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Modern Aspects of the Clinic, Diagnosis
and Treatment of Prediabetes

Abstract

Prediabetes is a common violation of carbohydrate metabolism, the medical and social relevance of which is due to
the negative impact on the incidence of type 2 diabetes mellitus (DM) and cardiovascular disease (CVD). The analyzed
literature emphasizes the presence of a close pathogenetic relationship between type 2 DM/prediabetes and CVD. This
relationship becomes even more relevant, taking into account, on the one hand, the persistent upward trend in the
prevalence of carbohydrate metabolism disorders in the population, and on the other hand, the fact that in patients with
dysglycemia it is cardiovascular complications that are the main cause of death. However, while the significance of type
2 DM as a risk factor for CVD is widely known and its presence immediately stratifies most patients to a group of high or
very high cardiovascular risk, the contribution of prediabetes to the development of CVD remains underestimated among
the therapeutic and cardiological communities. The high prevalence of prediabetes creates prerequisites for a further
increase in the incidence of type 2 DM and CVD in the Russian Federation, which requires doctors of various specialties to
be wary of early detection of prediabetes, since timely preventive measures can significantly reduce the risk of type 2 DM
and its complications in the future. Currently, the effectiveness of both non-drug and drug strategies in preventing the
development of type 2 DM in people with prediabetes has been confirmed, more and more data are accumulating about
the possibility of effective prevention of CVD in prediabetes. According to modern research, the primary role of measures to
actively change lifestyle in the treatment and prevention of prediabetes is emphasized, at the same time, the effectiveness
of these measures can be reduced due to insufficient commitment of the patients themselves to their independent long-
term implementation. Therefore, the strategy of prescribing metformin for the prevention of type 2 diabetes is absolutely
justified if the doctor and patient recognize the inefficiency or inability to follow the recommendations for active lifestyle
changes for a long time. The article presents the data on the etiology, epidemiology, diagnosis, and approaches to the
management of patients with prediabetes from the standpoint of modern recommendations.

Key words: Prediabetes, diabetes mellitus, cardiovascular disease, metformin, fasting hyperglycemia, impaired glucose
tolerance
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Prediabetes is a condition preceding type 2 dia-
betes mellitus (DM), with glycemia parameters
exceeding the normal range but below the thresh-
old to diagnose type 2 DM [1].

Epidemiology and Prognosis

As estimated by the International Diabetes Federa-
tion, in 2017, there were 451 million people with
diabetes and more than 318 million people with

Table 1. Epidemiological data on prediabetes

prediabetes in the world. The total costs of their
management amounted to 850 billion US dol-
lars [2]. By 2040, the prevalence of prediabetes
is expected to rise up to 482 million, along with
global trends in obesity. It will increase dramatically
in low- and middle-income countries due to rapidly
changing urbanization and lifestyle [3].

Cohort studies have yielded information on
the prevalence of prediabetes (Table 1 [6-14]).

| Authors, year | Design

| Result |

Andes L.J., Cross-sectional analysis of the base of the

Cheng Y.J., National Institute of Health and Nutrition

Rolka D.B. et al,, for 2005-2016

2019 [6]

Konnov M.V, 303 families were examined: probands

Deev AD., (n=285; 79,2% after myocardial infarction)

2017 (7] with early coronary artery disease, their
spouses (n=216; 82,4% of women) and the
children of probands (n=395; 55,2% of
men) under the age of 38 years

LyuY.S, Data from the Korea National Institute

Kim SY., of Health and Nutrition. Cross-sectional,

BacH.Y.etal,  nationwide representative survey, from

2019 [8] 2014 to 2017, 4,442 healthy young people

Wang L., Gao P., National representative cross-

Zhang M. etal,, sectional survey in 2013 in China,

2017 [9] 170,287 participants

Younes N, A cross-sectional study in Beirut, from

Atallah M., January 2016 to May 2018, 603 students

Alam R. et al,, aged 18 to 25.

2019 [10]

Fazli G.S,, Cohort of adults in Ontario (>20 years),

Moineddin R., a unified database of a commercial

Bierman A.S.

etal, 2019 [11]

laboratory (N=1772180), with

data was used to determine ethnicity.
The observation period is 8,0 years.

Dedov LI, NATION study using questionnaire and
Shestakova M.V,, screening determination of HbA1c
Galstyan G.R,

2016 [12]

Breyer MK, Observational population cohort study of
Ofenheimer A.,, 11014 patients, Sweden

Altziebler J.

etal., 2020 [13]

AlAmri T, Cross-sectional study, stratified two-stage
Bahijr S, cluster sampling method, adults without

Al-Raddadi R.
etal., 2019 [14]

diabetes >18 years of age from visitors to
primary health care centers in Jeddah

normoglycemia, 2002-2011. Immigration

Among young people, the prevalence of prediabetes is
24,0%, higher for men than for women (29,1% versus
18,8%), fasting hyperglycemia accounted for the largest
share of prediabetes — 15,8%

Prediabetes was detected in 33 (14,1%) of 246 adult
children aged 18-38 years and was associated with
their own age (OR 1,15, 95% CI 1,06-1,24; p=0,001)
and male gender (OR 2,72, 95% CI 1,24-5,97; p=0,013)

The prevalence of undiagnosed prediabetes was 25,0%.
Obesity was significant risk factor of prediabetes,
regardless of gender (male: OR 9,808, 95% CI 1,619-
59,412; female: OR 7,719, 95% CI 1,332-44,747)

The prevalence of overall diagnosed and undiagnosed
prediabetes is 35,71% (95% CI 34,1-37,4). Under the age
of 40 years — 28,8%

The prevalence of prediabetes was 2,5%. HbA1c was
not associated with eating habits or physical activity.
Diastolic blood pressure was inversely associated with
physical activity (p=0,002), systolic blood pressure
was positively associated with fast food consumption
(p=0,003)

337,608 people developed prediabetes, the incidence
of prediabetes was higher for immigrants compared
with long-term residents of Canada (21,2% versus
16,0%, p<0,001) and almost two times higher among
immigrants from South Asia than among Western
Europeans (23,6% against 13,1%)

The prevalence of prediabetes in 19,26% of cases
(20 million) in the age group of 20-70 years.

The prevalence of prediabetes was 20,2%
(men — 23,6%; women — 17,1%)

It included 613 people, 32+£11,8 years, of which 54,8%
were women. Prediabetes was detected in 28,7%
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However, the estimates vary depending on the
thresholds used to diagnose prediabetes and the
basic characteristics of the population [4, 5]. Recent
studies conducted in the USA and UK revealed that
the prevalence of prediabetes in adults is 38% and
35%, respectively [5]. Moreover, the prevalence
of prediabetes in various ethnic groups in the UK
nearly tripled between 2003 and 2011 [15]. A simi-
lar increase was recorded in Southeast and Eastern
Asia, including Japan and China [9]. The NATION
study conducted in the Russian Federation revealed
that the prevalence of prediabetes in 19.26% of
cases if estimated by the level of glycated hemoglo-
bin (HbA1c) was 5.7-6.4% (a prediabetes criterion
of the American Diabetes Association (ADA) [12].
The leading endocrinology organizations empha-
size in their recommendations the significance of
prediabetes as a condition that increases the risk of
both type 2 DM and cardiovascular diseases (CVD)
[16, 17], and overall mortality [18, 19]. Every year
11% of people with prediabetes develop type 2 DM;
prediabetes is often associated with other risk fac-
tors (RF) of CVD, which results in microvascular
changes [20] and is associated with a higher risk of
stroke and coronary heart disease (CHD) in future
(odds ratio (OR) 1.20, 95% CI 1.07-1.35) [18, 21].
Patients diagnosed with early-onset diabetes have a
more unfavorable cardiovascular risk profile, which
leads to premature death compared to those diag-
nosed with DM in the middle or older age [22].
Researchers found that during a 23-year follow-up
period, older people with diabetes diagnosed before
the age of 45 had a higher risk of mortality from
CVD compared to individuals with normal glucose
tolerance (risk ratio (RR) 1.76, 95% CI 1.04-2.98).
However, the average age of the diabetic group was
12 years less than that of the healthy group [23].
During an 8-year follow-up period, it was found
that patients with impaired glucose tolerance (IGT)
or fasting hyperglycemia (FHG) were character-
ized by a significantly high risk of overall mortal-
ity compared with normoglycemic individuals
[24]. Tt should be noted that health risk increases
in individuals with a fasting glucose level of just
5.6 mmol/l or an HbA1clevel of 39 mmol/mol [18].
A sub-analysis of the ARIC study published in 2017,
with prospective follow-up for 10,844 individu-
als, included a comparison of different criteria for
diagnosing prediabetes. It was found that HbA1c
and FHG (6.1-6.9 mmol/l) have the highest spec-
ificity in identifying individuals who are at risk of

adverse cardiovascular outcomes within 10 years.
The HbA1c-based criteria demonstrated a small
but statistically significant advantage over other risk
discrimination criteria for a wide range of compli-
cations [25].

Along with the above-mentioned problem of the
prevalence and prognostic significance of predia-
betes, data obtained during the PARADIGM-FH
study that revealed low vigilance among physicians
regarding prediabetes should also be highlighted.
Examination conducted before the beginning of
this study additionally revealed 13% of patients with
type 2 DM and 25% with prediabetes. Therefore, of
the 38% of patients who survived until heart failure
with left ventricular ejection fraction, <40% were
not timely diagnosed with clinically significant car-
bohydrate metabolism disorders. At the same time,
prediabetes significantly (p < 0.001) increased the
risk of the endpoint (hospitalization for heart failure
and cardiovascular mortality) by 27% compared to
the group of patients with HbA1c < 6.0% [26)].

Risk Factors and Association
with Other Diseases

According to studies, RFs for impaired glucose
metabolism include age, obesity and high con-
sumption of carbonated drinks, hypertension,
smoking, high-calorie diet and diabetes in family
history [27]. Compared to individuals with normal
glucose tolerance, adolescents and young people
with prediabetes have a significantly higher level of
low-density lipoproteins (LDL), systolic blood pres-
sure (BP), central obesity and lower insulin sensitiv-
ity (p < 0.05 for all) [6].

Few epidemiological projects regarding RFs of pre-
diabetes have been carried out among the Russian
population. One of these projects revealed that both
type 2 DM and prediabetes were associated with
weight gain and the age of subjects. The frequency
of undetected type 2 DM and other carbohydrate
metabolism disorders increased significantly, start-
ing from the age of 40-45. The prevalence of car-
bohydrate metabolism disorders had no correlation
with gender [12]. According to another analysis,
prediabetes in children, adolescents, and young
adults with early CHD in their parents’ history is
independently associated primarily with metabolic
syndrome and its components [ 7].

A large population-based study of RFs associated
with undetected IGT in healthy young people
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(under 40 years old) was conducted in Korea.
It demonstrated that obesity was significantly asso-
ciated with the increased risk of undiagnosed pre-
diabetes in young people. Family history of diabe-
tes is only associated with the risk of undiagnosed
diabetes in young women. Alcohol consumption
is negatively associated with the risk of prediabetes
in young women [8]. One Spanish study showed
that the most sensitive RF for prediabetes was age,
followed by fasting insulin, LDL cholesterol, body
mass index (BMI), male gender and uric acid level.
Researchers concluded that screening individuals
with an assessment of selected RFs could help iden-
tify many people with prediabetes [28].

In another representative medical survey, par-
ticipants with FHG were asked to undergo an oral
glucose tolerance test (OGTT), fill out a prediabe-
tes questionnaire, and measure weight, height and
blood pressure. A positive association was obtained
between adequate knowledge of prediabetes and
such factors as female gender, non-smoking, and
family history of diabetes. Despite their awareness,
most participants were obese, had high blood pres-
sure and dysglycemic status after OGTT [29]. Several
studies have proven that progression from normogly-
cemia to prediabetes depends on ethnicity [30, 31].
A number of recent studies demonstrated that lipid
metabolism disorders play an important role for
individuals with prediabetes. One of these studies
included 613 subjects aged 32 + 11.8 years; 54.8%
of the participants were women. Prediabetes was
found in 28.7%, and dyslipidemia in 54.2% of the
participants. After using an age correction factor, a
relationship was found between a high level of LDL
and prediabetes. After BMI correction, this relation-
ship remained for any type of dyslipidemia and, in
particular, for a high level of LDL. After age and
BMI correction, a significant relationship was found
only between a high LDL level and prediabetes (OR
1.50,95% CI11.02-2.19, p = 0.037) [14]. It is known
that lipid metabolism disorders lead to atheroscle-
rosis. Individuals with prediabetes are characterized
by a higher prevalence of subclinical atherosclero-
sis than participants with HbA1c < 5.7% (70.4 vs.
67.5%, p = 0.017). This process in the popula-
tion with prediabetes was found at the level of the
carotid artery (p < 0.001), not in femoral arteries.
Participants with prediabetes also had more local-
izations of atherosclerotic lesions (2 [1; 3] vs. 1 [0; 3],
p = 0.002), demonstrating a positive correlation
between HbA1c levels and the number of lesions

