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ABSTRACT

Aim: The purpose of the study is to study changes in Lp-PLA2 in the blood of patients in the early recovery period of atherothrombotic stroke depending on
the degree of stenosis and type of atherosclerotic plaque.

Materials and Methods: A clinical and laboratory analysis of 130 patients in the early recovery period of atherothrombotic stroke was conducted. Among
those examined were 69 men and 61 women aged (60.42+7.4) years. The control group consisted of 30 practically healthy persons (16 men and 14 women)
without a history of severe somatic pathology, aged (58.7+6.3) years. Ultrasound scanning of the vessels of the neck was performed on a Siemens Acuson X
300 device. The amount of lipoprotein-associated phospholipase A2 (Lp-PLA2) was determined by the immunoenzymatic method. STATISTICA 8 software was
used for statistical processing.

Results: In all examined patients, an increase in the content of Lp-PLA2 in the blood up to 260 (220.4; 295.7) ng/ml was found compared to individuals of the
control group (p<0.05). Increased levels of Lp-PLA2 in stroke patients were associated with an increased degree of atherosclerotic stenosis and depended on
the type of atherosclerotic plaque, reflecting its instability.

Conclusions: Increased concentrations of Lp-PLA2 in patients with cerebral atherosclerosis can be considered as circulating biomarkers of atherosclerotic
plague vulnerability. Patients in the early recovery period of an ischemic stroke with a soft atherosclerotic plaque according to ultrasound data in combination
with an increase in Lp-PLA2 indicators in the blood belong to the group of high risk of developing a repeated stroke.
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INTRODUCTION

Despite significant advances in modern medicine, car-
diovascular diseases and their complications, including
strokes, remain the main cause of mortality worldwide.
30-40% of all ischemic strokes are the atherothrom-
botic subtype of stroke, the pathogenetic mechanism
of which is arterio-arterial embolism from thrombotic
deposits on the surface of atherosclerotic plaque, which
lead to occlusion of intracranial arteries. According to
modern ideas, the basis of the development and pro-
gression of atherosclerosis is endothelial dysfunction,
which occurs against the background of chronic in-
flammation [1-2]. The initial phase of the inflammatory
process in the area of atherosclerotic artery damage
is asymptomatic. Clinical manifestations are present
only in the case of hemodynamically significant ath-
erosclerotic stenosis of the artery, which is manifested
by a lack of blood supply to the affected area, or due
to the development of thrombogenic complications
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arising from the destabilization and disintegration of
the atherosclerotic plaque [3-4].

The traditional definition of atherosclerotic lesions
of cerebral vessels is an ultrasound examination (US)
with measurement of the lumen of the stenosis and
the characteristics of the atherosclerotic plaque.
However, despite the informativeness of ultrasound
of atherosclerotic vascular damage, predicting the
vulnerability of plaques remains difficult. In search of
new opportunities to detect the stage of inflammationin
atherosclerotic plaque, vascular markers of inflammation
and their relationship with the risk of developing
complications have been widely studied in recent years
[2, 5]. Determination of potentially new biomarkers of
the progression of atherothrosclerosis in comparison
with clinical and ultrasound parameters would allow to
characterize the activity of the atherosclerotic process,
predict the risk of its progression and determine the
probability of embolic complications.
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One of the most studied markers of inflammation in
recent years is lipoprotein-associated phospholipase A2
(Lp-PLA2). The role of lipoprotein A as a risk factor for
cardiovascular diseases has been studied for many years
[5-6]. Features of Lp-PLA2 that attract the attention of
researchers are the specificity for vascular inflammation.

European recommendations for the treatment of
dyslipidemias, issued by the European Society of
Cardiology together with the European Society of
Atherosclerosis, recommend measuring Lp-PLA2 in
people with early development of cardiovascular
diseases, in people with familial hypercholesterolemia,
in people with a family history of early cardiovascular
diseases (CVD ) and in individuals with recurrent CVD
episodes despite optimal lipid-lowering therapy, who
have a 10-year SCORE risk >5% [6-7]. On the other
hand, the American Lipid Association does not include
Lp-PLA2 screening as one of the indicators of the
standard lipid panel, which is partly due to the difficulty
of standardizing methods for its determination [2, 8].

Lp-PLA2 belongs to the phospholipase A2 family and
is produced by monocytes, mast cells, Kupffer cells, and
T lymphocytes.

