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RELATIONSHIP BETWEEN IMMUNOLOGICAL STATUS AND ISCHEMIA, ECTOPIC
MYOCARDIAL ACTIVITY IN PATIENTS WITH ANGINA PECTORIS

e-mail: vik.o.sobol@gmail.com

The purpose of the study was to improve the diagnosis of stable angina and unstable angina by determining the
correlations between the development of myocardial ischemia and cardiac arrhythmias with disorders of cellular and humoral
immunity in patients with coronary artery disease. Using the obtained results, further optimize the treatment of patients with stable
and unstable angina pectoris. It was determined that in the stable angina pectoris the development of painful myocardial ischemia
depends on the level of CD4+ subpopulation (T-helpers) and circulating immune complexes, the development of painless
myocardial ischemia depends on the level of CD4+ and CD8+ subpopulations (T-suppressors). Coronary artery disecase
destabilization and group ventricular extrasystoles are associated with elevated CD4+ subpopulations, CD8+ subpopulations and
circulating immune complexes levels. Pathogenetic links between coronary circulatory disorders and ectopic myocardial activity
with the development of imbalance of cellular and humoral immunity in patients with stable and unstable angina pectoris confirm
the theory of immune inflammation as one of the pathogenetic links in the development of coronary artery disease and encourage
studies and development of new drugs in antianginal therapy algorithms.

Key words: stable angina pectoris, unstable angina pectoris, painful ischemia, painless ischemia, extrasystole, immunity.
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3B’A30K IMYHOJIOI'TYHOI'O CTATYCY 3 IIHIEMI€IO TA EKTOIIIYHOIO
AKTHUBHICTIO MIOKAPIA Y XBOPUX HA CTEHOKAPIIIO

Mertoro poboTi OyJI0 YIOCKOHAIMTH MiarHOCTHKY CTaOLIbHOI CTCHOKAapjil Ta HECTaOUIbHOI CTEHOKAapjii Ha ImijacTaBi
BU3HAYCHHSI KOPEJLILIHHUX 3B’SI3KiB MK PO3BHTKOM illeMii MioKap/ia i MopyIIeHb CepLEeBOro pUTMY 3 MOPYLICHHSMHU KIITHHHOTO i
I'yMOPaJILHOTO IMyHITETY Y XBOPHX Ha iIlIeMiuHy XBOpoOy ceplil. BuzHaueHo, 1110 1pu cTabuibHOMY Hepe0iry imeMidHoT XBopoOu ceprist
PO3BUTOK OOJIBOBOI ilTeMil MiOKap/a 3aJIeXuTh Bi piBHA cyonomyssinii CD4+ (T-xenmepy) Ta MUPKYITIOIOYMX IMyHHHX KOMILUIEKCIB,
PO3BUTOK 0e3b0iBOBOI imreMii Miokapaa — Bix piBHs cyonomymsinii CD4+ ta CD8+ (T-cympecopwu). [ecrabinizatiss KOpOHAPHOTO
KpOBOOOIry Ta BHHHMKHEHHS TIDYIOBOI LUTyHOYKOBOI EKCTPAcHCTONIl MOB’s3aHi 3 MiABHIIECHHM piBHeM cybmomysiii CD4+,
cyonomyssaitii CD8+ Ta piBHeM iMyHHHX KOMIUIEKCIB. [laToreHeTH4Hi 3B’S3KHM MOPYLIEHHS KOPOHAPHOTO KPOBOOOITY 1 €KTOMIYHOL
aKTUBHOCTI MiOKap[a 3 PO3BUTKOM IHcOaaHCy KITHHHOTO Ta TYMOPAJbHOTO IMYHITETY y XBOPHX Ha CTaOLIbHY Ta HECTaOUIBbHY
CTEHOKAP/IIO MiATBEPLKYIOTH TEOPIIo IMyHHOTO 3altajieHHs], SIK OJHI€] 3 TaTOreHeTHYHNX JIAHOK PO3BUTKY iIIEMIYHOI XBOpPOOHU cepridt i
CITOHYKAIOTh JI0 TIOLIYKY Ta PO3POOKH HOBHUX JIIKAPCHKHX 3aC00IB, SIKi O BXOAWIN y alrOpPUTMHU aHTHAHT iHAJIBHOI Tepartil.