(r = 0.068, p <0.001) [32]. Noninvasive magnetic
resonance imaging in vivo revealed significant dif-
ferences in the composition of plaques, with larger
necrotic nuclei, and hemorrhage in carotid arteries
compared with femoral arteries [33]. In 2017, Altin
C. et al. showed that the total thickness of carotid —
not femoral — intima was significantly greater in
113 patients with insulin resistance (homeostatic
model assessment index > 2.5) without CVD com-
pared to 112 normoglycemic individuals [34].
More aggressive coronary atherosclerosis in patients
with prediabetes was confirmed by the study con-
ducted by Acar B. et al. (2019), where 255 patients
with the onset of acute coronary syndrome under-
went coronary angiography with the assessment of
the frequency of three-vessel disease and calcula-
tion of SYNTAX and Gensini indices. It was found
that the value of each index and the frequency of
multivascular lesion were significantly higher in
groups with type 2 DM and prediabetes compared
to the control group. At the same time, the severity
of coronary atherosclerosis was comparable among
patients with type 2 DM and prediabetes [35].
Researchers have demonstrated that active screen-
ing before coronary artery bypass grafting for dys-
glycemia can additionally help identify about 9% of
patients with type 2 DM and 10% with prediabetes.
Patients with prediabetes and type 2 DM have a
comparable profile of hospital complications of cor-
onary bypass surgery, the frequency of these com-
plications was significantly higher than in the group
without carbohydrate metabolism disorders [36].
The duration of prediabetes is significant for subclin-
ical atherosclerosis [37] since many of atherogenic
RFs are already present at the prediabetic stage [38].
Not only hyperglycemia in the non-diabetic range
and the effect of insulin resistance contribute to
CVD at the prediabetes stage, but also various meta-
bolic changes, such as mild chronic inflammation,
endothelial vasodilator and fibrinolytic dysfunction,
and the atherogenic profile of lipoproteins [39].
However, according to the study that involved
6,434 asymptomatic patients from Korea, who
underwent CT coronary angiography, prediabetes
was not associated with an increased risk of subclini-
cal coronary atherosclerosis [40]. In a study of the risk
of coronary artery atherosclerosis in young adults,
the risk ratio for the presence of calcified coronary
artery plaque for each 5-year period of prediabetes
is only 1.07 (1.01-1.13) [41]. This issue is of scientific
and practical interest and requires further study [34].
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Researchers have proven the relationship between
prediabetes and psychosocial factors and sexual
disorders. This study included four groups of appar-
ently healthy men (25-50 years old) comparable in
age and weight: with FHG (n = 16), with IGT (n =
17), with FHG + IGT (n = 16), as well as men with
normal glucose tolerance (n = 18). All participants
completed questionnaires to assess male sexual
function (IIEF-15) and to assess the presence and
severity of depressive symptoms (Beck Depression
Inventory-Second Edition — BDI-II). As a result,
men with both FHG and IGT had lower levels
erectile function, sexual desire and overall satisfac-
tion, and a higher overall BDI-II score. Individu-
als with isolated IGT and FHG were characterized
by a lower level of sexual desire only. In all study
groups, the level of erectile function correlated with
the BDI-II score, while the level of erectile function
and sexual desire correlated with the level of insulin
resistance. Results obtained indicate that prediabe-
tes can affect sexual function in young men [42].
The second study included four groups of women:
with FHG (group A; n = 19), with IGT (group B;
n=18), with FHG + IGT (group C; n = 18), as well as
healthy individuals (group D; n =19). All participants
completed questionnaires to assess sexual function
(Female Sexual Function Index — FSFT), and BDI-II.
Total FSFI and BDI-II scores were lower in group C
than in the other groups of women, while the total
FSFI score was lower in groups A and B than in group
D. Scores in all areas (sexual desire, arousal, orgasm,
sexual satisfaction, and dyspareunia) were lower in
patients with FHG and IGT. Compared to group D,
group A had lower levels of sexual desire and sexual
satisfaction, and group B had lower levels of desire,
arousal and orgasm. In all groups of women with
prediabetes, the total FSFI score negatively correlated
with the level of insulin resistance and had a weak
correlation with the total BDI-II score. Researchers
concluded that impaired fasting glucose levels and
IGT can interfere with sexual function and cause
depressive symptoms in women [43].

Socially active individuals are less likely to develop
abnormal glucose regulation. It was proven that low
social support at a young age is associated with high
fasting glucose levels and prediabetes in middle-
aged women, not in men [44]. Another study dem-
onstrated that participation in social events reduced
the risk of prediabetes in women, while marriage or
living with a partner reduced the risk of prediabetes
only in men [45].

Information obtained for 2009-2016 in the
NHANES study showed that the prevalence of
arthritis in adults with prediabetes is 32.0% (26 mil-
lion). The prevalence of sufficient physical activ-
ity (PA) among adults with arthritis or prediabetes
is 56.5% (95% CI 51.3-61.5) and 50.1% (95% CI
46.5-53,6), respectively. Approximately 50% of
adults with prediabetes or arthritis either have no
physical activity or are obese, further increasing the
risk of type 2 DM [4]. The profile of concomitant
diseases in men and women with prediabetes dif-
fers significantly: women are more likely to have
arrhythmias, non-coronary heart diseases, osteopo-
rosis, increased levels of systemic inflammatory bio-
markers and depression; men with prediabetes are
more likely to have angina, myocardial infarction,
and atherosclerosis [13].

Challenges in
Prediabetes Diagnosis

Currently, prediabetes is generally detected by
chance, as part of routine clinical examinations of
the population or targeted examination of a patient
for confirmation/exclusion of carbohydrate metab-
olism disorders, primarily type 2 DM. Prediabetes
is characterized by the absence of definite clinical
symptoms, primarily due to insignificant glycos-
uria and continued energy supply to organs and
tissues. In rare cases, patients cite decreased work-
ing capacity, increased fatigue, and slow healing of
wounds. In most cases, overweight or obesity, AH
and pathologies of the cardiovascular system come
to the fore. In connection with existing insulin
resistance, pronounced clinical manifestations of
non-alcoholic fatty liver disease, gouty arthritis, and
hyperuricemia can be observed [20].

Any individual aged over 45 years, or with BMI >
25 kg/m? and at least one RF from the following
(family history of diabetes, gestational diabetes or
delivery of a large fetus, AH, low PA, high density
lipoprotein cholesterol (HDL) < 0.9 mmol/l and/or
triglyceride level > 2.82 mmol/l, polycystic ovary
syndrome, CVD) or with >12 points on the FIND-
RISC scale should be referred for screening aimed
at diagnosing possible carbohydrate metabolism
disorders. If the patient is diagnosed with prediabe-
tes, re-examination should be done every year, and
if there is no prediabetes — once in 3 years [1].
There is currently no consensus on the diagnos-
tic criteria for prediabetes. All expert societies and
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associations consider such conditions as FHG and
IGT as prediabetes [1]. However, FHG is interpreted
by different associations in different ways. Accord-
ing to ADA criteria, FHG is fasting plasma glucose
level of 5.6-6.9 mmol/l [16], while according to the
IDF (International Diabetes Federation), RAE (Rus-
sian Association of Endocrinologists), NICE (the
National Institute for Health and Care Excellence,
UK), Diabetes Canada it is 6.1-6.9 mmol/l [46, 17,
47, 48]. Studies revealed that fasting glucose level
at the upper limit of normal was associated with an
increased risk of prediabetes (OR 2.74,95% CI 1.78-
4.23 and 3.08, 95% CI 1.69-5.58) among adults
with normal weight and overweight/obesity, respec-
tively, compared with low fasting glucose level [49)].

Also, there is no consensus on adding HbA1c to
the diagnostic criteria for prediabetes. According
to the recommendations of ADA, NICE and Dia-
betes Canada, HbA1c is on the list of tests for pre-
diabetes, albeit with a different diagnostic range:
5.7-6.4% and 6.0-6.4% according to the criteria
of ADA and NICE, and Diabetes Canada, respec-
tively. Meanwhile, IDF and RAE guidelines do not
currently consider HbA1c as an independent diag-
nostic criterion for prediabetes. Benefits associated
with using the HbA1c level as a prediabetes crite-
rion include the following: no fasting period, no
daily changes during illness or stress, higher pre-
analytical stability. Also, prediabetes diagnosis with
the help of HbA1c is more specific and improves the
assessment of CVD risk and other clinical complica-
tions compared with determination based on fast-
ing plasma glucose level [50, 51]. This is confirmed
by data: the study included 817 participants with
prediabetes (HbA1c 5.7-6.4% (39-47 mmol/mol).
Their glycemic status during follow-up was classi-
fied as “diagnosed with diabetes” (diagnosis by a
physician or taking an antidiabetic drug), “undiag-
nosed diabetes” (HbA1c > 6.5% (>48 mmol/mol),
“prediabetes and normoglycemia” (HbA1c < 5.7%
(<39 mmol/mol). During median follow-up
(12 years), 33.8% of participants returned to nor-
moglycemia, 7.2% progressed to undiagnosed dia-
betes, 12.8% progressed to diagnosed diabetes, and
46.2% remained prediabetic [52].

It should be noted that blood test for HbA1c should
be performed using the HbA1c determination
method certified according to the National Gly-
cohemoglobin Standardization Program (NGSP)
or the International Federation of Clinical Chem-
ists (IFCC) and standardized according to the

reference values accepted in the Diabetes Control
and Complications Trial (DCCT) [1].

IGT is a combination of FHG and insulin response
to 75 g of glucose per 200-300 ml of water that is
insufficient in strength and activity. IGT is found
when plasma glucose level during OGTT after
120 min (2 hours) is 7.8-11.0 mmol/l, and fasting
glycemia is < 7.0 mmol/1 [20].

According to the latest data, glucose level in saliva
can be used as a reliable non-invasive test for screen-
ing and diagnosis of prediabetes. A comparative
study was conducted that included 204 adults in
3 groups (104 patients with type 2 DM, 50 individ-
uals with prediabetes, 50 control patients without
diabetes) aged 18-65 years. The median glucose
level in saliva was 23.40 + 12.755 mg/dl in the con-
trol group, 42.68 + 20.830 mg/dl in the prediabetic
group and 59.32 + 19.147 mg/dl in the diabetic
group, with a significant difference between the
three groups (p-value < 0.001). Salivary glucose can
help differentiate non-diabetic patients from indi-
viduals with prediabetes with sensitivity of 94.2%
and specificity of 62% [53].

Prediabetes is a chronic inflammatory disease.
Therefore, there is an intensive search for the corre-
sponding screening markers. It is known that myelo-
peroxidase (MPO) is a leukocyte-derived enzyme,
which is associated with both oxidative stress and
inflammation and is touted as a possible mediator
of atherosclerosis. A group of researchers set the goal
of evaluating the MPO level in patients with predia-
betes and comparing it with other CVD risk factors.
A crossover study involved 400 subjects, 200 with
prediabetes and 200 in the control group, compa-
rable in age and gender. BP, weight, height, waist
circumference, hip circumference and lipid parame-
ters, and MPO level were measured for each subject.
MPO level was significantly increased in individuals
with prediabetes compared with the control group.
Results of correlation analysis revealed that MPO
reliably and positively correlates with all RFs of CVD,
such as age, BMI, waist-to-hip ratio, BP, lipid param-
eters, except for HDL, which showed a negative cor-
relation. Therefore, the MPO level can be used to
evaluate cardiovascular risk in prediabetic patients.
It can also be an early biomarker of oxidative stress
and inflammation in such cases [54].

Another study included 400 subjects, 200 with
prediabetes, 200 in the control group, compa-
rable in age and gender. Blood samples were
taken from all participants; they were tested for
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8-hydroxy-2'-deoxyguanosine (8-OHdG), malond-
ialdehyde (MDA), reduced glutathione (GSH) and
high-sensitivity C-reactive protein (hs-CRP). It was
found that oxidative stress markers, ie., 8-OHdG
and MDA, were significantly increased in subjects
with prediabetes compared to control subjects,
except for GSH, which was significantly reduced in
prediabetic individuals. In the same way, hs-CRP
was significantly increased in prediabetic subjects
compared with the control group. Correlation anal-
ysis demonstrated that 8-OHdG, MDA, and hs-CRP
significantly and positively correlated with IGT in
prediabetic subjects, while GSH showed a signifi-
cant negative correlation with IGT [55].

A number of studies attempted to evaluate the pos-
sible relationship between serum creatinine level
and impaired fasting glucose. It was found that
serum creatinine level negatively correlates with
impaired fasting glycemia in men (RR 0.98; 95% CI
0.96-0.99; p = 0.008) and women (RR 0.94; 95%
CI0.91-0.97; p < 0.001). Low creatinine levels may
be associated with impaired fasting glycemia [56].
Another study named CORDIOPREV aimed to
detect changes in the level of circulating miRNAs
associated with type 2 DM or prediabetic status
and the possibility of using it as a biomarker for
assessing the risk of disease. At the start, the study
enrolled 462 patients without type 2 DM. After fol-
low-up during 60 months, 107 patients developed
type 2 DM, and 253 patients developed prediabe-
tes. Plasma levels of four miRNAs associated with
insulin signaling and beta-cell function were mea-
sured by reverse transcription polymerase chain
reaction. The relationship between miRNA levels
and signaling and insulin release parameters were
analyzed at the baseline and after the follow-up
period. This study revealed that unregulated plasma
levels of miR-150, miR-30a-5p, miR-15a and miR-
375 were detected one year before the onset of type
2 DM and prediabetes and can be used to assess the
risk of disease [57].

Today, individuals at high risk of carbohydrate
metabolism disorders can undergo any of the fol-
lowing tests: FHG, IGT, or HbA1c. However, accord-
ing to current Russian recommendations, patients
are diagnosed with prediabetes only based on FHG
and/or IGT. An HbA1clevel of 6.0-6.4% is not yet an
independent diagnostic criterion and should be con-
firmed with FHG and/or IGT. Nevertheless, patients
with HbA1c in the range of 6.0-6.4% belong to the
group with the highest risk of type 2 DM [1].

Treatment Approaches

Educating the population on healthy eating and
lifestyle are crucial for curbing prediabetes. These
measures aim to reduce body weight by 5-7% from
the baseline by maintaining a moderately hypoca-
loric diet, primarily with limited consumption of
fats and simple carbohydrates and regular moder-
ate PA. Researchers proved that the greatest effect
on preventing type 2 DM was observed only in indi-
viduals with high adherence to lifestyle changes,
who achieved the recommended weight loss [16,
17, 46-48].

We should mention a number of recent studies
regarding lifestyle changes and eating habits. One
of these studies included women with prediabetes,
aged 18-55 years, from among 190 participants;
they were randomized to a group with 3-month
individual intensive lifestyle modification (test
group, n = 95) or a group with standard treatment
(control group, n = 95). The participants completed
questionnaires about their diet and PA. Blood
samples were taken at the beginning of the study
and then after 3 and 6 months. A total of 123 indi-
viduals completed this study (74 from test group
(age 40.6 + 9.8 years; BMI 31.2 + 7.0 kg/m?) and
49 from the control group (age 40.6 + 12.7 years;
BMI 32.3 + 5.4 kg/m?). HbA1c (primary endpoint)
significantly improved in test group after 6 months
compared with the control group (p <0.001). A com-
parative analysis of the groups revealed lower dietary
calories and total cholesterol and increased HDL in
the test group (p-values < 0.001, 0.04 and < 0.001,
respectively), while BMI and weight changes were
not clinically significant between both groups [58].
A longer follow-up (23 years) performed during
the Da Qing Diabetes Prevention Study (n = 577)
demonstrated that active lifestyle changes over
6 years significantly reduce the risk of cardiovascu-
lar mortality, general mortality, and type 2 diabetes
compared with the control group by 41%, 29%, and
45%, respectively [59].