In plasma, 80% of Lp-PLA2 is bound to LDL-C, the
remaining 20% is bound to HDL-C and VLDL. The main
properties of Lp-PLA2 include reflecting the degree of
intravascular inflammation and instability of atheroscle-
rotic plaque. That is, Lp-PLA2 has specificity in relation
to vascular inflammation, while other biomarkers, such
as CRP, reflect the presence of systemic inflammation.
Lp-PLA2 takes a direct part in atherogenesis, causing
modification of lipids by hydrolysis of phosphatidyl-
choline with the formation of lyso-phosphatidylcholine
and oxidation of free fatty acids, which stimulate the
development of atherosclerosis. Anincrease in Lp-PLA2
in the blood directly reflects an increase in the risk of
cardiovascular events [3, 8-9].

According to the results of one of the European
studies, when observing patients with stable coronary
heart disease, the level of Lp-PLA2 from 30 to 50 mg/
dL was associated with a threefold increase in the risk
of amputation of the lower limbs, while in patients with
Lp-PLA2 >50 mg/dL - with twentyfold [4, 10-11].

The MONICA (The Monitoring Trends and Determi-
nants in Cardiovascular Diseases) study examined the
relationship between Lp-PLA2 levels and the risk of
coronary events in 934 healthy men aged 45-64 years.
Observations were carried out for 14 years. During the
follow-up period, 97 men experienced acute coronary
events and had significantly higher baseline Lp-PLA2
levels compared to controls.

In the Atherosclerosis Risk in Communities (ARIC)
study of 12819 middle-aged men and women followed
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for 6 years, the combination of high Lp-PLA2 and high
CRP was superior to either marker taken alone. by the
ability to predict the risk of developing coronary events
[2,10].

The categories of patients who need to determine the
concentration of Lp-PLA2, as well as the cut-off level,
are actively discussed by experts. A value of =200 ng/ml
was taken as the clinical threshold of the Lp-PLA2 level,
which gives the right to make a decision on reclassifica-
tion of risks. The researchers approved this threshold,
which is based on the results of a study that showed a
significant increase in the risk of cardiovascular events
in patients who exceeded this threshold. Interpretation
of Lp-PLA2 levels in blood serum is carried out as fol-
lows: low degree of cardiovascular risk - (< 200 ng/ml);
average degree of risk - (200 - 235 ng/ml); high degree
of risk - (> 250 ng/ml). The level of Lp-PLA2 more than
250 ng/ml has a high correlation with endothelial dys-
function, which in turn is closely related to the process
of progression of atherosclerosis [2, 6, 12].

The understanding that Lp-PLA2 is actively synthe-
sized in the places of atherosclerotic lesions and causes
multiple proatherogenic and prothrombotic effects
determines the relevance of determining this marker
for diagnosis and assessment of the severity of the
atherosclerotic process.

AIM

The aim of the study is to study changes in Lp-PLA2 in
the blood of patients in the early recovery period of
atherothrombotic stroke depending on the degree of
stenosis and type of atherosclerotic plaque.

MATERIALS AND METHODS

A clinical and laboratory analysis of 130 patients in
the early recovery period of atherothrombotic stroke
(ERPAS) was performed. Among the examined were 69
men and 61 women aged (60.42+7.4) years.

The control group consisted of 30 practically healthy
persons (16 men and 14 women) without a history of
severe somatic pathology and disorders of cerebral
blood circulation, aged (58.7+6.3) years.

Ultrasound duplex scanning of the vessels of the neck
with the determination of the degree of atherosclerotic
stenosis and the nature of the atherosclerotic plaque
was performed on a Siemens Acuson X 300 device
with a linear multifrequency sensor from 4-10 mHz)
according to standard methods.

The classification of stenotic-occlusive lesions of
cerebral arteries was carried out according to the
classification of B. V. Gaidar et al.. According to these
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Table 1. The level of lipoprotein-associated phospholipase A2 in the blood of patients in the early recovery period of atherothrombotic stroke

depending on the degree of atherosclerotic stenosis

The degree of atherosclerotic damage

control group

(n=30) group A: group B: group C: group D:
Lp-PLA2; <40% 40- 60% 60-75 75-95%
ng/ml (n=26) (n=48) (n=42) (n=14)
Me(q,;q,) 280.9 (275.5;285.3)  290.9 (284.5;294.3)
200.75 255.9 (234.5;263.3) 2729 (25555'280'3) p<0,001 p < 0,001,
(185.1;202,2) p<0,05 P 005 p,<0,05 p, < 0.05,p,<0,05,
Py p,>0,05 p,>0,05.
Notes:

p — the reliability of the differences in indicators compared to the control group;

p1— the reliability of the differences in indicators of groups B, C, D in comparison with group A;
p2 — the reliability of the differences in indicators of groups C, D in comparison with group B;
p3 — the reliability of the differences in the indicators of groups D in comparison with group C.

criteria, stenosis of the main artery of the 1st degree
was diagnosed when the vessel narrowed to 40% of the
diameter, 2nd degree - 40-59%, 3rd degree — 60-74%,
4th degree - 75-90%, 5th degree — more than 90%,
hemodynamically significant considered stenosis IV-V
degree.

