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Abstract. Remodeling of heart in patients with stable ischemic heart disease combined with chronic obstructive
pulmonary disease as a basis for development of heart failure. Kniazieva O.V., Potabashnii V.A., Fesenko V.I.
The aim of this study was to determine phenotypes of remodeling of heart and the status of systolic and diastolic
function in patients with ischemic heart disease (IHD) combined with chronic obstructive pulmonary disease (COPD)
with early symptoms and signs of heart failure (HF). We enrolled 108 males with stable IHD and spirometrically
confirmed COPD which preceded the manifestations of IHD — the main group (group 1). As comparison groups 30
males with stable IHD (group 2) and 30 males with COPD (group 3) were examined. Control group included 30 males
without IHD and respiratory diseases. All groups were comparable in age, groups 1 and 2 — in the duration of IHD,
groups 1 and 3 — in the duration of COPD. The patients of the group 1 were divided into 3 subgroups: subgroup 1 — 45
patients with stable angina, subgroup 2 — 27 patients with postinfarction cardiosclerosis, subgroup 3 —36 patients with
combination of stable IHD and arterial hypertension (AH) without history of myocardial infarction. The patients of
group 1 had different phenotypes of heart remodeling, which depended on the clinical forms of IHD, the presence of
concomitant AH, the severity of bronchial obstruction. The patients of subgroup 1 in 60.0% cases had concentric
remodeling and concentric left ventricular hypertrophy (LVH), in 26.7% — normal LV geometry, in all these cases ejection
fraction (EF) was preserved. Only in 13.3% of cases eccentric LVH with mildly reduced EF was found. 59.3% of patients
in subgroup 2 had eccentric LVH, left atrium dilatation and 55.6% had reduced EF. All patients of subgroup 3 had
concentric direction of LV remodeling. The phenotypes of HF with reduced and mildly reduced EF were accompanied by
impaired LV diastolic function. In assessing the likelihood of HF with preserved EF the HFA-PEFF score showed better
accuracy. Pulmonary hypertension had a mixed cause with predominance of postcapillar component.

Pedepar. PemonenoBaHHsl cepuss B MANI€HTIB 3i cTadiibHOIO ilmemMiyHOI0O XBOp0o0OI ceplsi B MOEXHAHHI 3
XPOHIYHUM OOCTPYKTHBHMM 3aXBOPIOBAHHSIM JiereHb SIK OCHOBa (opMyBaHHSI cepLeBOi HeI0CTATHOCTI.
Kuszesa O.B., [loradammniii B.A., ®ecenxo B.I. Mema oocrioxcenns — susnauumu ¢erHomunu pemooOentosants
cepys i cman cucmoniunoi ma diacmoniunoi hyHryii 8 nayienmis 3i cmadinbHOW iwemiuHow xgopoboio cepya (IXC)
NOEOHAHHI 3 XPOHIUHUM OOCMPYKIMUGHUM 3aX80piosanHam JeceHv (XO3JI) 3 pannimu nposgamu cepyesoi He-
oocmamunocmi (CH). [Ho oOocnioscenns exmoueno 108 uonogixie 3i cmabinvnoro IXC ma cnipomempuuno nio-
meepoicerum XO3JI, wo nepedysano IXC, - ocHosna epyna (epyna 1). B axocmi epyn nopisuanus obcmeodiceno 30
4on08ixig 3i cmabinvroro IXC (epyna 2) ma 30 uyonosixie 3 XO3JI (epyna 3). I pyna konmponro — 30 uonogixie be3 IXC
ma x60pob opearie ouxawua. Yci epynu 3icmasHti 3a eikom, epynu 1 ma 2 — 3a mpuganicmio IXC, epynu 1 ma 3 — 3a
mpusanicmio XO3JI. [layieumu epynu 1 posnodineni na 3 nioepynu: nioepyna 1 — 45 nayienmis 3i cmabintvHo0
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cmenoxapoiero nanpyeu (CCH), nioepyna 2 — 27 nayicumis 3 nocmingapxmuum xapoiockieposom (I1IK), nioepyna 3 —
36 nayienmis 3 noconannam cmabinonoi IXC ma apmepianvhoi cinepmensii (AI') 6e3 ingpapxmy miokapoa 6 anamHesi.
Busisneno, wo nayienmu epynu 1 maioms pisni (penomunu pemoOeno8ants cepys 3a1excHo 6i0 kiiniunoi gpopmu IXC,
HaasHocmi cynymuwvoi AI, msasckocmi opowxianvhoi obcmpykyii. Y nayienmie nioepynu 1 y 60,0% eunaokie 3a-
PeECmpoBaHO KOHYEHMPUUHe peMoOen08ants ma KOHYeHmpuuny 2inepmpoiio nigozo winynouxa (IJIL), a 6 26,7% —
HopmanbHy 2eomempiio JII, y ecix eunadxax ¢gpaxyis euxudy (@B) 6yra 36epesicenoro. Jluwe 6 13,3% mana micye
excyenmpuuna LTI 3 nomipro snudxcenoro @B. V 59,3% nayienmis nioepynu 2 ecmarnosneno excyenmpuuny IJI1I,
ounamayiro 1igo2o nepedcepos ma 8 55,6% suuoceny @B. V ecix nayienmis nioepynu 3 mae micye KOHYeHmMpuyHuii
Hanpam pemoodeniosanns JILII. @enomunu CH 3 Huzokow ma nomipro 3uudsicernoto @B cynpo8ooicysanucs nopyueHHIm
diacmoniunoi @ynxyii JILL. B oyinyi timosipnocmi CH 3i 36epesicernoro @B kpawyy mounicms npooemMoHcmpyeana wkaia
HFA-PEFF. Jlecenesa cinepmen3is mMana 3miuiane nOX00HNCeHHsL 3 NePeBANCAHHAM NOCMKANIIAPHO20 KOMNOHEHMA.

