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Dear colleagues,

We would like to bring to your attention the issue of the Russian
Journal of Cardiology, dedicated to lipid metabolism disorders,
atherosclerosis and related cardiovascular diseases. This is one of the
most actively developing areas of modern cardiology, as evidenced by
the presented publications.

In two detailed works by Alieva A.S. et al. and Ezhova M. V. et al.,
performed under the guidance of chief cardiologists of the Russian
Ministry of Health Shlyakhto E.V. and Boytsov S.A., experience of
successful functioning of lipid centers in Russia and prospects for
developing novel models optimizing the healthcare for patients with lipid
metabolism disorders at the population level are discussed, including
diagnosis and treatment of familial hypercholesterolemia.

The section Original Articles describes fundamental issues of athe-
rosclerosis, stable coronary artery disease (CAD), and heart failure
(HF). In the study by Zhatkina M. V. et al., prognostic value of various
biomarkers in non-invasive CAD diagnosis is being studied. Osyaev N. Yu.  Yury|. Grinshtein
et al. showed specifics of calcification and angiogenesis in atherosclerotic
plaques of extracranial arteries, which specifies their instability and risk
of stroke. The paper by Nadzhafov R.N. describes the relationship
between vascular age and atherosclerosis-related cardiovascular diseases.

Two works are devoted to relevant issues of antithrombotic therapy.
Komarov A. L. et al. presented the results of observational register of
long-term antithrombotic therapy REGATTA-1. The authors identified
predictors of upper gastrointestinal bleeding and optimized the bleeding
risk score in patients with CAD receiving long-term antiplatelet
therapy, which is important for clinical practice. In the article by
Goncharov M. D. et al., the molecular and metabolic characteristics of
changes in the platelet sensitivity to antiplatelet therapy in patients with
CAD are discussed.

Kazantsev A.N. et al. analyzed the outcomes of carotid endarte-
rectomy (CE) in the acute phase of ischemic stroke (IS), obtained
within a multicenter study.

We draw the readers’ attention to works devoted to HF. Using modeling, Drapkina O. M. et al. esti-
mated HF-related socio-economic impact n Russia. Soldatova A. M. et al. offer a comprehensive model
of personalized selection of patients with HF for cardiac resynchronization therapy. In the article by
Lyasnikova E. A. et al., modification of the algorithm for diagnosing heart failure with mid-range ejection
fraction and focusing on personalized echocardiographic data, taking into account obesity and indexing
threshold values of natriuretic peptides in patients with a body mass index >30 kg/m?, are discussed.
Osokina A. V. et al. discuss the role of fibrosis biomarkers (PICP, PIIINP, galectin-3) in subacute period of
myocardial infarction with preserved ejection fraction for predicting and detecting postinfarction diastolic
dysfunction.

In the section Clinical Findings and Pharmacotherapy, personalized approaches to trimetazidine
prescription in CAD and the role of physiotherapy in treating uncontrolled hypertension are discussed.
Attention is drawn to reviews devoted to C-reactive protein and decision-making system in lipid metabolism
disorders.

We are confident that these materials will be useful to a wide range of medical practitioners, scientists and
public health professionals.

Igor S. Yavelov

Yuri I. Grinstein, Doctor of Medical Science, Professor
Igor S. Yavelov, Doctor of Medical Science
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Implemented models and perspectives of managing lipid metabolism
disorders. Concept of rare lipid disease centers

Alieva A.S.!, Reutova O.V!, Pavlyuk E. .,

Duplyakov D. V.??,

Khripun A. V.2, Efimova I.P.,

Guryanova Yu.A®, Timoshchenko E.S.%, Nekrasov A.A.%, Namitokov A.M.>’, Zafiraki V.K.%",
Kosmacheva E.D.%®, Korneva V.A.2, Vezikova N.N.2, Skopets |.S.5, Zvartau N.E., Shlyakhto E.V!

Despite the advances in lipidology over the past decade, the
control of dyslipidemia at the population level in Russia, as
in a number of European countries, remains unsatisfactory.
The need for novel organizational approaches to solving the
problem at the regional and federal levels is obvious. This
publication provides an overview of the implemented projects
and the successful practical experience of lipid centers in
Russia, as well as the prospects for the development of novel
models that will optimize the care provision for patients with
lipid metabolism disorders at the population level.

Keywords: dyslipidemias, population-based strategy, lipid
centers.
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Dyslipidemia is one of the key modifiable risk
factors, delayed detection of which leads to an
increase in cardiovascular morbidity and mortality.
Despite the evidence of key role of lipid metabolism
disorders in the development of atherosclerotic
cardiovascular diseases (CVD) and the common
position of European and Russian guidelines on the
need to lower the low-density lipoprotein (LDL)
cholesterol levels, the study results demonstrate
insufficiently effective control of dyslipidemia at
the population level. Thus, the DA VINCI study,
which assessed the effectiveness of both primary
and secondary CVD prevention in more than 18
European countries, demonstrated a significant gap
between the current clinical guidelines (2019) and
actual clinical practice — on average, only 33%
of patients achieved target LDL values. Among
patients with very high cardiovascular risk (CVR)
while receiving lipid-lowering therapy, only 17%
and 22% of patients achieved LDL values of <1,4
mmol/L within primary and secondary prevention,
respectively [1].

There are following possible problems leading to
inadequate control of dyslipidemia: 1) inaccurate
stratification of CVR, mainly within primary pre-
vention; 2) no continuity in the management of
patients with lipid metabolism disorders; 3) low
adherence of patients to lipid-lowering therapy;
4) limited availability of apheresis and subsidized
pharmaceutical provision programs for the three
main lines of lipid-lowering drugs, especially within
primary prevention.

Patients with lipid metabolism disorders represent
an extremely heterogeneous group, for the manage-
ment of which competent risk stratification is required.
Over the past decades, serious advances have been
made in the treatment of patients with high and
very high CVR due to the introduction of high-tech
medical care and secondary prevention measures.
Nevertheless, according to Rose’s prevention paradox,
at the population level, most cardiovascular events
occur in patients with moderate and low risk. In this
regard, working with these cohorts of patients has
the greatest potential for reaching long-term targets.
All this emphasizes the need to improve the system
for managing lipid metabolism disorders with the
development of criteria for referral to lipid centers.

Management of care for patients with familial hy-
percholesterolemia

Within the primary prevention, the greatest
difficulty is the identification of patients with a
heterozygous familial hypercholesterolemia (FH).
Despite the progress achieved in genetic testing
in addition to novel treatment technologies, the
prevalence of detection and adequate management
of patients with FH remains low, especially given

the prevalence of heterozygous FH (1:200-1:250) in
the population [2]. The development of nationwide
clinical and genetic screening programs contributes
to early detection and adequate management
through assessment of cascade screening data, life-
style changes, and timely pharmacological inter-
vention. So, created in 1994 in the Netherlands, and
in 2009 in Italy, the National Screening Program for
FH have demonstrated effectiveness in CVR mana-
gement in this category of patients [3, 4].

Since 2015, the project of the European Athe-
rosclerosis Society (EAS) EAS FH Studies Colla-
boration has been successfully implementing, the
purpose of which was to identify and treat patients
with FH [5]. The Russian National Atherosclerosis
Society participates in this initiative, as a part of
which the register RENESSANS was maintained.
The maintenance of such a register made it possible
to draw attention to this problem and significantly
increase the proportion of patients with FH.
Currently, the EAS registry numbers >62 thousand
patients from 62 countries, among which 41 thousand
patients are persons with a definite or probable FH
according to clinical and/or genetic criteria. Up-to-
date information on the register is available on EAS
website: https://www.eas-society.org/.

One of the key issues concerning patients with
FH in Russia is the possibility of providing expensive
classes of lipid-lowering drugs and apheresis. It
should be noted that most of them receive therapy
as part of the primary cardiovascular prevention. In
this regard, the Almazov National Medical Research
Center, with the support of Russian Society of
Cardiology (RSC), initiated a register creation for
patients with suspected FH (Dutch Lipid Clinic
Network score 6 or more) [6], within which genetic
testing is provided. This register, covering a number
of Russian regions, is considered as a possible tool
for choosing patients for subsidized pharmaceutical
provision with lipid-lowering therapy, including
based on positive genetic testing results.

Practical aspects of managing care for patients
with lipid metabolism disorders. EAS and RSC pro-
ject — Lipid Clinics Network

EAS initiated the Lipid Clinics Network project,
the aim of which was to introduce common
European standards for the diagnosis and treatment
of lipid metabolism disorders, as well as to ensure
the continuity of managing these patients at the
local, regional and federal levels. In accordance with
this, a possible organization chart of lipid service has
been developed and a mechanism of bidirectional
interaction at the regional and local levels has been
worked out (Figure 1). Federal and regional centers
carry out clinical, research and educational functions
with a different competency.




BEST PRACTICES IN THE ORGANIZATION OF CARDIOLOGICAL CARE IN THE SUBJECTS OF THE RUSSIAN FEDERATION

IlenTp denepaabHOro ypoBHS

Lentp

ATtepockiieposa — > ATtepockiieposa
4— .
UTST B3POCIIBIX IUTST eTei
-~
TManmenTsr

U3 MOJIUKIIMHUK

IleHTp pernoHaILHOTO YPOBHS

Lentp
ATtepockiieposa
UTST B3POCIIBIX

! l

Ilenqnatpst

TepaneBTbl, KapAUOJIOTH,
SHIOKPUHOJIOTU

Figure 1. Organization chart of the lipid service.
Abbreviation: HTHC — high-tech healthcare.

There are following criteria for referral to regional
and federal lipid centers:

» severe hypercholesterolemia (total cholesterol
level >8,0 mmol/L and/or LDL >5,0 mmol/L, and/
or triglycerides >10 mmol/L), requiring determina-
tion of optimal patient management (indications for
high-dose and/or combination therapy with lipid-
lowering drugs, including monoclonal antibodies);

+ cardiovascular events/CVDs under the age of
50, including revascularization due to atherosclerosis
(timely, aggressive secondary prevention is required);

« difficulties in selecting lipid-lowering therapy
(intolerance, side effects, concomitant diseases).

At the same time, it is necessary to differentiate
the groups of patients needing consultation in lipid
centers to optimize diagnosis and treatment, and the
dynamic follow-up groups, which, due to the seve-
rity of disease course, require observation within
a specialized center. Such separation of patients will
provide the timely in-depth examination without an
unreasonable increase in the number of lipid cen-
ters.

To introduce European standards into actual
clinical practice, together with key European athero-
sclerosis experts, work is performed to develop an
algorithm to create a decision support system that
will be used for assessing the risk and determining
management tactics in accordance with the latest
guidelines on lipid metabolism disorders.
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It is necessary to conduct specialized training
events for therapists, cardiologists, endocrinologists
and dermatologists, as well as active telemedicine
consultations in difficult cases of lipid metabolism
disorders, including with the involvement of inter-
national experts. So, in February 2020, on the basis
of Almazov National Medical Research Center, the
first online consultation with professor A.L. Kata-
pano was held. Three participating regions brought
up difficult clinical cases for discussion, during which
a council of experts adjusted the management ta-
ctics for 6 patients with severe combined genetic dys-
lipidemias.

Currently, a mechanism of bidirectional interac-
tion the Almazov National Medical Research Center
with regional lipid centers in the Rostov and Samara
Oblasts, the Chuvash Republic and Nizhny Novgorod
has been worked out with provision of genetic testing
for patients with suspected severe hereditary lipid
metabolism disorders with increased LDL levels and
hypertriglyceridemia, hyperlipoproteinemia (a).

Successful experience of regional lipid centers

Republic of Karelia

In order to identify patients with severe dys-
lipidemia and the selection of personalized lipid-
lowering therapy in the Republic of Karelia, a Lipid
Center was created on the basis of Laboratory of
Clinical Epidemiology of Petrozavodsk State Uni-
versity Medical Institute.
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There are following tasks of the lipid center:

* Provision of qualified consultative, diagnostic,
therapeutic and prophylactic care for outpatients
with severe lipid metabolism disorders and/or early
aggressive atherosclerosis, and/or intolerance to
lipid-lowering drugs;

» Standardization of treatment and diagnostic ap-
proaches in the management of cardiovascular pa-
tients with atherosclerosis and patients with high and
very high risk of their development, including the
introduction of novel methods of examination and
treatment into practice;

* Conducting research and educational events
dedicated to diagnostics, effective methods of pri-
mary and secondary prevention and invasive treat-
ment of dyslipidemia;

* Development of guidelines on creating educa-
tion programs for patients with dyslipidemia and their
relatives;

* Determination of indications for high-tech treat-
ment methods (proprotein convertase subtilisin/kexin
type 9 (PCSKD9) inhibitors), follow-up of patients re-
ceiving this therapy;

+ Selection of patients with severe dyslipidemia
for referral to specialized federal lipid centers for
consulting on treatment and rehabilitation.

The following indications for referring patients to
a consultation in Lipid Center have been determined:

» Severe dyslipidemia before starting lipid-lowe-
ring therapy (total cholesterol >7,8 mmol, LDL >4,9
mmol/L) after ruling out secondary causes of hyper-
lipidemia;

+ Severe hypertriglyceridemia (>10 mmol/L), re-
sistant to therapy;

» Tendons xanthomatosis at any age, arcus seni-
lis in persons under 45;

» Early onset of coronary artery disease (CAD)
or stroke (up to 40 years);

+ Patients resistant to statin therapy, with statin
intolerance, and those who did not achieve the target
lipid profile levels with standard lipid-lowering therapy.

Funding of subsidized pharmaceutical provision
for patients in need of PCSK9 inhibitor therapy is
carried out within the departmental special-purpose
program approved by the order of the Ministry of
Health of the Republic of Karelia dated December
24, 2015 Ne 2504 “Prevention of disability of the
population of the Republic of Karelia”. The program
is reviewed annually — new subprograms are added
and the drug list of is updated.

Through the subprograms “Cardiac rehabili-
tation” and “Individual measures aimed at provi-
ding people with drugs for life threatening chronic
diseases (conditions)”, PCSK9 inhibitors are
purchased for patients with FH and aggressive
atherosclerosis.

During the Lipid Center’s work, a register of FH
patients was created (n=277; mean age, 48 years).
The prevalence of FH in Karelia was determined
(1:300). Patients are genotyped and new mutations
determine the FH development have been identified.
In addition, selection and management of patients
receiving PSCK9 inhibitor therapy is underway.
Currently, 31 patients (men, 61%; age, 39-74) receive
treatment with drugs of this group: 15 people —
alirocumab, 16 people — evolocumab. A protocol
for patient management using PCSK9 inhibitors was
developed; reminders for primary care physicians
and for patients receiving these drugs were created.

Krasnodar Krai

In the Krasnodar Krai, two lipid offices have
been created — on the basis of Research Institute
(RI) of Regional Clinical Hospital (RCH) Ne 1 and
RCH Ne 2, supporting with the Therapy Department
No 1 of the Kuban State Medical University.

The lipid office on the basis of RI-RCH Ne 1
began to work in March 2017, where patients with
suspected FH, as well as patients with very high CVR,
are referred for consultative and diagnostic assistance.

In 2019, an office for patients with lipid metabo-
lism disorders began working on the basis of RCH
Ne 2. The office functions as a subdivision of
outpatient cardiology department of the ambulatory
clinic for specialized course outpatient treatment of
RCH Ne 2. Organized in 1989 as an experimental
project, for more than 30 years, this polyclinic
provides high-quality outpatient care for patients in
the Krasnodar city and Krasnodar Krai, working in
conjunction with a diagnostic center. Its peculiarity
is the possibility of conducting not only one-time
consultations, but also performing diagnostic and
therapeutic interventions within repeated visits of
patients, during which a diagnostic search and se-
lection/adjustment of therapy is carried out.

Since both hospitals are the main medical
institutions of the Krasnodar Krai, patients in lipid
offices receive comprehensive laboratory exami-
nation and vascular screening — from non-invasive
techniques (ultrasound, exercise stress tests) to
computed tomography angiography and coronary
angiography. If necessary, hospitalization in specia-
lized departments for surgery is possible. The orga-
nization of lipid rooms based on hospitals with a
powerful diagnostic potential and the availability of
X-ray endovascular diagnostics is the best solution.

Indications for referral to lipid office are:

» Total cholesterol >8 mmol/L;

* LDL cholesterol >4,9 mmol/L;

» Lipoprotein (a) >30 mg/dL;

 Triglycerides >10 mmol/L;

* Failure to achieve target LDL-C levels using
highest tolerated doses of statins;
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+ Combination of atherosclerotic CVD with dia-
betes, as well as the rapid progression of athero-
sclerosis, despite therapy with highest tolerated
doses of lipid-lowering drugs.

Participation in the all-Russian register allows to
create a database of patients with FH, which makes
it easier to enroll patients in regional and federal
programs of subsidized pharmaceutical provision
(PCSKO9 inhibitors). Another function of these offi-
ces is to select patients with severe hypercholestero-
lemia to participate in international clinical trials
with promising lipid-lowering molecules. Specialists
of lipid offices are also employees of the Therapy
Department of the Kuban State Medical University
and carry out educational activities among residents
and cardiologists of the Krasnodar Krai.

Nizhny Novgorod Oblast

Taking into account the great urgency of cardio-
vascular morbidity, in March 2019, a regional lipid
center was created on the basis of Nizhny Novgorod
City Clinical Hospital Ne 5, according to the order of
the Ministry of Health of Nizhny Novgorod Oblast
Ne 315-131/19P/od dated March 1, 2019.

There are following indications for referral to the
lipid center: hyperlipidemia (total cholesterol >7,5
mmol/L, or LDL >4,9 mmol/L, or triglycerides >10
mmol/L), requiring a high-dose and/or combination
therapy with lipid-lowering drugs; early CVDs,
including revascularization (<55 years of age), requiring
aggressive secondary prevention; suspected intolerance
to lipid-lowering therapy due to side effects or its
insufficient effectiveness; patients of difficult clinical
situations to consider a lipid-lowering therapy.

Patients are referred to the lipid center with above
indications from outpatient clinics: from primary pre-
vention offices, from general practitioners, cardiolo-
gists, endocrinologists. Also, the patients are referred
to the lipid center by internal selection (counseling
service of city cardiology dispensary specialists, as
well as among patients discharged from the primary
vascular centers and cardiology departments of Nizhny
Novgorod CCH Ne 5, who, if indicated, are referred by
hospital-based physician) and self-referral. Today, the
referral ways to the lipid center are now distributed as
follows: internal selection — 78,1%, external referral —
15,1%, self-referral — 6,8%.

Due to the small proportion of patients referred
by external medical centers, one of the priority
areas of the lipid center today is the widespread
dissemination of information on its functioning and
specifics of referring patients with lipid metabolism
disorders. During 2020, 372 patients were consulted
(small number of consultations are associated with
the COVID-19 pandemic and related restrictions).
More than 40 patients with FH and 1 patient with
severe familial hypertriglyceridemia are followed up.

Currently, 73 patients with LDL >4,9 mmol/L are
regularly followed up in the regional lipid center, of
which 38 (52,1%) receive PCSK9 inhibitor therapy.
The main funding sources to receive PCSK9 inhi-
bitors are compulsory medical insurance funds (re-
source of diagnostic related groups) (n=20; 52,6%)
and federal benefits (n=18; 47,4%).

All patients have prior CVD, including CAD
(86,3%) and/or peripheral arterial atherosclerotic
diseases (45,2%). In more than half of the patients,
CAD developed at a young age (women, <60; men,
55). Most patients had prior recurrent cardiovascular
events and a history of revascularization. As a result, all
followed up patients have very high or extremely high
CVR (63,1% and 36,9%, respectively). At the same
time, in the subgroup of patients receiving PCSK9
inhibitors, the proportion of individuals with extremely
high is naturally higher and amounts to 55,3%.