It is known that healthy eating is an issue of concern
for the prevention and treatment of prediabetes:
weight loss of 1 kg in patients with IGT leads to a
progressive decrease in the risk of type 2 DM by 16%.
Alearning resource with video instructions and pre-
and post-questionnaires was developed and tested
online among 156 participants (17 with pre-diabe-
tes and type 2 DM, 118 interested individuals and
21 health professionals). The high motivation of
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these individuals to study nutrition issues through
simple, visual, practical and culturally acceptable
online educational resources was revealed. After
using the learning resource, the accuracy of deter-
mining products that increase blood glucose con-
centration improved by 17.4% (p = 0.013) in people
with type 2 DM and prediabetes, and by 12.8% (p =
0.003) in health professionals (p < 0.001) [19].
Another study regarding diet was conducted as
follows: adults (n = 34) with HbA1c > 6.0% and
increased body weight were randomized into two
groups: the first group — with a ketogenic diet and
very low carbohydrates (n = 16), and the second
group — with a moderate-carbohydrate diet and
low fat content (n = 18). In 12 months, subjects
from the first group showed a greater decrease in
HbA1c levels (from 6.6 to 6.1%) than subjects from
the second group (from 6.9 to 6.7%, p = 0.007).
Patients in the first group lost more weight (from
99.9 to 92.0 kg) than in the second group (from
97.5 to 95.8 kg, p <0.001) and reduced use of dia-
betes-related drugs; 6 out of 10 patients stopped
taking these drugs (p = 0.005) [60].

Higher intake of total protein was proven to be asso-
ciated with a lower level of prediabetes (OR 0.49,
95% CI 0.28-0.83), while the primary determining
factor is the intake of plant protein (OR 0.53, 95%
CI 0.36-0.76). Replacing 2 protein energy percent
(E%) with carbohydrates revealed an increased risk
of prediabetes (OR 1.09, 95% CI 1.01-1.18) [61].
There are a number of studies on the effectiveness
of the Mediterranean diet. One study included a
sample of 42 patients with prediabetes and BMI
> 25 kg/m?, who were recommended a Mediter-
ranean diet by nutritionists during group sessions
every 2 weeks for 4 months. Information on calo-
rie and macronutrient intake was obtained using a
diary for 7 days; adherence to the diet was studied
using the PREvencion con Dleta MEDiterranea
(PREDIMED) questionnaire. No recommendations
were given to patients regarding calorie restriction
and PA. Each subject underwent anthropometric,
metabolic and nutritional evaluation at the begin-
ning and the end of this study. Approximately 40.5%
of subjects achieved restoration of normal glucose
tolerance by the end of the study. Fasting plasma
glucose level, HbA1C, BMI, waist circumference,
BP, visceral obesity index, triglycerides, total cho-
lesterol, and LDL level were significantly reduced,
while the HDL level was significantly increased by
the end of the study. Individuals with prediabetes

showed significantly increased adherence to the
Mediterranean diet as assessed during follow-up
in accordance with the PREDIMED questionnaire.
Adecrease in the prevalence of metabolic syndrome
was also reported [62].

The latest information relates to eating habits, such
as drinking coffee. Lower risk of prediabetes (OR
0.73, 95% CI 0.62-0.86) was observed in subjects
who drank coffee compared with those who did not.
Higher consumption of caffeine (2152 compared
with <65 mg/day) was accompanied by a border-
line (p = 0.053) decrease in the risk of prediabetes
(OR 0.45,95% CI10.19-1.00) [63].

Projects aimed at increasing PA demonstrated good
effect. A randomized controlled trial was conducted
to compare the effect of low-intensity PA with high-
intensity interval PA on HbA1c and fasting blood
glucose levels in young people with overweight and
prediabetes (60 subjects). Statistically significant
effects on HbA1c and fasting blood glucose levels
were obtained from both exercises (p < 0.05), but
high-intensity PAled to a greater decrease in HbA1c
(26.07 vs. 14.50%) and fasting glucose (17.80 vs.
13.22%), respectively [64].

Another study proved the effectiveness of home
workouts using video aids compared to standard
physical exercises (for example, treadmill, cycling)
and a control group of subjects with an increased
HbA1clevel (prediabetes group). Atweek 12, HbA1c
level in patients from the test group decreased by
an average of 2% compared with a 0.6% decrease
in the standard and control groups (p = 0.04 and
0.03). Participants demonstrated a decrease in LDL
(p=0.05), and trends indicating a decrease in body
fat (p = 0.10) suggested higher PA and motivation
compared to other participants [65].

Results of the National Health and Nutrition Exam-
ination Survey 2011-2014 (NHANES) conducted
in the USA were used to determine predictors of
insufficient PA in a large sample of adults with pre-
diabetes, aged at least 20 years (n = 2,536). Extrapo-
lation to more than 45 million adults in the United
States aged 20 years with prediabetes revealed that
42.7% had insufficient PA.

It was proved that recommendations on PA for
people with low activity and other restrictions should
be personalized as part of a special exercise program
in order to account for their specific restrictions [66,
67]. However, lifestyle changes tested in clinical
trials were poorly implemented at the primary care
stage due to the growing number of individuals
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with prediabetes and limitations in infrastructure,
resources and coordination of efforts for prevent-
ing diabetes [68]. Healthcare systems, especially in
developing countries, may have limited economic
and technical resources. Also, most subjects of clini-
cal trials later gained weight again [1].

Large-scale studies on using pharmaceuticals to
prevent type 2 DM have been completed along
with non-drug approaches.

Different pharmaceutical agents showed their effi-
cacy in reducing the risk of type 2 DM: metformin,
a-glucosidase inhibitors, orlistat, glucagon-like pep-
tide-1 (GLP-1) receptor agonists and thiazolidine-
diones. However, metformin plays a leading role in
terms of the efficacy/safety ratio, as proven in long-
term studies (follow-up of more than 15 years),
among the medications recommended for use in
patients with prediabetes for the prevention of type
2 DM in cases when measures on lifestyle changes
are ineffective [16, 17, 48].

Patients with prediabetes, primarily with IGT, were
included in metformin studies. The average fol-
low-up period was 2.5-3 years; the average dose
of the drug was 1,500-1,700 mg. The decrease in
the progression of prediabetes into type 2 DM was
observed in 25-40% of cases on average. How-
ever, compared with non-drug methods in young
patients with obesity, the efficacy of metformin was
higher and comparable with that in the group of
intensive lifestyle changes [20)].

A major study of the efficacy of metformin in
patients with prediabetes, DPPOS [69], was con-
ducted to establish a long-term evaluation of dia-
betes prevention measures, assess microvascular
and neuropathic outcomes and RFs for CVD. Phase
IT of the DPPOS (last report as of January 2014)
revealed that the risk of diabetes decreased by 27%
in the group of lifestyle changes and by 18% in the
group treated with metformin, which also indicates
decreased adherence of patients to the activities
aimed at lifestyle changes over time. At the same
time, itdemonstrates a steadily decreasing risk of dia-
betes in the metformin group. Moreover, this study
demonstrated a more significant decrease in fasting
glycemia level and less frequent use of glucose-low-
ering drugs in the metformin group. Together with
pharmacoeconomic calculations, this information
enables to recommend metformin for treating pre-
diabetic patients [70]. It is crucial that metformin,
along with its hypoglycemic properties, has an addi-
tional cardioprotective effect, reduces the levels of

C-reactive protein and tissue plasminogen activa-
tor (t-PA) [71], lipid peroxidation products [72], and
also improves endothelial function and lipid profile
[71]. For patients with prediabetes, metformin also
proved to be effective in reducing systolic BP (espe-
cially in individuals with IGT and obesity) [73] and
reducing left ventricular myocardial hypertrophy
[72]; an anti-atherogenic effect was revealed, which
was independent of demographic, anthropometric
or metabolic factors or treatment with statins [74].
Alpha-glucosidase  inhibitors glucose
absorption in the intestines and, consequently,
blood glucose levels. In the STOP-NIDDM study
that included 1,429 patients with 1GT, treatment
with acarbose reduced the relative risk of diabetes by
25% after 3.3 years of follow-up compared with the
placebo group. Unfortunately, non-life-threatening
gastrointestinal side effects (flatulence and diar-
rhea) of these drugs are poorly tolerated by patients
in real clinical practice, significantly hindering their
widespread use [16, 46].

Orlistat is a gastrointestinal lipase inhibitor. It is
used to treat obesity because it inhibits the absorp-
tion of dietary fat (by about 30%), thereby signifi-
cantly reducing total caloric value. Positive results
were obtained during the large-scale controlled
XENDOS study: using orlistat for 4 years reduced
the risk of type 2 DM by 37%. Therefore, orlistat can
be considered for patients with obesity and predia-
betes. It allows reducing not only their body weight
but also the risk of type 2 DM [47].

Glucagon-like peptide-1 (GLP-1) receptor agonists
increase the secretion of insulin and glucagon, sup-
press glucose production in the liver, slow down gas-

reduce

tric emptying, and reduce appetite, thereby contrib-
uting to weight loss in obese individuals. Exenatide
and liraglutide demonstrated long-term efficacy
in terms of sustained weight loss in obese patients.
In experimental studies, they also showed the ability
to reduce the incidence of diabetes and prediabetes.
However, this effect is yet to be confirmed by con-
trolled randomized clinical trials. The most common
side effects of this class of drugs are nausea and vom-
iting, which can significantly reduce patients’ adher-
ence to treatment. The limited clinical use of such
drugs is also associated with their relatively high cost
and parenteral administration [16, 48].

Like metformin, thiazolidinediones increase the
absorption and utilization of glucose in peripheral
organs and reduce gluconeogenesis in the liver,
thereby reducing insulin resistance. In the DREAM
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study, rosiglitazone reduced the incidence of type
2 DM by 60% in 3 years. However, its administra-
tion was associated with significant side effects, such
as weight gain (on average 2.2 kg in the test group
compared with the control group), increased risk of
heart failure (0.5% vs. 0.1%), and overall frequency of
cardiovascular events (2.9% vs. 2.1%). A later Cana-
dian study — CANOE — demonstrated the efficacy
of combining rosiglitazone and metformin in low
doses in reducing the incidence of type 2 DM with
low risk of side effects. The frequency of new diabe-
tes cases in the active treatment group was 14%, and
39% in the placebo group. In general, thiazolidin-
ediones, despite their significant preventive effect,
cannot be recommended for patients with predia-
betes for safety reasons. This is because these drugs
contribute to weight gain, are hepatotoxic, increase
the incidence of cardiovascular complications, and,
possibly, urinary bladder cancer [47, 48].

Probiotic biotherapy for maintaining appropriate
intestinal flora is widely discussed now. It can be
an effective early measure in hyperglycemia treat-
ment. There is a study designed to determine the
hypoglycemic effect and safety of administering
bifidobacteria and berberine to newly diagnosed
prediabetic patients. It revealed decreased fasting
plasma glucose level compared with the baseline
after 16 weeks of treatment [75].

A study was conducted on the effect of normaliza-
tion of intestinal microflora as a method of prevent-
ing and treating prediabetes. Measures include
encapsulated Lactobacillus rhamnosus HNO0O01
(6 x 109 colony forming units/day) (A) and cere-
als containing 4 g of f-glucan (B), placebo capsules
(O1), and low-calorie porridge (O2). Participants
of this study underwent six-month measures in the
following groups: AB, AO1, BO2, and O102. The
primary outcome was HbA1c level in 6 months; fol-
low-up in 9 months will help to evaluate the long-
term effect of these measures [76].

Researchers proved that abscisic acid can improve
glucose homeostasis and reduce inflammation in
mammals by activating lanthionine synthetase
C-like 2 (LANCL2). This study was focused on two
fig fruit extracts (FFE) with different abscisic acid
concentration: the FFE-10X extract contained
>300 ppm of abscisic acid, and the FFE-50X extract
contained >50 ppm of abscisic acid. Four beverages
were used: 1) 100 mg FFE-50X; 2) 200 mg FFE-50X,
3) 600 mg FFE-10X, and 4) 1,200 mg FFE-10X.
In a randomized, double-blind crossover study, ten

healthy adults drank four test beverages. The glyce-
mic index (GI) and insulinemic index (IT) were then
evaluated. The test beverages containing 200 mg
of FFE-50X and 1,200 mg of FFE-10X significantly
reduced GI by 25% (p = 0.001) and 24% (p = 0.002),
respectively. Adding FFE to a glucose solution signif-
icantly reduced values II at all dosages and showed
an apparent decrease in the dose-effect: FFE-50X
at 100 mg and 200 mg (-14% (p < 0.05) and -24%
(p = 0.01), respectively) and FFE-10X at the doses of
600 and 1,200 mg (-16% (p < 0.05) and -24% (p =
0.01), respectively). Therefore, FFE supplements are
a promising measure for the correction of postpran-
dial glucose level and insulin homeostasis and offer
possible additional treatment for chronic metabolic
disorders, such as prediabetes [77].

Another study included patients with prediabetes
who were injected with coenzyme Q10. It showed a
significant decrease in the HOMA-IR insulin resis-
tance index. This suggested that coenzyme Q10 in
patients with IGT may slow down the progression
from prediabetes to overt diabetes [78].

