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ABSTRACT

Aim. To study the prognostic value of myocardial blood flow (MBF) and myocardial flow reserve (MFR) parameters
in patients with heart failure with preserved ejection fraction (HFpEF) and non-obstructive coronary artery disease
(CAD) in risk stratification of HFpEF progression during a 12-month follow-up.

Materials and methods. The study included 58 patients with non-obstructive CAD and HFpEF (LVEF 62 [58;
66]%). Dynamic CZT-SRECT was used to evaluate MFR and MBF at rest (rest-MBF) and stress (stress-MBF).
NT-proBNP levels were determined by the enzyme immunoassay. Diastolic dysfunction parameters were measured
using 2D transthoracic echocardiography. Left ventricular systolic global longitudinal strain (GLS) was assessed
using 2D speckle tracking.

Results. After a 12-month follow-up, the patients were retrospectively divided into 2 groups: group

1 (n=11) included patients with an unfavorable course of HFpEF, group 2 (n = 47) encompassed patients with a
favorable course of the disease. In group 1, the level of NT-proBNP was 3.8 times higher than in group 2 (284.5
[183.42;716.73] and 1,071.4 [272.4; 2,168.1] pg / ml, respectively). MFR values in group 1 were lower by 45.4%
(» <0.001) than in group 2 (1.19 [0.86; 1.55] vs. 2.18 [1.7; 2.55], respectively). In group 1, rest-MBF levels were
higher by 23.6% (p = 0.046) and stress-MBF was lower by 28.2% (p = 0.046) than in group 2. The multivariate
regression analysis revealed that NT-proBNP levels (odds ratio (OR) 3.23; p = 0.008), GLS (OR 2.27; p = 0.012),
and MFR (OR 8.09; p < 0.001) were independent predictors of adverse outcomes in HFpEF. Based on the ROC
analysis, MFR levels < 1.62 (AUC = 0.827; p < 0.001), GLS <-18 (AUC = 0.756; p = 0.002), and NT-proBNP
> 760.5 pg / ml (AUC = 0.708; p = 0.040) may be considered as markers of adverse outcomes. However, the
combined determination of NT-proBNP and MFR had a greater significance (AUC 0.935; p < 0.001) in risk
stratification compared with the monomarker model, while the addition of GLS did not increase the significance
of the analysis.

Conclusion. Levels of NT-proBNP, GLS, and MFR may be used as non-invasive markers of an adverse course
of HFpEF in patients with non-obstructive CAD, while the combined determination of NT-proBNP and MBF
increases the prognostic value of the analysis.
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MporHocTnyeckas posnb pesepBa MNOKapANaANbHOIo KPOBOTOKA
y 60NbHbIX C cCepAeYHON Hef0CTaTOYHOCTbIO C COXpaHeHHoN ¢paKuumn
BblGpoca

KonbeBa K.B.', ManbueBa A.H.', F'pakoBa E.B.', Mouyna A.B.', CongaTteHko M.B.’,
KanioxxuH B.B.?, 3aBagoBckun K.B.!

! Hayuno-uccneoosamenvcruil uncmumym (HUH) kapouonozuu, Tomcrkull HayuoHa bHblil UCCAe008amenbCKuil
meouyunckuii yenmp (HUML]) Poccutickou akademuu Hayx
Poccus, 634012, Tomck, yn. Kueeckaa, 111a

2 Cubupcruil 2ocyoapcmeennwlit meouyunckuil ynusepcumem (Cubl MY)
Poccus, 634050, Tomck, Mockosckuti mpakm, 2

PE3IOME

Heas. M3yuenne ponu napameTpoB MHOKapauansHoro kposotoka (MBF) u peszepBa MuokapIuaibHOTO KPOBOTO-
ka (MFR) y manueHToB ¢ cepieuHON HETOCTATOYHOCTHIO C COXpaHeHHOH (pakiueii Beiopoca (CHc®B) u HeoO-
CTPYKTHBHBIM TTOpaykeHNeM KopoHapHBIX aprepuii (KA) B crpatndukanun pucka nporpeccuposanus CHc®B B
TeueHne 12 Mec HaOJIIOICHMS.