A significant proportion of patients in the lipid
center have a hereditary predisposition to lipid meta-
bolism disorders. Sixteen (21,9%) patients had rela-
tives with a certain FH. More than one third of pa-
tients (35,6%) had a family history of CVD. Accor-
ding to the Dutch Lipid Clinic Network (DLCN),
the FH was established in 26 (35,6%) patients, pro-
bable — 15 (20,5%), possible — 14 (19,1%) patients.
As a result, 55 patients out of 73 (75,3%), with va-
rying degrees of probability, could have FH. The li-
mited genetic testing potential makes it difficult to
make an accurate diagnosis and makes it difficult
to predict treatment strategy. Treatment of patients
with PCSK9 inhibitors showed high efficiency in
achieving target LDL levels (although it was used in
the most severe patients, among whom more than
half had extremely high CVR). During treatment,
the LDL decreased to <1,0 mmol/I in 23 (60,5%)
patients, <1,4 mmol/l in 27 (71,1%), <1,8 mmol/l in
33 (86,8%).

Perspectives

The creation of a network of lipid centers will make
it possible to effectively implement the strategy for
managing lipid metabolism disorders both in high-risk
groups and at the population level. The introduction
of uniform standards for managing dyslipidemia will
ensure a high-quality care for each patient, and the
network structure will ensure the availability of con-
sultations by leading specialists in difficult cases. The
ideology of this project implies a further expansion
of the structure and its openness; all data on joining
the project is available on the RSC website (available
at: https://scardio.ru/proekty/sovmestnye_proekty s
amdzhen/proekt evropeyskogo obschestva po
aterosklerozu__lipid_clinics network/).

Relationships and Activities: none.
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In 2016, “Methodical recommendations on
the organization of medical care for patients with
hereditary atherogenic disorders of lipid metabolism
in the subjects of the Russian Federation” were
published, which described the principles of routing
and managing patients with hereditary dyslipidemia,
the qualification requirements of a physician,
payment methods within the current regulatory
documents [1]. Overthe past 5 years, certain successes
have been achieved in the treatment of patients
with dyslipidemia. In December 2018, the Russian
Ministry of Health approved clinical guidelines on
familial hypercholesterolemia (FH) [2]: persons
with severe hereditary dyslipidemia can be included
in the drug benefit program receiving expensive
lipid-lowering drugs and apheresis. Following
the European ones [3], the Russian guidelines on
management of lipid metabolism disorders [4] were
updated, and with them new, lower, target levels
of low density lipoprotein cholesterol (LDL-C)
were adopted. In the Russian population, there is a
high prevalence of hypercholesterolemia, including
familial monogenic and polygenic types [5-7].
Therefore, timely detection, correct routing to a lipid
center or an office to cardiologist or lipidologist,
adequate prescription of lipid-lowering therapy will
significantly contribute not only to the secondary,
but also to the primary prevention of atherosclerotic
cardiovascular events (CVE).

Lipid centers and a program for lipid metabolism
disorders’ treatment through specialized structures,
including lipid centers, is an extremely important part
of a high-risk prevention strategy implementation.
As part of the adult outpatient screening in Russia in
accordance with the orders of the Russian Ministry
of Health Ne 124n dated March 3, 2019 and Ne
173n dated March 29, 2019, persons with a total
cholesterol (TC) >8 mmol/l should be followed up,
while hereditary dyslipidemia should be excluded
or confirmed and the target LDL-C level should be
achieved [2, 8, 9]. Thus, now there are new tasks for
lipid centers — not only the identification of persons
with lipid metabolism disorders, including with
hetero- and homozygous FH, and initiation and
maintenance of statin therapy, but also their high-
dose use, the introduction of novel lipid-lowering
medication classes, including in combination with
statins, as well as lipoprotein apheresis, allowing to
achieve target LDL-C levels in most patients.

Creation of a lipid clinic network

The European Atherosclerosis Society Familial
Hypercholesterolaemia Studies Collaboration (EAS-
FHSC) initiative can be used as a platform for
developing a network of lipid centers in Europe,
including the Russian Federation. The FHSC is
a pan-European database with over 62500 FH

patients from various clinical centers, including
8500 children. The initiative involved 68 countries,
including the Russian Federation [10]. Joint work is
underway with decision-making structures such as
the World Heart Federation and the World Health
Organization. In Europe, much attention is paid to
hypercholesterolemia, including its family forms.
EAS-FHSC believes that the global burden of FH
can be reduced by creating effective interaction
between countries on all continents. It is necessary
to create an international standardized register of
patients with FH and a unified digital platform
for data exchange, harmonization and analysis. All
interested researchers should be able to access this
data. Politicians should keep abreast of what is
happening and support research. The FHSC plans
to provide insights and recommendations to patients
and patient organizations. After conducting training
programs, it is planned to evaluate their effectiveness
and create conditions for the exchange of advanced
developments with each other.

Lipid clinic network creates a platform for
developing unified European standards on dyslipi-
demia. Data from various sources are analyzed
and remote virtual consultations are carried out.
Each participating center has access to the EAS-
FHSC network, which makes it possible to discuss
the results and analyze clinical cases. Individual
consultations are possible.

Organization of lipid centers in Russia

The development of a network of lipid centers
in Russia is extremely relevant due to high car-
diovascular mortality and insufficient effectiveness
of lipid-lowering therapy, especially in refractory
dyslipidemias. Severe lipid metabolism disorders are
often diagnosed at late stages. In fact, there are no
system for their preventive detection and counseling
service for statin intolerance. The regularity and
effectiveness of statin therapy is poor. According
to the RECORD-3 register study in 2015, before
hospitalization for acute coronary syndrome, only
19% of patients took statins, and 34% — after
rehospitalization [11]. These are extremely low
values, although they have slightly improved in
comparison with previous RECORD registers [12,
13]. Only the rate of in-hospital statin therapy was at
high level — 89,6% [11].

The second major problem is the failure of
Russian patients with very high cardiovascular risk
(CVR) to achieve target LDL-C levels. According
to the DYSIS study, this parameter is only 12% [14].

According to the ESSE-RF study, a pronounced
increase in LDL-C level >4,9 mmol/l is present in
7,7% of Russian adult population [6]. At the same
time, with the same LDL-C level, the presence
of FH-related mutations increases the CVE risk
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several times [15]. Monogenic hypercholesterolemia
can also differ in CVRSo, carriers of low density
lipoprotein receptor (LDLR) gene mutations have
the highest CVR, while carriers of apolipoprotein
B-100 (ApoB) gene mutations — an intermediate,
compared with the general population [16].

In Russia, the prevalence of heterozygous FH
is 1:173 (95% confidence interval: 1:208-1:145)
[2]. When recalculated, it turns out that in Russia
there are more than 840 thousand patients with
FH, not counting patients with other hereditary
atherogenic dyslipidemias. In order to cover this
entire contingent, a system for the identification and
routing of patients with FH and other atherogenic
dyslipidemias is needed, in which the participation of
healthcare facilities at all levels is expected, with the
obligatory involvement of both medical institutions
conducting outpatients screening or providing
cardiac care, and specialized lipid centers.

On December 11, 2014, the expert council on
FH developed proposals on creating a lipid center
network within the all-Russian project, to determine
their structure and function, and on September
21, 2015, the expert council of Russian National
Atherosclerosis Society approved the creation of
lipid centers. Then, a working group and pilot
regions have been identified, and the organization
of interaction with authorities has begun. In
2016, guidelines were published on health care
organization for patients with hereditary atherogenic
lipid metabolism disorders in Russian regions, as well
as for persons with severe lipid metabolism disorders
without a confirmed hereditary disorder and for
those with statin intolerance [1]. Over the past years,
a lot of work has been done and significant changes
have occurred, but many points of these guidelines
are still relevant now. At the same time, after 5 years,
the procedural framework of lipid centers’ operation
should be updated.

To date, ~20 lipid centers have been organized
and operate, which is extremely small, taking into
account the current statistics on lipid metabolism
dispensers in Russia.

Role of the Russian register

The tasks of lipid centers include the analysis and
adjustment of routine prescription of lipid-lowering
therapy, especially in high and very high-risk
groups, maintaining local registers of patients with
severe lipid metabolism disorders, evaluating the
effectiveness of lipid-lowering therapy optimization,
cascade screening, entering data into the all-Russian
register (RENESSANS).

The RENESSANS register was initiated to obtain
consolidated information on the clinical characte-
ristics, approaches to diagnosis and treatment of pa-
tients with severe lipid metabolism disorders, many

of whom have a high or very high risk of CVE. Its
purpose is to take into account and correctly manage
patients not only with FH, but also with refractoriness
to lipid-lowering therapy, including its intolerance.
This project has a multicenter observational non-
interventional design. Data is collected continuously:
medical centers included in the register constantly
enter information on patients into an original
electronic system, where the data is converted into
a depersonalized table. Centralized data upload
and analysis is performed twice a year. First- and
second-degree relatives are included in the cascade
screening for FH.

The majority of patients are women (60%). The
mean age is 54 years (mean age at diagnosis, 45
years). To date, there are more than 1700 people in
the register, 10 of whom suffer from homozygous FH.
More than 600 patients are classified as very high
CVR. Most (>1100) patients with FH receive statin
agents. Proprotein convertase subtilisin/kexin type
9 inhibitors (PCSKJ9i) are taken by only 50 people
so far [17]. Unfavorable outcomes are associated
with male sex (relative risk increases by 2 times),
coronary artery disease (7 times), a burdened history
(2 times), hypertension (3 times), lipoprotein(a) level
(3 times). According to the register data, the target
LDL-C level can be achieved in 2% of patients using
treatment, which is 10 times more than at 1 visit to
the lipid center [17].

Difficulties and problems of lipid centers operation
in 2016-2020

Lipid centers (offices) can be created as structural
or functional units based on medical facilities of
various profiles. A lipid center can be either a separate
structural unit with its own position and staff, or
a functional specialized medical appointment of
a cardiologist or a general physician who studied
a program in lipidology (36 hours) within the
continuing medical education. It is the last option
that seems to be optimal, since it does not require
additional approvals with the Federal Compulsory
Medical Insurance Fund, and all consultative and
therapeutic activities provided by a lipidologist are
carried out within agreed outpatient tariff rates.

An example of the effective work of lipid center
as a functional unit is a specialized medical appoint-
ment of a cardiologist-lipidologist, deployed in
September 2016 based on cardiology outpatient
clinic of the L.S. Barbarash Kemerovo Regional
Clinical Cardiology Dispensary. Initially, researchers
from the Research Institute for Complex Issues
of Cardiovascular Diseases worked as lipidologists
of this center, which made it possible to quickly
and efficiently translate advanced evidence-based
approaches to prescribing lipid-lowering therapy in
high and very high-risk patients into actual clinical
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practice. Currently, the regional register of patients
with identified severe lipid metabolism disorders
numbers >190 patients. For 2021, the territorial
compulsory health insurance fund in Kuzbass agreed
to receive 12-month treatment it PCSK9 inhibitors
for 10 patients followed up in a lipid center.

Lipid centers should also provide organizational
and methodological assistance to practical health-
care, help patients in obtaining regional and federal
benefits when prescribing expensive therapy. With
the participation of lipid centers, combination and
expensive lipid-lowering therapy should become
more accessible. The issue of the availability of free
molecular genetic diagnostics in hereditary lipid
metabolism disorders has also ripened, possibly
within the compulsory health insurance system.

The study of lipid centers profile in Russia
showed that most of them are regional or municipal.
The main source of funding for them is the com-
pulsory health insurance system, which ideally
should provide, if necessary, expensive drugs, such
as PCSKO inhibitors.

Difficulties were found in the follow-up of pa-
tients: conducting vascular investigations and con-
sultations of doctors of other specialties, insuffi-
cient awareness of doctors and patients, low adhe-
rence of patients to follow-up visits to lipid center,
limitation of providing effective but expensive
drugs. Additional legal and research support are
needed, as well as new guidelines.

The 2020 clinical guidelines on chronic coronary
syndromes [18], as well as non-ST [19] and ST [20]
segment elevation acute coronary syndrome, state
that if the target LDL-C level cannot be achieved
with highest tolerated dose of statins in combination
with ezetimibe, or in patients with intolerance to
HMG-CoA reductase inhibitors, it is recommended
to prescribe one of the PCSKD9 inhibitors to prevent
CVEs [2-4, 18-20]. If during therapy with HMG-
CoA reductase inhibitors at maximum tolerated
doses, the LDL-C level remains significantly
increased (>2,5 mmol/L), adding PCSK9 inhibitors
without prior ezetimibe use should be considered
[19, 20]. The principles of using all three classes of
lipid-lowering drugs are harmonized with European
guidelines.

The central contingent of lipid center is high and
very high-risk patients, including patients requiring
additional therapy to control LDL-C. These include
patients with atherosclerotic diseases in combination
with diabetes, FH, with multiple vascular invol-
vement, rapid progression of atherosclerosis (2
or more vascular events within 2 years) and who
have not reached the target LDL C values. One
of the options for adjusting CVR is combination
lipid-lowering therapy, including PCSK9 inhibitors

[2-4], which reduce the CVE risk and improve the
prognosis of patients [21]. Adherence to therapy is
increased by confirming the hereditary nature of
lipid metabolism disorders using genetic tests.

The lipid center determines the indications for
high-tech treatment methods, including PCSK9
inhibitors, and, which is very important, manage the
follow-up of these patients. A special protocol has
been developed taking into account the monitoring
of effectiveness and safety of treatment. Check lists
for primary care physicians and patients have also
been developed.

Children are the most important cohort for the
primary prevention of lipid metabolism disorders. An
increase in LDL-C is manifested from the very birth,
but in Russia there is no system for its detection.
The difficulty lies in the fact that most children
(with the exception of children with homozygous
FH) do not have such clinical manifestations of
hypercholesterolemia as xanthomas, xanthelasmas,
and arcus senilis. In addition, the study of choleste-
rol profile is not included in the list of investiga-
tions within screening follow-up of children.
Another obstacle to correcting the lipid profile in
children is resistance from pediatricians and parents.
Most physicians prefer delaying the initiation of
lipid-lowering therapy until the age of 18. This
problem can be partially solved by lipid centers.
It is necessary to introduce universal screening in
children aged 7 to 11 years, or to carry out selective
screening. Adults should refer children and grand-
children to lipid center or medical facilities with lipid
office. Physicians and adult cardiologists should
refer children and grandchildren of index patients
to pediatric outpatient clinics and pediatric lipid
centers. Universal screening is the examination of
all children in population. In European countries, it
is carried out in Slovenia in newborns and children
aged 5 years and is confirmed in almost half of
the cases by DNA testing [22]. To detect high
cholesterol levels, the German Society of Pediatrics
and Adolescent Medicine recommends testing for
all children aged 5 years [23]. In the United States,
universal screening of children is carried out at
the age of 9-11 years, because selective screening,
which conducted previously, was insufficiently
effective [24]. Thus, the optimal age for screening is
considered to be 9-11 years, since hormonal changes
during puberty in children can reduce the LDL-C
level. Currently, the introduction of universal
screening in Russia is being discussed. Children with
suspected heterozygous FH can be screened from
the age of 5 [25]. In case of suspected homozygous
FH, screening is carried out as early as possible [26],
for example, during immunization at the age of 1-2
years.
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New day-patient treatment options

An important milestone in providing health
care to patients with high and very high CVR with
hyperlipidemia is the possibility of day-patient
treatment for lipoprotein apheresis (from 2018) or
therapy with PCSK9 inhibitors (from 2021).

In November 2017, the Russian Ministry
of Health and the Federal Compulsory Medical
Insurance Fund for the first time included the
diagnosis-related group “Treatment of hereditary
atherogenic lipid metabolism disorders using aphe-
resis in patients with ineffectiveness of basic therapy”
in the Methodological Guidelines on methods of
paying for medical care at the expense of compulsory
medical insurance within day-patient cardiology
treatment.

In 2019-2020, this diagnosis-related group was
included in the tariff agreements of at least 28 Rus-
sian regions (Altai, Krasnodar, Krasnoyarsk, Arkhan-
gelsk, Voronezh, Volgograd, Vologda, Ivanovo, Irkutsk,
Kemerovo, Omsk, Penza, Rostov, Samara, Saratov,
Sverdlovsk, Tver, Tomsk, Tula, Primorsky Krai, Jewish
Autonomous Oblast, the republics of Kalmykia,
Crimea, Mari El, Mordovia, the Kabardino-Balka-
rian Republic, the cities of St. Petersburg and Seva-
stopol). At the same time, treatment was organized only
in St. Petersburg (once every 2 weeks) and Samara
(once a month).

There is a precedent when a patient from Moscow
has been traveling to St. Petersburg twice a month
for more than one and a half years for lipoprotein
apheresis. Payment is made in accordance with the
Federal Compulsory Medical Insurance Fund Order
dated May 8, 2009 Ne 97. That is, there is possibility
of treating patients from other nearby regions.

According to payment methods for health care at
the expense of compulsory medical insurance funds
for 2021, the current diagnosis-related group ds36.004
“Treatment with the use of biopharmaceuticals
and selective immunosuppressive agents” included
diagnoses of pure hypercholesterolemia (E78.0)
and mixed hyperlipidemia (E78.2). Hospitals with
following profiles can treat patients with these
methods: therapy, cardiology, cardiac surgery, or
endocrinology. An important advantage of this
diagnosis-related group is the patient’s stay in the
hospital for only 1 day (actually, several hours),
which is sufficient for subcutaneous administration
of PCSK9 inhibitor. The cost of a completed case
in most regions and Federal medical facilities
is sufficient to cover medicines and other costs
of institutions. The conditions for paying for
hospitalizations for this diagnosis-related group
are the presence of drug in Essential Medicines
List and the corresponding indication according to
product instruction and clinical guidelines. These

conditions are met in 2021, since PCSK9 inhibitors
are included in Essential Medicines List and in the
Clinical guidelines on “Diagnostics and correction
of lipid metabolism disorders in order to prevent
and treat of atherosclerosis, VII revision” [4] and
“Familial hypercholesterolemia” [2].

New opportunities for Federal healthcare organi-
zations appear in 2021 in connection with the order
of Russian Ministry of Health dated December 23,
2020 Ne 1363n.

Improving patient routing

The main challenges today are late diagnosis of
lipid metabolism disorders (in case of FH, this is of
decisive importance and can shorten a full-quality
life to 20 years), inadequate lipid-lowering therapy
(patient inaction, prescribing inadequately low statin
doses, insufficient combination therapy use), and as
a consequence — failure to achieve target LDL-C
values and an increase in CVE risk. It is necessary
to oblige all laboratories to send a patient to lipid
centers or offices if total cholesterol >8,0 mmol/L is
detected. The importance of cholesterol monitoring
must be equated with blood glucose monitoring.

Criteria for referring a patient to a lipid center/
office:

To rule out/confirm hereditary dyslipidemia, at
least one criterion must be met:

1. Serum (plasma) total cholesterol >10 mmol/L
and/or serum (plasma) LDL-C >8,5 mmol/L and/
or serum (plasma) triglycerides >11 mmol/L.

2. Serum (plasma) total cholesterol >8,0 mmol/L
and/or serum (plasma) LDL-C >5,0 mmol/L and/
or triglyceride level >5,0 mmol/L and/or lipoprotein
(a) level >50 mg/dl in combination with a positive
family history of early (up to 55 years in men, up to
60 years in women) atherosclerotic cardiovascular
disease.

3. Ineffectiveness (lowering LDL-C by Iess
than 30%) of drug lipid-lowering therapy in highest
tolerated doses for at least 3 months, including due
to intolerance.