The nature of atherosclerotic plaques was divided
into five types according to the Nicolaidese and Ger-
oulaka classification: | type: only echonegative (“soft”
homogeneous plaque); Il type: mostly echonegative
with more than 50% hypoechoic areas (heterogeneous
hypoechoic plaque); Type lll: mostly echo-positive with
more than 50% hyperechoic areas (heterogeneous hy-
perechoic plaque); IV type: only echo-positive (“dense”
homogeneous plaque); V type: pronounced calcinosis,
which gives an acoustic shadow.

The amount of Lp-PLA2 was determined using an
enzyme-linked immunosorbent assay (ELISA) kit (Dia-
zyme Laboratories Inc., Poway, California, USA). Plasma
was added to the microplate wells with anti-Lp-PLA2
monoclonal antibodies (2C10) and incubated for 10
min at room temperature. Then the second monoclonal
antibodies (4B4), labeled with horseradish peroxidase
enzyme, were added and incubated for 180 min. Wells
were washed and tetramethylbenzidine substrate was
added. After 20 min of incubation, absorbance at 450
nm was measured, which is directly proportional to the
concentration of Lp-PLA2 in the plasma. The concentra-
tion of Lp-PLA2 is expressed in units of ng/ml.

The study was approved by the Bioethics Commission
of Ivano-Frankivsk National Medical University (pro-
tocol No 21 dated 09.27.2022). Patients gave written
informed consent for the above diagnostic procedures
and participation in this research project.

STATISTICA 8 software was used for statistical pro-
cessing. The frequency of qualitative indicators was
presented in absolute (n) and relative (%) frequencies.

When analyzing quantitative data, the nature of the
distribution of indicator values was determined using
the Shapiro-Wilk’s test method. For quantitative data
with a normal distribution, the results were presented
in the form of «<M (o)» (where M is the average value,
and o is the mean square deviation), and for quan-
titative data with a non-normal distribution - in the
form of «Me (Q1; Q3)» ( where Me is the median, and
Q1, Q3 are quartiles). Quantitative indicators with
non-normal distribution of values in 2 independent
groups were compared by the Mann-Whitney meth-
od. Comparison of 2 independent groups according
to the qualitative indicator was carried out according
to Fisher’s exact test.

RESULTS

According to a duplex scan of the vessels of the head
and neck, all patients in the early recovery period
of atherothrombotic stroke had atherosclerotic
stenoses of varying degrees. The localization of the
atherosclerotic plaque corresponded to the side of the
affected cerebral hemisphere. The largest number of
patients had atherosclerotic layers, causing stenosis by
40-75%. There were 14 patients with hemodynamically
significant stenoses, 4 of whom had more than 90%
stenosis, all of whom were recommended carotid
endarterectomy.

An increase in the content of Lp-PLA2 in blood up
to 260 (220.4; 295.7) ng/ml (p<0.05) was found in all
examined patients with ERPAS compared to 200.75
(185.1; 202.2) in healthy individuals. Depending on
the severity of the degree of atherosclerotic stenosis,
an increase in the level of Lp-PLA2 was noted. The
highest values of Lp-PLA2 were recorded in the
group of patients with hemodynamically significant
atherosclerotic stenoses (Table 1).
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Table 2. The level of lipoprotein-associated phospholipase A2 in the blood of patients in the early recovery period of atherothrombotic stroke

depending on the type of atherosclerotic plaques

Types of atherosclerotic plaques

control group,

(n=30)
| I I v v
(n=18) (n=44) (n=34) (n=48) (n=16)
Lp-PLA2;
i 258.9
ng/m| 2759 267.9 (244.5:262.3)
Me (q.; q.) . (268.5;281..5) (268.5;272.3) o 200.75
"B 5022 (2807:203.3) 2839(2745285.5) 280.3) p<0,05 p<0,05 (185.1;202,2)
p<0,05 p.<0,05
p<0,001 p<0,05 p.<0,05 !
p.>0,05 1 p,<0,05
! p.<0,05 p,<0,05 2
50,05 ’50,05 P,<0,05
pz ! p_:, ’ p4<0’05
Notes:

p— the reliability of the differences in indicators compared to the control group;

p, - reliability of differences in indicators from II, Ill, IV, V in comparison with group I;

p, — the reliability of the differences in indicators of groups Ill, IV, V in comparison with group II;
p, — the reliability of the differences in indicators of groups IV, V in comparison with group III;
p, — the reliability of the differences in indicators of groups V in comparison with group IV.