Marepuajbl U MeToAbl. B HccienoBanne BKIIOUEHO 58 ManMeHTOB ¢ HEOOCTPYKTHBHBIM mopaxkenneM KA u
CHc®B (DBJIXK 62 [58; 66]%). C momomrpto quaammudeckoit CZT-SRECT ouenuBanu nokazarenu MFR, MBF B
nokoe (rest-MBF) u nipu Harpy3ke (Ha GoHe BBeieHHs cTpecc-areHTa ageHo3unTpudocdara, stress-MBF). Ypos-
HU NT-proBNP onpenensiiiz ¢ moMonIpi0 UMMYHO(GEPMEHTHOTO aHamm3a. [lapaMeTpsl muacToamdeckoil AuchyHK-
UM U3MEPSUTH ¢ TIOMOIIBIO ABYMEPHOI TpaHCTOpaKaabHOU dXoKapauorpadun. Cucroandeckas riaodanbHast Ipo-
nonpHas nepopmarust JOK (GLS) onennBanack ¢ momomipio 2D-speckle tracking.

PesyabTatel. Yepes 12 mec HaOmoaeHUs OOIbHBIE PETPOCIIEKTUBHO OBLTH pa3/ieieHbl Ha JIBE TPYIIIbL: B TPYIIITY
1 (n = 11) Bouwu 6onpHBIE ¢ HEOMaronpuaTHbIM TeyeHneM CHce®B, B rpynmy 2 (n = 47) — ¢ GnaronpusTHbIM.
B rpymnme 1 ypoBens NT-proBNP 6511 Beimie B 3,8 pa3sa, yem B rpymme 2 (284,5 [183,42; 716,73] u 1071,4 [272,4;
2168,1] nr/ma coorBercTBeHHO). 3HaueHnst MFR Obuin Hipke B rpymme | Ha 45,4% (p < 0,001), yem B rpyme
2 (1,19 [0,86; 1,55] vs 2,18 [1,7; 2,55] cooTrBercTBeHHO). YpoBHH rest-MBF Obutn Beimie na 23,6% (p = 0,046),
a stress-MBF Hwxe Ha 28,2% (p = 0,046) B rpynne 1, yem B rpynmne 2. IIpy npoBeaeHHH MHOTO(AKTOPHOTO
perpeccronHoro ananuza ypoBHH NT-proBNP (otHomenune mancos (OL) 3,23; p = 0,008), GLS (OLL 2,27;
p=10,012) u MFR (O 8,09; p < 0,001) okazanuch He3aBUCUMBIMU NPEAUKTOPAMHU HEOIArONMPHUATHOTO TEUCHUS
CHc®B. [lo nanasim ROC-ananuza, yposau MFR <1,62 (AUC = 0,827; p < 0,001), GLS <-18 (AUC = 0,756;
p =0,002) u NT-proBNP >760,5 nr/mn (AUC = 0,708; p = 0,040) MoXKHO paccMaTpuBaTh B Ka4eCTBE MapKEpPOB
HeOIaronpusATHEIX ucxonoB. OnHako komOunupoBanHoe onpeneneHrne NT-proBNP ¢ MFR obmnagano 6onpieit
3naunmMocThio (AUC 0,935; p <0,001) B cTpaTuduKanum pucka o cpaBHEHHIO ¢ MOHOMapKEPHOH MOIEIbIO, TOTIa
kak no6asienne GLS He yBennMuuBago 3HAUMMOCTD aHAIH3A.

3aximodenne. Yposau NT-proBNP, GLS nu MFR moryT ucnonbs3oBaThCs B KaueCTBE HEMHBA3UBHBIX MapKepoB
HeGnaronpusitHoro TedeHuss CHc®B y nannenToB ¢ HeoOCTpYKTHBHBIM MopaxkeHneM KA, mpu 5ToM KOMOUHHPO-
BaHHoe onpenesneHre NT-proBNP u MBF yBennuuBaer nporHocTHUECKYIO 3HAUMMOCTb aHaIN3a.