4. Prior early (up to 40 years) atherosclerotic car-
diovascular disease.

5. All first-degree relatives (parents, children,
siblings) of a patient with hereditary dyslipidemia.

Conclusion

There are following necessary steps to solve
the problem of early detection and treatment of
patients with hereditary dyslipidemias: creation of
system for routing patients with severe dyslipidemia,
where all levels of healthcare should be involved,
with the obligatory involvement of both facilities
conducting screening or providing cardiac care and
specialized lipid centers; introduction of molecular
genetic testing in persons with severe lipid profile
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disorders into the healthcare system; creation of a
cascade screening system; handling a problem of
supply with a modern effective drugs; introduction
of lipoprotein apheresis methods for treating patients
with insufficient effectiveness of drug therapy;
increase of patient medical adherence.

Each Russian region, based on its material-

and-technical, staffing capabilities, the prevailing

10.
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Molecular and metabolic characteristics of changes in the platelet sensitivity
to antiplatelet therapy in patients with coronary artery disease before
and after coronary artery bypass grafting

Goncharov M. D2, Grinshtein Y.1.2, Savchenko A. A.2%, Kosinova A.A.2

Aim. To study the production of reactive oxygen species
(ROS) by platelets in patients with coronary artery disease
(CAD) before and after coronary artery bypass grafting
(CABG), depending on their sensitivity to acetylsalicylic acid
(ASA) as a part of ASA monotherapy and dual antiplatelet
therapy (DAPT) (ASA+clopidogrel).

Material and methods. The study included 104 patients
with CAD (ASA monotherapy, 64 patients; DAPT, 40 patients).
From day 1 after CABG, they took 100 mg a day of enteric-
coated ASA. In the DAPT group, clopidogrel was prescribed
for 2-3 days after CABG. All measurements were performed
before surgery, on the 1% day and days 8-10 after surgery.
Control group consisted of 36 healthy donors. Resistance to
ASA was determined at a level of optical platelet aggregation
with arachidonic acid >20% at least at one observation point.
The spontaneous and ADP-induced chemiluminescence (CL)
of platelets with luminol and lucigenin was assessed according
to the following parameters: time to maximum intensity (Tmax),
maximum intensity (Imax), area (S) under the CL curve, and the
ratio of ADP-induced CL S to spontaneous CL S.

Results. Throughout the study, 71 patients with CAD were
sensitive to ASA (sASA) (ASA monotherapy, 46 patients;
DAPT, 25 patients), three patients — resistant (rASA) (ASA
monotherapy, 1; DAPT, 2). Sensitivity of other 30 patients (ASA
monotherapy, 17; DAPT, 13) changed in different follow-up
periods. Compared to the control group, SASA patients
had increased values of platelet CL parameters throughout
the study, while in the rASA group (ASA monotherapy),
Tmax was higher before CABG, and in the rASA group (ASA
therapy+clopidogrel), Imax and S were higher on the first day
after CABG, while Imax — on days 8-10 after CABG. Compared
to sASA, the values of S and Imax before CABG, Imax after
CABG, as well as Imax and S on the days 8-10 after CABG in
rASA (ASA monotherapy) were significantly lower, while in rASA
(ASA therapy+clopidogrel), only the Tmax values were lower on
the 8-10 days after CABG.

Conclusion. In patients with CAD, depending on the
sensitivity to ASA and antiplatelet therapy after CABG, the

metabolic activity of platelets in terms of ROS production
differs. In sASA patients, ROS synthesis is higher than in
healthy individuals, while, in rASA patients (ASA mono-
therapy), platelets produce ROS levels lower than in sASA.
CABG surgery and the addition of clopidogrel to ASA
therapy leads to increased ROS production in rASA patients
in the postoperative period.

Keywords: coronary artery disease, clopidogrel, acetylsali-
cylic acid, resistance, reactive oxygen species, platelet.
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Cardiovascular disease is a leader among all
causes of death, affecting the population decline,
including working-age persons, which is a socially
significant problem that requires close attention and
search for solutions.

In severe hemodynamically significant coronary
involvement, one of the options for restoring blood
flow is coronary artery bypass grafting (CABG).
After CABG, patients are prescribed antiplatelet
therapy with acetylsalicylic acid (ASA) or clopidogrel
to maintain patency of venous and arterial shunts.
Despite the effectiveness of such antiplatelet treatment,
in some patients there is a reduced sensitivity to
both ASA and clopidogrel, which increases the risk
of shunt thrombosis. Among the many reasons for
platelet resistance to ASA, one of the main ones is the
insufficient suppression of cyclooxygenase-1 (COX-
1), which is involved in thromboxane A2 synthesis,
which causes platelet aggregation. Resistance
to clopidogrel is due to genetic polymorphisms of
adenosine diphosphate (ADP) receptors and enzymes
involved in medication metabolism, low adherence to
therapy, and insufficient absorption.

Ultimately, the sensitivity of platelets is specified
by their functional activity and activity of metabolic
processes providing energy and plastic substrates
during the life of these cells. With the harmonious
work of all internal mechanisms, the receptors
on platelet membrane are assembled, the active
substances are synthesized and packed into granules,
as well as the platelets are provided with energy
resources. Here, an important role is played by
reactive oxygen species (ROS), which can participate
as signaling molecules, as well as activate platelets
and their receptors [1]. ROS synthesis is associated
with function of plasma membrane NADPH oxidase,
myeloperoxidase, superoxide dismutase, and the
inner mitochondrial membrane electron transport
chain. In addition, the production of superoxide
anion radical and hydroxyl radical is possible through
receptor-mediated signaling pathways, as well as
in the metabolism of arachidonic acid with the
participation of COX-1 inside platelets, especially
with collagen stimulation [2]. The resulting primary
and secondary ROS can initiate further cascade
of synthesis of other ROS. Since the ASA point
of application is COX-1, it is likely that platelet
susceptibility to it depends on the metabolism of
arachidonic acid, which can be judged, in particular,
by the production of ROS using chemiluminescence
(CL) assay. To detect primary ROS, Ilucigenin,
which does not penetrate into the cell, can be used,
while for secondary ROS — luminol (passes through
the cell membrane).

In the literature, there are studies revealing the
variability in platelet sensitivity due to various reasons

(cardiopulmonary bypass, renal dysfunction, selective
non-steroidal anti-inflammatory drug therapy in
the postoperative period, reduced bioavailability of
enteric-coated ASA, inflammatory response) [3, 4].

Therefore, it seems interesting and extremely
important to study the effect of CABG surgery
on platelet sensitivity to ASA from the standpoint
of their metabolic activity in relation to ROS
production. At the same time, it is also necessary
to assess the platelet production of ROS in patients
resistant and sensitive to ASA, both with ASA
monotherapy and with ASA-+clopidogrel therapy
after CABG.

Thus, the aim was to study the production of
ROS by platelets in patients with coronary artery
disease (CAD) before and after CABG, depending
on their sensitivity to ASA as a part of ASA
monotherapy and dual antiplatelet therapy (DAPT)
(ASA+clopidogrel).

Material and methods

The study included 104 patients (79 men and
25 women) aged 35 to 76 years (mean age, 61£5,5
years) with Canadian Cardiovascular Society (CCS)
class II-IV angina. Sixty-four patients took ASA
monotherapy and 40 patients — DAPT (ASA+clo-
pidogrel). All patients underwent CABG. Coronary
artery atherosclerosis was confirmed by coronary
angiography. The exclusion criteria were chronic
kidney disease (glomerular filtration rate <60 ml/
min/1,73 m?), liver failure (exceeding the hepatic
transaminase normal range by 3 or more times),
gastric and/or duodenal ulcer, intolerance to ASA
and clopidogrel. The characteristics of patients by
clinical and laboratory characteristics are presented
in Table 1.

Patients took the following drug groups before
CABG: B-blockers — 91,9%, angiotensin-converting
enzyme inhibitors — 90,8%, angiotensinogen II
receptor blockers — 5%, calcium channel blockers —
16,9%, diuretics — 42,4%, aldosterone antagonists —
40,6%, statins — 100%. Before CABG, for 5 days,
patients stopped receiving antiplatelet drugs, and
from the first day after surgery they were prescribed
with enteric-coated ASA 100 mg a day, while in
the group of patients using DAPT, clopidogrel was
prescribed by 2-3 days after CABG. Measurements
throughout the study for each patient with CAD
were carried out three times (before surgery, on
day 1 immediately after surgery, and 8-10 days after
surgery). This study design makes it possible to
establish the effect of CABG and ASA intake on the
studied parameters. The control group consisted of
36 healthy donors matched for sex and age.

All patients signed written informed consent.
The study was carried out in accordance with the
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Table 1
Patient characteristics

Characteristics All patients SASA rASA p
Sex, female/male, n (%) 25 (24%)/79 (76%) 14 (19,7%)/57 (80,3%) 11 (33,3%)/22 (66,7%) 0,131
Age (years), Me (C,s-Cs) 63 (56-65) 62 (57-65) 62 (55-66) 0,319
Smoking (current status), % 39,7 42,5 29,6 0,227
Total cholesterol, mmol/I 4,28 (3,69-5,58) 4,50 (3,79-5,66) 3,93 (3,56-5,49) 0,132
Leukocytes, 10%/I 757 (6,44-8,60) 7,60 (6,70-8,70) 710 (6,10-8,38) 0,774
Platelets, 10%/I 228,0 (203,0-276,0) 222,0 (201,0-267,5) 229,0 (214,5-283,5) 1,0
Erythrocytes, 10'%/I 5,00 (4,7-5,3) 5,0 (4,7-5,3) 49 (4,7-5,2) 0,386
Hemoglobin, g/I 141,0 (133,0-152,3) 141,0 (133,5-154,5) 141,0 (132,0-147,0) 0,878
Creatinine, mmol/I 109,0 (97,8-119,0) 109,0 (98,5-118,5) 112,0 (97,0-119,0) 0,688
Class Il angina, % 49,6 50,5 48,0 0,578
Class lll angina, % 39,3 374 48,0 0,508
Diabetes, % 273 23,4 40,7 0,075
Prior myocardial infarction, % 62,8 62,8 62,9 0,986
Obesity, % 32,2 35,1 48,2 0,077

Note: data represent medians and interquartile range (Me (C,5-C5)). p<0,05 between the indices of patients with SASA and rASA (Mann-
Whitney U-test). The x? test was used to compare categorical variables, unless the expected frequencies in the contingency tables were

less than 5, in which case Fisher’s exact test was used.

Abbreviations: rASA — acetylsalicylic acid-resistant patients, SASA — acetylsalicylic acid-sensitive patients.

Helsinki Declaration and Rules for Good Clinical
Practice in Russia approved by Order of the Russian
Ministry of Health dated June 19, 2003 No 266.
The study protocol was approved by the Ethics
Committee of V.F. Voino-Yasenetsky Krasnoyarsk
State Medical University.

The study used blood stabilized with 3,2%
sodium citrate in a 9:1 ratio. To determine the
resistance of platelets to ASA, platelet-rich (blood
centrifugation at 140 g for 10 min, at 24° C) and
platelet-poor plasma (blood centrifugation at 1500 g
for 15 min, temperature 24° C) were obtained.
Determination of ASA resistance was carried out
in 500 ul of platelet-rich plasma relative to platelet-
poor plasma on a Chronolog 490 aggregometer
(USA) with the addition of 5 ul of arachidonic
acid (0,5 mM) (CHRONO-PAR, USA). If the
measurement was carried out before ASA therapy
initiation, then platelet aggregation with arachidonic
acid was determined after their incubation with 10
ul ASA (3,36 mM, purity >99,0%, A5376 Sigma
Aldrich) in vitro for 3 min at 37° C to predict aspirin
resistance. ASA resistance was determined at a level
of platelet aggregation with arachidonic acid >20% at
least at one observation point: on antiplatelet therapy
on days 8-10 after CABG or during incubation of the
patient’s plasma with ASA in vitro before the start of
surgery and ASA treatment.

To determine the CL activity of platelets,
platelet-rich plasma, after standing the blood in a

thermostat for 30 min, was obtained by centrifuging
stabilized blood at 140 g for 10 min at 24° C. The
supernatant was collected and transferred into a
plastic tube, adjusted with buffer Ne 1 (90 mM
NaCl, 5 mM KCIl, 36 mM sodium citrate, 10 mM
EDTA, pH 762) to 2-fold dilution. The resulting
mixture was centrifuged at 400 g for 15 min at 24° C.
The pellet was resuspended in buffer Noe 1 (5 ml)
and recentrifuged at 400 g for 1 min. The resulting
supernatant was centrifuged again at 400 g for 15
min. The supernatant was carefully discarded; 10
ml of buffer Ne 2 (0,13 M NaCl, 0,02 M Tris-HCI
buffer, 0,03 M EDTA, 0,015 M glucose, pH 7,4)
was added to the sediment and centrifuged for 50
sec at 140 g. Evaluation of the number and purity
of isolated platelets was carried out on a Sysmex
XE-5000 hematology analyzer (Sysmex Inc., USA).
The purity of isolated platelets was 98-100%. For
the study, platelets were used in the amount of 2x 10’
cells per sample. The reaction mixture also included
50 ul of lucigenin or luminol at a concentration
of 50 ug/ml, 50 ul of 0,1 M ADP (for assessing
induced ROS synthesis) and 250 ul (for assessing
spontaneous ROS synthesis) or 200 ul (for assessing
ADP-induced ROS synthesis) of buffer (0,13 M
NaCl, 0,02 M Tris-HCI buffer, 0,03 M EDTA, 0,015
M glucose, pH 7,4). Evaluation of spontaneous and
ADP-induced CL was carried out for 90 min on a
36-channel biochemiluminescence analyzer BLM-
3607 (OOO MedBioTech, Russia) [5].
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Table 2
CL activity of platelets with lucigenin in patients
with CAD before CABG (Me (C,5-C;:))
Parameters Control SASA rASA (ASA monotherapy) rASA (ASA+clopidogrel)
(n=36) (n=71) (n=17) (n=13)
Spontaneous CL
Tmax, sec 219 (82-719) 813 (222-2841) 611 (339-1908) 212 (70-560)
p,=0,027
Imax, CU x 10° 0,074 (0,06-0,086) 0,12 (0,09-0,50) 0,061 (0,047-0,086) 0,088 (0,07-0,096)
p,=0,006 p,=0,006
S, CU x sec x 10° 0,225 (0,171-0,266) 0,30 (0,18-0,79) 0,136 (0,12-0,321) 0,227 (0,162-0,233)
Induced CL
Tmax, sec 319 (73-1393) 1036 (445-3745) 764 (509-1979) 636 (287-1201)
p,=0,004
Imax, CU x 10° 0,076 (0,062-0,082) 01 30(8,%8-0,43) 0,071 (0,058-0,124) 0,1 (0,075-0,132)
p:=0,01
S, CU x sec x 10° 0,241 (0,161-0,295) 0,41 (0,25-1,11) 0,234 (0,18-0,344) 0,27 (0,202-0,312)
Sina/Sspont 1,03 (0,96-1,24) 1,06 (0,89-1,28) 113 (1,01-1,21) 0,98 (0,93-1,65)

Note: p, — statistical significance of differences in comparison with control group; p, — statistical significance of differences in com-

parison with SASA patients with CAD.

Abbreviations: ASA — acetylsalicylic acid, CAD — coronary artery disease, CU — conventional units, rASA — acetylsalicylic acid-resistant
patients, SASA — acetylsalicylic acid-sensitive patients, CL — chemiluminescence, Tmax — time to maximum chemiluminescence
intensity, Imax — maximum chemiluminescence intensity, S — area under chemiluminescence curves.

The following characteristics were determined:
time to maximum plasma concentration (Tmax),
maximum intensity (Imax), as well as the area
under the CL curve (S). The enhancement of ADP-
induced CL was assessed by the ratio of area under
the induced CL curve of area under the spontaneous
CL curve (Sind/sspont)'

The sample description was made by calculating
the median (Me) and interquartile range in the form
of 25 and 75 percentiles (C,s and C,;). The statistical
significance of differences between the independent
samples was assessed by the nonparametric Mann-
Whitney U test. Differences were considered sig-
nificant at p<0,05. Statistical analysis was performed
using the Statistica 8.0 software package (StatSoft
Inc., USA).

Results

Out of 104 patients with CAD, 71 (68,3%)
were sensitive to ASA (sASA) throughout the
study (46 patients, ASA monotherapy; 25 patients,
ASA-+clopidogrel). The remaining 33 (31,7%)
patients with CAD showed resistance to ASA
(rASA) at least at one follow-up point, which is
consistent with other studies where resistance to
ASA ranged from 5 to 50% [6-8]. Only 3 (9%)
patients of all rASA patients with CAD were resistant
during the entire observation period (1 patient,
ASA monotherapy; 2 patents, ASA+clopidogrel
therapy), and the sensitivity of remaining 30 rASA

patients with CAD (17 patients, ASA monotherapy;
13 patents, ASA-+clopidogrel therapy) changed in
different follow-up periods, which is of interest for
studying this phenomenon.

Study results showed that in sASA patients with
CAD, many platelet CL parameters is significantly
higher than in the control group. Before CABG,
these are CL with lucigenin (Tmax and Imax in the
spontaneous and ADP-induced test) and luminol
(Imax in the spontaneous and ADP-induced test and
S in the ADP-induced test). On the first day after
CABG surgery, these are CL with lucigenin (Tmax
and Imax in the spontaneous test) and luminol
(Imax and S in the spontaneous test, Tmax and
Imax in the ADP-induced test). On days 8-10 after
CABG surgery, these are CL with lucigenin (Tmax
and Imax in the spontaneous test, Imax and S in the
ADP-induced test) and luminol (Imax and S in the
spontaneous test, Tmax, Imax and S in the ADP-
induced test) (Tables 2-7).

In the rASA patients with CAD (ASA mono-
therapy), compared with the control group, only the
Tmax in the ADP-induced test with luminol before
CABG was higher (Table 5). In the rASA group
(ASA+clopidogrel), compared with the control
group, the following CL indices were higher: Imax
in the spontaneous test with lucigenin, Imax in the
ADP-induced test and S in the spontanecous test
with luminol (in the first days after CABG), as well
as Imax in spontaneous and ADP-induced test with
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Parameters

Tmax, sec
Imax, CU x 10®

S, CU x sec x 10°

Tmax, sec
Imax, CU x 10°

S, CU x sec x 10°
Sind/ Sspont

Table 3
CL activity of platelets with lucigenin in patients
with CAD on the first day after CABG (Me (C.;-C.;))
Control SASA rASA (ASA monotherapy) rASA (ASA+clopidogrel)
(n=36) (n=71) (n=17) (n=13)
219 (82-719) 494 (255-2043) 408 (95-710) 212 (89-382)

0,074 (0,06-0,086)

0,225 (0,171-0,266)

319 (73-1393)
0,076 (0,062-0,082)

0,241 (0,161-0,295)
1,03 (0,96-1,24)

p,=0,008

0,1 (0,08-0,30)
p,=0,036

0,35 (0,21-0,56)

458 (177-985)
0,1 (0,08-0,45)

0,32 (0,21-0,67)
1,03 (0,97-117)

0,065 (0,05-0,077)
p,=0,006

0,182 (0,11-0,245)

0,097 (0,086-0,117)
p,=0,049

0,36 (0,22-0,398)

509 (66-799) 282 (178-2519)
0,058 (0,054-0079) 0,09 (0,072-0,097)
p,=0,006

0,176 (0,162-0,218)
0,92 (0,81-1,02)

0,314 (0,156-0,354)

0,89 (0,79-0,99)
p,=0,006

Note: p, — statistical significance of differences in comparison with control group; p, — statistical significance of differences in com-
parison with sASA patients with CAD.
Abbreviations: ASA — acetylsalicylic acid, CAD — coronary artery disease, CU — conventional units, rASA — acetylsalicylic acid-resistant
patients, SASA — acetylsalicylic acid-sensitive patients, CL — chemiluminescence, Tmax — time to maximum chemiluminescence
intensity, Imax — maximum chemiluminescence intensity, S — area under chemiluminescence curves.