At a certain period of the cardiovascular conti-
nuum in patients with ischemic heart disease (IHD)
chronic heart failure (HF) develops. The phenotypes
of HF are divided by the left ventricular ejection
fraction (EF) to HF with reduced EF (HFrEF), HF
with mildly reduced EF (HFmrEF) and HF with
preserved EF (HFpEF) [12,15]. Some studies de-
monstrated that right ventricular (RV) dysfunction
and pulmonary hypertension (PH) are widespread in
the cohort of patients with HF and associated with
the worse prognosis [10]. Lung diseases have a sig-
nificant impact on the development of HFpEF [15].

Among patients with HF, the prevalence of
comorbid COPD reaches 32% [5]. Patients with
mild to moderate COPD are 8-10 times more likely
to die from cardiovascular disease than from res-
piratory failure, and the risk of cardiovascular
mortality increases by 28% with each 10% reduction
in the forced expiratory volume in 1 second (FEV1)
[14]. The patients with COPD mainly have remo-
deling of the pulmonary vessels and heart with
developing of precapillary PH and cor pulmonale
[1]. Comorbid IHD is one of the causes of structural
and functional disorders of the left ventricular (LV)
and left atrium (LA). In recent years, the interest of
researchers is focused on the problem of mecha-
nisms of HF in patients with IHD combined with
COPD [3, 5, 14]. However, there are few data about
phenotypes of the whole heart remodeling in accor-
dance with clinical forms of chronic IHD and
COPD, which should determine the directions of
therapy personification.

The aim of this study is to determine phenotypes
of remodeling of heart and the status of systolic and
diastolic function in patients with different forms of
stable ischemic heart disease combined with chronic
obstructive pulmonary disease and early symptoms
and signs of heart failure.

MATERIALS AND METHODS OF RESEARCH

We conducted an initial examination of patients
after 10-days wash-out period included in the
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prospective study that was carried out in Kryvyi Rih
City Clinical Hospital N2 according to the
principles of bioethics set out in the WMA Decla-
ration of Helsinki — “Ethical principles for medical
research involving human subjects”, the Convention
on Human Rights and Biomedicine of the Council of
Europe, Ukraine legislation.