KnroueBble ci1oBa: cepaedHas HEZOCTAaTOYHOCTh, COXpaHEHHas (pakius BbIOpoca, pe3epB MHOKapAHAIBLHOTO
KpOBOTOKA, ITPOrHO3, HATPUIYPETUUECKUI NENTHU]T
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INTRODUCTION

Heart failure (HF), which was designated as a
new epidemic in 1997, remains a serious and dire
clinical and public health problem worldwide [1].
Approximately 50% of patients with HF are diagnosed
with preserved left ventricular ejection fraction
(LVEF) [2], and the prevalence of HF with preserved
ejection fraction (HFpEF) increases by about 1%
annually compared to HF with reduced LVEF [3]. At
the same time, 5-year survival of patients with HFpEF
is comparable to some types of non-hematological
cancers [4], and the cost of treatment is associated
with high economic costs, amounting to 1-2% of the
total healthcare expenditures. According to forecasts,
by 2030, the annual cost of treatment in this cohort of
patients will reach 69.8 billion dollars [5].

Currently, the mechanisms of development and
progression of HFpEF remain not fully understood [6].
At the same time, a lack of an accurate understanding
of its pathophysiology determines a lack of adequate
therapy according to current guidelines [7]. Recently,
a new innovative theory of the development and
progression of HFpEF has been proposed, which is
based on coronary microvascular dysfunction (CMD)
[8]. The results of a number of international studies
using invasive or non-invasive diagnostic methods
support the assumption that CMD occurs much more
often than previously established, including patients
with HFpEF [9]. V.L. Murthy et al. found that 53% of
patients with non-obstructive coronary artery disease
(CAD) and angina showed signs of mental stress-
induced myocardial ischemia [10]. According to a
meta-analysis of 56 studies involving 14,427 patients,
the proportion of patients with CMD in the general
population was 41% [9], while the prevalence of CMD
in patients with HFpEF increased to 75-85% [11, 12].

Myocardial flow reserve (MFR), quantified as the
ratio of hyperemic myocardial blood flow to resting
blood flow, is used for a functional assessment of
ischemia in large and small vessels. In the absence of
subepicardial coronary artery occlusion, it is a marker
of CMD [13]. Currently, magnetic resonance imaging
(MRI) of the heart and positron emission tomography
(PET) are among the main methods for diagnosing
CMD, but their use for assessing myocardial perfusion
parameters has not found wide application in clinical
practice due to complexity and high cost of the methods
[14, 15]. Another method for determining absolute
perfusion parameters is dynamic myocardial perfusion
single-photon  emission computed tomography
(SPECT) [16]. This technique has appeared relatively
recently, with the advent of a new class of gamma
cameras equipped with cadmium — zinc — telluride
(CZT) detectors. The method, along with PET, has
been sufficiently tested and validated, and is also more
accessible for visualizing microcirculatory changes in
the coronary bed [17]. However, the predictive value
of MFR and MBF parameters, obtained using CZT
detectors, in risk stratification of HFpEF progression
has not yet been evaluated.

The aim of the study was to investigate the
prognostic value of MBF and MFR parameters in
patients with HFpEF and non-obstructive CAD in risk
stratification of HFpEF progression during a 12-month
follow-up.

MATERIALS AND METHODS

The study was performed in accordance with
the Declaration of Helsinki and approved by the
local Ethics Committee at the Cardiology Research
Institute, Tomsk National Research Medical Center
of the Russian Academy of Sciences (Protocol No.
177 0 30.10.2018). An informed written consent was
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obtained from all patients prior to enrollment in the
study.

Inclusion criteria: 1) non-obstructive (< 50%)
CAD; 2) LVEF > 50% measured by echocardio-
graphy; 3) left ventricular diastolic dysfunction (DD)
/increased left ventricular filling pressure according to
echocardiography; 4) sinus rhythm; 5) NT-proBNP

> 125 pg / ml; 6) a signed informed consent to
participate in the study.

Exclusion criteria: 1) previous myocardial
infarction; 2) elective coronary revascularization and
/ or previous coronary revascularization; 3) systo-
lic blood pressure > 160 mm Hg; 4) symptomatic
hypotension with the mean systolic blood pressure <
90 mm Hg; 5) second- or third-degree atrioventricular
block, sick sinus syndrome; 6) persistent or
chronic atrial fibrillation and / or atrial flutter;
7) valvular insufficiency or aortic stenosis > grade
2; 8) hypertrophic and dilated cardiomyopathy;
9) previous pulmonary embolism with increased
pulmonary hypertension > 45 mm Hg; 10) severe
form of bronchial asthma and / or chronic obstructive
pulmonary disease; 11) pathology of the thyroid
gland; 12) glomerular filtration rate (CKD-EPI) < 30
ml/min/m?; 13) Child-Pugh class C liver failure; 14)
acute and chronic inflammatory diseases of the heart;
15) hemoglobinlevel <100 g/dl; 16) stroke or transient
ischemic attack within 90 days prior to inclusion in
the study; 17) obesity (body mass index > 35 kg / m?);
18) life-threatening uncontrolled arrhythmias.