Parameters

Tmax, sec
Imax, CU x 10®

S, CU x sec x 10°

Tmax, sec
Imax, CU x 10°

S, CU x sec x 10°

Sind/ Sspont

Table 4
CL activity of platelets with lucigenin in patients
with CAD on days 8-10 after CABG (Me (C,5-C.s))
Control SASA rASA (ASA monotherapy) rASA (ASA+clopidogrel)
(n=36) (n=71) (n=17) (n=13)
219 (82-719) 611 (185-2198) 212 (89-637) 124 (0-410)
p;=0,015 p,=0,006
0,074 (0,06-0,086) 0,11 (0,09-0,34) 0,064 (0,057-0,101) 0,085 (0,078-0,109)
p,=0,002

0,225 (0,171-0,266)

319 (73-1393)
0,076 (0,062-0,082)

0,241 (0,161-0,295)

1,03 (0,96-1,24)

0,32 (0,20-0,85)

1625 (161-3099)
0,12 (0,09-0,53)

0,172 (0,158-0,199)

574 (171-819)
0,058 (0,051-0,097)

0,31 (0,244-0,329)

301 (53-1141)
0,085 (0,078-0,112)

p,=0,001 p,=0,006
0,35 (0,28-1,47) 0,13 (0,076-0,314) 0,244 (0,145-0,315)
p,=0,037 p,=0,006

110 (0,88-1,95)

1,02 (0,44-1,36) 0,92 (0,51-11)

Note: p, — statistical significance of differences in comparison with control group; p, — statistical significance of differences in com-
parison with sASA patients with CAD.
Abbreviations: ASA — acetylsalicylic acid, CAD — coronary artery disease, CU — conventional units, rASA — acetylsalicylic acid-resistant
patients, SASA — acetylsalicylic acid-sensitive patients, CL — chemiluminescence, Tmax — time to maximum chemiluminescence
intensity, Imax — maximum chemiluminescence intensity, S — area under chemiluminescence curves.

luminol (8-10 days after CABG surgery) (Tables 3,

6, 7).

In the rASA patients with CAD (ASA mono-
therapy) compared with the SASA ones, the S values
in the ADP-induced test with luminol and Imax in

the spontancous test with lucigenin before CABG
were significantly lower (Tables 2, 5). The same
trend was observed on the first day after CABG for
Imax in the spontancous and ADP-induced test
with lucigenin (Table 3), as well as on days 8-10
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Table 5
CL activity of platelets with luminol in patients
with CAD before CABG (Me (C.5-C.;))
Parameters Control SASA rASA (ASA monotherapy) rASA (ASA+clopidogrel)
(n=36) (n=71) (n=17) (n=13)
Tmax, sec 141 (0-680) 229,5 (40,2-1833,5) 255 (85-1655) 95 (71-319)
Imax, CU x 10° 0,077 (0,057-0,085) 0,12 (0,08-0,55) 0,06 (0,048-0,14) 0,081 (0,079-0,339)

p,=0,01

S,CUxsecx10° 0,226 (012-0,285) 0,29 (0,2-0,95) 0,141 (0,09-0,26) 0,29 (0,21-0,35)

Tmax, sec 95 (0-598) 454,5 (0-1800) 710 (234-2197) 776 (61-1426)
p,=0,024
Imax, CU x 10° 0,07 (0,059-0,081) 0,113 (0,08-0,5) 0,06 (0,056-0,098) 0,1 (0,072-0,434)
p,=0,008
S, CU x sec x 10° 0,222 (0,151-0,251) 0,3 (0,22-0,88) 0,148 (0,132-0,277) 0,313 (0,181-0,367)
p;=0,041 p,=0,006 ps=0,025
Sina/Sspont 1(0,88-1,1) 0,98 (0,75-1,13) 1,09 (1,01-1,19) 1,02 (0,67-1,11)

Note: p, — statistical significance of differences in comparison with control group; p, — statistical significance of differences in comparison
with sASA patients with CAD; p; — statistical significance of differences in comparison with rASA patients with CAD (ASA monotherapy).
Abbreviations: ASA — acetylsalicylic acid, CAD — coronary artery disease, CU — conventional units, rASA — acetylsalicylic acid-resistant
patients, SASA — acetylsalicylic acid-sensitive patients, CL — chemiluminescence, Tmax — time to maximum chemiluminescence
intensity, Imax — maximum chemiluminescence intensity, S — area under chemiluminescence curves.

Table 6
CL activity of platelets with luminol in patients
with CAD on the first day after CABG (Me (C.;-C.;))
Parameters Control SASA rASA (ASA monotherapy) rASA (ASA+clopidogrel)
(n=36) (n=71) (n=17) (n=13)
Tmax, sec 141 (0-680) 141 (0-1107) 159 (90-2189) 141 (51-976)
Imax, CU x 10° 0,077 (0,057-0,085) 0,15 (0,086-0,46) 0,072 (0,049-0,088) 0,093 (0,084-0,185)
p;=0,012
S, CU x sec x 10° 0,226 (0,12-0,285) 0,33 (0,22-0,86) 0,21 (0,084-0,328) 0,34 (0,299-0,444)
p;=0,043 p,=0,015

Tmax, sec 95 (0-598) 198 (0-1529) 89 (0-1514) 71 (0-266)
p,=0,046

Imax, CU x 10° 0,07 (0,059-0,081) 0,130 (0,09-0,45) 0,077 (0,053-0,103) 0,083 (0,078-0,293)
p;=0,011 p,=0,024

S, CU x sec x 10° 0,222 (0,151-0,251) 0,33 (0,17-1,05) 0,16 (0,011-0,234) 0,326 (0,155-0,36)

Sind/Sspont 1 (0;88'111 ) 0,94 (0183_1;1 ) 0,96 (0,84-1,1 7)

Note: p, — statistical significance of differences in comparison with control group.
Abbreviations: ASA — acetylsalicylic acid, CAD — coronary artery disease, CU — conventional units, rASA — acetylsalicylic acid-resistant
patients, SASA — acetylsalicylic acid-sensitive patients, CL — chemiluminescence, Tmax — time to maximum chemiluminescence

0,99 (0,81-1,19)

intensity, Imax — maximum chemiluminescence intensity, S — area under chemiluminescence curves.

after CABG surgery for Imax in the ADP-induced
test with luminol and lucigenin and S in the ADP-
induced test with lucigenin (Tables 4, 7).

In rASA patients with CAD (ASA+clopidogrel)
compared with SASA ones, the S;,,/S,., values in
lucigenin test on the first day after CABG surgery

(Table 3), as well as Tmax in the ADP-induced test
with luminol and Tmax in the spontaneous test with
lucigenin on days 8-10 after surgery, CABG were
significantly lower (Tables 4, 7).

Significant differences between rASA patients with
CAD receiving ASA monotherapy and ASA-+clo-
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Table 7
CL activity of platelets with luminol in patients
with coronary artery disease on days 8-10 after CABG (Me (C,5-Cs))
Parameters Control SASA rASA (ASA monotherapy) rASA (ASA+clopidogrel)
(n=36) (n=71) (n=17) (n=13)

Spontaneous CL

Tmax, sec 141 (0-680) 264 (0-1164) 382 (53-1134) 71 (0-660)

Imax, CU x 10° 0,077 (0,057-0,085) 0,14 (0,09-1,253) 0,06 (0,057-0,167) 0,134 (0,086-0,149)
p;=0,001 p;=0,035

S, CU x sec x 10° 0,226 (0,12-0,285) 0,4 (0,3-2,35) 0,19 (0,171-0,416) 0,304 (0,172-0,358)
p,<0,001

Induced CL

Tmax, sec 95 (0-598) 492 (84,5-1876,5) 355 (139-2211) 35,5 (0-279)
p;=0,01 p,=0,006

Imax, CU x 10° 0,07 (0,059-0,081) 0,18 (0,09-1,57) 0,062 (0,052-0,12) 0,117 (0,081-0,133)
p,<0,001 p,=0,006 p,=0,041

S, CU x sec x 10° 0,222 (0,151-0,251) 0,41 (0,22-2,27) 0,18 (0,126-0,409) 0,247 (0,131-0,33)
p,=0,038

o - 1(0,88-11) 0,9 (0,62-1,5) 0,91 (0,57-1,03) 0,83 (0,6-1,14)

Note: p, — statistical significance of differences in comparison with control group; p, — statistical significance of differences in com-

parison with SASA patients with CAD.

Abbreviations: ASA — acetylsalicylic acid, CAD — coronary artery disease, CU — conventional units, rASA — acetylsalicylic acid-resistant
patients, SASA — acetylsalicylic acid-sensitive patients, CL — chemiluminescence, Tmax — time to maximum chemiluminescence
intensity, Imax — maximum chemiluminescence intensity, S — area under chemiluminescence curves.

pidogrel therapy were found only for S CL in the
ADP-induced test with Iuminol before CABG (Ta-
ble 5).

Discussion

The variability of platelet sensitivity to ASA
depends on various factors, but many mechanisms
of this phenomenon are still not fully understood.
Platelets, as direct participants in not only he-
mostatic, but also immune and inflammatory
processes, interact with a large number of cells and
active molecules. At the same time, intercellular
contacts of platelets with leukocytes are most
pronounced in a chronic nonspecific inflammatory
process, which, along with lipid disorders, underlies
atherosclerosis. This can lead to a different response
of platelets to ASA, depending on microenviron-
ment. The increased basic and induced metabolic
activity of platelets, manifested in high rates of
production of primary and secondary ROS in sASA
patients with CAD throughout the study, indicates
a cell activeness and their potential upon additional
stimulation. At the same time, both CABG surgery
and antiplatelet therapy in some cases did not deplete
internal resources of platelets, and the persisting high
activity of platelets could initiate rethrombosis [9].

It is noteworthy that in the rASA patients with
CAD (ASA monotherapy), the level and intensity
of platelet ROS production does not differ from

the control group. Only before CABG the time for
reaching the maximum intensity of induced ROS
production is increased, which indicates a slowdown
in their production with additional stimulation. In
the rASA patients with CAD (ASA-+clopidogrel), a
different picture is observed. After CABG surgery
and while taking ASA and clopidogrel, platelets
produce increased primary and secondary ROS
relative to control values, which indicates the
influence of these factors on platelet metabolism
in this category of patients with CAD. Probably,
residual platelet reactivity is due to stimulation of
cells by cardiopulmonary bypass circuit, leukocytes,
and production of new platelets 8-10 days after
CABG [10]. Moreover, DATT does not reduce the
production of ROS.

We have previously shown that in rASA patients
with CAD (regardless of therapy), the level and
intensity of ROS production by platelets is lower
than in SASA ones [11]. The sensitivity is associated
with increased metabolic activity of platelets for
ROS synthesis, including for arachidonic acid
(with COX-1 participation), which platelets can
also receive from neutrophils during intercellular
interaction [12]. In this study, this picture remains
expressed in rASA patients with CAD (ASA
monotherapy), while in the group of rASA patients
with CAD (ASA+clopidogrel), only the time of
ROS production was reduced and only by 8-10
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days after CABG, which may be associated with
the effect of clopidogrel on platelet receptors for
ADP. In addition, platelets of sASA and rASA
(ASA+clopidogrel) produce more secondary ROS
upon stimulation before CABG surgery than r ASA
patients with CAD (ASA monotherapy). These data
indicate that the CL activity of platelets in rASA
patients with CAD (ASA-+clopidogrel) is at the level
of SASA patients, i.e. using DAPT, it is possible to
overcome the resistance to ASA.

Higher rates of ROS production in SASA patients
with CAD and rASA (ASA-+clopidogrel) may
indicate that the NADPH oxidase activity in the
platelets of these patients is higher than in rASA ones
(ASA monotherapy). Thanks to DAPT, 2 pathways
of platelet activation are blocked at once, but this
can be compensated due to their increased contact
with leukocytes both immediately after the operation
and with taking antiplatelet drugs through the
transfer of active substances through microvesicles,
but not through the receptor-mediated leukocyte-
platelet complex formation, since the number
of such aggregates is significantly reduced along
with the pro-inflammatory functions of platelets
on clopidogrel therapy in patients with CAD [13].
Because of this, the amount of arachidonic acid,
may increase, during the metabolism of which ROS
is produced. And since in this group of patients
with CAD, COX-1 resistance to ASA is observed,
then high substrate levels contribute to increased
formation of intermediate ROS products, and the
main antiplatelet effect is provided not by ASA, but
by clopidogrel. Purinergic receptors for ADP are
also present on leukocyte cells. They are involved
in many processes, including in leukocyte adhesion
to endothelial cells during inflammation and
atherosclerosis, therefore, they are also blocked by
clopidogrel, which leads to disruption of intercellular
bridges. In addition, leukocyte-platelet complexes
are capable of producing ROS themselves, and the
resulting nitric oxide can reduce platelet aggregation
activity, thereby preventing recurrent thrombosis
[14]. Therefore, in the group of rASA patients with
CAD on DAPT, clinical outcomes may be more
favorable due to clopidogrel presence. The addition
of clopidogrel to ASA does not affect the very
phenomenon of aspirin resistance, but it has an anti-
inflammatory and additional antiplatelet function.
And the probable disruption of intercellular contacts

in rASA patients with CAD (ASA monotherapy)
levels the antiplatelet effect of ASA due to the
insufficient arachidonic acid amount in platelets,

which causes a reduced sensitivity of such patients to
ASA [15].

Conclusion

Thus, we obtained data indicating a difference in
the metabolic activity of platelets in ROS production
in CAD patients, depending on both the sensitivity
to ASA and the options for antiplatelet therapy
after CABG (ASA or ASA+clopidogrel). In sASA
patients with CAD, ROS production is higher than
in healthy individuals in the pre and postoperative
period. In rASA patients with CAD treated with ASA
monotherapy, platelets produce ROS levels lower
than in sASA patients with CAD. However, CABG
and the addition of clopidogrel to ASA therapy leads
to increased ROS production in rASA patients in
the postoperative period, which equates this group
of patients with SASA patients in terms of ROS
synthesis. These results may indicate a complete
disruption of the intercellular interactions of platelets
and leukocytes in rASA patients with CAD (ASA
monotherapy) and partial (only at the receptor level)
in patients with CAD (ASA-+clopidogrel) with intact
transport of substances using microvesicles, which
is the result of blocking receptors by clopidogrel on
both platelets and leukocytes.

Sensitivity to ASA may depend not only on
COX-1 activity, but also on the presence and meta-
bolic characteristics of enzyme substrate, on the
activity of other cells that can interact with platelets,
which, accordingly, depends on the environment
(medication therapy, invasive interventions, comor-
bidities, etc.). Further study of these metabolic pro-
cesses may lead to the discovery of additional mecha-
nisms of aspirin resistance and ways to overcome this
phenomenon.

Relationships and Activities. The study was finan-
cially supported by the Russian Foundation for
Basic Research, the Government of the Krasnoyarsk
Krai, the Krasnoyarsk Regional Science Foundation
within the research project No 18-415-243003
“Personification of antiplatelet therapy in patients
with coronary artery disease (CAD), depending on
the level of P-selectin gene expression, the activity of
intercellular interaction and inflammation”.
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Regularities of plaque stabilization in various scenarios of neointimal

calcification and vascularization

Osyaev N.Yu., Bogdanov L.A., Mukhamadiyarov R.A., Shabaev A.R., Shishkova D. K., Markova V.E.,

Gruzdeva O.V., Kutikhin A.G.

Aim. To study the relationships between phenotypes
of extracranial arteries’ plaques (stable/unstable), their
calcification and its causes, in particular, vascularization.
Material and methods. The study included 88 patients:
patients (n=44) with ischemic stroke and those (n=44) with
chronic brain ischemia. In all subjects, the parameters of
systemic mineral homeostasis were assessed (total and
ionized calcium, phosphate, total protein, albumin, and
calcification propensity). Atherosclerotic plaques have
been obtained during carotid endarterectomy, fixed in
formalin, postfixed in 1% osmium tetroxide, stained in 2%
osmium tetroxide, dehydrated in ascending ethanol series
and acetone, stained with 2% alcoholic uranyl acetate and
embedded into epoxy resin with its further polymerization.
Epoxy resin blocks were grinded, polished, counterstained
with Reynolds’ lead citrate and sputter coated with
carbon. Sample visualization was performed employing
backscattered scanning electron microscopy. Number
and area of calcium deposits and neointimal vessels were
quantified using Imaged. Statistical analysis was carried
out using Mann-Whitney U-test and Spearman’s rank
correlation coefficient

Results. It was found that area of neointimal calcification,
but not number of calcium deposits, was associated with
the stable plaque phenotype. The stabilizing effect of
calcification was manifested in retarding stenosis associated
with plaque rupture and stroke. Calcification extent directly
correlated with total and local plaque vascularization, which
have been associated with unstable and stable plaque
phenotype, respectively. In addition, plaque calcification
negatively correlated with total protein and albumin, thereby
reflecting the impaired systemic mineral homeostasis.
Conclusion. Atherosclerotic plaque calcification and active
local vascularization reduce stenosis extent and stabilize

plague. In contrast, total plaque calcification contributes to
the atherosclerosis progression and promotes major acute
cardiovascular events.

Keywords: atherosclerosis, ischemic stroke, neointima,
calcification, stenosis.
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Extracranial artery (ECA) atherosclerosis, as it
progresses, inevitably leads to hemodynamic disor-
ders and insufficient cerebral blood supply [1]. In
particular, plaque rupture in ECAs leads to an
acute discrepancy between the blood delivery and
oxygen demand (ischemic stroke), while permanent
ECA stenosis is manifested by chronic cerebral
ischemia (CCI). Thus, plaques can be subdivided
into unstable (causing stroke) and stable (causing
CCI) [2]. Despite the fundamental differences in
the clinical phenotype of stable and unstable ECA
atherosclerosis, the pathophysiological factors of
plaque instability and especially the mechanisms
of their regulation remain largely unknown. At the
same time, predicting cardiovascular outcome in
patients with multifocal atherosclerosis requires a
clear understanding of regulating balance between
plaque rupture and stabilization.

Despite the fact that the role of plaque calcifi-
cation in its stabilization has been studied well,
the reasons for development and progression of
neointimal calcification, as well as the causal
relationships between calcification and other de-
terminants of unstable plaque phenotype, have not
been adequately studied [3]. It is unclear why a
number of plaques remain uncalcified until the
cardiovascular event, and what factors are leading
in calcification development. It also remains unclear
which types of neointimal calcification stabilize the
plaque and which, on the contrary, contribute to its
rupture.

The study of this problem is complicated by the
fact that sample preparation of tissues with extra
skeletal mineralization for histology is extremely
difficult due to impaired tissue integrity due to sig-
nificant differences in the density of calcium depo-
sits and surrounding tissues. As a result, the analysis
of the interaction of calcification with other patho-
logical processes occurring in the neointima becomes
almost impossible. Our group previously developed
an original method for preparing calcified plaques
for electron microscopy, which consists in staining
formalin-fixed tissues with osmium tetroxide and ura-
nyl acetate, further embedding dehydrated tissues
in epoxy resin, grinding and polishing polymerized
epoxy blocks, followed by backscattered-electron
imaging [4-6]. This method allows one to preserve
the integrity of calcified plaques and investigate
their colocalization with neointimal vessels (vasa
plaguorum) [7].