Inclusion criteria were: stable [HD — stable effort
angina functional classes (FC) II-1II according to the
Canadian Cardiovascular Society, anginal equi-
valents (dyspnea), myocardial infarction (MI) more
than 6 months ago, HF stage I-IIA (stages B and C
[12]) NYHA H-II FC; males aged > 40 years,
COPD, which is spirometrically confirmed before
the manifestation of IHD.

Exclusion criteria were: stable effort angina FC
IV, acute coronary syndrome, MI up to 6 months
ago, postinfarction LV aneurysm, stroke up to
6 month ago, HF stage IIB-III (stage D [12]) NYHA
IV FC, COPD not confirmed by spirometry, asthma,
suspicion of pulmonary arterial hypertension, chro-
nic kidney disease, anaemia, refusal of the patient to
participate in the study.

The main group (group 1) consisted of 108 males
with stable IHD combined with COPD aged 43 to
69 years, mean age 61.5 (58;67) years. As compa-
rison groups there were examined 30 males with
stable IHD, a mean age — 63.5 (59; 68) years (group
2) and 30 males with COPD, mean age — 60.5 (58;
64) vyears (group 3). Control group included
30 males without IHD and respiratory diseases mean
aged 59.5 (57;63) years. All groups were comparab-
le in age (p>0.05). Groups 1 and 2 are comparable in
the duration of IHD — 6.5 (5;9) years and 6 (4;10)
years respectively (p>0.05). Groups 1 and 3 are
comparable in the duration of COPD — 9.5 (6; 11)
and 8.5 (6; 10) years, respectively (p>0.05). Stable
angina (SA) FC II was diagnosed in 70 patients
(64.8%) of group 1, FC IIl — in 27 patients
(25.0%). 11 patients (10.2%) after MI had silent
IHD. In group 1 comorbid COPD of group B was
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in 54 patients (50,0%), group C —-12 (11,1%),
group D — 42 (38,9%).

Stable IHD was diagnosed according to order of
the Ministry of Health of Ukraine dated March 2,
2016 N152 [4], taking into account 2019 European
Society of Cardiology (ESC) Guidelines [13]. Veri-
fication and stratification of HF was performed
based on ESC Guideline (2021) [15]. COPD was
diagnosed according to Adapted evidence-based
clinical guideline “Chronic obstructive pulmonary
disease” of National Academy of Medical Sciences
(2020) [1]. In the diagnosis of HF combined with
COPD the recommendations of the Ukrainian
Association of Cardiology (2020) were used [5]. The
structural and functional status of the heart and LV
remodeling phenotypes were determined using
transthoracic echocardiography according to stan-
dard methods [8]. The studies were carried out on
ESAOTE MyLabClassC using a 3.5 MHz mecha-
nical sensor. LV and LA volumes were measured by
Simpson's rule, and were indexed to body surface
area calculated by Dubois formula. LV systolic
function was determined by the level of EF. RV
systolic function was determined by tricuspid an-
nular plane systolic excursion in M-mode (TAPSE).
LV mass in overweight and obese patients was
indexed to height raised to 2.7 power. LV diastolic
function was evaluated by continuous-wave and
color Doppler with measurement of parameters of
diastolic transmitral flow (peak E-wave velocity
(Vmax E), peak A-wave velocity (Vmax A), E/A
ratio). Tissue Doppler was used to determine early
diastolic mitral annulus velocity septal and lateral
(e"), average E/e' ratio [9]. The systolic pulmonary
artery pressure (SPAP) was calculated based on
the tricuspid regurgitation (TR) velocity plus right
atrial (RA) pressure, determined by the diameter
and percentage of inferior vena cava collapse
during the inspiration. To assess the possibility of
contribution of the precapillary component of
pulmonary hypertension, the TAPSE/SPAP ratio
was calculated. Velocity measurements of airway
patency (FEV1, Forced vital capacity (FVC),
FEV1/FVC ratio) were determined by compu-
ter spirometry system “Pulmowind” “Sensor-
systems” LTD.