Preparation for coronary computed tomography
angiography (CCTA) was carried out according to a
standard protocol. The preparation included taking
beta blockers and prednisolone, avoiding caffeine-
containing drinks and foods, excluding glucophage
(metformin), viagra, etc., painkillers (advil or
motrin). In addition, patients were instructed about
the contraindications of the procedure associated
with allergic reactions, pregnancy and kidney disease.
Before each scan, heart rate and blood pressure were
assessed. All patients received 0.5 mg nitroglycerin
sublingual.

For contrast-enhanced scanning, 70-90 ml of a
non-ionic contrast agent (iopamidol 370 mg, Bracco
Diagnostics, Italy) was injected intravenously through
an 18G catheter inserted through the cubital vein at
the rate of 5-5.5 ml / s followed by 60 ml of 0.9%
NaCl. Axial images, curvilinear multiplanar and
transverse reformations, and thin-slab maximum
intensity projections were used to analyze the data set.
All studies were analyzed on the hybrid tomograph

(Advantage Workstation 4.6, GE Healthcare).
According to the modified classification proposed by
the American Heart Association, coronary arteries
were divided into 16 segments [18].

Preparation of patients for dynamic myocardial
perfusion SPECT, study protocol, and recording and
processing of static and dynamic scintigraphic data are
described in previous works [16]. Twenty-four hours
prior to the study, beta blockers, nitrates, calcium
channel antagonists, caffeine, and methylxanthine
derivatives were discontinued. Studies were performed
in the morning, on an empty stomach, against the
background of sinus rhythm, according to a two-day
rest — stress protocol using the radiopharmaceutical
99mTc-methoxy-isobutyl-isonitrile  (99mTc-MIBI),
which was administered intravenously as a bolus
at a dose of 260—444 MBq. To perform the study
under stress, the stress agent adenosine triphosphate
(ATP) was used, which was administered using
an intravenous infusion pump at a dose of
160 pg / kg / min for 4 minutes.

To correct the attenuation, low-dose computed
tomography of the chest was performed. All studies
were performed on the Discovery NM/CT 570c
hybrid tomograph (GE Healthcare, Milwaukee, WI,
USA) equipped with a gamma camera with highly
sensitive CZT detectors. The total effective radiation
dose in the study (rest and pharmacological stress
test) was ~6.25 mSv.

The resulting scintigraphic images were processed
on the specialized Xeleris II workstation (GE
Healthcare, Haifa, Israel). Myocardial perfusion,
MBF, and MFR were assessed using specialized
software Corridor 4DM SPECT and 4DM Reserve
v.2015 (INVIA, Ann Arbor, MI, USA). For processing
quantitative characteristics, the Net Retention model
was used with attenuation correction.

According to myocardial perfusion SPECT data,
standard semi-quantitative indices of myocardial
perfusion impairment were determined: Summed
Stress Score (SSS) — the sum of points during exercise,
Summed Rest Score (SRS) — the sum of points at rest,
Summed Difference Score (SDS) — the difference
between exercise and rest, and also quantitative
parameters: Stress Myocardial Blood Flow (stress-
MBF) — myocardial blood flow during exercise,
Rest Myocardial Blood Flow (rest-MBF) — myo-
cardial blood flow at rest, and Myocardial Flow
Reserve (MFR).

Philips Affiniti 70 ultrasound system was used
to perform 2D transthoracic echocardiography.
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All examinations were performed by one highly
qualified specialist. The assessment of left ventricular
diastolic dysfunction (LVDD) was based on 4 main
parameters: early diastolic velocity of the lateral
wall of the left ventricle (lateral e’), the average
ratio of early diastolic mitral valve flow velocity to
the average early diastolic mitral annular velocity
(E/e’), left atrial volume index, and peak tricuspid
regurgitation velocity [19]. LVDD was diagnosed
in the presence of > 3 abnormal values. LV systolic
global longitudinal strain (GLS) was assessed using
2D speckle tracking.