The aim was to study the relationships between
the phenotypes of ECA plaques (stable/unstable),
their calcification, and the causes of calcification.
Ultimately, this made it possible to identify the
calcification types characteristic of stable and un-
stable plaques, as well as the pathomorphological

determinants of calcifying and non-calcifying phe-
notype in ECAs.

Material and methods

The study included 88 patients hospitalized in
Neurosurgery department of the L.S. Barbarash
Kuzbass Clinical Cardiology Dispensary with ECA
stenosis verified by ultrasound (44 patients with
stroke and 44 patients with CCI). Plaques were
considered unstable in stroke and stable in CCI.
The study was carried out in accordance with Good
Clinical Practice and Declaration of Helsinki. The
study protocol was approved by the local ethics
committee. All patients signed written informed
consent. Cerebrovascular diseases (CCI and ische-
mic stroke), as well as concomitant diseases (hyper-
tension, heart failure, chronic obstructive pulmonary
disease, asthma, chronic kidney disease, diabetes,
overweight and obesity) were diagnosed and treated
according to current clinical guidelines and standards
developed by European Society of Cardiology,
Global Initiative for Chronic Obstructive Lung
Disease, Global Initiative for Asthma, Kidney
Disease: Improving Global Outcomes, American
Diabetes Association and European Association for
the Study of Obesity). Glomerular filtration rate was
estimated according to the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation.
Left ventricular ejection fraction was assessed
using echocardiography (Sonos 2500 ultrasound
system, Hewlett Packard). The percentage of ECA
stenosis in patients with cerebrovascular disease was
assessed using color Doppler ultrasound (Vivid 7
Dimension Ultrasound System, General Electric
Healthcare). Data on age, sex, smoking status and
pharmacological history were collected at admission
time.

In all patients participating in the study, upon
hospital admission, the parameters of systemic mi-
neral homeostasis (concentration of total and ioni-
zed blood calcium, phosphorus, total protein and
albumin) were determined on a biochemical analy-
zer (Konelab 60i, Thermo Scientific). All patients
underwent carotid endarterectomy, during which
a number of them (21 patients with stroke and 27
patients with CCI) received ACB for further ultra-
structural examination. After 24-hour fixation in
formalin (B06-003, BioVitrum), each biomaterial
was postfixed with 1% osmium tetroxide (19110,
Electron Microscopy Sciences) in 0,1 M phosphate
buffer solution for 12 h, then stained with 2%
osmium tetroxide in bi-distilled water for 48 h.
Then the samples were dehydrated through a series
of ethanol solution in ascending concentration (50,
60, 70, 80, and 95%, all in two changes, each
change for 15 min), stained with 2% uranyl acetate
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Figure 1. Interposition of neointimal vessels and calcifications in plaques. A. No blood vessels around calcifications; B. Large number
of vessels around the calcification; C. Large number of vessels both around the calcification and in the plaque; D. No calcium, in the
presence of newly formed vessels. New neointimal vessels are marked in red.

(22400-2, Electron Microscopy Sciences) in 95%
ethanol (5 h), dehydrated with 99m7% isopropanol
(06-002, BioVitrum) for 5 h and acetone (150495,
LenReaktiv) for 1 h, impregnated with acetone
mixture and epoxy resin Epon (14120, Electron
Microscopy Sciences) in a ratio of 1:1 (6 h), after
which it was transferred into new epoxy resin portion
(for 24 h) and then polymerized in FixiForm tools
(40300085, Struers) at 60° C. After that, the samples
in epoxy blocks were grinded and polished on the
TegraPol-11 system (Struers). Contrasting with lead
citrate (17810, Electron Microscopy Sciences) was
performed according to Reynolds methods for 7 min
by applying the solution to polished sample surface,
followed by washing it with bi-distilled water. Then,
epoxy carbon blocks were sprayed onto the polished
surface using a vacuum coater (EM ACE200,
Leica). The structure of samples was visualized by
backscattered electron microscopy using a S-3400N
(Hitachi) electron microscope in the BSECOMP
mode at an accelerating voltage of 10 kV.

The number and area of neointimal calcifications
and vessels were analyzed both over the entire plaque

and immediately around calcifications (one per
plaque). Area of neointimal calcifications and vessels
were estimated using the ImagelJ software (National
Institutes of Health). Statistical processing and
graphical presentation of the results were performed
using the GraphPad Prism 7 software (GraphPad
Software). Due to the insufficient distribution of
sample size for assessing the distribution normality,
the data were described by nonparametric criteria
(median and interquartile range), while intergroup
comparison was performed using the Mann-Whitney
U test. Correlation analysis was performed using the
Spearman’s rank correlation coefficient. Differences
were considered significant at p<0,05.

Results

At the initial phase, when studying the plaque
ultrastructure by scanning electron microscopy, the
main interposition types of neointimal calcifications
and vessels were established (Figure 1). This made it
possible to further reveal the features of plaque calci-
fication and vascularization in different phenotypes.
First of all, the hypothesis about the stabilizing effect
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Sex and age characteristics, comorbidities

and pharmacological history of the included subjects

Patient group/studied cofactor
Sex and age characteristics
Male gender

Age

Hypertension
Heart failure

Chronic obstructive pulmonary disease or asthma

Smoking

Chronic kidney disease
Diabetes

Overweight

Obesity

Body mass index, kg/m?

Glomerular filtration rate, ml/min/1,73 m?
Left ventricular ejection fraction, %
Percentage of extracranial artery stenosis

Patients with chronic cerebral ischemia

26/44 (59,09%)
670 (61,0-737)

41/43 (95,3%)
36/43 (83.7%)
3/43 (70%)
2/43 (4,6%)
4/43 (9,3%)
10/43 (23,2%)
25/43 (58,1%)
5/43 (11,6%)

276 (24,2-32,0)
73,0 (60,0-82,0)
64,0 (60,5-65,5)
75,0 (70,0-83,5)

Patients with ischemic stroke

31/44 (70,46%)

64,50 (59,25-70,0)

39/41 (95,1%)
37/41(90,2%)
7/41 (171%)
6/41 (14,6%)
4/41 (9,8%)
13/41 (31,7%)
20/41 (48,8%)
9/41 (22,0%)

26,3 (24,6-32,8)

77, (66,0-91,5)
65,0 (64,0-67,0)
(

86,0 (75,5-95,0)

Table 1

)

0,37
0,07

0,64
0,57
0,27
0,24
0,76
0,53
0,52
0,33

0,88
013
0,10

Antiplatelet agents 25/43 (58,1%)
Beta-blockers 16/43 (37,2%)
Angiotensin-converting enzyme inhibitors 7/43 (16,3%)
Statins 29/43 (67,4%)
Nitrates 0/43 (0,0%)
Angiotensin Il receptor blockers 16/43 (37,2%)
Aldosterone antagonists 2/43 (4,7%)
Calcium channel blockers 14/43 (32,5%)
Diuretics 0/43 (0,0%)
Anticoagulants 5/43 (11,6%)
0,04
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15/41 (36,6%)
13/41 (31,7%)
3/41 (7.3%)
14/41 (341%)
0/41 (0,0%)
5/41 (12,2%)
1/41 (2,4%)
5/41 (12,2%)
1/41 (2,4%)
1/41 (2,4%)

0,43

0,08
0,76
0,35

0,91

0,96
0,05
0,97
0,23

Stroke

CCl

Figure 2. Total area of calcifications (left) and total number of calcifications (right) in the plaque of patients with stroke and CCIl. Mann-

Whitney test. P values are shown above the graphs.
Abbreviation: CCl — chronic cerebral ischemia.
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Correlation matrix for assessing the relationship between plaque volume,
its blood supply and calcification

Spearman’s rank correlation coefficient (r; P)

Stenosis Neointimal Neointimal
percentage vessels vascular
number area
Stenosis percentage 0,41; 0,13 0,33; 0,23
Neointimal vessels 0,41;0,13

number
Neointimal vascular area

Neointimal vessels
number around Ca

Neointimal vascular area -0,21; 0,54
around Ca

Total Ca area -0,41; 0,18
Number of calcifications -0,27; 0,39

Note: significant correlations are highlighted.
Abbreviation: Ca — representative calcification.

of calcification was tested, given the high prevalence
and severity of comorbidities in patients (Table 1). In
some works, it was shown that calcification in general
helps to stabilize plaque, protecting it from rupture,
however, the predominance of microcalcifications
over macrocalcifications leads to the opposite effect
[8]. Electron microscopy revealed that an increase
in the total area, but not in calcifications number
(Figure 2), has a stabilizing effect on plaques in
patients with ECA atherosclerosis, which confirms
this data [9-11]. Thus, it can be concluded that severe
calcification prevents plaque rupture and specifies its
stable phenotype.

However, the mechanism of plaque stabilization
by calcification remains unclear. Quantitative image
analysis found that the total area (but not the total
number) of calcifications negatively correlated with
vascular stenosis degree (r=-0,41) (Table 2), which
was higher in unstable plaques (stroke) than in
stable (CCI) (Figure 3). It should be noted that the
stenosis degree also positively correlated (r=0,41)
(Table 2) with the number of neointimal vessels,
which reflects the volume of plaque blood delivery
and, according to the literature, also contributes
to its growth and rupture [12]. One may conclude
that the morphological substrate of calcification
stabilizing effect is the containment of plaque from
growing into the vessel lumen, which sooner or later
will lead to neointimal instability and fibrous cap
rupture.

Further, the task was set to investigate neointimal
calcification progression. The number and area of

Table 2
Neointimal Neointimal Total Ca Number of
vessels number vasculararea area calcifications
around Ca around Ca

-0,08; 0,83 -0,21; 0,54 -0,41;0,18 -0,27; 0,39

0,01

100 7

Stenosis percentage (%)
wn
(=)
|

0 T T
Stroke CClI

Figure 3. Stenosis percentage in patients with stroke and CCI.
Mann-Whitney test. P value is shown above the graph.
Abbreviation: CCl — chronic cerebral ischemia.

calcifications, regardless of its phenotype, correlated
with the total blood supply to neointima (r=0,53-
0,60) (Table 2) and with the direct blood supply
near the representative calcification (r=0,52-0,63)
(Table 2). The total number and area of neointimal
vessels strongly correlated with each other (r=0,94)
(Table 2) and with the number and area of vessels
around calcifications (r=0,65-0,70) (Table 2), which
confirms the validity of using both of these measures
to assess the plaque blood delivery. Based on the
above, one may assume that the general and local
(near the calcification) plaque blood circulation
causes the active calcification progression (Figure 4).
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@ Plaque
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Figure 4. Arrangement of neointimal vessels in the plaque. A — calcifying phenotype, B — non-calcifying phenotype.
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Figure 5. Total number of neointimal vessels around the representative calcification (left) and the total area of neointimal vessels around
the representative calcification (right). Mann-Whitney test. P values are shown above the graphs.
Abbreviation: CCl — chronic cerebral ischemia.
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Figure 6. Arrangement of neointimal vessels in the plaque. A. Stable phenotype. B. Unstable phenotype.

Thus, the following paradox arises: the calcifi- of plaque general and local blood supply with its
cation contributing to plaque stabilization progresses stability/instability. It was found that active blood
due to vascularization, which, however, is associated delivery near calcification is associated with a stable
with an unstable plaque phenotype. To explain this plaque phenotype (Figure 5), in contrast to the
paradox, we studied the association of the extent general one, which is associated with plaque growth
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leading to fibrous cap rupture. Therefore, satisfac-
tory local blood supply to neointimal calcifications
contributes to its enlargement and plaque stabili-
ty, while poor general blood supply contributes to
plaque instability (Figure 6).

Finally, it was investigated whether plaque calcifi-
cation was associated with above mineral homeostasis
parameters. Both the total area and the number of
plaque calcifications negatively correlated with levels
of total protein (-0,37 and -0,38, respectively) and
albumin (-0,34 and -0,40, respectively), reflecting
the neointimal calcification during depletion of
calcium ion depot. At the same time, the total
calcification area also negatively correlated with
phosphorus level (-0,48), and the number of calci-
fications — with the total calcium level (-0,38),
which may indicate a partial transition of these ions
from serum to ectopic calcifications (plaques).

Discussion

It has been proven that neointimal calcification
is a long-term, complex and multifactorial process
that plays one of the key roles in atherogenesis, while
certain calcification phenotypes are a predictor of
plaque progression [13]. A in-depth study of the
determinants of stable and unstable atherosclerotic
phenotypes made it possible to reveal the factors
contributing to plaque stabilization. According to the
literature, an increase in the total calcification area
contributed to stabilizing effect [9-11, 14]. This was
revealed in this study as well. Therefore, one may
assume that the calcification severity determines the
stable plaque phenotype and prevents its rupture.
The stabilizing effect of calcification is manifested
in a decrease in stenosis degree by restraining plaque
from growing into the vessel lumen.

New neointimal vessels saturate the plaque with
oxygen and nutrients necessary for its metabolism,
but at the same time they also contribute to plaque
proliferation, thereby increasing the stenosis degree.
Some authors showed that active blood supply to the
carotid plaque aggravates the clinical prognosis and
leads to an increased risk of ischemic stroke [12]. As
the plaque grows, the ECA stenosis degree increases.
With a decrease in the vessel lumen, the transmural
pressure in new neointimal vessels increases, which
destabilizes the hemodynamic response of the plaque
to blood pressure changes and leads to its even
greater expansion during systole [12]. According to
literature data, the network of newly formed vessels
occupies up to 14% of neointimal tissues [12]. These
vessels are characterized by frequent intraplaque
hemorrhage and an increased pressure gradient in
the neointimal tissues due to a lumen decrease and
transverse pulsating movements of the neointimal
vessels [12].

A detailed study of neointimal blood delivery
made it possible to establish that its vascularization
contributes not only to plaque growth, but also to
calcification progression. When studying the role
of vascularization in plaque calcification, attention
should be paid to location of intraplaque vessels. The
active general neointimal blood supply is the most
characteristic of the unstable phenotype (stroke). At
the same time, active local blood supply promotes
the calcification growth and, consequently, the
plaque stabilization and the development of a stable
phenotype (CCI).

At a certain stage of plaque development, neo-
intimal cells die due to impaired homeostasis and
a lack of oxygen and nutrients with a critical extra-
cellular matrix thickening. Plaque phagocytes cease
to efficiently process dead cells [15]. The starting
point for calcification onset can be the deposition
of microscopic calcium granules on the remains of
dead cells and necrotic nucleus of plaques. Other
important aspects of calcification are osteogenic
differentiation of vascular smooth muscle cells and
high activity of phosphate-generating enzymes,
in particular, alkaline phosphatase [14]. It can be
assumed that the proliferation of neointimal vessels
in the area of newly formed calcification contributes
to constant delivery of mineral ions and bioactive
substances necessary for calcification.

Conclusion

An in-depth study of the relationships between
the ECA plaque phenotypes revealed that the stable
phenotype (CCI) is characterized by neointimal
calcification (contributing to a decrease in stenosis
degree) and active local blood supply directly in the
area of macrocalcification. The active general neo-
intimal blood supply contributes to a non-calcifying
unstable phenotype (stroke), which contributes to the
rapid plaque proliferation into the vessel lumen, the
progression of atherosclerosis and development of
adverse events. Neointimal blood supply specifics sig-
nificantly effect the calcification processes, and various
types of neointimal calcification make a significant
contribution to plaque phenotype formation.

Relationships and Activities. The study (design,
experiments, analysis and interpretation of data) was
supported by a Complex Program of Basic Research
of the Siberian Branch of the Russian Academy of
Sciences within the Basic Research Topic of Research
Institute for Complex Issues of Cardiovascular
Diseases Ne 0546-2019-0002 “Pathogenetic basis
for the development of cardiovascular implants
from biocompatible materials using patient-oriented
approach, mathematical modeling, tissue engine-
ering, and genomic predictors”.
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Biochemical markers of coronary atherosclerosis: building models
and assessing their prognostic value regarding the lesion severity

Zhatkina M. V!, Metelskaya V.A!, Gavrilova N. E.?, Yarovaya E. B."*, Makarova Yu. K/, Litinskaya O. A,
Bogdanova N.L!, Rudenko B.A!, Drapkina O.M!

Aim. To assess the individual and complex prognostic value
of various blood biochemical parameters (biomarkers) in
the non-invasive diagnosis of coronary artery (CA) athe-
rosclerosis.

Material and methods. The study included 216 patients (men,
115; women, 101) aged 24 to 87 years (mean age, 61,5£10,7
years), who underwent indicated coronary angiography.
All patients underwent a biochemical blood tests to deter-
mine the parameters of lipid, carbohydrate and nitrogen
metabolism, the hemostatic system, inflammatory markers,
as well as the creatinine level as an indicator of renal function.
Results. Analysis revealed biomarkers, the deviations in the
level of which contribute to the diagnosis and determination of
the coronary involvement. These biomarkers include glucose,
creatinine, C-reactive protein, and adiponectin. Using these
biochemical parameters, a multivariate model (MVM) was
constructed, which was significant for the diagnosis of
coronary atherosclerosis and determination of its severity.
With the help of ROC-analysis, the cutoff point of MVM of
2 was found. MVM >2 with a sensitivity of 72% indicate CA
atherosclerosis of any severity, as well as with a specificity
of 62,5%, it can be ruled out. Using MVM data and a cutoff
point of 2, a binary logistic regression model was built,
according to which, with a MVM >2, the odds for detecting
CA atherosclerosis of any degree is 2,1 times higher (95%
confidence interval (Cl), 1,2-3,8; p=0,010), severe CA — 4,7
times (95% Cl, 1,9-12,0; p=0,001) compared with individuals
with MVM <2, who have 2,8 times (95% ClI, 1,4-4,9; p=0,002)
a higher chance of detecting intact CAs.

Conclusion. Thus, the total MVM score of 0-2 indicates the
absence of coronary atherosclerosis, while 3-4 points —-CA
atherosclerosis of any severity.

Keywords: atherosclerosis, biochemical parameters, bio-
chemical models, coronary arteries, risk factors.
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Coronary artery (CA) atherosclerosis is the patho-
logical basis of ischemic heart disease, the prevalence
and mortality from complications of which remain
high both in Russia and throughout the world [1].
One of the reasons for this is the late disease establish-
ment. Therefore, the search for early-stage markers of
CA atherosclerosis remains an urgent area of modern
cardiology.

Impaired function of some human body systems
(lipid-transport, carbohydrate, hemostasis systems),
chronic inflammation and related changes in blood
parameters are a stimulus for an active search and
study of early-stage biomarkers of atherogenesis. It has
long been noted that the analysis of blood biochemical
parameters as criteria reflecting various pathophysio-
logical pathways of atherogenesis can improve the
prediction of cardiovascular risk (CVR) [2].

Numerous studies considered various blood pa-
rameters, which make it possible to assess the re-
lationship between changes in their blood content
both with atherosclerosis in general and specifically
with CA atherosclerosis [3, 4]. For a long time,
lipid metabolism indicators were considered the
main markers of atherosclerosis [5]. However, athe-
rosclerotic cardiovascular events also develop with
normal lipid profile [6]. Therefore, the researchers’
attention is now attracted by other biochemical
blood parameters, reflecting the relationship of their
deviations from the norm. Moreover, due to the
widespread use of statins and other lipid-lowering
drug classes, the interpretation of lipid metabolism
without an effect on lipid-transport system is dif-
ficult.