All patients were taking antiplatelet agents, statins,
and hypoglycemic drugs (in the presence of diabetes)
for the purpose of secondary prevention of stroke. It
should be noted that statin therapy causes biochemical
remodeling of the atherosclerotic plaque with a predom-
inant effect on the lipid components than on the total
plaque size. Despite this fact, atherosclerotic plaques of
type | (echo-negative homogeneous plaques) and type
Il (echo-negative with hypoechoic inclusions more than
50%) were noted in 18 patients, which have a high degree
of embologenicity and, accordingly, can be the cause of
repeated atherothrombotic stroke.

Unstable atherosclerotic plaques, for the most part,
had a heterogeneous structure with hypoechoic
inclusions, an uneven surface, and existing layers.
Stable plaques were homogeneous, hyperechoic.
Concentration changes of Lp-PLA2 also depended on
the structure of the atherosclerotic plaque. The highest
levels of Lp-PLA2 were recorded in patients with |, Il
and Il types of atherosclerotic plaques. Accordingly,
in the group with stable, calcified atherosclerotic
plaques, the level of Lp-PLA2 was the lowest among
the subjects, however, it was higher than in the control
group (Table 2).

When analyzing the obtained data, it was established
that in patients with the same parameters of the level
of stenosis, but different morphological density of
atherosclerotic layers, significantly higher values of
Lp-PLA2 were recorded in patients with soft, unstable
atherosclerotic plaques (285.9 (265.5; 295.3)) compared
to stable (250.2 (245.9; 267.3)). That is, the increase in
the concentration of Lp-PLA2 depended more on the
structure of the atherosclerotic plaque than on its size.
Based on the results obtained by us, patients with a soft

1122

atherosclerotic plaque according to ultrasound data in
combination with anincrease in Lp-PLA2 indicatorsin the
blood belong to the group of high risk of recurrent stroke.

DISCUSSION

Atherosclerosis is a chronic inflammatory disease that
causes dysfunction of endothelial cells, influx of inflam-
matory leukocytes into the subendothelial space and
oxidation of LDL. As plaque inflammation develops,
it destabilizes and becomes prone to rupture. Plaque
rupture is responsible for acute manifestations of ath-
erosclerosis, including myocardial infarction, unstable
angina, stroke, and death. Identification of markers
of plaque destabilization at the preclinical stage is a
justified direction in the search for predictors of car-
diovascular catastrophes. Among all known systemic
markers of inflammation and endothelial dysfunction,
Lp-PLA2 has specificity for vascular inflammation, which
is why it is of interest. [1, 4, 7].

The results of our study, which indicate the diagnos-
tic significance of determining Lp-PLA2 in patients at
high risk of recurrent stroke, echoed the results of other
studies. The JUPITER study showed that patients with
high Lp-PLA2 activity (fourth quartile) had a more than
two-fold increased relative risk (HR 2.15, 95% Cl: 1.13-
4.08) of cardiovascular events compared to patients
with low activity (first quartile). The Bruneck study
showed that the population in the third tertile of Lp-
PLA2 activity had a higher relative risk of cardiovascular
events (HR 2.2, 95% Cl: 1.1-4.8) compared with those
in the first tertile [2, 11]. Similar results were obtained
in the LIPID trial that entailed subjects with history of
acute coronary syndrome in whom Lp-PLA2 activity was
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associated to a higher risk of cardiovascular mortality
(HR 1.32,95%Cl: 1.00-1.75) [12].

Lipoprotein-associated phospholipase A2 (Lp-
PLA2) is a promising marker of atherosclerotic
plaque destabilization, which plays a key role in the
metabolism of pro-inflammatory phospholipids and
in the generation of proatherogenic metabolites. Since
there is much evidence for the key role of inflammation
in atherothrombosis, and the main product Lp-PLA2
is a potent pro-inflammatory molecule, it may be not
only a predictor of cardiovascular disease risk, but also
a target for therapeutic intervention.

CONCLUSIONS
The level of Lp-PLA2 in patients in the ERPAS was
significantly higher compared to the control group.

Increased levels of Lp-PLA2 in stroke patients were
associated with an increased degree of atherosclerotic
stenosis and depended on the type of atherosclerotic
plaque, reflecting its instability.

Patients in the early recovery period of an ischemic
stroke with a soft atherosclerotic plaque according to
ultrasound data in combination with an increase in
Lp-PLA2 indicators in the blood belong to the group
of high risk of developing a repeated stroke.
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