Blood samples were obtained by venipuncture;
adequate samples were centrifuged. Serum was
separated and stored at —24 °C with one freeze — thaw
cycle. The level of NT-proBNP was determined by the
enzyme-linked immunosorbent assay (ELISA) using
the Biomedica ELISA kit (Austria). Adverse outcomes
were defined as the time to new symptoms / signs or
aggravating symptoms/signs of HF, hospitalization
for decompensated HFpEF, or death.

Statistical processing of the study results was
performed using STATISTICA 10.0 and MedCalc
11.5.0.0 software. The data were presented as the
median and the interquartile range Me (Q,~0,)).
To test statistical hypotheses in the analysis of
quantitative variables, the Mann — Whitney test was
used to compare two independent samples. When
analyzing qualitative variables, contingency tables
were analyzed using the Pearson’s y2 test. If there
were cells with an expected frequency of less than 5, a
two-tailed Fisher’s exact test or Yates’ correction (for
2x2 tables) was applied. To identify predictors of an
unfavorable course of HFpEF, a ROC analysis was
used with construction of characteristic curves and
calculation of area under the curve (AUC). To identify
factors that have a significant impact on the course
and prognosis of the disease, a multivariate analysis
was performed with calculation of an odds ratio (OR)
with a 95% confidence interval (CI). The critical
significance level p for all statistical procedures was
taken equal to 0.05.

RESULTS

After 12 months of follow-up, the patients were
retrospectively divided into 2 groups: group 1 (n =
11) included patients with an unfavorable course of
HFpEF, group 2 (n = 47) encompassed patients with
a favorable course of the disease (Table 1). Adverse
cardiovascular events recorded during the follow-up
period are shown in Fig. 1.

n=4 n=3 n=1 n=3
Hospitalizations Progression Cardiovascular New
for decompensated of HFpEF death symptoms/signs

HFpEF of HF

Fig. 1. Frequency of adverse cardiovascular events during
12-month follow-up

According to the main clinical and demographic
characteristics, the groups were comparable, except
for the NT-proBNP values (p < 0.001). In group 1,
the level of NT-proBNP was 3.8 times higher than in
group 2 (284.5 [183.42; 716.73] and 1,071.4 [272.4;
2,168.1] pg / ml, respectively).

In patients with an unfavorable course of HFpEF,
the absolute value of GLS was lower by 27.1%
(p = 0.003) than in individuals with a favorable
course of the disease (—14.5 [12; 18.9]% and —19.9
[14; 21.4] %, respectively; p = 0.003). Septal ¢’
was lower by 23.6% (p = 0.008) in group 1 than in
group 2 (5.5 [4.9; 6.7) versus 7.2 (6.9; 8.01) cm,
respectively). E/e’ values were higher by 14.7% (p =
0.041) and LAVI was higher by 17.8 (p = 0.021) in
patients with adverse outcomes of HFpEF compared
to patients with a favorable course of the disease
(Table 2).

Semi-quantitative parameters of LV myocardial
perfusion did not differ significantly in the studied
groups. MFR values were lower in group 1 by 45.4%
(» <0.001) than in group 2 (1.19 [0.86; 1.55] vs. 2.18
[1.7; 2.55], respectively). The value of rest-MBF in
patients with an unfavorable course of HFpEF was
higher by 30.1% than that in the group with a favorable
course of the disease (p = 0.046), while stress-MBF in
group 1 was lower by 28.2 % (p = 0.014) than in group
2 (Table 3).