It should be noted that the contribution of most
blood biomarkers to atherosclerosis prediction was
studied separately for each indicator. At the same
time, there is evidence that the use of their com-
bination can increase the prognostic value and
improve CVR stratification [7, 8]. The literature
presents several studies combining imaging and circu-
lating markers or involving the use of circulating,
genetic and/or imaging markers (Framingham Heart
Study, Malmo Diet and Cancer Study, MORGAN,
Cardiovascular Health Study) [8-10]. Previously,
we analyzed mathematical models including various
combinations of blood biochemical parameters with
each other, as well as with imaging plaque cha-
racteristics obtained by carotid duplex scanning
and risk factors (RFs) of cardiovascular disease
(CVD) [11]. Based on the study of a wide range
of blood biochemical parameters and imaging
markers, analysis of their various combinations, a
novel indicator was developed, called an integrative
biomarker (i-BIO), which reflects the total con-
tribution of a complex of biochemical, clinical and
instrumental markers to presence and severity of

CA atherosclerosis. Following blood parameters
were included in i-BIO: triglycerides (TG), glucose,
fibrinogen (FG), high sensitivity C-reactive pro-
tein (hsCRP), and adiponectin. This set of bio-
markers made it possible to diagnose severe CA
atherosclerosis, however, the detection of subclinical
atherosclerosis was less effective [11].

The aim of this study was to assess the individual
and complex prognostic value of various blood
biomarkers in the non-invasive diagnosis of CA
atherosclerosis.

Material and methods

We analyzed a cohort of patients admitted to
the National Medical Research Center for Therapy
and Preventive Medicine in the period from 2016
to 2019, who, according to indications, underwent
diagnostic coronary angiography (CAG). The study
was carried out in accordance with the Declaration
of Helsinki. The study protocol was approved by the
Ethics Committee (Ne 09-05/19). All patients signed
informed consent for participation in the study,
personal data processing, collection and biobanking
of blood.

There were following inclusion criteria: patients
aged >18 years who signed an informed consent for
inclusion in the study, collection and biobanking of
blood.

Exclusion criteria were as follows: acute clinical
complication of atherosclerosis within prior 6
months; any acute inflammatory disease; stage >111
chronic kidney disease (glomerular filtration rate
(GFR) <60 ml/min/1,73 m?); decompensated type
1 and 2 diabetes (fasting blood glucose >11 mmol/l);
left ventricular ejection fraction <40%; cancer; blood
and immune system diseases, pregnancy or lactation.

All patients underwent CAG by the Judkins tech-
nique (1967) [12] using radial or transfemoral access on
angiographic x-ray systems Philips Integris Allura and
General Electric Innova 4100. For the quantitative
assessment of stenosis, the computer program of
General Electric Innova 4100 system was used.

The patients were admitted to the hospital for
CAG for various indications, such as:

— Sternum or left-sided chest pain (presumably
coronary origin); impossibility, contraindications or
refusal of a patient to perform stress tests and CA
multislice computed tomography (MSCT);

— Positive or questionable results of exercise
stress tests (treadmill or stress echocardiography) or
CA stenosis >50% according to MSCT;

— Abnormalities revealed by conventional ele-
ctrocardiography (ECG) or 24-hour Holter moni-
toring (presumably ischemic origin) and the im-
possibility, contraindications or refusal of a patient
to perform stress tests and CA MSCT;

35



Russian Journal of Cardiology 2021; 26 (6)

— Patients who underwent inpatient treatment at
the National Medical Research Center for Therapy
and Preventive Medicine, who meet the inclusion
criteria and agreed to participate in clinical testing,
the protocol of which implies CAG;

— Professional activity peculiarities (professions
with an increased risk for other people).

All patients underwent a biochemical blood tests.
Determination of blood parameters was carried out
in serum or plasma obtained by standard methods
from venous blood taken after 12-hour fasting. The
standardization and quality control was carried out
in accordance with the requirements of the “Federal
system for external quality control of clinical
laboratory procedures”.

The concentration of total cholesterol (TC), TG
and high-density lipoprotein cholesterol (HDL-
C) was determined by the enzymatic assay using
Abbott reagents on an Architect C8000 Clinical
Chemistry Analyzer (Abbot Diagnostics, USA). The
concentration of low-density lipoprotein cholesterol
(LDL-C) was estimated using the Friedewald
equation at a TG level <4,5 mmol/l: LDL-C =
TC - (HDL-C+TG/2,2) mmol/l. The cholesterol
concentration not included in HDL (non-HDL
cholesterol) was calculated as the difference: TC
- HDL-C. The level of lipoprotein(a) (Lp(a)) was
determined on a Sapphire-400 analyzer (Japan)
using enzyme Kits. The concentration of the main
proteins LDL and HDL (apolipoproteins (apo) B
and apo Al) was determined on the same analyzer
using DiaSys diagnostic kits. When assessing the
lipid metabolism parameters, the normal ranges
adopted in the 2019 ESC/EAS Guidelines for the
management of dyslipidaemias were used [13].

The serum glucose concentration was determined
by the glucose oxidase assay on an Architect C
8000 analyzer using Abbott reagents, and the
insulin level was determined by Chemiluminescent
immunoassay on an Architect i2000SR analyzer. An
elevated glucose level was considered >6,1 mmol/L,
insulin — >14,0 uU/ml [14].

The levels of adiponectin and leptin were deter-
mined using an enzyme-linked immunosorbent
assay: adiponectin (BioVendor, Czech Republic),
leptin (Diagnostic Biochem Canada Inc., Canada).
Reduced adiponectin level was considered <8,0
ug/ml [11], which coincided with the data obtained
in this study (ROC-analysis); an elevated leptin level
was considered >18 ng/ml, which corresponds to
the median distribution of presented cohort for this
indicator.

The CRP level was determined by a high-
sensitivity turbidimetric immunoassay based on the
interaction of test sample CRP with specific anti-
CRP antibodies using an Architect C8000 analyzer.

Levels of hsCRP >1,0 mg/L were considered eleva-
ted [15].

The plasma FG level was determined by the
Claus method. The measurements were carried out
on an ACL Elite automatic coagulometer (USA)
with Hemosil reagents (USA). An elevated level was
considered the upper quartile for presented cohort
>4.0¢g/L.

To determine the serum content of stable nitric
oxide metabolites (nitrates and nitrites (NOy)), at
the first stage, the blood serum was deproteinized by
centrifugation. The NOy concentration was deter-
mined spectrophotometrically using a Multiskan
MCC/340 system (LabSystems, Finland) [16]. NOy
<36 umol/L was considered reduced, which cor-
responds to the cut-off point found using the ROC
analysis in our cohort of patients.

Creatinine levels were determined using enzyme-
linked immunosorbent assay. The measurements
were carried out on an Architect C 8000 analyzer.
The range of values from 70 to 110 umol/L is taken as
a normal creatinine level according to international
standards. In our study, according to the cut-off
point found by ROC analysis, the creatinine level
>73 umol/L was considered elevated.

Statistical analysis. Statistical analysis of results
was carried out using the statistical software packages
Statistica v.10 and SPSS v.20. Depending on the type
of distribution of continuous variables, the arithmetic
mean with standard deviation (total cholesterol, LDL-
C, HDL-C, non-HDL cholesterol, apo Al, apo B, FG,
glucose, creatinine) or the median and interquartile
range, indicating maximum and minimum values (TG,
Lp(a), NOy, hsCRP, insulin, adiponectin, leptin) was
estimated. To evaluate the cut-off points of continuous
variables, ROC analysis was used with the creation
of curves to determine the sensitivity and specificity
of the test. The threshold level was determined by a
combination of sensitivity and specificity values at
curve intersection, giving 100% in total. A binary
logistic regression was used to estimate odds ratios
and 95% confidence interval (CI). Differences were
considered significant at p<0,05.

Results
The study included 216 patients: 115 men and 101
women aged 24 to 87 years (mean age, 61,5£10,7
years), who were selected in accordance with the
inclusion criteria in one of the following groups:
Group 1 (n=73) — asymptomatic patients without
CA atherosclerosis (intact CA);
Group 2 (n=71) — asymptomatic patients with
subclinical CA atherosclerosis (CA stenosis <50%);
Group 3 (n=72) — symptomatic patients with
severe CA atherosclerosis (stenosis in two or more
CAs with hemodynamically relevant involvement of
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Table 1

Biochemical blood parameters depending on CA involvement degree

Biochemical parameters Group
Group 1
(intact CA)
(n=73)
Lipid metabolism parameters
Total cholesterol, mmol/I 4,5+115
LDL-C, mmol/I 2,6%0,98
HDL-C, mmol/I:
Men 1,0+0,22
Women 1,3+0,33
Non-HDL cholesterol, mmol/I 3,3+1,07
TG, mmol/I 1,4 [1,00; 1,99]; (0,11-4,85)
Lp(a), mg/dl 15,9 [7,31; 36,8]; (0,9-229,5)
Apo Al, mg/dl 157+32,12
Apo B, mg/dl 86+23,61
Hemostatic parameters
Fg, g/l 4,6+142
Inflammatory markers
hsCRP, mg/I 2,3[0,88; 5,37]; (0,14-186,2)

Carbohydrate metabolism markers

Glucose, mmol/I 5,9+1,37

Insulin, pU/L 8,9 [6,07; 12,45]; (1,30-73,80)
Metabolism parameters of visceral adipose tissue

Adiponectin, mg/ml 7,7 [5,97; 10,55]; (4,19-23,20)
Leptin, ng/ml 19,4 [5,8; 57,3]; (0,00-182,0)
End product of creatine phosphate reaction

Creatinine, umol/I 75,4+22,68

NO metabolites

NOy, umol/I 41,8 [42,04; 60,00];

(12,64-222,68)

Group 2 (subclinical CA
atherosclerosis)
(n=71)

4,7+1,00
2,8£0,91

1,2+0,33
1,3+0,28

3,409

1,3 [0,84; 1,74]; (0,38-3,62)
16,9 [6,82; 33,89]; (0,9-241,27)
159+26,82

9242373

4,5£0,87

2,2 [1,38; 3,62]; (0,28-29,8)

6,3+1,47
10,0 [6,9; 15,05]; (1,00- 81,00)

8,8 [7,02; 11,65]; (1,10-56,30)
272 [4,98; 73,2]; (0,33-225,0)

7771722

30,0 [24,46; 42,06]%;
(13,91-132,12)

Group 3 (severe atherosclerosis
of CA)
(n=72)

3,9+0,98"¢
2,2+0,84°°

1,0£0,33°
1,1£0,21°¢

2,8+0,92°¢

1,4 [11; 1,75]; (0,60-5,72)
15,2 [5,84; 54,21]; (1,46-169)
136+25,9°¢

84+22,43

5,2%1,420¢
4,5 [2,14; 10,05]°¢; (0,52-136,69)

6,9+2,0°
11,0 [8,20; 1765]; (4,60-50,60)

6,8 [4,73; 10,40]°°; (2,13-22,70)
10,5 [4,0; 37,0]; (0,75-139,0)

93,0+32,98"¢

30,5 [25,18; 43,93]°¢;
(15,60-115,72)

Note: p<0,05: ® — between 1 and 2 groups.; ® — between 1 and 3 groups.; ® — between 2 and 3 groups. The interquartile range and
minimum and maximum values are indicated in square brackets and parentheses, respectively.

Abbreviations: apo — apolipoproteins, hsCRP — high-sensitivity C-reactive protein, CA — coronary arteries, Lp(a) — lipoprotein(a),
LDL — low density lipoproteins, HDL — high density lipoproteins, TG — triglycerides, FG — fibrinogen, NO, — nitric oxide metabolites.

one and/or several vessels). Hemodynamically rele-
vant stenoses were considered as follows [17]:

 stenosis >50% in any CA with imaging data
confirming myocardial ischemia in the area of cor-
responded affected vessel;

+ stenosis >90% in any CA even without ische-
mia confirmation by imaging methods.

Table 1 shows the serum biochemical parameters
in groups with different CA involvement.

Analysis presented in Table 1 showed that in
the group with severe CA atherosclerosis (group 3),
the lipid profile was less atherogenic compared to
patients with intact CA (group 1) and subclinical
coronary artery disease (group 2), which, most
likely, is due to statin therapy. Indeed, 93% of

group 3 patients took statins, 50,7% — group 2, and
26% — group 1. At the same time, HDL-C cho-
lesterol and apo Al levels in women with severe CA
atherosclerosis were lower than in other patients,
and in men — lower than in patients with subclinical
CA involvement. The levels of FG and hsCRP, as
inflammation indicators, were higher in patients
with severe coronary atherosclerosis in comparison
with patients without hemodynamically significant
CA atherosclerosis (group 1 and 2).

Glucose and insulin values, reflecting the car-
bohydrate metabolism activity, was higher in pa-
tients with any CA atherosclerosis (group 2 and 3),
compared with those without coronary athero-
sclerosis (group 1). Among visceral adipose tissue
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Table 2

Univariate and multivariate logistic regression models
for determining coronary atherosclerosis of any severity (groups 2 and 3)

Univariate analysis
OR (95%; Cl)

2,44 (1,34-4,47)
2,37 (1,33-4,22)
2,80 (1,36-5,76)
0,71 (0,40-1,25)

Biochemical parameters

Glucose, mmol/I
Creatinine, pmol/I
hsCRP, mg/I
Adiponectin, pg/ml

Multivariate analysis
p OR (95%; Cl) p

0,004 2,17 (115-4,11) 0,017
0,003 2,45 (1,35-4,52) 0,004
0,005 2,83 (1,37-6,41) 0,008
0,232 0,51 (0,27-0,96) 0,037

Note: glucose, mmol/L 26,1 (1), <6,1 (0); creatinine, umol/l 273 (1), <73 (0); hsCRP, mg/I 21 (1), <1 (0); adiponectin, ug/ml <8 (1), 28 (0).
Abbreviations: Cl — confidence interval, hsCRP — high-sensitivity C-reactive protein, OR — odds ratio.

Table 3

Univariate and multivariate logistic regression models
for determining severe coronary atherosclerosis (group 3)

Univariate analysis
OR (95%; Cl)

2,87 (1,60-5,15)
3,03 (1,63-5,62)
3,83 (1,42-10,39)
1,61 (0,91-2,85)

Biochemical parameters

Glucose, mmol/I
Creatinine, pmol/I
hsCRP, mg/I
Adiponectin, pg/ml

Multivariate analysis
P OR (95%; Cl) p

0,000 2,41 (1,31-4,43) 0,005
0,000 2,79 (1,47-5,33) 0,002
0,008 3,48 (1,24-9,77) 0,018
0,103 1,33 (0,72-2,45) 0,368

Note: glucose, mmol/L 26,1 (1), <6,1 (0); creatinine, umol/l 273 (1), <73 (0); hsCRP, mg/I 21 (1), <1 (0); adiponectin, ug/ml <8 (1), 28 (0).
Abbreviations: Cl — confidence interval, hsCRP — high-sensitivity C-reactive protein, OR — odds ratio.

metabolism parameters, adiponectin and leptin were
considered. The highest leptin values were obtained
in group 2, and the lowest — in group 3. Creatinine
levels increased from group 1 to 3. Lower NOy
values were obtained in patients with subclinical CA
atherosclerosis, and higher values — in those without
CA atherosclerosis compared with the group of
severe CA atherosclerosis.

To determine the contribution of blood parame-
ters to the likelihood of CA atherosclerosis and its
severity, logistic regression was used; at the same
time, significant differences between the groups
in the analyzed blood parameters were taken into
account in univariate and multivariate models (Ta-
ble 1).

Univariate analysis with the inclusion of above
biochemical parameters revealed that an independent
contribution to the diagnosis of severe coronary
atherosclerosis (group 3) is made by an increased
levels of HDL-C >1 mmol/L in men (p=0,006)
and >1,2 mmol/L in women (p=0,002), non-HDL
cholesterol >2,2 mmol/L (p<0,001), glucose >6,1
mmol/L (p=0,000), hsCRP >1 mg/L (p=0,008) and
creatinine >73 umol/L (p<0,001). When diagnosing
CA atherosclerosis of any severity, the following
parameters maintain its value in univariate models:
glucose >6,1 mmol/L (p=0,004), hsCRP >1 mg/L
(p=0,005), creatinine >73 umol/L (p=0,003), and

NOy <36 umol/L (p=0,001). However, multivariate
models that take into account various combinations
of lipid metabolism parameters, as well as their
combinations with other biochemical indicators,
turned out to be insignificant neither for detecting
CA atherosclerosis, nor for determining its severity
(p>0,05).

At the same time, models including glucose,
creatinine, hsCRP, and adiponectin turned out
to be significant. According to univariate analysis
(Table 2), which determines the independent
contribution of each parameter to the assessment
of presence and severity of CA atherosclerosis, all
included indicators, except for adiponectin, were
significant.

The multivariate model, including the above
parameters (Table 3), turned out to be significant
both for the detection of atherosclerosis of any
severity (group 1 and 2) (p<0,001), and the detection
of severe coronary involvement (group 3) (p=10"%).

Given the multifactorial etiology of atheroscle-
rosis, the close conjugation of biomarkers with each
other and their mutually potentiating effect, as well
as the results of univariate and multivariate analysis,
we have formed a multivariate biochemical model
(MVM) that allows non-invasive diagnosis of CA
atherosclerosis. The following biomarkers were
included in the MVM: glucose, creatinine, hsCRP,
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Table 4
MVM scoring of biochemical deviations

Score

26,1 mmol/l — 1
<6,1 mmol/l — 0

Biochemical parameters
Glucose, mmol/I

Creatinine, umol/I 273 umol/l — 1
<73 ymol/I — 0

hsCRP, mg/I 21mg/l —1
<73mg/l—0

Adiponectin, pg/ml <8 pg/ml — 1
28 ug/ml — 0

Abbreviation: hsCRP — high-sensitivity C-reactive protein.

adiponectin. The deviation from the norm of one
biochemical parameter was estimated at 1 point.
Thus, the total MVM can range from 0 to 4 points
(Table 4).

The ROC analysis was used to assess the MVM
significance for diagnosis of CA atherosclerosis; a
cut-off point of 2 was found. MVM >2 points with
a sensitivity of 72% indicated the CA atherosclerosis
of any severity, and with a specificity of 62,5%, it
was ruled out. Using the MVM data and a cutoff
point of 2, a binary logistic regression model was
built, according to which, with a MVM >2, the like-
lihood of detecting any CA atherosclerosis increases
by 2,1 times (95% CI, 1,2-3,8; p=0,010), severe
atherosclerosis — by 4,7 times (95% CI, 1,9-12,0;
p=0,001). MVM <2 points increased the likelihood
of detecting intact CAs by 2,8 times (95% CI,
1,4-4,9; p=0,002). The interpretation of the results
depending on total MVM score is presented in
Table 5.

Discussion

The study of biomarkers of key pathophysiological
mechanisms of atherogenesis is a promising di-
rection, since their action is carried out at the mo-
lecular-cellular level and covers all stages of athe-
rosclerosis development.

We considered markers of lipid and carbohydrate
metabolism, hemostasis system, inflammatory me-
diators, metabolic products of visceral adipose tissue,
and the end product of creatine-phosphate reaction.

The search for atherosclerosis markers, lipid
metabolism parameters are traditionally studied.
Despite the fact that about half of cardiovascular
events occur in patients with normal lipid profile,
dyslipidemia continues to occupy the leading place
among CVD RFs, and its correction is the primary
task of treating patients with high and very high
CVR [13]. In this regard, we analyzed the main lipid
profile parameters. It turned out that in the examined
cohort of patients, a less atherogenic lipid profile was

Table 5
Determination of CA atherosclerosis
severity according to MVM

MVM, total score Group
0-2 Intact coronary arteries
(no CA atherosclerosis)
3-4 CA atherosclerosis
of any severity

(plagues in CA >220%)
Abbreviation: CA — coronary arteries.

observed in patients with severe CA atherosclerosis
(group 3), which is probably due to statin therapy.
The created univariate and multivariate regression
models, including various lipid metabolism indi-
cators, as well as their combination with other bio-
markers, was insignificant (p>0,05).