According to the algorithm for the diagnosis of
chronic HF [15], at the first step, clinical features
with an emphasis on dyspnea were evaluated.
Taking into account the presence of dyspnea due to
airflow obstruction associated with COPD preceding
IHD, and the possibility of cardiac origin of dys-
pnea, the level of N-terminal pro-B-type natriuretic
peptide (NT-proBNP) was determined by the
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fluorescent immunoassay with the Finecare™ FIA
System. All patients of group 1 had NT-proBNP
levels exceed 125 pg/ml (261.5 (174.6; 326.2) pg/ml
(p<0.01)). In the comparison groups, the level of
NT-proBNP corresponded to the reference values
and only in certain cases reached the threshold
(group 2 — 104.4 (89.4; 112.4) pg/ml, group 3 — 65.5
(58.9; 69.3) pg/ml, control — 53.9 (47.1; 56.7 pg/ml).
Thus, all patients in group 1 had chronic HF ac-
cording to universal definition of HF [12] stage B
(n=79; 73.1%) and stage C (n=29; 26.9%).

The patients of group 1 were divided into 3
subgroups. Subgroup 1 — 45 patients with SA, sub-
group 2 — 27 patients with postinfarction cardio-
sclerosis (PIC), subgroup 3 —36 patients with
combination of stable IHD and arterial hypertension
(AH) without a history of MI.

Statistical analysis was performed with the
licensed program STATISTICA 6.1 (StatSoftlnc.,
serial No AGAR909E415822FA). The analysis of
the normality of the data distribution was carried out
according to the Kolmogorov-Smirnov and Shapiro-
Wilk tests. The quantitive data were presented as
median and its interquartile range (Me (25;75%)).
The Kruskal-Wallis test was used for comparison
multiple independent groups with Bonferroni cor-
rection for post-hoc test, Mann-Whitney test — for
two independent groups. We used Spearman's rank
correlation coefficient (r;) to assess the relationship
between quantitative variables. The results were
considered statistically significant at p<0.05 [2].

RESULTS AND DISCUSSION

Different phenotypes of LV remodeling are
observed in patients with stable ITHD combined
with COPD (Fig. 1). For patients with SA,
concentric remodeling and concentric LV hyper-
trophy (LVH) was in 60.0%. Eccentric LVH was
found in patients with PIC without concomitant
AH, and concentric LVH was predominant in
patients with PIC and AH.

In patients of subgroup 3 with SA in combination
with AH, but without a history of MI, there was only
a concentric direction of LV remodeling. In group 1,
in general, all variants of EF were registered, but
preserved EF prevailed (Fig. 2). In group 2, the vast
majority of patients had preserved EF, in group 3 it
was in all patients.

In the literature it is emphasized that patients
with ITHD on the background of lung diseases are
characterized by HFpEF presence [15]. But our data
indicate that patients with stable IHD combined with
COPD have all phenotypes of chronic HF (Fig. 3).
In patients of subgroup 1 preserved LVEF
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dominated. In subgroup 2, 55.6% of patients had
HFmrEF and HFrEF. And patients with PIC and
concomitant AH had HFpEF. In patients of sub-

group 3 with stable IHD with concomitant AH, but
without a history of MI HFpEF dominated, and only
in 13.9% cases they had mildly reduced LVEF.
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Fig. 1. Phenotypes of left ventricular remodeling in the examined patients