MFR and rest-MBF levels were correlated
with NT-proBNP levels (» = —0.368; p = 0.007 and
r=0.354; p = 0.042, respectively). MFR values were
also correlated with LAVI (r = —-0.464; p = 0.001),
lateral e’ (» = 0.314, p = 0.012), and GLS (» = 0.504,
p = 0.009), while rest-MBF was correlated with E/e’
(r=0.512; p=0.002).
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Table 1
Clinical and demographic characteristics of patients depending on the course of HFpEF
Parameter Group 1, n=11 Group 2, n =48 p
Age, years, Me (0,0, 62 (54.0; 67.0) 60.0 (53.0; 68.0) 0.124
Men, n (%) 7 (63.6) 29 (60.4) 0.912
Body mass index, kg / m’, Me (Q,~0.) 32.4(29.9; 34.8) 30.19 (27.8; 33.3) 0.174
Hypertension, n (%) 8(72.7) 32 (66.7) 0.257
Diabetes mellitus, 7 (%) 3(27.3) 14 (29.2) 0.863
COPD, n (%) 2 (18.2) 11 (22.9) 0.315
Smoking, n (%) 3(27.3) 10 (20.8) 0.311
GFR, ml/min / 1.73 m’, Me (Q,~Q,) 69.8 (57.0; 78.5) 71.0 (59.0; 81.0) 0.745
Total cholesterol, mmol /1, Me (Q,~0..) 4.34 (3.76; 5.23) 4.67 (3.98; 5.54) 0.976
HbAlc, %, Me (Q,~Q..) 5.7 (5.2;6.8) 5.4 (5.3;6.9) 0.721
LDL-C, mmol /1, Me (Q,~0..) 3.19(1.78; 3.65) 1.65 (1.99; 3.34) 0.457
HDL-C, mmol /1, Me (Q,.~Q,.) 1.07 (0.85; 1.31) 1.06 (0.96; 1.26) 0.896
Triglycerides, mmol / 1, Me (Q,~0,,) 1.69 (1.23; 1.97) 1.67 (1.22; 1.92) 0.235
Hemoglobin, g / dI, Me (Q,~Q,,) 133 (127, 143) 135 (128; 142) 0.675
Potassium, mmol / 1, Me (Q,~Q.,) 4.56 (4.01; 5.12) 4.87(4.43;5.21) 0.346
Fibrinogen, g / 1, Me (Q,~0.) 3.27(3.14; 3.14) 3.17 (2.86; 3.43) 0.844
NT-proBNP, pg / ml, Me (Q,—0..) 1,701.4 (272.4; 2,168.1) 284.5(183.4;716.7) <0.001

Note: HbAlc — glycated hemoglobin; GFR — glomerular filtration rate according to the CKD-EPI equation; HDL-C — high-density lipoprotein
cholesterol; LDL-C — low-density lipoprotein cholesterol; COPD — chronic obstructive pulmonary disease

Table 2
Echocardiography parameters depending on the course of HFpEF, Me (Q,-0..)
Parameter Group 1, n=11 Group 2, n =48 2
Left ventricular ejection fraction, % 59.5 (56; 62.5) 61 (59; 64) 0.456
End-systolic dimension, mm 43 (38; 47) 41.5(36.5;45.5) 0.544
End-diastolic dimension, mm 56.0 (49.5; 59.0) 54.5 (47.5; 57.5) 0.398
LVMMI, g/ m? 99.0 (88.5; 112.5) 97 (85.5; 109.5) 0.276
E/A ratio 1.04 (0.79; 1.34) 0.99 (0.74; 1.2) 0.516
Lateral ¢, cm / m 5.5(4.9; 6.7) 7.2(6.9; 8.01) 0.008
Peak TRV, m /s 2.99 (2.95; 3.21) 2.92 (2.8;3.11) 0.056
E/e’ 14.5 (13.5; 15.0) 13 (125 14) 0.041
LAVI, ml / m? 38.3(35.7;51.1) 31.48 (29.5; 47.9) 0.021
-14.5 (-12;-18.9) -19.9 (14;21.4) 0.003

LV global longitudinal strain, %

Note: E/A — the ratio of the maximum blood flow velocity in the rapid ventricular filling phase to the maximum
flow velocity in atrial systole; E/e’ — the ratio of the early mitral inflow velocity to tissue Doppler e’; LVMMI — left
ventricular myocardial mass index; LAVI — left atrial volume index; TRV — tricuspid regurgitation velocity; lateral
e’ — early diastolic velocity of the lateral wall of the left ventricle.

Table 3

Coronary flow reserve and myocardial blood flow parameters depending on the course of HFpEF, Me (Q,~0.)