Therefore, prediabetes, especially in young and mid-
dle-aged people, is an important medical and social
problem. However, the abovementioned methods
for the correction of carbohydrate metabolism disor-
ders do not currently have a sufficient evidence base.
The corresponding trials are being conducted, and
the efficacy and safety of drugs used are being stud-
ied. The development of an array of targeted mea-
sures for the prevention, early detection and timely
beginning of treatment of prediabetes remains an
urgentissue and is of academic and practical interest.
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Application of Perfusion Single
Photon Emission Computed
Tomography of the Myocardium
in Pain-Free Myocardial Ischemia

Abstract

This literature review provides data on the use of single-photon emission computed tomography of myocardium in
silent myocardial ischemia. The presence of silent myocardial ischemia increases the risk of cardiovascular complications
several times and may be the first manifestation of coronary heart disease. Assessing the state of morphofunctional
processes in the myocardium is the main goal of diagnostic imaging using single-photon emission computed tomography
of the myocardium. This allows to get three-dimensional image of left ventricle with information about distribution
of perfusion volume across myocardium, makes it possible to more accurately differentiate such condition as silent
myocardial ischemia. Conducting single-photon emission computed tomography in ECG synchronization mode allows
you to visualize the kinetics of the myocardial walls in different phases of the cardiac cycle and thereby simultaneously
assess the functional state of the left ventricular myocardium. Indicators of contractile function of the left ventricular
myocardium in areas of transient hypoperfusion can be predictors of cardiac events after myocardial infarction and
independent predictors of perioperative cardiac events in patients undergoing cardiac surgery. Performing single-
photon emission computed tomography in ECG-synchronization mode allows visualizing kinetics of myocardial walls
in different phases of cardiac cycle and thereby simultaneously assessing functional state of left ventricle myocardium.
In combination with physical exercise and pharmacological tests, it helps to identify coronary stenosis among patients
with silent myocardial ischemia. Perfusion single-photon emission computed tomography of myocardium is a necessary
tool for stratification and assessment of prognosis of cardiac diseases in asymptomatic patients.
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Life-threatening conditions associated with the therefore, to simultaneously assess the functional
occlusion of coronary arteries (CAs), primarily, status of the left ventricular (LV) myocardium [8].
myocardial infarction (MI) and sudden cardiac ~ Contractility is evaluated simultaneously with the
death, are common signs of atherothrombotic vas-  main perfusion protocol, without increasing the
cular diseases. Silent myocardial ischemia (SMI)  duration of the study. However, the obtained data
increases the risk of sudden cardiac death 10-fold,  on LV contractility are quite accurate and repro-
the risk of cardiac arrhythmias — 2-fold, the risk of ~ ducible [9, 10].

MI and congestive heart failure — 1.5-fold [1-3].  The combination of SPECT with physical activity
Damage caused by myocardial ischemia leads  (PA) or pharmacological tests helps to detect coro-
to several pathological processes; among these,  nary stenosis in patients with SMI, since in cases of
perfusion disorder is a more accurate and early  coronary stenosis of less than 85%, in most cases
marker of ischemia than ECG changes or dyssin-  there is no decrease in blood flow under functional
ergia determination [4]. Assessment of the state of  rest conditions, and almost 70% of acute coronary
morphofunctional processes in the myocardium  events are the result of coronary damage without
(contractility, perfusion, sclerosis, ischemia, hiber-  significant hemodynamics changes [11, 12]. Trig-
nation, innervation) is the primary goal of diag-  gered heterogeneity of blood flow is visible on
nostic imaging with radionuclide methods [5] that ~ scintigrams as defects in myocardial perfusion of
have high reproducibility, which enables to evalu-  different severity. Perfusion disorders are usually
ate the dynamics of these processes [6]. Single-  divided into stable and transient: persistent perfu-
photon emission computed tomography (SPECT),  sion defects may correspond to necrosis zones or
the “gold” standard for assessing transient myocar- ~ myocardial scarring; transient perfusion defects
dial ischemia, allows assessing myocardial blood  usually represent reversible myocardial ischemia
supply at the microcirculation level and defining  [13]. The onset of stress-induced perfusion defects
the degree of damage to cardiomyocytes. The dis-  in patients with coronary insufficiency is usually
tribution of radiopharmaceuticals in the myocar-  accompanied by impaired LV contractility. Most
dium depends on perfusion and the integrity of  patients demonstrate a rapid restoration of cardiac
the sarcolemma of cardiomyocytes. Drugs used  contractility after stopping physical activity. How-
for this method are based on the short-lived form  ever, in about 30-35% of cases, inotropic func-
of technetium-99m (99mTc-MIBI and 99mTc-  tion impairment persists for an hour after stress
tetrafosmin) and are distributed in the myocar-  test. Such long stress-induced LV dysfunction is
dium in proportion to the blood flow, thus reflect-  considered an early predictor of coronary throm-
ing perfusion, on the one hand, and, on the other  bosis and can be used as a non-invasive marker
hand, as lipophilic cations, they penetrate the cell  of vascular lesion severity [14]. Parameters of the
membrane by passive diffusion (by electrochemi- LV myocardial contractile function in the zones of
cal gradient). Then they bind to the mitochondrial ~ transient hypoperfusion can be predictors of car-
membrane more stably and, thus, demonstrate the  diac events after previous MI. The most accurate
viability of the cell's energy chain, being its mark- ~ parameters for disease prognosis in patients with
ers [7]. MI are LV ejection fraction (EF) and end-systolic
Perfusion SPECT in ECG synchronization mode  volume (ESV): mortality among patients with
enables to visualize the kinetics of myocardial ~ MI with LVEF 45% and/or ESV 70 ml is signifi-
walls in different phases of the cardiac cycle and,  cantly lower compared with patients with MI with
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LVEF < 45% and/or ESV > 70 ml [14, 15]. Low
LVEF (<30%) and severe perfusion defects are a
predictor of death from cardiac events. Identifica-
tion of transient perfusion defects adds no nega-
tive prognostic value to low LVEF (less than 30%)
due to the high risk of sudden cardiac death in
such patients [3, 15]. The state of the LV contrac-
tile function after acute MI can be one of the main
determinants of prognosis. Analysis of the results
of ECG-synchronized SPECT in post-infarction
patients confirmed the high prognostic value
of this method in the stratification of the risk of
cardiac events: a decrease in LVEF to 40% or less
increases the risk of cardiac events by a factor of
three [10, 14]. Parameters of the cardiac contractile
function are independent predictors of periopera-
tive cardiac events in patients undergoing cardiac
surgery. The assessment of volumetric parameters
and LVEF is especially important for patients with
normal myocardial perfusion. The sensitivity and
specificity of scintigraphy with stress test are on
average 85-90% and 70-75%, respectively [11,
12,16).

Studies in the group of asymptomatic patients
after coronary artery bypass surgery prove the spe-
cial prognostic value of SPECT in the first six years
after surgery. The detection of perfusion defects,
either stable or reversible, is associated with a
higher risk of death and the risk of non-fatal MI[2].
Myocardial perfusion SPECT is also used to strat-
ify and assess the prognosis of myocardial diseases.
An earlier diagnosis of asymptomatic myocardial
ischemia gives an accurate identification of the
culprit vessels, preventing unnecessary interven-
tional treatment. In certain population groups,
non-invasive imaging using SPECT can signifi-
cantly improve cardiovascular risk assessment and
increase adherence to treatment when preventive
interventions match the magnitude of the risk [1].
SPECT is considered one of the main non-invasive
methods for diagnosing obstructive CA lesions in
patients with an intermediate result of preliminary
tests for CHD. This method has a fairly high sensi-
tivity (90-91%) and specificity (715-84%). SPECT
also allows risk stratification in patients with CHD.
A direct correlation was demonstrated: an increase
in the spreading area of ischemia on SPECT
resulted in an annual increase in the frequency of
deaths from cardiac causes and MIL. SPECT allows

selecting patients for myocardial revasculariza-
tion, i.e., in the case of myocardial ischemia of up
to 10% according to SPECT, the risk of death for
cardiac reasons during myocardial revasculariza-
tion is higher than from drug treatment, and in the
case of ischemia of over 10%, myocardial revascu-
larization improves survival compared to conser-
vative therapy [3, 17, 18].

It was proven that SPECT results were more impor-
tant for the prognosis than the number of affected
arteries during coronary angiography (CAG)
because SPECT enables to determine myocardial
viability. The signs of previous MI according to the
results of functional methods combined with the
occlusion of a culprit artery on CAG and no signs
of myocardial viability according to the results of
SPECT with a high probability indicate the pres-
ence of irreversible myocardial scarring in the area
of previous MI and no indications for percutaneous
coronary interventions [19]. At the same time, the
intensity of radiopharmaceutical accumulation in
the myocardium supplied by a culprit artery can
be determined by the peculiarities of its metabolic
disorder [20, 21]. It was shown that the mortality
rate of patients with CHD increased in proportion
to the area of the transient ischemia zone, reach-
ing 6.5% per year with values of more than 20%
of the total LV area. Moreover, perifocal ischemia
(around the scar area after MI) is associated with a
higher risk of cardiac death compared to ischemic
zones not associated with the scar. One of the main
diagnostic tasks of stress SPECT is the stratifica-
tion of risk groups by the presence and severity of
ischemia induced by physical activity, its localiza-
tion, transient dilatation and LV dysfunction, and
decreased LV ejection fraction [3, 15].

According to our data, comorbidities with SMI
(diabetes mellitus, hypertension) have no effect on
myocardial perfusion [22]. This is probably because
perfusion disorder does not depend on the origin
of atherosclerosis. Acute cardiovascular events of
atherosclerotic etiology are not always associated
with risk factors. Another reason for our data may
be the small number of patients in the study group
[22]. In the work by E. I. Denisenko-Kankiya et al.
(2019), a significant decrease in myocardial per-
fusion during exercise according to SPECT results
was detected in patients with a history of hyperten-
sion and diabetes mellitus [23].
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MI worsens perfusion parameters both at rest and
in stress but does not change stress-induced tran-
sient ischemia [22]. The difference in perfusion
after previous Ml is associated with the presence of
nonperfusion scar areas.

The degree of worsening of perfusion does not
depend on MI, since a viable myocardium responds
equally to physical activity. This suggests that per-
fusion disorders occur in the living myocardium
and are not associated with scar zones. Our data
match the results obtained by other authors: in the
work by A.A. Ansheles et al. (2012), 73 (94.8%)
patients with MI had a stable perfusion defect in
the area corresponding to ECG data [24].
According to our study, testing with physical activ-
ity increased EF in patients with SMI (regardless
of MI) due to increased contractility of the viable
myocardium [22]. In the work by A. A. Ansheles et
al. (2012), 32% of patients showed a decrease in EF
by more than 3% after exercise; in 53% it remained
almost unchanged; and in 15% it increased by
more than 3%. The first and second cases were
interpreted as the absence of adequate increase in
EF after exercise. The decrease in EF after exercise
was thought to be associated with the degree of
transient ischemia. However, despite the tendency
(more severe ischemia leads to a more significant
decrease in EF after exercise), a weak correlation
was found between the parameters [24].

The stress test worsens perfusion parameters com-
pared to the state at rest in nine segments (10, 11,
12,13,16,17,18,19) out of 19. This pattern occurs
primarily in the cases of left circulation type. Physi-
cal activity worsens perfusion in the lateral wall of
LV and its adjacent segments due to the lack of
possible compensatory blood supply from the right
coronary artery. It can be assumed that pathologi-
cal changes occur in most cases in the anterior
interventricular artery system [22]. According to
literature, a damaged anterior interventricular
branch of the left coronary artery was determined
in 46.1% if it was isolated and combined; and less
often — in the circumflex branch of the left coro-
nary artery (25.6%) [25].

The main indications and limitations for SPECT
are presented in Table 1.

Determining the diagnostic significance and
value of ECG-synchronized SPECT compared
to other imaging methods is not always possible

for assessing myocardial and coronary lesions
in patients with SMI due to different detection
principles.

Multispiral computed tomography and magnetic
resonance imaging can give a lot of objective
numerical data: diameter of vessels, size of cavities
and other structures, while SPECT either does not
allow obtaining these values, or gives them based
on indirect data. However, despite their value,
quantitative data do not allow full assessment of
the state of the heart. For example, such an impor-
tant parameter as myocardial viability is, at best, a
semi-quantitative, and most often — an estimated,
qualitative factor.

Positive stress-ECG test during SPECT in patients
with CHD in 100% of cases indicates transient
myocardial ischemia, while negative stress-ECG
test shows the absence of ischemic signs only in
35% of cases. Tests that were doubtful or were not
brought to diagnostic criteria affect the final diag-
nosis of myocardial perfusion according to SPECT,
which requires a more detailed analysis of the
obtained data [24].

When analyzing myocardial contractility, SPECT
provides comprehensive quantitative data on
the movement and thickening of LV walls in the
form of compact polar maps. This approach allows
detecting only repeated, reproducible, i.e., signifi-
cant contractility disorders with their exact local-
ization. This is the difference between SPECT and
echocardiography and magnetic resonance imag-
ing, where a cine loop from only one or several
contractile cycles is analyzed. SPECT automati-
cally gives values of systolic motion and thickening
of LV walls in each of the segments, with an accu-
racy of 1-2 mm, which enables to set the normal
criteria and discretize contractility disorders based
on a scoring system similar to perfusion disorders.
If EF is 20-70%, then when conducting ECG-
synchronized SPECT, EF is, on average, 7-9 units
lower than when assessed using EchoCG. These
differences are due to different algorithms for cal-
culating EF that lead to different normal EF values
according to the two methods [15].

In most cases, the localization of stable and tran-
sient perfusion defects according to SPECT results
reliably predicts the presence of lesions in each
major CA. However, it was found that stenoses of
up to 80% in 71.4% of cases do not cause transient
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myocardial ischemia in their system area (except
for the left coronary artery trunk and the proxi-
mal segment of the anterior descending coronary
artery) [24]. This is probably because the achieved
stress is not always sufficient to detect SMI. If there
is a suspected hemodynamically significant CA
lesion, a stress test should be performed with the
maximum possible stress for the patient to assess
myocardial ischemia using SPECT with a man-
datory comparison of data with CAG results.
The lowest sensitivity and specificity of SPECT
for detecting CA stenosis of more than 70% was
observed in patients with multivascular diseases
(8, 12].

Thus, SPECT is a non-invasive imaging method
that allows diagnosing the functional significance
of atherosclerotic damage of CA, assessing local
tissue perfusion, myocardial viability, determining
the prognosis and risk stratification in patients. The
informative value of this method increases when

combined with tests with physical activity. Myo-
cardial SPECT with a stress test for the diagnosis
of SMI has the following advantages: the method
is more effective since it allows establishing local-
ization, severity of myocardial ischemia during
exercise; determining the indications for surgical
revascularization; identifying a microcirculatory
form of ischemia. Myocardial SPECT with stress
test has a higher sensitivity and specificity than
ECG stress test and higher sensitivity than stress
echocardiography. SPECT should be performed
in patients with implicit “coronary” symptoms or
patients with risk factors and negative results for
coronary insufficiency [6, 10, 26].

Amore detailed study of the diagnostic capabilities
of SPECT in the assessment of biological processes
in patients with SMI is needed today. This imag-
ing method is a necessary tool for risk stratification
and assessment of myocardial disease prognosis in
asymptomatic patients.