The analysis of relationship between disorders of
insulin-dependent glucose uptake by cells showed
that glucose >6,1 mmol/L and adiponectin <8 ug/ml
reliably indicate CA atherosclerosis in patients. Our
results are consistent with the literature data,
which show that patients with atherosclerosis are
significantly more likely to have metabolic disorders
[18-20].

Taking into account the pathogenetic aspects
of atherosclerosis associated with chronic inflam-
mation, we examined such indicators as FG and
hsCRP. These biomarkers were not chosen due to
evidence-based medicine and practical significance
[21-23]. According to research data, an increased
FG level is significant diagnostic and prognostic
marker of atherosclerosis, in which a number of pro-
nounced hemostatic disorders are associated with
complications and higher cardiovascular mortality
[24, 25]. According to literature data, the level
of hsCRP is independently associated with athe-
rosclerosis severity and stenosis area. However,
the rationale of using hsCRP to detect subclinical
atherosclerosis is not fully clear [23]. A meta-analysis
of 22 studies showed that hsCRP concentration >3,0
mg/L was associated with a 60% probability with
coronary artery disease development. At the same
time, for cardiovascular risk stratification, hsCRP
>1,0 mg/1 is considered as high [24]. The study
results showed a significant relationship between FG
and hsCRP not only with the presence, but also with
the severity of CA atherosclerosis.

Chronic kidney disease is also associated with
an increased CVD risk independently of other RFs.
Decreased GFR increases the cardiovascular death
risk. According to the European clinical guidelines on
cardiovascular disease prevention in clinical practice
[25], in the presence of chronic kidney disease with
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GFR <30 ml/min, a patient is classified with very high
risk, <60 ml/min — a high risk. Since the creatinine
level is used in calculating GFR, we analyzed its
possible associations with CA atherosclerosis and its
severity, both in isolation and in combination with
other biomarkers. It turned out that the level of
creatinine is positively associated not only with the
presence, but also with CA atherosclerosis severity.

The feasibility of assessing NOy level to assess
the endothelial NO-producing activity has been
confirmed in studies both in laboratory animals and
in humans [26, 27]. Literature data show that NOy
is associated not only with cardiovascular mortality,
but also with all-cause mortality [28]. There is evi-
dence that NOy is associated with atherosclerosis
[29]. In our study, when analyzing the blood con-
centration of NOy, we found a cut-off point of 36
uM/L and revealed a negative correlation of this
biomarker with the presence and severity of CA athe-
rosclerosis. However, given the small sample and the
complexity of NOy determination, this indicator was
not included in multivariate regression models. This
result requires further study in a larger cohort.
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Risk factors and outcomes of gastrointestinal bleeding in patients with stable
coronary artery disease: data from the observational registry of long-term

antithrombotic therapy REGATTA-1

Komarov A. L., Shakhmatova O.O., Korobkova V. V!, Novikova E. S, Guskova E.V!, Yarovaya E.B.?,
Balakhonova T.V!, Shuleshova A.G., Panchenko E. P!

Aim. To optimize the upper gastrointestinal bleeding (UGIB)
risk scale in patients with chronic coronary artery disease
(CAD) receiving long-term antiplatelet therapy.

Material and methods. The UGIB risk scale was deve-
loped based on the prospective REGistry of long-term
AnTithrombotic TherApy-1 REGATTA-1 (ClinicalTrials.gov
Identifier: NCT04347200). The registry includes 934 patients
with stable CAD (men, 78,6%; median age, 61+10,7 years),
76% of whom were included after elective percutaneous
coronary interventions and received dual antiplatelet
therapy for 6-12 months. After a UGIB episode, patients
were prescribed proton pump inhibitors. The 2015 European
Society of Cardiology (ESC) scale was used for assessing
the UGIB risk. In addition, we evaluated the ultrasound data
on atherosclerotic burden (abdominal aorta and peripheral
arteries).

Results. The median follow-up was 2,5 years [1,1-14,7
years]. The incidence of UGIB was 1,9 cases per 100 pa-
tient/years. Recurrent UGIB episodes and thrombosis was
recorded in 13,7% and 31,4%, respectively. Based on the
results of a multivariate logistic regression, a novel scale for
assessing the UGIB risk (REGATTA) has been developed.
In accordance with the odds ratio, points were assigned
for each independent risk factor (RF): age >80 years — 3
points, prior gastric erosion, peptic ulcer disease or UGIB —
3 points for each RF, anticoagulation therapy — 4 points,
non-steroidal anti-inflammatory drug therapy — 2 points.
The atherosclerotic burden (peripheral atherosclerosis and/
or abdominal aortic aneurysm; 2 points) and heart failure
(in most cases after a myocardial infarction; 2 points) were
marked as a new independent predictor. The cutoff value (>4
points) was determined, reflecting the high UGIB risk (sen-
sitivity, 80,4%; specificity, 84,5%). The REGATTA scale was
more powerful than the traditional 2015 ESC scale: AUC of

0,88, (95% confidence interval, 0,86-0,9) vs AUC of 0,79,
(95% confidence interval, 0,76-0,82) (p=0,04).

Conclusion. The identified UGIB predictors (atherosclerotic
burden and heart failure) and the developed REGATTA scale
made it possible to improve the prognosis and prevention
of UGIB in patients with stable CAD receiving long-term
antiplatelet therapy.

Keywords: coronary artery disease, antiplatelet therapy, gas-
trointestinal bleeding, percutaneous coronary intervention,
proton pump inhibitors, peripheral atherosclerosis.
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Upper gastrointestinal bleeding from the tract
(UGIB) is one of the most common complications
of antithrombotic therapy associated with high
mortality [1]. Adequate score for assessing the ble-
eding risk in patients with coronary artery disease
(CAD) would make it possible to select candidates
for primary UGIB prevention (primarily by using
proton pump inhibitors (PPIs)), to plan active
monitoring of such patients (complete blood count,
fecal occult blood test, esophagogastroduodenoscopy
(EGD)). In addition, the high risk of UGIB may be
the basis for a more careful choice of antithrombotic
therapy.

There are two approaches to UGIB risk strati-
fication in patients with CAD. The first one predicts
the likelihood of any bleeding and takes into account
general risk factors (RF) characterizing the severity
of patient’s condition as a whole (PRECISE-DAPT
[2] and ARC-HBR [3] scores). The second approach
[4] by the European Society of Gastrointestinal
Endoscopy (2015), which was recommended for
patients with CAD by the European Society of Car-
diology (ESC), involves taking into account age and
medications (steroids, non-steroidal anti-inflam-
matory drugs (NSAIDs), anticoagulants), as well
as local RFs characterizing the mucous membrane.
We assume that combining various RFs into a single
model can enhance the prognostic value of known
scores and allow careful predicting UGIB.

The aim was to optimize the UGIB risk scale in
patients with chronic CAD receiving long-term anti-
platelet therapy.

Material and methods

To create a UGIB risk scale and assess its pre-
dictive value, a cohort of patients with stable CAD
was used, included in the single-center prospective
register of long-term antithrombotic therapy
REGATA [5], created on the basis of the National
Medical Research Center of Cardiology (Figure 1).
Within this study, patients included in the period
from 2003 to 2019 was analyzed.

The study was performed in accordance with
standards of Good Clinical Practice and Declaration
of Helsinki. The study protocol was approved by the
local ethics committee. All patients signed written
informed consent.

Inclusion and exclusion criteria have been detailed
in our previous publications [5]. Briefly, the study in-
cluded patients with stable CAD (most of them after
elective percutaneous coronary interventions (PCI))
who have no contraindications to standard anti-
thrombotic therapy.

Study progress. In addition to the standard exa-
mination, screening for concomitant peripheral
atherosclerosis was performed, including ankle-

brachial index (ABI) test, Doppler ultrasound of
extracranial arteries, abdominal aorta and its bran-
ches (and/or contrast-enhanced abdominal multi-
slice computed tomography if indicated). In the
presence of intermittent claudication and/or a de-
crease in ABI <0,9, lower limp artery ultrasound
was performed. To define the “peripheral athero-
sclerosis”, generally accepted criteria were used [4].
Attention was also paid to prior gastric erosions and
ulcer, verified by EGD.

The scale recommended by ESC in 2015 was
chosen for assessing the UGIB risk [4]. For all
patients, the UGIB risk was stratified according to
this scale, which, however, had a number of limi-
tations. Thus, H. pylori infection was assessed by the
decision of an attending physician. Due to insuf-
ficient data, this parameter was not included in
further statistical processing. For the same reason,
the presence of gastroesophageal reflux disease was
not taken into account. Also, for a large number
of patients, no reliable information was obtained
regarding the alcohol consumption. Therefore, this
symptom was also not analyzed.

The planned duration of prospective follow-up
was more than 2 years. Follow-up visits were carried
out 6 and 12 months after inclusion, then — every 12
months. If necessary, unscheduled visits were carried
out due to CAD progression. Telephone contacts
were made every 3 months.

End points. The primary endpoint was overt
UGIB (verified by EGD or typical symptoms —
melena, vomiting blood, or a combination thereof).
Bleeding counts met BARC class 2-5.

The following adverse events were also recorded:
death (with an indication of cause), myocardial
infarction, unstable angina requiring hospitalization,
ischemic stroke, transient ischemic attack, peripheral
arterial thrombosis.

Medication therapy. All patients received standard
treatment according to the current Russian Society
of Cardiology and ESC guidelines on CAD and
myocardial revascularization [4]. All patients were
prescribed with aspirin 75-100 mg a day. After PCI,
patients also received clopidogrel for 6-12 months.
The adherence to treatment with antiplatelet agents,
statins and other drugs that affect the cardiovascular
prognosis was monitored. At the discretion of an
attending physician, preventive therapy with PPIs
was prescribed, appointment of which was assessed
using medical records. Patients who underwent
UGIB after being included in the registry were addi-
tionally observed by a gastroenterologist. Manda-
tory prescription of PPIs and assessing adherence
to treatment was envisaged. If indicated, additional
EGD and eradication therapy for H. pylori were
performed.
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Figure 1. Study design.

Abbreviations: ASA — acetylsalicylic acid, GCSs — glucocorticosteroids, GERD — gastroesophageal reflux disease, ESC — European
Society of Cardiology, UGIB — upper gastrointestinal bleeding, CAD — coronary artery disease, ABl — ankle-brachial index, MSCT —
multislice computed tomography, NSAIDs — non-steroidal anti-inflammatory drugs, ACS — acute coronary syndrome, CVD —
cardiovascular death, TIA — transient ischemic attack, PCl — percutaneous coronary intervention.

Statistical processing and risk scale development.
Statistical processing was carried out using the
Statistica 10.0, SPSS 20 and MedCalc 18.11 software
packages. Univariate and multivariate regression was
used to identify potential RFs of UGIB. Parameters
with a significant odds ratio (OR) (95% confidence
interval (CI) of which did not include one) were
selected by multiple logistic regression model. Based
on the OR values obtained in multiple logistic regres-
sion, the identified independent predictors of UGIB
were assigned scores characterizing the contribution
of each factor to the total bleeding risk. Taking
into account the relatively small sample size and
follow-up period, the characteristics of patients (for
example, initially, patients receiving anticoagulants,
NSAIDs, steroids were practically not included),
number of assigned scores for RFs that are rare in
our sample was adjusted in accordance with lite-
rature data covering more representative cohorts.

To assess the predictive value of scale, we used
the ROC analysis with determining area under the
curve (ROC curve). As a cutoff point for score

determining the high UGIB risk, the value with clo-
sest sensitivity and specificity was chosen.

To assess the adequacy of cut-off point, the
incidence of UGIB for subgroups of patients allo-
cated in accordance with score was compared with
the incidence of UGIB, which we theoretically
calculated, which was considered as high. The calcu-
lation was based on the following data:

1) Academic Research Consortium experts propo-
sed a cut-off point of 4% per year as a high-risk cri-
terion for all major bleeding (BARC 3-5) after PCI [3];

2) among all such bleedings, the proportion of
UGIB is ~60% [6],

3) among all gastrointestinal bleeding, more than
half (64,4%) falls on the upper gastrointestinal tract [7].

Thus, the cutoff line of high risk for major UGIB
is4% % 0,6 x 0,64 =1,536%.

This calculation takes into account only major
bleeding. It is known that 3 cases of major gas-
trointestinal bleeding (BARC 3-5) account for 1
additional BARC 2 bleeding [8]. Due to the above,
the cutoff point of high risk for major and clinically
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Table 1
Prevalence of gastrointestinal bleeding RFs in patients with stable CAD,
depending on bleeding within the follow-up period
Total, n (%) All patients, Patients with Patients without P

n=934 gastrointestinal bleeding gastrointestinal bleeding
within follow-up, n=51 within follow-up, n=883

Male 723 (78,6%) 42 (78,1%) 681 (77,9%) 0,386
Female 211 (21,4%) 9 (21,9%) 202 (22,5%)

Age
<70 years 762 (81,6%) 32 (58,8%) 730 (82,7%) <0,001
70-79 years 152 (16,3%) 12 (23,5%) 140 (15,9%) 0,149
>80 years 20 (2,1%) 7 (13,7%) 13 (1,5%) <0,001

Clinicalriskfactors:

« BMI >30 kg/m? 544 (58,2%) 36 (70,6%) 375 (57,5%) 0,073

+ Diabetes 190 (20,3%) 11 (21,6%) 179 (20,3%) 0,823

- Stage >3a chronic kidney disease 97 (10,4%) 12 (23,5%) 85 (9,6%) 0,002

+ Prior MI 538 (57,6%) 29 (56,9%) 509 (57,6%) 0,701

+ PCl within 12 months prior to inclusion 707 (75,7%) 25 (49,0%) 682 (60,2%) <0,001

+ HF* 73 (7,8%) 17 (33,3%) 56 (6,3%) <0,001

+ Prior ischemic stroke + TIA 72 (77%) 5(9,8%) 67 (7,6%) 0,564

+ Peripheral arterial atherosclerosis 176 (18,8%) 18 (35,3%) 158 (17,9%) 0,012

+ Abdominal aortic aneurysm 22 (2,4%) 10 (19,6%) 12 (1,4%) <0,001
Condition of the upper gastrointestinal tract:

+ Prior mucosal erosion 238 (25,5%) 29 (56,9%) 209 (23,7%) <0,001

+ Prior mucosal ulcer 164 (17,6%) 23 (45,1%) 141 (16,0%) <0,001

+ Erosion exacerbation after PCI 138 (14,8%) 11 (21,6%) 127 (14,4%) 0,162

+ Prior gastrointestinal bleeding 6 (0,64%) 6 (11,8%) 0 <0,001
Drgtherapy:

+ NSAIDs 4 (0,43%) 4 (7,8%) 0 <0,001

+ Anticoagulation (dual or triple therapy) 48 (5,1%) 12 (23,5%) 36 (4,1%) <0,001

+ PPIs 264 (28,3%) 51 (100%) 213 (54,1%) <0,001

Note: * — in 90% of patients with HF developed after MI.

Abbreviations: Ml — myocardial infarction, BMI — body mass index, PPIs — proton pump inhibitors, NSAIDs — non-steroidal anti-
inflammatory drugs, TIA — transient ischemic attack, HF — heart failure, PCl — percutaneous coronary intervention.

relevant UGIB was increased by a third and amoun- therapy (DAPT) for 6-12 months. We have described
ted to 2,06%. Thus, >2 events per 100 people per in detail the clinical and demographic characteristics
year was chosen as a criterion for the high UGIB risk of patients, classical UGIB RFs, the prevalence

(BARC 2-5). of peripheral atherosclerosis and abdominal aortic
Comparison of the predictive value of developed aneurysm in the studied cohort previously [5].
scale with 2015 ESC scale [4] was carried out by compa- Upper gastrointestinal bleeding. The median

ring the corresponding areas under the ROC curves. follow-up was 2,5 years [1,1-14,7 years]. Major and
Differences were considered significant at p<0,05. clinically relevant UGIB (BARC 2>2) was recor-
ded with a frequency of 1,9 cases per 100 people

Results per year (Figure 2). It should be emphasized that

Initial characteristics of patients. In total, the most of UGIB occurred in the first 2 months from
study included 934 patients with stable CAD (median treatment initiation (median duration before UGIB
age, 61 years [53-68 years]; men, 78,6%) (Table 1). development was 71 days [13-212]). Most of the ble-
At the enrollment, 687 patients (76%) underwent eding (62,8%) was verified by EGD; the rest were
elective PCI, and therefore received dual antiplatelet diagnosed retrospectively by typical clinical picture.
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Gastrointestinal bleeding risk assessment scale REGATA:
RFs and their relative contribution to gastrointestinal bleeding risk

Risk factors

Age:

— 70-79 years old
— >80 years old

Table 2
Score  OR[95% CI] p
1* 1,2 [0,5-2,9] 0,616
3 4,81,2-18,7] 0,024

Prior gastric/duodenal ulcer 8 49[2,4-10,1] 0,00002
Prior gastrointestinal bleeding SH 2,2 [1,5-357] <0,0001
NSAIDs 3 8,16 [3,4-124,7] <0,0001
Anticoagulant therapy (including in combination with antiplatelet agents) 4 164,8 [15,5-1755,6] 0,00002

Notes: * — assigned score is corrected in accordance with literature data. Risk factors that are absent in the 2015 ESC scale are marked

in color.

Abbreviations: Cl — confidence interval, NSAIDs — non-steroidal anti-inflammatory drugs, OR — odds ratio.
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Figure 2. Cumulative incidence of upper gastrointestinal bleeding
in patients with stable CAD (Kaplan-Meier curve).

All patients with further gastrointestinal bleeding
have information in their medical records about
PPI appointment, but adherence to therapy is not
known. After an episode of bleeding, the patients
were followed up by a gastroenterologist. A set of
measures was carried out aimed at the secondary
gastrointestinal bleeding prevention, including long-
term PPI therapy and correction of modifiable RFs
(withdrawal of NSAIDs, alcohol, eradication of
H. pylori if indicated, etc.). Against the background
of such events, the incidence of recurrent gas-
trointestinal bleeding was only 13,7%.

To identify gastrointestinal bleeding predictors,
in addition to conventional RFs, other indicators
were analyzed, reflecting renal function, athero-
thrombosis, prior vascular events and heart failure
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Figure 3. Comparison of the predictive value of gastrointestinal
bleeding risk scales REGATA and 2015 ESC using ROC analysis.
Abbreviations: Cl — Confidence Interval, ESC — European So-
ciety of Cardiology.
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Figure 4. Gastrointestinal bleeding rate depending on score on the REGATA scale.

Abbreviation: UGIB — upper gastrointestinal bleeding.

as the final stage of cardiovascular continuum
(Table 1). We have identified a symptom that most
fully reflects the atherosclerosis extent — presence
of peripheral atherosclerosis and/or abdominal
aortic aneurysm. Age as one of the leading RFs of
gastrointestinal bleeding was analyzed by groups
(<70 years old, 70-79 years old, and >80 years old);
the criteria for dividing patients into groups by age
were borrowed from large-scale observational studies
carried out in 2017-2019 [1, 9]). Since dyspepsia
as a term does not have clear criteria, and EGD
confirmation of gastroesophageal reflux disease in
actual clinical practice is often difficult, these RFs
were not taken into account in further analysis.

According to multivariate analysis (Table 2),
the already known factors were independent UGIB
predictors in our cohort of patients with stable
CAD: history of peptic ulcer disease or upper gastro-
intestinal erosions, age over 80 years, prior gastro-
intestinal bleeding, as well as NSAID and anti-
coagulant therapy. We also found that the risk of
gastrointestinal bleeding increased in patients with
advanced atherosclerosis (peripheral atherosclerosis
and/or abdominal aortic aneurysm), as well as in
patients with heart failure.