Parameter Group I, n=11 Group 2, n =48 p
Stress-MBF, ml / min/ g 1.07 (0.57; 1.22) 1.49 (1.09; 1.71) 0.014
Rest-MBF, ml /min/ g 0.72 (0.52; 1.22) 0.55(0.47;0.77) 0.046
MFR 1.19 (0.86; 1.55) 2.18 (1.7; 2.55) <0.001
SSS 3(0;4) 2(0;4) 0.563
SRS 0(0; 1) 0(0;2) 0.423
SDS 2(2;3) 1(0;3) 0.221

Note: MFR —myocardial flow reserve; standard semi-quantitative indices of impaired myocardial perfusion: SSS —
summed stress score; SRS — summed rest score; SDS — summed difference score.
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In the multivariate regression analysis, NT-
proBNP levels (OR 3.23; 95% CI 1.76-6.78; p =
0.008), GLS (OR 2.27; 95% CI 1.15-4.65; p = 0.012,
and MFR (OR 8.09; 95% CI 5.12-19.98; p < 0.001)
were independent predictors of an unfavorable course
of HFpEF. According to the ROC analysis, MFR
levels < 1.62 (AUC = 0.827; p < 0.001), GLS
< -18 (AUC = 0.756; p = 0.002), and NT-proBNP
> 760.5 pg / ml (AUC = 0.708; p = 0.040) may be

MFR GLS
100 —  100p 5
80+ Sensitivity: 84.2 | : 80 Sensitvity 84.6
= Specificity 758 =2 Specificity. 65.6
__g 60 - Criteion £1.62 E 50 = Critenon<-18
e 40} e § a0} k
? okl JAuc=0827 20 AUC = 0.756
P<0.001 P =0.002
0 e e e s 0 1 1 1 1
0 40 80 0 40 80

100-Specificity 100-Specificity

Sensitivity

considered as markers of poor outcomes (Fig. 2, a).
Comparison of the ROC curves showed no difference
in the predictive value of the markers (p = 0.953)
(Fig. 2, b). However, the combined determination of
NT-proBNP with MFR was more significant (AUC =
0.935; p <0.001) in risk stratification compared to the
monomarker model (Fig. 3), whereas the addition of
GLS (AUC = 0.885; p = 0.570) did not significantly
increase the predictive value of the analysis.

NT—proBNP 100 F
100 |
80
80 >
> 60|
60 | Sensitivity: 63.6 ‘5
wof [Eemel & O
20 AUC = 0.708 20+ NT-proBNP
P=0.040 GLS
ol ] s |
0 40 80 0 20 40 60 80 100
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Fig. 2. Sensitivity and specificity of MFR, NT-proBNP, and GLS values in risk stratification of the unfavorable course of HFpEF in
patients with non-obstructive coronary artery disease (ROC analysis)
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Fig. 3. Combined determination of MFR and NT-proBNP in

the risk stratification of the unfavorable course of HFpEF in

patients with non-obstructive coronary artery disease (ROC
analysis)

DISCUSSION

The results of recent studies have shown that CMD
may play an important role in the pathogenesis of
HFpEF [12, 20], possibly because impaired perfusion
causes damage to cardiomyocytes, which leads to a
decrease in the functional reserve of the heart [21-24]
and development of myocardial fibrosis [16]. Despite
strong evidence in support of CMD, only a few studies
have evaluated its role as a predictor of adverse HFpEF
outcomes [15-19, 25, 26], and only one study found
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that a decrease in MFR on dynamic SPECT was an
independent predictor of a high risk of major adverse
cardiac events (MACE) [27].

The results of the COURAGE and ISCHEMIA
studies showed that coronary artery revascularization
was not associated with significant reduction of the
incidence of MACE [28, 29]. The first international
COVADIS study provided new evidence that the
presence of CMD is an important problem and
portends a high risk of MACE [30]. It was later found
that impaired MFR is associated with an increased
risk of all-cause mortality and the development of
MACE [31]. J. Schroder et al. showed that CMD,
assessed by Doppler echocardiography as coronary
blood flow wvelocity in the anterior descending
coronary artery, was also associated with an increased
risk of rehospitalization for angina and all-cause
mortality [32]. S. Kato et al. obtained and analyzed
MRI-assessed MFR data in 163 patients with HFpEF
(73 £ 9 years; 86 [53%] women). MFR values were
significantly lower in patients with HFpEF and adverse
cardiovascular events than in patients without them
(1.93 £ 0.38 vs. 2.67 = 0.52, p < 0.001) and were a
predictor of cardiovascular death and hospitalizations
for HF [33]. At the same time, significant negative
correlations were found between MFR and global
circumferential strain (» = —-0.29, p< 0.001), GLS
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(r= —0.33, p< 0.001), right ventricular longitudinal
strain (r=—0.26, p < 0.001), and serum BNP levels
(r=-0.32, p<0.001) [34].