Table 1. Indications and limitations for ECG-synchronized single-photon emission computed tomography

of the myocardium

| Indications for SPECT

Limitations for SPECT

Detection of myocardial perfusion defects in case of suspicion

of significant coronary artery stenosis

Selection of patients for coronary angiography

Assessment of the effect of the revealed atherosclerotic lesion

and coronary artery stenosis on myocardial perfusion

Assessment of the feasibility and volume of the planned
percutaneous coronary intervention, determination of
symptom-related coronary artery

Dynamic observation and assessment of the effect of drug

therapy and interventions

Prognosis and risk stratification in chronic coronary artery

disease

Suspicion of myocardial infarction (assessment of reperfusion,
prognosis before further interventions in high-risk patients)

Assessment of the consistency of the heart function before

complex cardiac and other operations

Differential diagnosis between coronary and non-coronary

etiology of myocardial damage

Assessment of the state of perfusion and contractile function

of the myocardium in heart failure

Assessment of left ventricular contractility in case of
questionable results of echocardiography

Duration of the procedure

Difficulties in interpreting data in the posterior
basal and lower parts of the interventricular
septum

Low sensitivity of the method in the presence
of multiple lesions of the coronary arteries

An allergic reaction to radiopharmaceuticals

For children under 16 years of age

For women of reproductive age in the early stages
of a diagnosed or possible pregnancy

Technical restrictions on patient weight

Note: SPECT — single-photon emission computed tomography, ECG — electrocardiography
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Abstract

The article highlights the practical aspects of the use of antithrombotic therapy in patients with stable (chronic) coronary
artery disease (CAD). The CAD verification using modern functional and anatomical diagnostic methods are considered.
Patients with stable CAD represent a heterogeneous group, having various clinical scenarios. Information is provided on
the main risk factors for ischemic and hemorrhagic complications that determine the choice of optimal antithrombotic
therapy regimens. Modern views on the monotherapy and clopidogrel in CAD are presented. The data of the largest
international studies CHARISMA and PEGASUS-TIMI 54 on the use of double antiplatelet therapy in patients with stable
IHD reflected in modern guidelines are highlighted. Features of new antiplatelet agents (prasugrel and ticagrelol) are
described. Based on the results of the COMPASS study, indications for the administration of small doses of rivaroxaban
in combination with aspirin for the secondary prevention of cardiovascular complications in patients with stable
manifestations of atherosclerosis with a low risk of bleeding are considered.

The use of antithrombotic therapy is associated with an increased risk of bleeding and particularly with gastrointestinal
bleeding. The information on the use of drugs for the prevention of gastrointestinal bleeding is provided.
Antithrombotic therapy can reduce the risk of complications associated with atherothrombosis, however, to improve
prognosis a multipurpose intervention is required, including correction of risk factors and the use of drugs from different
groups with proven effectiveness. Optimal medical therapy, including antithrombotic drugs, is vital for patients with
CAD and can successfully prevent adverse outcomes.
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Thrombotic complications are among the most
dangerous complications of atherosclerotic vas-
cular disease that lead to myocardial infarction,
stroke, and contribute to premature death. Anti-
thrombotic therapy (ATT) can reduce the risk of
complications associated with atherothrombosis.
However, for optimal therapy regimen, many fac-
tors associated with the special features of anti-
thrombotic drugs and the peculiarities of disease
course in a particular patient should be considered.
Successful treatment also requires controlled long-
term management of the patient using, along with
ATT, all complex measures aimed at improving
prognosis and quality of life.

Special Aspects of the Disease

The first required step is the verified diagnosis of
coronary heart disease (CHD). According to the
current view, CHD is a pathological process char-
acterized by atherosclerotic plaques in epicardial
coronary arteries, and the process can be both
obstructive and non-obstructive [1]. CHD course
includes stable and unstable periods; these are clas-
sified, respectively, as chronic coronary heart dis-
ease (cCCHD) or chronic coronary syndrome (CCS),
and acute coronary syndrome (ACS). Patients with

a stable CHD course may have very different clini-

cal manifestations and risk of cardiovascular com-

plications (CVCs) such as death and myocardial
infarction.

Today, all cases of CCS can be divided into 6 groups:

1) Angina and/or dyspnea in patients with sus-
pected CHD;

2) Recent cardiac insufficiency or decreased left
ventricular function in patients with suspected
CHD;

3) No symptoms or stable symptoms for less than
one year after ACS or recent myocardial revas-
cularization;

4) No symptoms or stable symptoms for more than
one year after diagnosis or revascularization;

5) Suspected vasospastic or microvascular angina;

6) No symptoms in the presence of CHD found
during screening [1].

Present-day diagnosis of coronary heart disease
includes several stages. At the initial stage, patients
with possible unstable angina should be identified:

prolonged episodes of angina at rest, recent onset
of angina (new onset of angina), increased inten-
sity and severity of attacks during the previous brief
period of time (progressive angina); other forms of
ACS should also be excluded.

At subsequent stages, the detected symptoms and
comorbidities should be evaluated, clinical exami-
nations and laboratory tests should be performed,
along with the analysis of the probability of CHD
and diagnostic tests.

CHD overdiagnosis is often observed in actual
clinical practice. Up to 50% of patients referred for
coronary angiography with a diagnosis of “stable
angina” have intact coronary arteries [2]. Addi-
tional examination in some patients may reveal
a non-obstructive cause of ischemia (microvascu-
lar or vasospastic angina) without atherosclerotic
damage to epicardial coronary vessels. In order
to detect obstructive CHD, functional or ana-
tomical methods are typically used. Present-day
non-invasive functional tests for ischemia (stress
EchoCG),

resonance imaging, single-photon emission com-

echocardiography (stress magnetic
puted tomography) are highly informative. Stress
echocardiography is the most accessible imaging
method. Multispiral computed tomography of cor-
onary vessels can be used as the initial anatomical
method. This method is preferable in patients with
no history of CHD and its low clinical probability.
Selective coronary angiography for diagnostic pur-
poses in stable patients should be considered only
when non-invasive methods have provided no
information for making a definite diagnosis [1].
According to large randomized trials, using anti-
platelet agents in the absence of CHD (primary
prevention), even in patients with a high risk of car-
diovascular events, can have a negative effect due
to side effects (increased bleeding) [3].

Assessment of the risk of cardiovascular events is
the most important factor for choosing the opti-
mal treatment. In cases of cCHD, risk stratifica-
tion is based on parameters used for establishing
the diagnosis: clinical signs of the disease (severity
of myocardial ischemia), involvement of anatomi-
cal structures and severity of coronary artery ath-
erosclerosis, systolic function of the left ventricle,
comorbidities and additional risk factors.

Risk assessment should be performed for patients
with CHD taking into account different clinical
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variants; it will allow identifying patients with a
high risk of events (risk of cardiac mortality > 3%
per year) and changing management tactics to
improve prognosis [2].

According to the REACH register, the annual
mortality rate among patients with CHD varied

Table 1. Factors of high and moderately increased
risk of ischemic events in patients with CAD

| 1. Clinical characteristics [1] |

A high risk of ischemic events: diffuse multivessel CAD with
at least one of the following:

v DM requiring medication

v" Recurrent M1

v PAD

v' CKD with eGFR 15-59 ml/min /1,73 m?

A moderately increased risk of ischemic events: the presence of
at least one of the following:

Multivessel/ diffuse CAD

DM requiring medication

Recurrent M1

PAD

Heart failure

CKD with eGFR 15-59 ml / min / 1,73 m?

S EENENENENENEN

Angiographic characteristics and complex
PCI[7]

Previous stent thrombosis

Stenting of last remaining patent artery
Simultaneous stenting of three or more stents
Simultaneous intervention on three or more
stenoses

v" Stenting of bifurcation with two stents implanted
v Stent length >60 mm

v Treatment of chronic total occlusion

ANENENEN

Note: CAD — coronary artery disease; DM — diabetes mellitus;
eGFR — estimated glomerular filtration rate; HF — heart failure;
MI — myocardial infarction; PAD — peripheral artery disease;
PCI — percutaneous coronary intervention

Table 2. Factors of high bleeding risk [2]

High bleeding risk |

v" Prior history of intracerebral haemorrhage or
ischaemic stroke
History of other intracranial pathology

AN

Recent gastrointestinal bleeding or anaemia due to
possible gastrointestinal blood loss

Other gastrointestinal pathology associated with
increased bleeding risk

Liver failure

Bleeding diathesis or coagulopathy

Extreme old age or frailty

Renal failure requiring dialysis or with eGFR

<15 mL/min/1,73 m?

<\

ASENENEN

Note: eGFR = estimated glomerular filtration rate

by a factor of 6, from 0.63% in patients with non-
obstructive coronary artery disease to 3.8% in
patients with myocardial infarction (MI) and coex-
istent diabetes mellitus [4].

The history of MI is one of the main factors deter-
mining the prognosis of cCHD. According to the
APOLLO register, one in five patients (18.3%)
develops major CVCs (MI, stroke, cardiovascular
death) during the first year after MI, and another
20% of patients — during the next 3 years [5)].
A high risk of events is also observed in patients
with common multivascular coronary artery dis-
ease. The prevalence of multivascular disease in
patients with non-ST elevation ACS varies from
40 to 80% [6].

Factors of high and moderate risk of ischemic events
in patients with cCHD are presented in Table 1.
The use of ATT is associated with an increased risk
of bleeding. The choice of AT'T and its duration can
vary significantly in patients with different hemor-
rhagic risk. Factors contributing to the high risk of
bleeding are shown in Table 2.

ATT in patients with a high risk of both ischemic
and hemorrhagic complications is a challeng-
ing task. According to the PARIS register, 40% of
patients with a high risk of bleeding had a high
ischemic risk [8].

Choosing Antithrombotic
Therapy

Thrombosis occurs due to the activation of both
platelet and plasma components of hemostasis.
Platelets play the most critical role in the devel-
opment of atherothrombotic events. Antiplatelet
agents (antiaggregants) form the basis of ATT in
patients with CHD. Drugs of this group can be pre-
scribed for both monotherapy and dual antiplatelet
therapy (DATT).

Monotherapy with antiplatelet agents

Acetylsalicylic acid (ASA) is the most common and
affordable antiplatelet agent. For many years, all
patients with cCHD and sinus rhythm were recom-
mended to use ASA in low doses (75-150 mg per
day), if there were no contraindications. This rec-
ommendation was related to class I recommenda-
tions (This type of treatment is proven to be useful and
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effective) with high strength in the European Society
of Cardiology guidelines for stable coronary heart
disease (ESC, 2016) [9].

What has changed? The accumulated experience of
using ASA showed that the frequency of ischemic
complications of CHD decreases with increase in
the number of bleedings. Patients with a high risk
of complications have the best risk-benefit ratio
when using ASA, which was mentioned in the ESC
Guidelines 2019 [1]. The former class I recom-
mendation was left in place not for all patients with
cCHD but only for patients after MI and revascu-
larization (daily intake of ASA 75-100 mg). The
risk of ischemic complications in patients without
MI and revascularization is relatively low. There-
fore, the benefit from ASA in these cases only
slightly exceeds the negative consequences. The
use of ASA 75-100 mg daily can be considered in
such patients, with CHD that is reliably confirmed
with advanced imaging methods (class I1b “Useful-
ness/efficacy is less well established by evidence/opinion”).
Clopidogrel (75 mg/day) remains an alternative
to ASA in patients with stable CHD and is a sec-
ond-line drug for patients with ASA intolerance.
Clopidogrel causes reduced antiplatelet response
in some patients, which is associated with several
factors, including genetic polymorphism, as well as
intake of drugs that disrupt the conversion of clopi-
dogrel to its active metabolite [10].

In the CAPRIE study, in a subgroup of patients
with symptomatic lower limb atherosclerosis, clopi-
dogrel had an advantage over ASA in reducing the
risk of CVCs and cardiovascular mortality and was
equally safe [11]. Clopidogrel may be preferred
over ASA in patients with CHD combined with
lower limb atherosclerosis (class 1Ib) [1, 12].
Monotherapy with prasugrel or ticagrelol is not
officially recommended in patients with CHD,
although their actual clinical off-label use in stable
patients has increased in recent years [13]. The risk
of bleeding with these drugs can be unjustifiably
high compared with the number of prevented isch-
emic events. Currently, monotherapy with prasug-
rel or ticagrelol is not used in stable patients with
CHD and without a history of coronary stenting.
Dual antiplatelet therapy with the combination of
ASA and one of P2Y12 receptor blockers is the basis
of ATT in patients with ACS and/or percutaneous
coronary interventions (PCI) [7].

After planned PCI with stenting in patients with
cCHD, it is recommended to prescribe DATT
(ASA + clopidogrel) for six months, if there is no
high risk of bleeding (class I), in order to achieve an
optimal balance of efficacy and safety. Premature
withdrawal of clopidogrel can lead to increased risk
of stent thrombosis. In patients with a high risk of
bleeding, DATT can be reduced to three months
(class ITa “Weight of evidence/opinion is in favor of use-
fulness/efficacy”) or minimum to 1 month (class IIb)
(1, 7).

After elective coronary artery bypass surgery,
unlike elective stenting, ASA monotherapy is usu-
ally prescribed to patients with cCHD [7]. There is
currently no convincing evidence base for using
DATT after coronary artery bypass surgery in
patients with CHD, although there is evidence for
a reduced risk of venous (not arterial) shunt throm-
bosis associated with DATT [14, 15].

DATT in stable patients was studied in com-
parison with ASA monotherapy in large studies
CHARISMA (ASA + clopidogrel/prasugrel) and
PEGASUS-TIMI 54 (ASA + ticagrelol) [16, 17].
A significant decrease in major CVCs, including
MI, stroke and cardiovascular death, without a
significant effect on overall mortality, was demon-
strated in both studies (in CHARISMA study, in the
subgroup of patients with confirmed CHD). The
greatest benefit of DATT was observed in patients
with a history of MI. At the same time, both stud-
ies showed a significant increase in the number of
major bleedings but no increase in fatal bleedings.
The duration of DATT after ACS is advisably at
least one year [7]. Prolonged DATT leads to a lower
risk of ischemic complications but increased bleed-
ing in proportion to the duration of administration.
Special scales were developed to implement per-
sonalized treatment and find the optimal duration
of DATT for a particular patient. The best known
among them are DAPT and PRECISE-DAPT. Both
scales are fairly easy to use; results can be obtained
with the help of online calculators. The DAPT scale
is used when deciding between termination and
continued use of DATT 12 months after stenting if
the patient has no hemorrhagic and ischemic com-
plications while taking two antiplatelet agents. The
DAPT scale uses scoring for the following param-
eters: age, smoking, diabetes mellitus, myocardial
infarction, history of PCI or myocardial infarction,
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using a stent coated with paclitaxel, a stent with
a diameter of < 3 mm, cardiac insufficiency or
decreased LVEF < 30%, stenting of venous shunts.
ADAPT score > 2 points indicates a high risk of isch-
emic complications, and DATT prolongation (up
to 30 months) is recommended for such patients.
If the result is < 2 points, the standard duration of
DATT (12 months) without further prolongation is
recommended [18].