KuarouoBi ciaoBa: crabinbHa CTCHOKapjis, HecTaOiIbHA CTCHOKapis, OonboBa imieMis, 0e300JbOBa iIIeMis,
EKCTPACHCTOJIIs], IMyHITET.

The study is a fragment of the research project “Changes in protein, carbohydrate, lipid metabolism in patients with
coronary heart disease and arterial hypertension with heart rhythm disorders, possibilities of drug correction”, state registration
No. 0121U108875.

Coronary artery disease (CAD), manifested by severe clinical course, high disability and mortality
among the population, has become widespread over the last decade [4]. This creates important medical and
social problems and encourages clinicians to further study the causes, pathogenetic mechanisms, improve
diagnosis, implementation of effective treatment algorithms and prevention of this disease [13]. Moreover,
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profound differential diagnosis with plethora disorders including congenital heart disease should be
provided in patients with CAD suspicion [12].

There are many known risk factors [3] and pathogenetic links in the development of CAD
(dyslipidemia, impaired rheological properties of blood, endothelial dysfunction and immune
inflammation, gut microbiome, the presence of bacterial and viral infections, matrix metalloproteinases
with inhibitors, aminoacid imbalance of blood plasma) [2, 10, 11].

The efficacy of CAD treatment and prevention of fatal complications depends on the timely
diagnosis of the disease. In this aspect, painless myocardial ischemia (PLMI) deserves attention. If groups
of people at risk of PLMI have already been identified, the mechanisms of development have not been
definitively studied. The presence of PLMI increases the risk of sudden death by 5-6 times, arrhythmias —
by 2 times, the development of congestive heart failure — by 1.5 times [6].

To prevent the development of adverse cardiac events, it is necessary to diagnose the patient with
the presence of PLMI. However, unlike painful myocardial ischemia (PMI), the absence of pain does not
encourage the patient to seek medical help and examination in a timely manner. PLMI can be documented
only by means of instrumental diagnostic methods [8].

A priority field of modern research in cardiology is also the study of possible pathogenetic links in
the development of atherosclerosis (AS) and CAD. The results of research in recent decades leave no doubt
about the legitimacy of the hypothesis that the humoral and cellular immunity play crucial role in the
pathogenesis of AS, CAD and acute forms of its clinical course [9].

Since PLMI is a prognostically important form of CAD and is common, and impaired immune
status is one of the pathogenetic mechanisms of AS and myocardial ischemia, it is advisable to analyze the
possible relationship between PMI, PLMI, myocardial ectopic activity and the immunity (humoral and
cellular) in patients with stable angina pectoris (SAP) and unstable angina pectoris (UAP). The obtained
pathogenetically substantiated results of the study will further optimize the diagnosis and treatment of
patients with CAD.

The purpose of the study was to improve the diagnosis of SAP and UAP by determining the
correlations between the development of myocardial ischemia and cardiac arrhythmias with imbalance of
cellular and humoral immunity in patients with CAD, which will further optimize the treatment of patients
with this pathology.

Materials and methods. We examined 123 patients with CAD aged 56 to 76 years (the mean age
of 62.0£8.6 years), which were divided into two groups: group I — 62 patients with SAP (30 patients with
SAP functional class (FC) II, 32 patients — with SAP FC III), group I — 61 patients with UAP (20 patients
— new-onset angina pectoris, 42 patients — progressive angina pectoris) aged 51 to 73 years (the mean age
of 66.3+4.7 years).

All groups of patients were statistically homogeneous and comparable. The control group (CQG)
consisted of 34 clinically healthy individuals aged 55 to 67 years (mean age — 62.0+5.6 years).

Studies of the population and subpopulation of lymphocytes were performed by monoclonal
antibodies on the enzyme-linked immunosorbent assay RT 2100C Microplate Reader Layton’s (Stormoff,
Germany). Diagnostics for the determination of T-lymphocytes, T-helpers and T-suppressors are fixed
particles — erythrocytes or latex coated with monoclonal antibodies against CD3+ (T-lymphocytes), CD4+
(T-helpers), CD8+ (T-suppressors) antigens.