A. Ahmed et al. showed that the severity of
microcirculatory disorders is inversely proportional to
the LV filling pressure, especially during exercise [22].
In another study including patients with suspected
CAD with preserved LVEF who underwent PET, a
decrease in MFR was associated with the presence
of DD (OR 2.58; 95% CI 1.22-5.48) and a high risk
of hospitalization due to decompensated HFpEF (OR
2.47; 95% CI 1.09-5.48) [17]. Patients with reduced
MFR levels on PET and DD demonstrated a more
than five-fold increased risk of hospitalization due
to decompensated HFpEF (p < 0.001). However,
JH. Lam et al. found no relationship between
echocardiography parameters of LVDD and CMD,
assessed using myocardial contrast echocardiography
at rest [33]. In another study that included patients
with systolic dysfunction (LVEF < 35%) and non-
obstructive CAD, MFR parameters were associated
with E/e’ values [34].

We have demonstrated for the first time that
patients with an unfavorable course of HFpEF had
lower MFR values according to dynamic SPECT,
probably due to more pronounced changes in the
microvascular bed. MFR and rest-MBF levels were
correlated with NT-proBNP levels (» = —0.368; p =
0.007 and » = 0.354; p = 0.042, respectively). MFR
values were also correlated with LAVI (r = —0.464;
p =0.001), lateral ¢’ (r = 0.314, p = 0.012), and GLS
(r =0.504, p = 0.009), and rest-MBF was correlated
with E/e’ (r=10.512; p = 0.002).

This suggests that factors that tip the balance
towards cardiomyocyte damage in patients with
existing CMD may worsen myocardial mechanics
and increase the risk of HFpEF progression even in
non-obstructive CAD. In particular, CMD leads to
a decrease in the bioavailability of nitric oxide, and
an increase in profibrotic cytokine signaling may
contribute to a decrease in coronary microvascular
rarefaction and an increase in myocardial fibrosis
observed in HFpEF [17]. This interaction of disorders
can synergize vascular and ventricular rigidity in
CMD [35].

On the one hand, in patients with CMD, diffuse
myocardial fibrosis leads to an endothelium-dependent
increase in peripheral vascular resistance and an
increase in resting blood flow. On the other hand, CMD
associated with chronic systemic inflammation may
contribute to periarteriolar fibrosis and microvascular

rarefaction, leading to a decrease in stress-MBF [36].
The correlation of dynamic SPECT parameters with
the biomarker of volume overload (NT-proBNP)
and diastolic function parameters indicates a closer
relationship between these processes, which, in
particular, indicates the pathogenesis of HFpEF [8]. In
addition, we found that the levels of NT-proBNP (OR
3.23; p=0.008), GLS (OR 2.27; p =0.012), and MFR
(OR 8.09; p < 0.001) were independent predictors of
an unfavorable course of HFpEF. According to the
ROC analysis, MFR levels < 1.62 (AUC = 0.827;
p < 0.001), GLS <-18 (AUC = 0.756; p = 0.002).
and NT-proBNP > 760.5 pg / ml (AUC = 0.708;
p = 0.040) can be considered as markers of adverse
outcomes. However, the combined determination
of NT-proBNP with MFR was more significant
(AUC = 0.935; p < 0.001) in risk stratification
compared to the monomarker model, while the addition
of GLS (AUC = 0.885; p=10.570) did not significantly
increase the predictive value of the analysis.

CONCLUSION

The levels of NT-proBNP, GLS, and MFR can
be used as non-invasive markers of an unfavorable
course of HFpEF in patients with non-obstructive
CAD, while the combined determination of NT-
proBNP and MBF has a greater prognostic value in
risk stratification of an unfavorable course of this
pathology during 12-month follow-up.
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