The PRECISE-DAPT scale is used immediately
after coronary stenting to assess the risk of commu-
nity-acquired bleeding and possible reduction of
DATT duration. This scale includes five prognos-
tic factors: age, creatinine clearance, hemoglobin,
WBC and the history of spontaneous bleedings in
patients treated with DATT. A PRECISE-DAPT
score > 25 points indicates a high hemorrhagic
risk. Therefore, DATT duration may be reduced to
six months in cases of stenting for ACS and three
months in cases of elective stenting for cCHD.
If the risk of bleeding is low (PRECISE-DAPT
<25 points), DATT duration can be standard or
prolonged [19].

The abovementioned scales have several limita-
tions. They are not validated for patients taking
ticagrelol or prasugrel as P2Y12 receptor blockers;
the DAPT scale factors in a stent with paclitaxel,
which is rarely used at present; the PRECISE-DAPT
scale does not consider special features of coro-
nary disease and PCL. DAPT and PRECISE-DAPT
scales can be considered when determining the
possible duration of DATT (class IIb) [7]. However,
to this day, these scales have not been confirmed in
large randomized trials, and so their significance in
determining DATT duration remains unclear.
Results of studies on the risk-benefit ratio of long-
term DATT in patients with a history of MI were
analyzed in a large meta-analysis [20]. Prolonged
DATT was shown to reduce the number of major
CVCs and stent thrombosis but had no effect on
overall mortality. The effect observed was accom-
panied by increased bleedings. Analysis of differ-
ent subgroups of patients treated with prolonged
DATT revealed that patients with previous MI
and high risk of ischemic complications and no
high risk of bleeding benefit the most from this
treatment. The necessary condition for DATT
prolongation is good tolerance to the antiplate-
let drugs used with no ischemic or hemorrhagic

complications during the first year. It should be
noted that the most favorable effect of DATT is
observed with no break in the administration of
antiplatelet agents after MI. If DATT was restarted
after a long break (more than one year), this strat-
egy had no positive effect [21]. The possibility of
prolonging treatment with P2Y12 receptor block-
ers as part of DATT is indicated for clopidogrel
at a dose of 75 mg/day, prasugrel at a dose of
10 mg or 5 mg/day (with body weight < 60 kg or
age > 75 years) and ticagrelor at a dose of 60 mg
twice a day. Clopidogrel remains the best-studied
drug for long-term DAT'T. Prasugrel should not be
used in patients with a history of ischemic stroke;
there are restrictions for patients aged >75 years or
with low body weight (less than 60 kg). Ticagrelol
can cause dyspnea, which is often transient, but
in some cases, it should be replaced with another
drug. At present, according to the ECS Guidelines
(2019), when it comes to stable patients with previ-
ous MI, the possibility of using prolonged DATT
should be considered in patients with a high risk
of ischemic complications (class I1a) and can be
considered in patients with a moderately high risk
(class IIb) with no high hemorrhagic risk [1].

New regimens of antiplatelet therapy are currently
being studied. Several studies have been carried
out on the use of antiplatelet agents after PCI as a
part of short-term DATT (1-3 months) followed by
long-term administration of a P2Y12 antiplatelet
agent as monotherapy without ASA. Information
obtained from the studies (STOPDAPT-2, SMART-
CHOICE, GLOBAL LEADERS, TWILIGHT) sug-
gests the advantage of such regimens in terms of
treatment safety (decreased bleedings), along with
no decrease in antiischemic effect (no worse than
standard DATT) [22]. A thorough analysis of the
results of these treatment regimens is underway,
but they have not yet been included in the accepted
international and national recommendations.

Combined antithrombotic therapy:
antiplatelet agent + anticoagulant

Along with platelet activation, the activation of the
blood coagulation system plays a crucial role in the
pathogenesis of atherothrombosis. Both processes
(activation of platelets and coagulation cascade)
occur simultaneously, which leads to thrombus
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formation. In this regard, the combination of anti-
platelet agents and anticoagulants seems very rea-
sonable in patients with atherothrombosis.

The study of oral non-vitamin K-dependent anti-
coagulant rivaroxaban in patients with sinus
rhythm and stable manifestations of atherosclerosis
(CHD, atherosclerosis of lower limbs) was carried
out during the COMPASS study [23]. The addition
of rivaroxaban at a dose of 2.5 mg twice a day to
ASA treatment compared with ASA monotherapy
significantly reduced not only the risk of major
CVCs but also mortality from all causes; no such
fact was previously observed for other ATT strate-
gies. The risk of major bleeding in cases of com-
bined ATT increased, but the number of fatal and
intracranial bleedings showed no reliable increase.
In general, combination therapy had an advan-
tage over ASA monotherapy in terms of the sum of
major CVCs and heavy bleedings. The risk of severe
ischemic complications in lower limbs, including
amputations, decreased further in patients with
atherosclerosis of lower limbs. This regimen (ASA
75-100 mg + rivaroxaban 2.5 mg twice/day) can
be discussed for secondary prevention at high (class
ITa) or moderately high (class IIb) risk of ischemic
events in patients with multivascular CHD or pre-
vious MI > 1 year with low hemorrhagic risk [1].

To increase ATT safety, the use of proton pump
inhibitors (PPIs) is recommended in patients with
a high risk of gastrointestinal bleeding in order
to prevent bleeding from the upper gastrointes-
tinal tract [1, 7]. PPIs have an inhibitory effect on
cytochrome P450 enzymes, which can reduce the
effectiveness of clopidogrel. Different PPIs produce
a different degree of inhibition. Laboratory test
results showed a stronger inhibitory effect of lan-
soprazole, omeprazole and esomeprazole. Panto-
prazole and rabeprazole had a significantly lesser
effect on cytochrome P450 enzymes [24]. It should
be noted that no significant differences between
the drugs were found in clinical trials [25]. Data
on the effect of PPIs on the risk of CVCs are con-
tradictory. The results on the high risk of adverse
cardiovascular events in cases of combined use of
PPIs and clopidogrel (both as monotherapy and as
a part of DATT) were not confirmed in a number
of clinical trials [25, 26].

Along with damage to the upper gastrointestinal
tract, prolonged use of antiplatelet agents lead to

mucosal lesions of the small intestine [27]. In order
to reduce the risk of intestinal bleeding, literature
discusses synthetic prostaglandins and other GI
protectant drugs that enhance the synthesis of
endogenous prostaglandins and have anti-inflam-
matory and antioxidant effect [28].

As a result, different ATT strategies are currently
used in patients with CHD, depending on the
risk of ischemic and hemorrhagic complications.
In patients with a high risk of ischemic events, new
ATT regimens are recommended; their specific
choice is determined by the risk of bleeding, indi-
vidual peculiarities of the patient, and comorbidity.

Additional Options for
Prognosis Improvement

For the prevention of ischemic complications in
patients with CHD (secondary prevention), pres-
ent-day recommendations are aimed at lifestyle
changes (smoking cessation, balanced healthy diet,
alcohol restriction, weight loss, regular physical
activity), prescription of drugs with proven effec-
tiveness and revascularization in high-risk patients
[1]. Properly chosen advanced drugs have an effect
on different mechanisms of CHD and comple-
ment each other. Drug treatment of patients with
CHD, along with ATT, should include statins,
renin-angiotensin-aldosterone  system blockers
(RAASB) / angiotensin II receptor blockers, beta
blockers (BB) and antianginal drugs, thus forming
the optimal drug therapy (ODT) [1].

ODT includes regular risk assessment of both isch-
emic and hemorrhagic complications and man-
agement of existing cardiovascular risk factors. It is
extremely important for effective therapy to achieve
the following target values: low-density lipoprotein
cholesterol (LDL-C), heart rate (HR), blood pres-
sure (BP) and blood glucose. Unfortunately, the
recommended target values are not achieved in
most patients in clinical practice. It was demon-
strated that only 8% of patients in the FREEDOM
study, 18% in the COURAGE study, and 23% in
the BARI-2D study achieved target values (levels of
LDL-C, BP, blood glucose, and smoking cessation)
[29]. According to the large CLARIFY register, a
high heart rate (more than 70 beats/min) was regis-
tered in 41% of 33,177 patients with cCHD treated
with BB therapy [30].
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Effective ODT in patients with CHD significantly
reduces mortality and risk of events. Most studies
revealed that more active management of patients
with  CHD (elective myocardial revasculariza-
tion) does not improve their prognosis compared
with ODT in most patients [31]. The recent large-
scale clinical ISCHEMIA study, which involved
5,179 patients with cCHD, could not prove the
superiority of invasive methods over ODT. Analy-
sis of separate subgroups revealed no catego-
ries of patients where the invasive strategy would
give advantages. In the invasive treatment group,
improvement in the quality of life was observed
only in patients with initially frequent angina
attacks [32]. In cases of cCHD, planned revascular-
ization is advisable in patients with damage to the
left coronary artery trunk, with a combination of
low LV ejection fraction with multivascular coro-
nary artery disease and ODT failure [33].

Thus, at present, advanced drug therapy is the
basis for the management of patients with CHD,
enabling to prevent most adverse outcomes. As an
integral part of ODT, ATT significantly contributes
to reducing risks and improving the prognosis for
patients with CHD.
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Abstract

Background: computer tomography (CT) features of COVID-19, their temporal changes and differences from other
pulmonary (viral and bacterial pneumonia) and non-pulmonary diseases are well described in recent publications. The
prevalence and characteristics of signs of concomitant problems that could be identified at chest CT are less studied. Aim:
to analyze the prevalence and characteristics of chest CT features of COVID-19, its complications and comorbidities.
Methods: retrospective analysis of CT and clinical data of 354 patients hospitalized with suspected COVID at April
and May of 2020. Results: 962 CT scans were analyzed (3 (2-3) scans per patient). First CT was performed at 8 (5-11)
day of sickness. Several roentgenological scenarios could be highlighted: patients with coronavirus pneumonia (n=295;
83%); with combination of COVID-19 and another pathology (n=36; 10%); with complications of COVID-19 (n=12;
3%); with alternative pathology (n=2; 1%); without any pathological signs (n=9; 3%). Several cases, illustrating CT signs
of coronavirus pneumonia, its complications and comorbidities are reported. Conclusion: CT possibilities are not limited
to detect typical COVID-19 signs, it also helps to differentiate pulmonary and other thoracis pathology.

Key words: COVID-19, coronavirus pneumonia, multispiral computed tomography, differentiation of complications and
comorbidities
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Introduction

The first reports of the novel coronavirus disease
(COVID-19) emerged in late December 2019 from
Wuhan, Hubei, China. The report described four
cases of pneumonia of unknown etiology; standard
3-5 day antibacterial treatment was ineffective
[1]. On January 7, 2020, the World Health Orga-
nization published information on the identity
of the novel coronavirus that caused this disease.
It also linked this infection with a visit to a market
in Wuhan (2, 3]. Subsequently, the affinity of the
virus to the receptors of angiotensin-converting
enzyme 2 in alveolocytes was established, followed
by the infection of cells and a direct cytopathic
effect [4, 5]. Due to its clinical features and genetic
relationship with the coronavirus that caused the
2002-2003 SARS outbreak, this virus was named
SARS-CoV-2 [6]. From January to June 2020, an
exponential increase in incidence was observed
worldwide; the number of cases exceeded ¢ million.
The first reports based on the description of indi-
vidual clinical cases emerged in early January.
Cases of pneumonia associated with the new coro-
navirus were described as bilateral interstitial lung
disease, resistant to standard antibiotic treatment,
with increasing respiratory failure (RF) and acute
respiratory distress syndrome (ARDS).

The significant rise in the number of patients
facilitated the rapid accumulation of experience
in assessing, diagnosing, and treating COVID-
19 patients. The first generalized study based on
the examination of 1,099 patients established the
frequency of various clinical symptoms and pat-
terns on the computed tomography (CT) of the
chest [7]. In particular, CT changes were found in
86.2% of 975 examined patients. Bilateral changes
were found in 51.8% of patients, and the most
common symptom of ground-glass opacity — in
56.4%. The key point in CT diagnostics was the
staging of changes; the stages corresponded to
the days of disease [8]. Later, several variants of
differentiation of CT images of COVID-19 were
proposed both according to the criteria of com-
pliance (bilateral lesion, ground-glass opacity,
crazy-paving pattern, etc.) and according to the
dynamic changes described in various literature
reviews [9-11]. There is a common opinion about
the significantly lower sensitivity of chest X-ray

compared with CT. As there is no correlation of
auscultatory signs of pneumonia with the volume
of the lung lesion and the frequently false-nega-
tive primary results of polymerase chain reaction
(PCR), CT became a reference method for the
diagnosis of COVID-19 and disease severity. CT
is also recommended as a screening examination
in Russia [12].

The massive spread of COVID-19 naturally led to
the involvement in the epidemic process of people
with bronchopulmonary pathologies caused by
other diseases, including cancer and tuberculo-
sis [13, 14], which raised the need for differential
diagnosis. Besides COVID-19, more than 400 cases
of community-acquired pneumonia are recorded
per 100 thousand population in Russia annually.
Tuberculosis is common — 44.06 per 100 thou-
sand population [15]. More than 60 thousand
new cases of malignant neoplasms of the trachea,
bronchi and lungs are reported annually [16].
Consequently, radiologists and clinicians have to
differentiate coronavirus pneumonia from other
respiratory diseases that can often be underlying
(Table 1).

