 8.635 2.229
0,
FACY Yes 11 49.26 12.688 3.825
RIMP No 15 .6853 18369 .04743
Yes 11 .6464 .13930 .04200
TAPSE No 15 17.67 3.155 815
(mm) Yes 11 18.27 3.259 982

Table 13. Relation between echo parameters of RV dysfunction and
HF NYHA Il class in patients with sinus rhythm and atrial fibrillation.

Group Statistics

NYHA N Mean Std. Std. Error
111 Deviation  Mean
No 15 49.27 11.898 3.072
0
FACY% Yes 11 47.81 8.156 2.459
No 15 .6587 15574 .04021
RIMP Yes 11 6827 .18243 .05501
TAPSE No 15 17.53 3.583 925
(mm) Yes 11 18.45 2.505 7155

Table 14. The relation between echo parameters of RV dysfunction and
HF NYHA IV class in patients with sinus rhythm and atrial fibrillation.

Group Statistics

NYHA N Mean Std. Std. Error
v Deviation  Mean
No 23 48.90 10.346 2.157
0,
FAC% Yes 3 46.72 12.104 6.988
No 23 6678 15661 .03266
RIMP Yes 3 6767 26102 .15070
TAPSE No 23 18.43 2.793 582
(mm) Yes 3 14.00 3.464 2.000

especially evident in patients with HFpEF for whom reduced
RV function is diagnosed simultaneously.

No gold standard for echocardiographic evaluation of RV
function in patients with HFpEF exists today. Despite lots of
echo parameters, none of them might fluently provide us with
adequate answers regarding RV function. All those parameters
might be impacted by a number of obstacles and barriers.

We tried to estimate the RV function using almost all those
echo parameters that are suggested in the literature. Special
interest was paid to tissue Doppler of the RV and RVOT;
we observed RIMP, TAPSE/SPAP ratio, FAC, TDI S', etc.
Finally, we assumed we would find out those echo markers that
would assist in describing RV systolic and diastolic function
adequately in patients with HFpEF.

In conclusion, we were seeking any specific echocardiographic
parameter for better delineation of the RV dysfunction in patients
with HFpEF, despite gender and cardiac rhythm. After analysis,
RIMP became uncovered to be the better clue for evaluation of
both systolic and diastolic decoration of RV function.

Conclusion.

Based on the results, HFpEF is especially spread among
relatively older female patients: 21 subjects, including patients,
were female with an average age of 79 years.
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We uncovered those main supporting factors that impact the
development of HFpEF, basically overweight and obesity. That
condition is especially fixed among female subjects also.

We uncovered that arterial hypertension was met in 100% of
examined patients in both groups. Almost 100% of frequency
was met regarding heart-acquired valvular disease in sinus
rhythm patients. Not surprisingly, the presence of arrhythmia
was confirmed by all subjects in the atrial fibrillation group.
Additionally, we discovered that anemia and chronic renal
insufficiency were the most frequent noncardiac disorders met
among both types of subjects.

NT-proBNP (pg/ml), which was the main diagnostic laboratory
marker for HFpEF, was evaluated in all patients. It should
be mentioned that elevation of NT-proBNP occurred among
all subjects regardless of their gender, age, and concomitant
conditions.

Important deviations from the normal ranges for TAPSE
and FAC did not occur in patients with sinus rhythms or atrial
fibrillation, regardless of the symptoms of heart failure and their
severity. For example, the highest score of TAPSE in sinus
rhythm patients was 26 mm, and the lower range was 15 mm.
average value was 19 mm. The most frequent TAPSE range we
met was 20 mm (25%) (o: 2.92). If we consider the cutoff for
TAPSE: < 20 mm, we can conclude that this parameter does
not have to be used separately for the better description of RV
functions in patients with sinus rhythm. Relatively different
results occurred while examining TAPSE in patients with atrial
fibrillation. The highest level of TAPSE was 22 mm, and the
lowest was 10 mm. Hence, the average TAPSE value was 17
mm The frequent range that occurred among AFiB subjects was
15 mm-3 patients (21.4%), 16 mm-3 patients (21.4%), and 20
mm-—patients (21.4%) (c: 2.93). Therefore, TAPSE is relatively
decreased in patients with atrial fibrillation and might better
point out the problem regarding the right ventricle.

If we consider FAC < 35% as a cutoff, we will receive the
drastically contrasting answers in both populations. In patients
with sinus rhythm, the highest level of FAC was 66%, and the
lower value was 32%. The average mean value was 53.98%;
the basic FAC parameter in that group was 57%—3 patients
(25%) (o: 10.18). As for the patients involved in the atrial
fibrillation group, the highest FAC was 58%, the lowest was
29%, and the average mean value was 44.1%; the basic FAC
parameter in that group was 50% of 2 patients (25%) (c: 7.49).
So, we can conclude that FAC basically was not deviated from
the normal cutoff in either group. Therefore, FAC should not be
considered an important echo parameter for evaluation of RV
function in patients with HFpEF, regardless of cardiac rhythm.
Interestingly, FAC was plausibly different among men and
female subjects that was detected by the independent-samples
Mann-Whitney U test: Std. Error Mean among females: 2.242
and among men: 4.532.