Determination of class G, A, M immunoglobulins (Ig) in blood serum was performed by the
Mancini method (1965). Monospecific human IgG, IgA, IgM serum is used to quantify class IgG, IgA,
IgM in blood serum. The content of circulating immune complexes (CIC) in the serum of patients was
determined by precipitation with polyethylene glycol with a molecular weight of 6000 (Serva), followed
by measurement of the optical density of the studied samples with a SF46 spectrophotometer with a
wavelength of 450 nm.

To record cardiac arrhythmias and ischemic myocardial changes, all subjects underwent 24-
hours Holter monitoring (HM) ECG in the first 1-2 days of stay in the clinic. For this purpose, the
Holter monitoring system “Cardiosens K” manufactured by HAI-MEDICA (Kharkiv, Ukraine) was
used. According to HM ECG data, the following indices were determined: arrhythmia (single
supraventricular extrasystoles (SSE), paired supraventricular extrasystoles (PSE), group
supraventricular extrasystoles (GSE), single ventricular extrasystoles (SVE), paired ventricular
extrasystoles (PVE), group ventricular extrasystoles (GVE)); the number of episodes of ischemia
during the day, the mean heart rate of the ischemic episode (beats/min.), the mean duration of one
episode of ischemia (min.), the total duration of ischemia per day (min.). The comparative analysis of
these indices for PMI and PLMI was conducted.
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Statistical processing of the study results was performed in “MS Exel XP” and SPSS-17 for
Window. Student's parametric criterion was used to assess intergroup differences. The difference at p<0.05
was considered statistically significant. The results are given as M+m. The percentile method was used to
establish standards for individual biochemical parameters. To establish the correlation, the Pearson
correlation coefficient (r) was determined and a linear regression analysis was performed to determine the
standardized coefficient [3.

Results of the study and their discussion. Analysis of the results of HM ECG showed that
episodes of displacement of the ST segment of the ischemic type were registered in 45 of 62 patients with
SAP (72 %). 17 of 62 patients (28 %) did not have such changes. Only PMI was registered in 24 patients
out of 62 (37 %), a combination of PMI and PLMI — in 23 (38 %), isolated PMI —in 6 (11 %).

With the increase of FC, the number of patients with exclusively painless changes in the ST
segment decreased: 9 out of 30 patients (31.5 %) with SAP FC II and 6 out of 32 patients (21.8 %) with
SAP FC III. The combination of PMI and PLMI was less frequent — in 8 out of 30 patients (27.4 %) with
SAP FC II and more often in patients with SAP FC III — 21 out of 32 (68.5 %). Exclusively PMI in patients
was observed rarely: the frequency of its detection in patients with SAP FC II and III — 4 out of 30 (13.6 %)
and 3 out of 32 (10.2 %), respectively. The number of patients without myocardial ischemia episodes
during HM ECG is higher in the group SAP FC II — 7 out of 30 (25.8 %) compared to the group SAP FC
1T — 4 out of 32 (12.7 %) (Table 1).

Tablel
Comparative characteristics of myocardial ischemia episodes and arrhythmias according
to 24-hour HM ECG in patients with SAP and UAP (M+m)

Index | SAP UAP | p*
Myocardial ischemia type

PLMI number of episodes 2.5+£0.2 7.1+£0.6 1J0.01
PMI number of episodes 2.440.2 2.7+0.3 0.05
p** 10.05 10.01

PLMI total duration, min. 35.8+6.5 141.4+17.2 [10.01
PMI total duration, min. 30.244.1 49.8+7.9 10.01
p** 10.05 10.01

Arrhythmias

SVE, n 122.54£22.6 131.5+21.2 0.01
PVE, n 4.9+1.8 5.5+1.3 10.05
GVE, n 7.8+2.6 29.1+19 10.01
SSE, n 121.6+£27.3 69.1+10.7 10.01
PSE, n 5.7+0.8 4.9+1.5 10.05
GSE, n 4.9+1.5 4.4+1.1 10.05
SVE, n 122.5422.6 131.5+21.2 10.01

Notes: p* — probability while comparison SAP and UAP groups, p** — probability while comparison indices between groups
of patients with PMI and PLMI.