Risk stratification scale for UGIB in patients with
stable CAD REGATA. Based on the results obtained,
we have developed a novel risk stratification scale
for UGIB in patients with stable CAD — REGATA
(Table 2). Based on the OR values obtained by
multivariate analysis, each of the RFs we found was
assigned a certain score: factors with OR <1,5 were
assigned 1 point, 1,5< OR <4,5 — 2 points, 4,5 OR
<10 — 3 points, >10 — 4 points. For signs that are rare
in these patients (prior gastrointestinal bleeding), as
well as for the age of 70-79 years, the score was adjusted
in accordance with literature data (first of all, we relied
on similar indicators in the 2015 ESC scale [5]).

We compared the predictive value of REGATA
and 2015 ESC scales (Figure 3). It was found that
the area under the curve (ROC AUC) for REGATA
scale was larger than in 2015 ESC scale. The ROC
AUC was 0,88 (95% CI, 0,86-0,9) and 0,79 (95%
CI, 0,76-0,82), respectively (p=0,04). For REGATA
scale, the optimal cut-off point, which determines
the high bleeding risk, was a score of 4. With such
a cut-off point, the sensitivity and specificity were
80,4% and 84,5%, respectively.

All patients were divided into 8 groups in ac-
cordance with score on the REGATA scale. For
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Figure 5. Survival without upper gastrointestinal bleeding (A) and thrombotic events (B) in the high and low risk groups according to the

REGATA scale (Kaplan-Meier curves).

Abbreviations: DAPT — dual antiplatelet therapy, UGIB — bleeding from the upper gastrointestinal tract, TE — thrombotic events, PCl —

percutaneous coronary intervention.

each group, the incidence of gastrointestinal ble-
eding was estimated (Figure 4). The incidence of
gastrointestinal bleeding in patients with score of 3
(highest score in the low-risk category) was 2,5 cases
per 100 patients per year. This indicator was very
close to the theoretically calculated value of 2% per
year, which is an additional criterion for the high
predictive value of the scale we developed. In 19,1%
of patients, the risk of gastrointestinal bleeding was
defined as high on the REGATA scale.

Logistic regression showed that the incidence of
gastrointestinal bleeding in the subgroup of patients
with high REGATA risk (>4) was significantly
higher than in patients with low risk (1-3): 23% vs
1,3% (p=0,000001).

Predictive value of the REGATA scale in patients
after elective PCI. Three quarters of patients at
the inclusion stage received DAPT after elective
PCI. We analyzed the outcomes in this subgroup
separately.

The REGATA scale demonstrated good predictive
value of gastrointestinal bleeding in this subgroup of
patients as well (Figure 5 A). In addition, patients
with a high gastrointestinal bleeding risk were also
characterized by a high risk of thrombotic events
(TEs) (Figure 5 B). At the same time, the incidence
of TEs for the entire follow-up period was higher
than gastrointestinal bleeding. It is important that
the divergence of survival curves without TEs began
at the start of second year after PCI — after the
planned cancellation of DAPT.

Prognosis of CAD patients who underwent gastro-
intestinal bleeding during prospective follow-up. The
analysis of outcomes in patients after gastrointestinal
bleeding showed that the incidence of recurrent

bleeding in this subgroup was 13,7%, while the
incidence of TEs in them was twice as high — 31,4%.

The likely reason for the increase in TEs after
gastrointestinal bleeding was the complete can-
cellation or decrease in the intensity of anti-
platelet therapy. Among 51 patients who underwent
gastrointestinal bleeding, 7 died in the next week,
5 died within a year from causes not related to
thrombosis and bleeding, 39 patients survived after
the first bleeding episode. Antiplatelet therapy was
resumed in full by 30 people, and 9 patients reduced
or completely canceled antiplatelet agents. It should
be emphasized that among 9 people who reduced
or canceled antiplatelet drugs, the frequency of
thrombotic events subsequently was almost 2 times
higher — 55,6% vs 26,7% in those who continued
antiplatelet therapy. However, the small sample size
did not allow us to assess the reliability of revealed
differences.

Discussion

Gastrointestinal bleeding occupies a leading po-
sition in pattern of hemorrhagic events in patients
receiving antiplatelet drugs. The prognosis of pa-
tients with various manifestations of atherothrom-
bosis after such bleeding is considered unfavorable:
1-year mortality after any clinically relevant episode
of gastrointestinal bleeding is 20-25% |[1, 5].

The existing approach to assessing the likelihood
of gastrointestinal bleeding is based solely on the
opinion of experts who have combined the generally
recognized RFs [4] into a common scale that has
not undergone any validation. The high risk of gas-
trointestinal bleeding, determined in accordance
with this scale, is a formal indication for PPI ap-
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pointment. Nevertheless, it has not yet been possible
to convincingly demonstrate the feasibility of this
method of prevention. All of the above determines
the need for well-organized observational studies
and registers aimed both at assessing the predictive
value of this scale and at finding new RFs. In our
work, we chose just such an approach, which made it
possible to integrate already known and new factors
into a unified prognostic model.

The stratification was changed in relation to one
of the key RFs, which is age. According to our data,
the previously accepted division of patients into
groups over and under 65 years of age is not optimal:
a significant increase in gastrointestinal bleeding
risk was noted in older people (Table 2), which
was logically reflected in REGATA scale. A similar
change in risk stratification with an emphasis on
older age groups has been proposed in recent years
by other authors [1, 6].

There were certain limitations that did not allow
adequately validating the gastrointestinal bleeding
risk scale proposed by the ESC in 2015 in relation
to patients from the REGATA register. Our cohort
of patients was characterized by a relatively low
rate of using NSAIDs and anticoagulants. In ad-
dition, the register did not include persons who
required corticosteroid therapy. It was also difficult
to qualify the alcohol abuse. Routine screening for
reflux disease and H. pylori infection has not been
performed.

Another problem was recording the dyspepsia
symptoms. There are no clear criteria for dyspepsia,
which determines the well-known subjectivity when
calculating gastrointestinal bleeding risk score. We,
in turn, drew attention to another, more objec-
tive criterion associated with certain dyspepsia
symptoms, namely, with gastrointestinal erosions.
It is known that such a lesion is characteristic of
H. pylori infection [10], which logically explains the
significance of detected RF in relation to bleeding.

The presence of erosion may indicate impaired
reparative processes, including due to gastrointestinal
mucosa ischemia. In this regard, it seems logical to
emphasize the importance of the discovered RFs
characterizing the atherothrombosis burden, namely,
the involvement of peripheral arteries and abdominal
aorta, as well as heart failure, which developed in
most cases after MI (Table 1). The relationship
between widespread atherosclerotic lesions and the
development of gastrointestinal bleeding has been
demonstrated by other authors [11]. For obvious rea-
sons, no work analyzed the state of arteries directly
supplying the upper gastrointestinal tract. Never-
theless, given the systemic nature of atherothrom-
botic process, it is logical to assume ischemia in
this vascular system, both due to anatomical flow

obstruction and due to distal embolism by damaged
plaques and thrombi, the source of which is most
likely the abdominal aorta.

Taking into account novel RFs, reflecting the
prevalence and severity of atherothrombotic process,
allowed us to improve the prognosis of gastro-
intestinal bleeding. The sensitivity and specificity
of REGATA scale developed by us was significantly
higher than the ESC risk score.

Thrombosis and bleeding RFs are closely related
[12]. One of these common RFs was atherothrom-
bosis burden, which determines the need for long-
term therapy, optimally including a second anti-
thrombotic agent in addition to aspirin [13].

We have previously shown [5] that the outcomes
of patients after gastrointestinal bleeding are deter-
mined by the high TE rate, while the incidence of
recurrent bleeding was significantly less. An analysis
of a cohort of patients undergoing elective PCI
and receiving initial therapy with two antiplatelet
agents (Figure 5) demonstrated an increase in TE
rate in the group with a high risk of gastrointestinal
bleeding, which corresponded to the timing of
DAPT withdrawal. Thus, our results suggest that net
clinical benefit in these patients is determined by the
risk of thrombosis rather than bleeding. The data
obtained in large-scale registers [12] also indicate
that in most patients with many RFs of TEs, the
risk of cardiovascular events significantly exceeds
the likelihood of bleeding. From all of the above,
an important practical conclusion follows that the
bleeding risk is not a reason for routine withdrawal
of antithrombotic therapy, which is prescribed due to
high risk of ischemic events.

This provision may apply to the most vulnerable
category of patients — those with prior gastrointestinal
bleeding. There is reason to believe that treatment (at
least one antiplatelet agent) is preferable to maintain,
if there is adequate endoscopic hemostasis [14].
Our research has also demonstrated the benefits of
this approach. Taking into account all the possible
limitations associated with the small number of
groups, the lack of data on factors influencing the
choice of antithrombotic drugs by physicians, etc.,
it should be stated that TE rate is lower in the case
of resuming the previous antiplatelet therapy a week
after gastrointestinal bleeding.

The safety of antithrombotic therapy can be
maintained only if there is an active search and
correction of all modifiable factors that increase the
bleeding risk, as well as preventive administration
of PPIs. Compliance with these rules allowed us to
ensure low recurrence rate in patients with bleeding.
The specifics of observational study did not allow
us to carry out the same measures in all patients
included in registry.
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An active search for a potential source of ble-
eding could be discussed as an additional preventive
measure. We showed that the largest number of
gastrointestinal bleeding developed in the coming
months from the initiation/intensification of treat-
ment. Antithrombotic therapy is a kind of stress
test that reveals the silent initial pathology of the
gastrointestinal mucosa [15]. Thus, it is prudent to
provide for endoscopic screening or, at least, fecal
occult blood test, if there are any concerns about the
safety of prescribed therapy.

Conclusion
As a result, we discovered novel predictors and de-
veloped a scale for assessing the gastrointestinal ble-
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Current guidelines for the management of patients with
dyslipidemia are well known and easily accessible. Despite
this, according to research data based on actual clinical
practice, selection of optimal tactics for managing patients with
dyslipidemia often causes difficulties and leads to a failure to
achieve the target levels. Tools such as clinical decision support
system (CDSS) can help clinicians follow current clinical
guidelines, taking into account the diversity of phenotypic
profiles and side effects. This review highlights the effectiveness
of CDSS implementation in medical practice as a means for
making decisions in managing patients with dyslipidemia, as
well as presents the algorithm for CDSS for lipid metabolism
disorders created by specialists of the Almazov National
Medical Research Center and the University of Milan.
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Failure to reach target low-density lipoprotein
cholesterol levels is a stumbling block in cardio-
vascular prevention

At the heart of cardiovascular prevention is the
control of modifiable cardiovascular risk factors (CVR)
and the determination of an individual approach in
patient management. Today, modification of risk fac-
tors (RFs) is actively used in the group of people with
high and very high CVR. However, at the population
level, the majority of cardiovascular deaths occur in
groups with low and moderate CVR, because they are
much more numerous (Rose’s paradox). Dyslipidemia
is one of the key modifiable cardiovascular RFs. It
is known that a decrease in low-density lipoprotein
(LDL) level for every 1 mmol/L leads to a decrease
in risk of all-cause mortality by 10%, cardiovascular
mortality — by 20%, stroke — by 17%, and coronary
events — by 23% [1]. The concept of control and ways
to achieve the target LDL level for each category of
patients are reflected in the National and European
guidelines on dyslipidemia [2, 3]. However, actual cli-
nical practice demonstrates a number of difficulties on
the way to controlling RF and achieving the target LDL
level. The DA VINCI study showed that in the primary
prevention group, only a small number of patients
reach the target LDL values according to 2019 [3]
and 2016 [4] European guidelines (33% vs 54%). In
the group of patients with registered atherosclerotic
cardiovascular diseases (CVDs), only 39% and 18%
reach the target LDL level according to 2016 and 2019
guidelines, respectively [5]. Based on this, there is an
obvious need to implement effective tools aimed at
monitoring and providing a personalized approach in
managing patients with CVDs, including at the primary
health care level and in all CVR categories.

Implementation of digital technologies in actual
clinical practice

The widespread introduction of digital tech-
nologies in medicine demonstrates successful re-
sults in the diagnosis and treatment of a number
of diseases [6, 7]. Decision support system (DSS),
introduced into healthcare practice, can be con-
sidered as a means for making decisions in pa-
tient management [8]. DSS is one of the most
promising and rapidly developing areas of modern
information technologies. The information pro-
grammed in them, which integrates the results of
major global randomized clinical trials and current
clinical guidelines, can serve as a tool for generating
evidence-based decisions when using patient-
centered approaches.

One of the first works on DSS introduction into
clinical practice, published at the end of 20™ cen-
tury, was a prospective controlled study to assess
the use and effectiveness of DSS in hypercholeste-
rolemia treatment. The study was carried out in

25 Birmingham clinics, and the Primed DSS was
installed on a desktop computer for each physician.
This study evaluated the use of a decision support
module for hypercholesterolemia in general clinical
practice. The software included a screen for entry
of socio-demographic data and CVR factors. In the
future, the clinician was asked to enter information
from the life history, medical history and cholesterol
level. The CVR score was displayed on the screen
during data collection. A score higher than 10 was
assigned to patients at high risk of CVD over the next
five years. After complete data entry, the program
offered guidelines on patient management tactics.
The system provided detailed information about
the recommended dose of the drug, nutrition and
physical activity. However, the study has clearly
demonstrated that the possibility of widespread
introduction of such programs into routine clinical
practice depends on the simplicity and convenience
of the system. Later, a systematic review [9] eva-
luating the impact of DSS on physician work and
patient outcomes was carried out, which revealed
an increase in doctor efficiency in 62 of 97 studies
(64%) when DSS was used. Outcomes were assessed
in 52 studies, of which 7 studies (13%) reported im-
proved patient outcomes and prognosis. It was noted
that studies that asked users to automatically use
the system indicated better performance than
studies that required users to activate the system
themselves. However, the data obtained were based
on a comparison of studies carried out in different
conditions, with the participation of heterogeneous
populations and using different methods.

Interesting data were obtained in a cluster
randomized trial conducted in the Netherlands [10].
The study evaluated the effectiveness of electronic
alerts versus on-demand DSS in the treatment of
patients with dyslipidemia for 12 months. Thirty-
eight clinics, 77 doctors and 87886 patients (39433
men aged 18 to 70 years and 48453 women aged 18
to 75 years) took part in the study using the ELIAS
electronic health record system. Each clinic was set
to automatically receive notifications. There was a
function “on demand” or “no notifications”. In the
alert group, 65% of patients eligible for screening
completed it (relative risk (RR) versus controls =1,76;
95% confidence interval (CI), 1,1-2,20) versus 35%
of patients in the on-demand group (RR versus
control =1,28; 95% CI, 0,98-1,68) and 25% of
patients in the control group. In the automatic
group, 66% of patients requiring treatment received
appropriate therapy (RR versus control =1,40; 95%
CI, 1,15-1,70) versus 40% of patients (RR versus
control =1,19; 95% CI, 0,94-1,50) in the on-demand
group and 36% in the control group. The automatic
receipt of DSS alerts has significantly improved
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the effectiveness of screening and treatment of
dyslipidemia by general practitioners.

In 2010, a pilot study was conducted in Spain
[11], the aim of which was to assess the efficacy,
safety and cost-effectiveness of HTE-DLP DSS
implementation in the treatment of dyslipidemia
in high-CVR patients. The follow-up period lasted
2 weeks. Ten medical experts in the field of CVR
management were recruited to the study. A total of
77 patients (43 and 34 with very high and high CVR,
respectively) with LDL cholesterol >2,5 mmol/L
were included in the study. The exclusion criteria
were Charlson index >3, patient life expectancy
<1 vyear, and triglyceride levels >4,5 mmol/L.
The primary endpoint was an LDL-C level <1,8
mmol/L. HTE-DLP DSS was written in Java using
open-source tools (OpenJDK, Netbeans, iText,
POI). HTE-DLP provided consistency in clinical
decision making, which included the choice of lipid-
lowering therapy depending on the patient model and
contraindications to therapy. Most of the patients
reached an LDL level <1,8 mmol/L (55,0% vs 12,5%,
p=0,003; RR: 3,26; CI, 1,16-9,15). High-dose statins
and combined lipid-lowering therapy were used more
often in the DSS group than in the control group
(p=0,001). There were 7 reported adverse effects in
the intervention group and 2 in the control group.
According to the medical experts, HTE-DL system
(86,1%) was useful and was considered easy to use
(85%). The use of DSS in high-CVR patients has
resulted in significant reductions in LDL-C levels.

It is necessary to note the study [12], the pur-
pose of which was to study the DSS effect on
the implementation of measures for secondary pre-
vention in patients with coronary artery disease. The
hospitals participating in the study were randomly
assigned to 2 groups: intervention (n=56) and
conservative care (n=>56). The total sample consisted
of 7448 patients. The program carried out automatic
computer monitoring and provided treatment
recommendations. Reminders were sent to primary
care physicians in the intervention group every 4
months, updating current patient lipid profiles and
recommendations for further treatment. In patients
with baseline LDL >3,1 mmol/L, a significant de-
crease in LDL levels was observed in both groups,
but was more pronounced in the intervention one:
3,15+0,88 mmol/L vs 3,21+0,89 mmol/L (P<0,02).
A significantly lower rate of readmission due to CVD
was recorded in patients who received adequate
treatment with lipid-lowering drugs (37% vs 40,9%
(p<0,001)). This study has demonstrated that an
automated computerized reminder system greatly
facilitates adherence and enables clinicians to deter-
mine which lipid-lowering therapy option is appro-
priate for each clinical case.

Chen C, et al. (2010) [13] also demonstrated
a positive effect of DSS in the management of
dyslipidemia patients. This system allowed the
majority of patients to reach the target LDL level
in 1 year. In addition, 74% of patients who used
DSS consistently achieved target LDL Ilevels. Of
those who stopped using DSS, only 57% achieved
the LDL goal (odds ratio, 2,1 (1,2, 3,8) (p=0,022)),
which indicates the DSS effectiveness in achieving
the target LDL level.

When developing a DSS, it is necessary to take into
account a large number of factors. In the Netherlands,
a study was conducted, which reflected the main
characteristics of DSS work in the control and treat-
ment of dyslipidemia according to general practitio-
ners [14]. The CholGate study involved 40 out-
patient clinics and 76 general practitioners. A struc-
tured questionnaire was sent to each doctor par-
ticipating in the project. The questionnaire consisted
of two parts, the first of which was about user
requirements for DSS, while the second one was
devoted to checking the knowledge of general
practitioners about Netherland’s guidelines for
dyslipidemia management. The response rate was
71%. As a result, 38% of respondents stated the need
to implement DSS in clinical practice. According
to the first questionnaire part, the main DSS requi-
rements were as follows: fast speed, convenience and
simplicity, beautiful interface, automatic updates
via the Internet. As for the second questionnaire
part, only 58,8% (standard deviation 13,9) gave cor-
rect answers regarding the managing patients with
dyslipidemia. Thus, this study demonstrated the
main conditions that must be taken into account in
the development and implementation of DSS, as
well as low compliance to current guidelines in the
treatment of patients with dyslipidemia.

Conclusion

Thus, it is obvious that the introduction of DSS
system into routine practice has a clinical rationale
[15] and can be considered as an effective tool for
managing REF, treating CVDs, and predicting car-
diovascular events. As part of the preparation of a
platform for creating a DSS for lipid metabolism
disorders, specialists of the Almazov National Medical
Research Center, together with scientists from the
University of Milan, created an algorithm for making
decisions for dyslipidemia in patients with different
CVR levels (available at: https://app.diagrams.net/#
G16692nhD8cE6Fu4IXNNtEFAdVGK_rsC_XZ).
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