As it is shown in Table 1, in patients of group 1,
the E/A ratio was significantly different comparing
to group 3 and the control group, but did not differ
from group 2. A similar direction of changes was
observed relative to the maximum volume of LA
(LAVI). In contrast, the parameters of diastolic
mitral annulus velocity septal and lateral (e') were
significantly lower in patients of group 1, not only
compared with control, but also compared with
groups 2 and 3. The ratio E/e' in group 1 was higher
than in the control group, as well as in group 3, but
did not differ from group 2. The level of TR velocity
was the highest in group 1. Analysis of parameters
of LV diastolic function in 26 patients with mildly
reduced and reduced EF revealed that all these
patients had LV diastolic dysfunction: grade I — in 6
cases (23.1%), grade II — in 18 cases (69.2%), grade
III — in 2 cases (7.7%).
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In order to diagnose HFpEF, we evaluated its
probability by the HFA-PEFF score [7]. Among the
82 patients with stable IHD combined with COPD
and preserved LVEF, 70 (85.4%) had a score
>5 points, which allows to diagnose HFpEF, and 12
patients (14.6%) had 3-4 points (intermediate proba-
bility), but HF was confirmed by NT-proBNP test.
Recent publications [6] have proposed the H2FPEF
score as a probable sign of HFpEF. According to
this score, only 9 (10.9%) of these 82 patients scored
6-9 points, indicating a high probability of HFpEF,
62 patients (75.7%) scored 2-5 points, indicating the
necessity for additional examination, and 11 patients
(13.4%) scored 0-1 points, which allows to exclude
HFpEF. At the same time, among 70 patients in
whom, according to the HFA-PEFF score, the proba-
bility of HFpEF was determined as high, it was
confirmed by the H2FPEF score in 9 cases (12.8%),
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in 54 cases (77.1%), the probability was determined
as intermediate, and in 7 cases (10.1%) HFpEF
should be excluded. Our data are similar to the
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results of the study [11], but in this study the propor-
tion of patients with IHD and COPD was limited.

100 \ 100 \

Group 3 Control

B Reduced LVEF

Fig. 2. Left ventricular systolic function in examined groups of patients

In our opinion, such discrepancies in assessing
the likelihood by HFpEF by two scores in patients
with stable IHD in combination with COPD may be
explained by the fact that the H2FPEF score inclu-
des clinical variables (age, AH, atrial fibrillation,
obesity) and only 2 echocardiographic findings —
SPAP and E/e' ratio. Among 61 patients for whom

there were discrepancies in assessment, 59 (96.7%)
had a sinus rhythm, concomitant AH — 29 cases
(47.5%), and obesity — 27 cases (44.3%). The HFA-
PEFF score, which considers structural, functional
parameters and diagnostic biomarkers, were found to
be more accurate in patients with stable IHD
combined with COPD.

Table 1
The main parameters of left ventricular diastolic function
Parameter Group 1 ~ Grou;i 2 Group _3 Contro_l group p
THD+COPD (n=108) IHD (n=30) COPD (n=30) (n=30)
Vmax E, em/s 72 (61;84.5) 70 (62;92) 84 (72;87) 76 (70;82) 0.09
Vmax A, cm/s 74.5 (65;83)" 83.2 (76;92)* 74,5 (62;86,1)* 71 (63;77) <0.01
E/A 0.81 (0.68;0.90)"* 0.70 (0.60;1.00)"* 1.1 (0.82;1.4) 1.1 (0.96;1.2) <0.01
LAVI, ml/m’ 35 (33;36)"* 34 (31;39)* 27 (26;29)* 27.5 (26;30) <0.01
Septal ¢’, cm/s 5.3 (4.3;6.2)~"* 6,4 (5.4;7.3)"* 8.1 (7.4;9.6)* 8.0 (7.2;8.6) <0.01
Lateral e’, cm/s 7.2 (6.2;8.9)7 9.9 (8.2;10.6)™ 12.2 (10.9;13.2)» 12.4 (10.8;13.2) <0.01
Average E/e’ 8.3 (6.9;14.1)" 8.25 (7.2;10.2) 7.0 (6.3;7.6)* 6.4 (5.7;1.5) <0.01
TR velocity, m/s 2.7(2.4;2.9)1 2.35 (2.2;2.5)* 2.5 (2.4;2.6)* 2.2 (2.0;2.3) <0.01

Notes: p — the level of statistical significance of differences between groups (according to Kruskal-Wallis test), * — significant difference with group
2, 1 — significant difference with group 3, * — significant difference with control group.
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Fig. 3. Left ventricular systolic function in patients with different forms of IHD combined with COPD

In patients of group 1, the linear sizes of RA and
RV, SPAP were significantly higher relative to
group 2, and the RV systolic function was signifi-
cantly lower compared to group 2, however TAPSE

was within reference values (Table 2). TAPSE/SPAP
ratio was significantly lower in group 1 than in
group 2. This data could be explained by higher
level of postcapillar PH.