If we discuss RIMP and its cutoff > 0.54, we received the
following results in patients with sinus rhythm: the highest
value of RIMP was 0.89, and the lowest value was 0.51. The
average mean parameter was 0.60. RIMP > 54 occurred in 10
patients totally (83.3%). In atrial fibrillation subjects, the highest
RIMP value was 0.95, and the lowest was 0.41. The average
mean value was 0.66. RIMP result > 0.54 detected among 8



subjects (64.3%). Hence, we can clearly see that RIMP was
frequency deviated from its normal range in patients regardless
of their gender and cardiac rhythm. Therefore, RIMP might be
used for a better description of RV function in HFpEF patients.
Additionally, RIMP might give us the full information about
both RV systolic and diastolic functions, respectively.

It should be emphasized that statistically plausible differences
between RIMP and TAPSE among male and female subjects
were not detected using the independent-samples Mann-
Whitney U test: for RIMP, Std. Error Mean for female subjects
was .03438, and for male subjects, it was .08672; for TAPSE,
Std. Error Mean for female subjects was .738, and for male
subjects, it was .970.

We assumed that RV function might have been significantly
deteriorated in parallel with moderate and severe elevation
of BNP. Nevertheless, correlative analyses did occur for this
relation for neither RIMP, TAPSE, nor FAC in either group of
patients. It is well documented in the tables # 4, 5, and 6 above.
Hence, we received the negative results and conclude that the
BNP lever does not impact RIMP, TAPSE, or FAC at all.

We were also interested in the possible correlation of RIMP
with the severity of pulmonary hypertension. We investigated
the non-invasive echo parameters of pulmonary hypertension,
such as sPAP, mPAP, PVAT, and the TAPSE/SPAP ratio,
separately in patients with sinus rhythm and atrial fibrillation.
Pearson correlation was used for evaluating any link between
RIMP and PH echo parameters.

However, we did not find any clue that PH might have an
influence on the results of RIMP for the patient regardless of
the cardiac rthythm. It was documented in the tables # 7, 8, and
9 above.

Limitations.

We investigated the limited number of subjects suffering from
HFpEF, mainly women.

Those patients were treated with different classes of drugs,
and that treatment was not standardized by the single scheme.
HFpEF treatment medications, which are suggested nowadays
by the modern European and American guidelines, were not
prescribed for all the subjects, including SGLT?2 inhibitors.

REFERENCES

1. Lam CS, Donal E, Kraigher-Krainer E, et al. Epidemiology
and clinical course of heart failure with preserved ejection
fraction. European journal of heart failure. 2011;13:18-28.

74

2. Shah AM, Cikes M, Prasad N, et al. Echocardiographic
Features of Patients With Heart Failure and Preserved Left
Ventricular Ejection Fraction. ] Am Coll Cardiol. 2019;74:2858-
2873.

3. Bleasdale RA, Frenneaux MP. Prognostic importance of right
ventricular dysfunction. Heart. 2002;88:323.

4. Gorter TM, Hoendermis ES, van Veldhuisen DJ, et al. Right
ventricular dysfunction in heart failure with preserved ejection
fraction: a systematic review and meta-analysis. European
journal of heart failure. 2016;18:1472-87.

5. Demirkol S, Unlii M, Arslan Z, et al. Assessment of right
ventricular systolic function with dP/dt in healthy subjects: an
observational study. Anatolian Journal of Cardiology/Anadolu
Kardiyoloji Dergisi. 2013;13.

6. Melenovsky V, Hwang SJ, Lin G, etal. Right heart dysfunction
in heart failure with preserved ejection fraction. Eur Heart J.
2014;35:3452-62.

7. Lewis GA, Schelbert EB, Williams SG, et al. Biological
Phenotypes of Heart Failure With Preserved Ejection Fraction.
J Am Coll Cardiol. 2017;70:2186-2200.

8. Hashemi N, Brodin L-A, Hedman A, et al. Improved right
ventricular index of myocardial performance in the assessment
of right ventricular function after coronary artery bypass
grafting. Interactive CardioVascular and Thoracic Surgery.
2018;26:798-804.

9. Shmueli H, Steinvil A, Aviram G, et al. Re-Appraisal of
Echocardiographic Assessment in Patients with Pulmonary
Embolism: Prospective Blinded Long-Term Follow-Up. Isr
Med Assoc J. 2020;11:688-695.

10. Hayabuchi Y, Homma Y, Kagami S. A novel index
equivalent to the myocardial performance index for right
ventricular functional assessment in children and adolescent
patients. Scientific Reports. 2019;9:19975.

11. Dursunoglu N, Dursunoglu D, Kili¢ M. Impact of obstructive
sleep apnea on right ventricular global function: sleep apnea and
myocardial performance index. Respiration. 2005;72:278-84.
12. Grapsa [, Pavlopoulos H, Dawson D, et al.
Retrospective study of pulmonary hypertensive patients:
is right ventricular myocardial performance index a vital
prognostic factor. Hellenic J Cardiol. 2007;48:152-60.
13. Vizzardi E, D’Aloia A, Bordonali T, et al. Long-term
prognostic value of the right ventricular myocardial performance
index compared to other indexes of right ventricular function in
patients with moderate chronic heart failure. Echocardiography.
2012;29:773-778.



	Title