According to the results of HM ECG, out of 61 patients with UAP in 54 (89.4 %) episodes of ST-
segment displacement by ischemic type were registered. Among them, 20 out of 61 patients (38.2 %) were
diagnosed exclusively with PLMI, in 34 of 61 (61.8 %) — a combination of PMI with PLMI. The number
of episodes of PLMI during the day and their total duration compared to similar indices for PMI indicates
their significant advantage in PLMI.

In patients with emergencies compared to patients with SAP there was a significantly higher daily
number of episodes and the duration of PLMI by 64.8 % and 60.6 %, respectively, and the total duration
of PMI by 39.4 %.

Patients with SAP have a high frequency of heart rhythm disorders. SVE was registered in 47 of
62 patients (76.5 %), PVE —in 7 of 62 (12 %), GVE —in 5 of 62 (8.4 %), SSE —in 51 of 62 (83.6 %), PSE
—1in 9 out of 62 (14 %), GSE — in 8 out of 62 (13.8 %) (Table 1).

Assessment of electrical instability of the myocardium, according to HM ECG, indicates a high
frequency of heart rhythm disorders in patients with emergencies —in 57 out of 61 (94.2 %). According to
the results of HM ECG, SVE was registered in 52 out of 61 patients (85.4 %), PVE — in 15 out of 61
(24.8 %), GVE —in 7 out of 61 (11.5 %), SSE —in 43 out of 61 (71 %), PSE —in 8 out of 61 (13.5 %), GSE
—in 7 outof 61 (11.5 %).

In patients with emergencies, compared with patients with SAP, there was a significantly higher
daily amount of SSE by 43.2 %, SVE — by 6.9 %, GVE — by 73.2 %.
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Analyzing the immune status in patients with SAP and UAP, it should be noted that in patients
with UAP, in contrast to patients with SAP, abnormalities were found in the values of most indices of
cellular and humoral immunity (Table 2).

Table 2
Indices of immunological reactivity of patients with stable and unstable angina pectoris (M + m)
Control grou Stable angina Unstable angina

Index ool ary 65
Lymphocytes, % 30.16+1.54 31.08+1.31# 15.70+0.94*#

CD3+, % 48.7£2.9 35.904+0.48* 37.19+1.17%

CD4+, % 32.57+2.06 28.32+0.94* 36.70+1.71*#

CD8+, % 22.35+0.68 22.82+1.27 12.70+0.73*#

CD22+, % 20.37+1.70 22.23+1.56 25.10+£1.73%*

CD4/CD8 1.61+£0.03 1.28+0.07 3.10+0.15%#

IgA, g/L 2.45+0.09 2.15+0.15 2.40+0.06

IgM, g/L 1.09+0.07 1.16+0.09 1.18+0.03

IgG, g/L 11.84+0.78 12.53+0.47 14.00£0.56*

CIC, c.u. 1.394+0.08 2.28+0.05* 6.10+0.69*#

Notes: * — significant difference in relation to the CG; # — significant difference between groups of patients.

In patients with SAP compared to CG there was a significantly lower level of CD3+ by 24.6 %
(p<0.01), CD4+ — by 13.1 % (p<0.01) and a significantly higher level of CIC at 1.6 times (p<0.05).

In patients with UAP compared to CG, the following changes were detected: the population of
lymphocytes was significantly lower by 47.6 % (p<0.01), the level of CD3+ — by 27.2 % (p<0.01); the
level of CD8+ — by 38.3 % (p<0.01), the level of CD4+ significantly higher by 15.1 % (p<0.05), the level
of CD22+ — by 22.7 % (p<0.01), the ratio CD4/CD8 is significantly higher — 1.9 times (p<0.01), IgG level
— 1.2 (p<0.01), CIC level — 4.3 times (p<0.01). When comparing the immunological reactivity of patients
with SAP and UAP revealed changes in the following indices: the level of the population of lymphocytes
in patients with UAP significantly lower than in patients with SAP by 47.8 % (p<0.01), the level of CD8+
by 44.4 % (p<0.01); the level of CD4+ is significantly higher by 21.5 % (p<0.05); the CD4/CDS ratio is
1.9 times (p<0.01), the CIC level is 2.7 times (p<0.01).