Table 2
Structural and functional parameters of the right ventricle
Parameter Group 1 Group 2 Group 3 Control
IHD+COPD (n=108) IHD (n=30) COPD (n=30) group (n=30) p
RA, cm® 16 (15;18,5)~"* 14(13;15) 15 (14;16)* 13 (12;14) <0.01
RV, mm 28 (25;31)M* 22 (20;25)° 26 (25;28)"* 21 (20;23) <0.01
SPAP, mm Hg 35 (28;38)~ 27,5 (25;31)* 31 (29;32)7* 25 (24;26) <0.01
TAPSE, mm 23 (21;23)M* 24 (24;25)" 22.5 (21;24)M 25 (24;27) <0.01
TAPSE/SPAP, mm/mm 0.67 (0.58;0.82)* 0.90 (0.77;1.03)* 0.73 (0.68;0.79)* 1.04 (0.96;1.13) <0.01

Hg

Notes: — p - the level of statistical significance of differences between groups (according to Kruskal-Wallis test), ~ — significant difference with
group 2, T — significant difference with group 3, * — significant difference with control group.

According to the results of the assessment of
structural and functional parameters of the right
heart depending on the severity of airflow obstruc-
tion (Table 3), more severe course of COPD (GOLD
Il and IV) was associated with an increase of RV
size, significantly higher SPAP (indirect correlation
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between RV size and FEV1 (r&=-0.23; p<0.05),
SPAP and FEVI1 (r&=-0.27; p<0.05), direct corre-
lation between SPAP and duration of COPD
(r=0.24, p<0.05)) and trend to decrease TAPSE/SPAP
ratio, which indicates RV afterload. So, PH had
mixed cause, but postcapillar component dominated.
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Table 3
Structural and functional parameters of the right ventricle in patients
with IHD combined with COPD depending on airflow obstruction
Parameter GOLD II (n=56) GOLD III (n=36) GOLD 1V (n=16) P
RA, cm® 15 (15;17) 17 (15;19.5) 16.5 (15.5;18.5) 0.34
RV, mm 27 (23;29)" 29 (27.5;31.5)* 29.5 (25;31.5) 0.01
SPAP, mm Hg 32 (26.5;36.5)"* 37 (30;39) 37 34s41) A <0.01
TAPSE, mm 22 (21523) 23 (21.5;23) 23 (21;24) 0.72
TAPSE/SPAP, mm/mm Hg 0.72 (0.58;0.87) 0.62 (0.54;0.77) 0.63(0.57;0.71) 0.06

Notes: p — the level of statistical significance of differences between groups (according to Kruskal-Wallis test), * — significant difference with GOLD
11, " — significant difference with GOLD III, * — significant difference with GOLD IV.

CONCLUSIONS

1. Patients with stable IHD combined with COPD
have different phenotypes of heart remodeling. The
vast majority of patients with stable angina had
concentric phenotype of left ventricular remodeling
and normal geometry with preserved ejection frac-
tion. In patients with postinfarction cardiosclerosis
eccentric left ventricular hypertrophy and reduced
systolic function dominated. All patients with com-
bination of stable IHD and arterial hypertension had
concentric direction of left ventricular remodeling
with dominating preserved ejection fraction.

2. In patients with stable IHD combined with
COPD and the phenotypes of heart failure with redu-
ced and mildly reduced ejection fraction, functional
changes are not limited to systolic dysfunction, but
are also accompanied by left ventricular diastolic
dysfunction.

3. In patients with stable IHD combined with
COPD in the early stages of heart failure, the sys-
tolic function of right ventricle does not exceed the
reference values, but in comparison with the control

group trends to decrease. Systolic pulmonary artery
pressure in these patients was higher than in isolated
IHD and COPD. However, pulmonary hypertension
had mixed cause, but its postcapillar component
dominated.

4. In assessing the likelihood of heart failure with
preserved ejection fraction in patients with stable
IHD combined with COPD, the HFA-PEFF score,
which is based on heart remodeling parameters and
diagnostic biomarkers showed better accuracy.
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