Numerous publications describe the differential
diagnosis of X-ray symptoms of COVID-19, their
specificity, incidence in different variants of the
course of coronavirus disease, differences from
other types of pulmonary lesions (other viral or
bacterial pneumonias), and non-pulmonary dis-
eases [20]. In real clinical practice, coronavirus
pneumonia can develop in comorbid patients with
radiological signs of other diseases. We could not
find in the available medical literature any works
on the analysis of the incidence and characteristics
of the radiological signs of concomitant diseases in
patients with coronavirus disease.

Problems of differential diagnosis in patients with
COVID-19 are not only of clinical but also epide-
miological significance since timely and compe-
tent interpretation of CT data allows to separate
patient flows to different departments of medical
institutions. In this regard, a number of clinical
cases reported at the Federal State Budgetary Insti-
tution “Scientific Research Treatment and Reha-
bilitation Center of the Ministry of Health of the
Russian Federation (FSBI “SRC TRC of the Min-
istry of Health of Russia) during the reprofiling
period in April-June 2020 are of interest.
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Table 1. Differential-diagnostic spectrum of symptoms detected by CT CT in patients with coronavirus infection

[17-19]

Symptom

Morphological substrate and
frequency in COVID-19

Detection in other diseases

Groud glass opacity

Thickening of the
interlobular septa
(reticular pattern)

Crazy paving

Consolidation

Air bronchogram
(pneumo-
bronchogram)

Inflammation of the alveolar
septa with intraalveolar cellular
desquamation

88%

The connecting link between
ground glass symptom and
consolidation. Interstitial
lymphocytic infiltration
50-61,6%

«Frosted glass» in combination with
a reticular pattern (thickening of
the interlobular and intralobular
interstitium)

89%

Complete replacement of alveolar
air with exudate

63,9-96%

Air-filled bronchi with
consolidation

A4,7-56,2%

Other viral pneumonia

Pneumocystis pneumonia

Fungal pneumonia

Paracancrotic pneumonia
Fosinophilic pneumonia

Organizing pneumonia

Idiopathic hypereosinophilic syndrome
ARDS (Acute Respiratory Distress Syndrome)
Cardiogenic pulmonary edema
Hypersensitivity pneumonitis

Lipoid pneumonitis

Post-radiation pneumonitis
Drug-Induced Lung Disorders
Glandular cancer

Sarcoidosis

Pulmonary vasculitis

Alveolar proteinosis

Pulmonary edema
Lymphogenous metastasis of glandular cancer

Other viral pneumonia
Paracancrotic pneumonia
Pneumocystis pneumonia
Interstitial pneumonia
Organizing pneumonia
Fosinophilic pneumonia
ARDS (Acute Respiratory Distress Syndrome)
Pulmonary edema
Sarcoidosis

Alveolar proteinosis
Pulmonary vasculitis
Glandular cancer

Lipoid pneumonitis
Post-radiation pneumonitis

Bacterial pneumonia

Organizing pneumonia
Infiltrative tuberculosis
Tumors and metastases

Bacterial pneumonia
Interstitial pneumonia
Idiopathic Pulmonary Fibrosis
Glandular cancer
Cirrhosis of the lung lobe
Organizing pneumonia
Pulmonary bleeding
Tension pneumothorax
Tension hydrothorax
Pulmonary edema

Lung infarction
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Table 1 (the end)

Symptom M?:g(};);)lg;c:ﬁ Eu('l)):;lr]a)tiznd Detection in other diseases
Halo The focus of consolidation, Other viral infections
surrounded by «rosted glass». Not Fungal infections
specific for COVID-19 Metastases of glandular cancer
11,3-17,6% Vasculitis with Wegener’s granulomatosis
Cryptogenic organizing pneumonia
Reverse (reverse) A rounded frosted glass focus Cryptogenic organizing pneumonia
halo (catoll») surrounded by an annular Pneumocystis pneumonia
symptom consolidation. Not specific for Vasculitis with Wegener’s granulomatosis
COVID-19 Pulmonary tuberculosis
Lymphatic granulomatosis
Lipoid pneumonitis
Lung infarction
Post-radiation pneumonitis
Tumors and metastases
Bronchiectasis Progressive and irreversible COPD
expansion of the bronchi with or Bacterial pneumonia
without wall thickening. Pulmonary tuberculosis
With COVID-19, a sign of the Traction bronchiectasis (pulmonary fibrosis)
progression of the infection, Kartagener’s syndrome
detected at the most advanced Primary immunodeficiencies
stages, is detected in Alpha-1-antitrypsin deficiency
52,5% Cystic fibrosis
Airway obstruction (foreign body or mass)
Systemic lupus erythematosus, rheumatoid arthritis
Measles
Cavitation An insulated, gas-filled cavity Lung abscess
inside the seal. Primary lung cancer (predominantly squamous cell)
With COVID-19, it is detected Metastases of squamous cell, glandular cancer,
in the late stages of the disease, sarcoma
showing the progression of the Pulmonary tuberculosis
inflammatory process. Septic embolus
One of the least frequent CT Rare fungal infections of the lungs
findings Rheumatoid nodules
Vasculitis with Wegener’s granulomatosis
Lung infarction
Pneumatocele after trauma (pseudocavity)
Pulmonary sequestration
Bronchogenic cyst
Cystic adenomatoid malformation
Lymphadenopathy It is observed with the progression Bacterial pneumonia
of COVID-19, more often with Tuberculosis of the intrathoracic lymph nodes
severe forms Oncological diseases
Lymphoproliferative Disorders
Sarcoidosis
Pleural and Increased permeability of Pleurisy of other etiology
pericardial effusion the pleural vessels, increased Chronic heart failure
hydrostatic pressure in them. Oncological diseases

One of the rarest signs of
COVID-19, more common in
critical patients
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Materials and Methods

A retrospective analysis of medical records and
computed tomograms of patients was carried out,
with a description of individual clinical cases, which
limited the use of statistical methods. We evaluated
354 patients (age 59 (IQR: 49-70) years old, 56%
women) who were hospitalized with suspected
COVID-19. The patients were hospitalized from
the 1*to the 56" day from the onset of symptoms
(8 (IQR: 6-11) days); in 5 (1.4%) patients, the time
of disease onset could not be established because
verbal contact was impossible.

Each patient admitted to the hospital with suspected
COVID-19 was scanned on the same 64-slice CT
scanner (Discovery CT750HD; GE Healthcare)
located in the “red zone” of the tomography unit.
Most of the studies were native with the following
parameters: voltage — 100 mA, current — 100 kV,
maximum field of view during scanning (up to
50 cm), rotation time — 0.6 s and pitch — 1.375:
1. Slice thickness was 1.25 mm with a 40 cm field
of view and a 512 x 512 matrix. Besides, two series
of images with different stiffness factors were
obtained after reconstruction — in lung and medi-
astinal windows.

Subsequent post-processing and detailed analysis
of thin slice scans with multiplanar reconstructions,
in minimum (MinlIP) and maximum intensity
(MIP) modes were performed remotely via a local
area network by a radiologist in the “green zone” of

12;3,4%

y

295; 83,3%

M Tonbko COVID-19

@ Apyraa natonorua, npusHakoe COVID-19 Het
@ COVID-19 v ero ocnoXKHeHUa

0O OTcyTCTBME NATONOMMN

2;0,6%
9;2,5%

36; 10,2%

the department, using Advantage Workstation 4.6
(GE Healthcare, USA).

When assessing changes in the lung parenchyma
in patients, physicians relied on the temporary
guidelines for the prevention, diagnosis and treat-
ment of the novel coronavirus disease (COVID-19)
of the Russian Ministry of Health that were relevant
at the time of the study [12]. According to these
data, disease severity was assessed based on the size
of the lesion (in %) of the lung parenchyma. For a
structured assessment of the specificity of changes
found in lung tissue, the CO-RADS classification
developed by the COVID-19 working group of the
Dutch Radiological Society was used [21].
Statistical data processing was performed via SPSS
Statistics software. Data are presented as median
and interquartile range (IQR); for proportions, a
95% confidence interval (95% CI) is given.

Results

A total of 962 examinations conducted on
354 patients were analyzed; 867 (90.1%) of them
were performed at the Treatment and Rehabilita-
tion Center (TRC) and 95 (9.9%) at other hospitals
prior to hospitalization at the TRC. The frequency
of CTs for one patient was 3 (IQR: 2-3); 25 (7.1%)
patients underwent CT only once. The first CT
was conducted on the 8" day (IQR: 5-11) from the
onset of symptoms (including studies conducted in
an outpatient setting).

e

J]de 2,8%
16; 4,5

COVID-19 +
OHKonornveckue 3abonesaHun

B Kapavonorudeckue 3abonesaHun
[ 3a6oneBaHna Nerkmx

B dpyroe

Figure 1. Proportion of patients with computer tomography (CT) features of COVID-19 pneumonia,
its complications, comorbidities and alternative diseases, n;%.
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Radiological signs observed in patients with
COVID-19 during the whole course of disease allow
us to divide patients into several unequal groups:
the largest group includes patients with only signs
of coronavirus pneumonia (83.3 (95% CI 79.7-
87.3%)); patients with a combination of COVID-
19 and different concomitant pathologies (10.2
(95% CI 11-13.6)%); and significantly smaller
groups — patients with signs of COVID-19 and its
complications (pleural effusion, secondary bacte-
rial pneumonia, destruction, pneumothorax) — 3.4
(95% CI 1.7-5.4)%; patients with another disorders
(0.6 (95% CI 0-1.4%)) or without abnormal CT
signs (2.5 (95% CI 0.8-4.5%)), Figure 1.

Here are clinical examples demonstrating the role
of the chest CT in the diagnosis of COVID-19; its
complications and associated disorders.

Clinical Cases

Male patient X., 32

The patient was hospitalized on the 8" day of dis-
ease in the TRC with the following diagnosis:
“Suspected coronavirus disease, bilateral polyseg-
mental pneumonia, RF stage 2. Hypertensive dis-
ease, stage II. Arterial hypertension stage 2. Risk 2
(medium). Target BP < 130/ < 80 mm Hg. Obe-
sity grade 1T (BMI 38.6 kg/m?). NEWS (Protocol
for assessing the severity of the patient’s condition)
score 5.” C-reactive protein (CRP) 92 mg/l, lactate
dehydrogenase (LDH) 1,470 U/1.

CT at admission (Figure 2A) showed multiple sepa-
rate and confluent areas of ground-glass opacity in

all pulmonary fields and peribronchovascular and
subpleural areas, almost symmetrically. Confluent
lesions (up to 6-8 cm) were found apically, in the
middle lobe, as well as in posterior-basal segments
of both lungs (an arrow marks a focus in S2 of the
right lung). In connection with the lesions, a retic-
ular component and linear cord-like thickening
were determined; no consolidation visible. The size
of the lung lesion was 50-75% (CT-3 according to
the recommended express form for the description
of thoracic CT results of a patient with suspected
COVID-pneumonia), CO-RADS 5.

started
azithromycin, amoxicillin + clavulanic acid); posi-
tive PCR result on SARS-CoV-2 RINA was obtained.
Due to increased intoxication and REF, the patient

Treatment was (hydroxychloroquine,

was transferred to an intensive care unit. High-
flow oxygen therapy was conducted; tocilizumab
800 mg iv. was administered once. On the 11th
of the disease, the patient was intubated, artificial
ventilation (AV) was started. On the 12" day, per-
cutaneous dilation tracheostomy was performed,
complicated by rapidly resolved pneumothorax
and subcutaneous emphysema.

Fever persisted. Repeated CT performed on the 16™
day of the disease (Figure 2B) revealed enlarged
ground-glass opacity zones in both lungs, most sig-
nificant in S8-S10; a consolidation zone appeared
in S2 of the right lung (marked by an arrow). The
lesion was more than 75% (CT-4). ARDS pattern.
The bacteriological test of bronchopulmonary
The

lavage revealed Klebsiella pneumoniae.

repeated PCR study found no SARS-CoV-2 RNA.

Figure 2. Follow-up of CT imaging of 32 y.o. patient with confirmed COVID-19 pneumonia, acute respiratory
distress syndrome and cavitation and consolidation with cavitation in the right lung
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Subsequently, antibacterial treatment, adjusted
based on the sensitivity of microflora, resulted in
the stabilization of the patient’s condition. Never-
theless, CT performed on the 30" day of the disease,
with an underlying increase in alveolar consolida-
tion in the upper and lower lobes of the right lung
and new small areas of consolidation appeared in
the upper lobe of the left lung, revealed an lung
cavity, 14 mm in size, surrounded by a ring-like
consolidation in the middle lobe of the right lung
(abscess development).

On the 39" day of the disease, alveolar consolida-
tion zones significantly decreased, while areas of
ground-glass opacity remained; no new foci of con-
solidation were visible. The lung cavity, 17 mm in
size, in the middle lobe of the right lung remained,;
in S2 from the right, in the conditions of massive
consolidation, lung cavities were visible, up to
32 x 20 mm in size that drained into a subsegmen-
tal bronchus (Figure 2B). A small amount of effu-
sion in the right pleural cavity.

Despite the treatment performed, the patient suf-
fered a cardiac arrest; he was successfully resusci-
tated. However, severe hypoxia led to the patient’s
vegetative state. Considering positive changes in
the clinical and laboratory picture of ARDS, bilat-
eral abscessed pneumonia, and the absence of
SARS-CoV-2 RNA in oropharyngeal swabs, the
patient was transferred to another medical institu-
tion for rehabilitation.

Therefore, repeated CT allowed to diagnose a
secondary bacterial infection with subsequent

abscessing in a patient with severe coronavirus
pneumonia that required using an immunosup-
pressive drug, a prolonged stay in an intensive care
unit, artificial ventilation, and tracheostomy.

Male patient T., 58

Onset with fever up to 39.5 °C during 5 days, dry
cough, shortness of breath. Coronavirus swab test
was conducted in an outpatient setting; SARS-
CoV-2 RNA was detected. Symptomatic treatment
was performed, with no effect. The patient was
urgently hospitalized on the 6™ day of the disease.
On admission: Severe condition. Body tempera-
ture: 39.5 °C. Awake, in control. RR 22/min. Satu-
ration 93%. HR 90 bpm. NEWS score 6.

CT on admission: in the parenchyma of both lungs
there are multiple areas of ground-glass opacity
combined with minimal reticular changes (CO-
RADS 5, CT-2).

Treatment started
azithromycin, amoxicillin + clavulanic acid, enoxa-

was (hydroxychloroquine,
parin), as well as oxygen therapy.