It was registered the significantly lower values of the population Iymphocytes, CD8+ and
significantly higher levels of CD4+ and CIC in patients with UAP compared to patients with SAP. A
correlation analysis between these indices and indices of HM ECG. In patients with stable angina
statistically significant direct mild correlation were registered between PLIM and CD4+ (1=0,28, p<0.05),
CD8+ (r=0.23, p<0.05), PIM and CD4+ (r=0,52, p<0.05), CIC (1=0.42, p<0.05), as well as in patients with
unstable angina direct mild correlation were registered between PLIM and CD4+ (r=0.43, p<0.05), CD8+
(r=0.51, p<0.05), CIC (r=0.53, p<0.05). In addition, in patients with unstable angina mild direct corellations
were registered between GSE and CD4+ (r=0.35, p<0.05), CD8+ (r=0.38, p<0.05), CIC (r=0.27, p<0.05)
unlike in patients with stable angina.

In UAP, coronary circulatory disorders lead to the development of resorption changes in
myocardial tissue, which in turn is accompanied by an immune response: a decrease in the relative content
of lymphocytes in the peripheral blood, an increase in B-lymphocytes (CD22+). The increase in CD4+ can
be explained as a compensatory response (stimulation of B-lymphocytes to antibody synthesis), and a
decrease in CD8+ indicates a decrease in the suppressive activity of T-lymphocytes, which is also a
protective reaction (disruption of B-lymphocytes in antibody synthesis) [9]. In SAP, in the absence of
marked death and resorption of muscle tissue, circulating anticardiac autoantibodies are either not detected
at all or are registered in small quantities [7]. The content of these antibodies increases in emergencies,
regardless of whether the attack was stopped, or there was a tendency to transition to myocardial infarction,
and most pronounced — against the background of myocardial infarction, which is probably less due to
pathogenetic features of coronary insufficiency, and most importantly thus, these processes reflect the
severity of heart disease [9].

Thus, according to HM ECQG, in patients with emergencies PLMI was registered in most cases and
is predominant in the structure of MI with a significant predominance of the number and duration of
episodes of PLMI compared to PMI. In contrast to patients with emergencies, in patients with SAP on
similar indices no significant difference was found. Thus, this profile of ischemic reaction allows us to
regard it as an objective criterion for destabilization of coronary circulation [7]. In addition, there is a
significantly larger number of GVE are prognostically significant for the adverse course of CAD [5].

Correlation analysis showed that destabilization of coronary circulation is accompanied by tension
of the cellular and humoral part of the immune system and increased ectopic activity of the ventricles. This
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is confirmed by the fact that in patients with emergencies revealed a direct correlation between the
occurrence of GVE on the level of subpopulations of CD4+ and CD8+ and the level of the CIC [1].

Pathogenetic links between coronary circulatory disorders and ectopic myocardial activity with the
development of imbalance of cellular and humoral immunity in patients with stable and unstable angina
pectoris confirm the theory of immune inflammation as one of the pathogenetic links in the development
of coronary heart disease and encourage research and development of new drugs in antianginal therapy
algorithms.

. Z 7/

1. In patients with UAP compared with patients with SAP is manifested by a greater daily number
of episodes and the total duration of PLMI, respectively, by 64.8 % and 60.6 % and the total daily duration
of PMI by 39.4 %. In patients with emergencies, compared with patients with SAP, there was a higher daily
amount of SSE by 43.2 %, SVE — by 6.9 %, GVE — by 73.2 %.

2. In patients with CAD there is a violation of cellular and humoral immunity. When destabilizing
the coronary circulation compared to the stable course of the disease decreases the relative content of the
population of the population lymphocytes by 47.8 %, the level of the subpopulation CD8+ — by 44.4 %;
the level of CD4+ subpopulation is significantly higher by 21.5 %, the CD4/CD8 ratio is 1.9 times, the CIC
level is 2.7 times higher.

3. With a SAP, the development of PMI depends on the level of the CD4+ subpopulation and the
CIC, the development of PLMI — on the level of the CD4+ and CD8+ subpopulations.

4. CAD destabilization and GVE are associated with elevated CD4+ subpopulations, CD8+
subpopulations and CIC levels.
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