On the 8" day of the disease, due to increasing RF,
saturation decreased to 89%, dyspnea increased to
30 bpm; the patient was transferred to the inten-
sive care unit and intubated; artificial ventilation
was started, followed by tracheostomy. On the
18" day of the disease, due to a sharp decrease in
oxygenation, CT was performed and left-sided
pneumothorax was found (Figure 3 A, B); there-
fore, the pleural cavity was drained. With under-
lying ground-glass opacity, there is consolidation

|
|
|
|
|
|
|

Figure 3. CT scans of 58 y.o. patient with confirmed COVID-19 and bacterial pneumonia, ventilator-associated
pneumothoraz in the left lung and consolidation with cavitation in the right lung
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with a lung cavity (arrow) in the lower lobe of the
right lung and a left-sided pneumothorax (arrow).
On the left side — ground-glass opacity in a par-
tially compressed lung parenchyma as a result of
the mass effect due to air in left pleural cavity.

In connection with the treatment performed, the
patient’s condition improved; he was taken off
oxygen therapy, decannulated, and transferred to
the ward. There were no complications during the
subsequent recovery period; the patient was dis-
charged in satisfactory condition on the 51% day
from the disease onset.

In this clinical case, CT allowed us to monitor
changes in the lungs in a patient who was in the
intensive care unit for a long time due to severe
coronavirus disease complicated by pneumonia,
bacterial superinfection with the destruction of

™~

A

lung tissue, and a pneumothorax, most likely asso-
ciated with artificial ventilation.

Female patient A., 79

At the beginning of April 2020, she was treated
for community-acquired pneumonia in a hospi-
tal (not TRC); SARS-CoV-2 RNA was twice not
found in smears from the oral cavity and nasophar-
ynx. Comorbidities: Hypertensive disease stage I11.
Arterial hypertension stage 2. Risk 4 (very high).
Target BP < 130 / < 80 mm Hg, cerebrovascular
disease, consequences of stroke of unknown age,
Parkinson’s disease. Class I obesity grade (BMI
31 kg/m?). CT results revealed large unilateral
infiltration in the hilar region of the left lung with
indistinct contours, typical for bacterial pneumo-
nia. Over time — infiltration completely regressed

~

b

Figure 4. Regress of CT lesions in 79 y.o. patient with community acquired pneumonia

Figure 5. Same patient, 1-21 days after convalescence after bacterial pneumonia. Extent and partial absorbation
of CT signs of confirmed COVID-19 pneumonia
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into §1 + 2 of the left lung (Figure 4 A and B). The
patient was discharged with improvement.

The day after discharge, the patient’s body tem-
perature rose to 38 °C. As a result, she was hospital-
ized in the TRC. On admission, she was in a state
of moderate severity, with forced attitude due to
restricted mobility. No rales were heard. SpO, —
94%. Nasopharyngeal swab test revealed SARS-
CoV RNA.

Chest CT at admission (Figure 5A): in the paren-
chyma of both lungs, there are multiple diffuse
areas of decreased airiness of lung tissue in the
form of ground-glass opacity located in the hilar
and subpleural zones, the largest one in S6 of the
right lung (up to 55 x 32 mm) (CO-RADS 5, CT-2).
During the next few days, her state deteriorated,
lung damage increased to the CT-3 stage (Figure
5 B). After stabilization and partial regression of
inflammation (Figure 5B), the patient was dis-
charged on the 21+ day of hospitalization.
Therefore, assessing the data on patient A., we can
assume that the first episode of pneumonia (prob-
ably hypostatic) was associated with bacterial infec-
tion, and the second episode — with coronavirus
infection.

Female patient S., 58

In 2005, she underwent radical mastectomy
with lymphadenectomy on the left side for breast
cancer, followed by polychemotherapy and radia-
tion therapy.

On April 30, 2020, she was hospitalized (not at
TRC) due to shortness of breath with minor physi-
cal exertion. Anthracycline cardiomyopathy was
diagnosed. The diagnosis also included: Left bundle
branch block. First-degree atrioventricular block.
CHF with reduced LV EF (left ventricular ejection
fraction 26%) stage IIB FC III. Bilateral hydrotho-
rax. Pleural effusion was evacuated, treatment for
CHF was prescribed. The patient was discharged
with improvement. A week after discharge, febrile
body temperature appeared, shortness of breath
worsened. CT was performed in the local clinic at
the place of residence. It revealed that with under-
lying cardiomegaly, both lungs had multiple indu-
rations of the ground-glass opacity type, polyseg-
mental, mostly peripherally located, with signs of
consolidation, 50-75% on the right and 25-50%
on the left side. The patient was hospitalized in the
TRC in a severe state with dyspnea at rest.

On admission: Body temperature 36.1 °C. Dif-
fuse cyanosis. RR 22-24 per minute. SpO, 94%,
with oxygen therapy — 98-100%. BP 100/60 mm
Hg on both arms, HR 125 bpm, on ECG — wide
complex tachycardia (compensated with drugs).
No edemas or hepatomegaly. NEWS score 8. Naso-
pharyngeal swab test revealed SARS-CoV RNA.
Chest CT at admission: in the parenchyma of both
lungs, there is a diffuse induration of the interlobu-
lar interstitium (interstitial edema), with associ-
ated extended and confluent areas of ground-glass
opacity in the parenchyma, primarily basal and on
the right side (50-75% on the right, 25-50% on
the left, CT-3, CORADS 4). Infiltration areas about
14 mm in size are also visible; there is a subpleural
area measuring 55 x 11 x 44 mm in the apex of the
left lung. Pleural effusion — thickness of the fluid
layer on the left side — 3 cm, on the right side —
1.3 cm. Cardiomegaly. (Figure 6).

Due to the severe cardiac disorder, it was decided
not to use hydroxychloroquine, azithromycin, lopi-
navir/ritonavir. Amoxicillin + clavulanic acid were
prescribed, followed by cefoperazone + sulbactam.
On the 11" day of the disease, a repeated chest
CT revealed a decrease in the size and number of
reduced pneumatization areas according to the
type of consolidation/ground-glass opacity in both
lungs down to 35% (CT-2). At the same time, there
was an increase in the severity of interlobular inter-
stitial thickening, the amount of free fluid in pleu-
ral cavities (up to 4 cm on the right and 5.5 cm on
the left), and the compression of the lower lobes.
The volume of S1 + 2 of the left lung decreased due
to the subpleural zone of fibrosis (Figure 7).
Treatment was intensified (diuretic therapy, intra-
venous administration of albumin, considering
hypoalbuminemia).

Chest CT on the 18™ day of the disease showed a
further decrease in the size and number of consoli-
dation/ground-glass opacity areas in both lungs to
25%. Signs of congestion in pulmonary circulation
decreased; however, the amount of fluid in pleural
cavities increased slightly (Figure 8).

The patient was discharged with significantly
decreased dyspnea (SpO, 98%), stable hemody-
namics (ECG: sinus rhythm with HR 78 bpm, BP
90/60 mm Hg), decrease in CRP level from 49.9
to 1.6 mg/1 after two negative swab tests for SARS-
CoV-2. The patient subsequently underwent elec-
tive cardiac resynchronization therapy.
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Figure 6. CT scans of 58 y.o. patient with anthracycline cardiomyopathy (cardiomegaly), decompensated heart
failure (Kerley lines) and confirmed COVID-19 pneumonia (ground glass opacities) at admission

Figure 8. Same patient, 18 day of disease. Partial regress of pneumonia and lung edema signs. Slight increase of
pleural effusion
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In this clinical case, CT allowed us to perform differ-
ential diagnostics of coronavirus infection-induced
infiltration from signs of congestion in pulmonary
circulation in a patient with severe concomitant
heart failure and postradiation changes in the lung
parenchyma.

Pulmonary edema is a common cause of the rapid
development of ground-glass opacity areas, which
usually grow centrifugally, as opposed to the typical
picture of COVID-19. This is usually accompanied
by other typical signs (thickening of the interlobular
septa, hydrothorax, and dilation of pulmonary veins
[22]). In young patients with COVID-19 without
concomitant cardiac pathology, pulmonary edema
may be a manifestation of acute myocarditis [23].
Diffuse areas of ground-glass opacity can also
develop with intralveolar hemorrhage due to vas-
culitis. Their subpleural location is also not typi-
cal, unlike COVID-19. In cases of Goodpasture
syndrome, such a CT picture is accompanied by
hemoptysis and acute renal damage [24]. Another
reason for subpleural zones of ground-glass opac-
ity is drug-induced pneumonitis, which manifests
as non-specific interstitial pneumonia [25].

Female patient K., 87

The patient lives with her granddaughter who
has had coronavirus disease. She considers her-
self ill for about a month when she complained of
weakness and developed a dry cough. The patient

was hospitalized at the local clinic after CT that
revealed multisegmental interstitial changes in the
parenchyma (Co-RADS 5, CT-3). State at admis-
sion was satisfactory, O points on the NEWS scale.
Temperature 36.5 °C. SpO, 96%. Laboratory test
results: hemoglobin 98 g/l, hematocrit 31.0%,
RBC — 3.9 x 10%/1, WBC 8x10°/1 (lymphocytes
10%, monocytes 10%), LDH 551 U/l, C-reactive
protein 196.4 mg/1. She was hospitalized since she
falls in the risk group (senile age, hypertensive dis-
ease). Smears from the oropharynx for RNA SARS-
CoV-2 returned 4 negative results.

CT, in addition to multiple ground-glass opac-
ity areas with small consolidation elements in the
parenchyma of both lungs, primarily subpleural
(about 60% of pulmonary parenchyma affected),
shows a mass of the right breast, with indistinct
contours, 18.5x36.5x41 mm (Figure 9).

During the follow-up period, the CRP level
decreased to 16.4 mg/l. CT showed moderate posi-
tive changes (a decrease in the size of ground-glass
opacity areas in both lungs, development of consol-
idation zones in their projection, slightly decreased
damage volume within CT-3).

Therefore, considering the duration of complaints,
negative test results for SARS-CoV-2 RNA, and CT
data, it can be assumed that the patient was infected
with coronavirus more than a month ago. The dis-
ease had few symptoms, and the patient was hospi-
talized when virus replication had already stopped.

Figure 9. 87 y.o. patient, hospitalized with viral pneumonia (highly likely COVID-19 despite negative PCR) and
first identified breast tumor
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However, changes in the lungs caused by the coro-
navirus infection and found on CT scans remained.
CT made it possible to identify a breast neoplasm
that was not previously diagnosed (including in an
outpatient setting).

Female patient A., 51

Onset of disease with high body temperature of
up to 38.3 °C, anosmia, cough. On the 5™ day
of the disease, the patient was hospitalized (not
at TRC). Chest CT revealed bilateral pneumo-
nia (CT-3, Figure 10 A, B); coronavirus etiology
was confirmed by laboratory tests. Antibacterial

therapy was prescribed (amoxiclav, azithromycin),
hydroxychloroquine. On the 17™ day of the disease,
after temperature normalization, the patient was
discharged. Over the next three weeks, there was no
increase in temperature, but chest discomfort and
weakness persisted.

Control chest CT was performed in an outpatient
setting (Figure 11A). Diffuse areas of reduced
airiness of the parenchyma of the ground-glass
opacity type remained, which occupy most of the
parenchyma (about 75%); this information was
interpreted as a recurrence of coronavirus pneu-
monia. The patient was hospitalized at the TRC.

Figure 11. Ame patient, 3 weeks after discharge. Re-hospitalized with residual symptoms and ground glass
opacities at CT scan
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Upon admission, her state was satisfactory, no
catarrhal symptoms, cough, fever, and no signs of
RE. Laboratory test results: WBC 10.1x10%/1, albu-
min 38.2 g/l, LDH 324 U/l, C-reactive protein
4.4 mg/1. SARS-CoV-2 RNA was not found in oro-
pharyngeal swabs twice. No antiviral or antibacte-
rial drugs were prescribed. Antithrombotic preven-
tion was conducted.

Due to the absence of febrile intoxication syn-
drome, laboratory test results and CT data were
regarded as residual manifestations of coronavi-
rus pneumonia. On the 5™ day of hospitalization,
chest CT was repeated, no significant changes were
found (Figure 11B). The patient was discharged on
the 6™ day of hospitalization; consultation with a
pulmonologist is recommended, as well as follow-
up examination in 1 month.

This example demonstrates the possibility of long-
term persistence of changes detected during CT
after coronavirus pneumonia. Only long-term
and large-scale studies will determine who among
patients who have suffered COVID-19 will have
such changes, how long they will persist, their
origin, clinical and epidemiological significance.
Before systematizing data, such changes in the CT
scan should be evaluated jointly by a radiologist
and a clinician for each patient individually, taking
into account the history of the patient’s disease,
clinical status, and laboratory test results.

Male patient F., 51
In February 2020, chest CT revealed mediastinal
liposarcoma with signs of spreading to the right

pleural cavity. In April, the patient was hospital-
ized (not at TRC) and had contact with COVID-
19 patients. He subsequently complained of weak-
ness, cough, dyspnea, and temperature rise to
37.8 °C. As a result, MSCT was performed, which
revealed subpleural foci of the ground-glass opac-
ity type, with a thickened intralobular interstitium.
The patient was transferred to the TRC. On admis-
sion — SpO, 98%, NEWS score 0.

CT of lungs performed in the inpatient department
of TRC revealed multiple ground-glass opacity
areas (CO-RADS 4, CT1) in the left lung, polyseg-
mental, with most of the damage in the peripheral
parts. When comparing with the previous CT, new
ground-glass opacity areas were visible in the same
lung, in segments 5 and 8. A large mediastinal
mass lesion of solid fat-density of the same size of
124 x 82 x 90 mm persisted (Figure 12A).
Treatment with hydroxychloroquine, azithromy-
cin, enoxaparin in prophylactic doses and omepra-
zole was started.

After 5 days, CT of lungs showed positive changes
in the form of a decrease in the size and number of
ground-glass opacity areas in the left lung and the
transformation of some of them into linear fibrosis.
Mediastinal mass lesion without negative changes
(Figure 12B).

In the course of treatment, the patient’s body
temperature returned to normal; there were no
catarrhal symptoms or signs of respiratory failure.
Laboratory signs of inflammation regressed, PCR
for SARS-CoV-2 RNA returned a negative result
three times.

Figure 12. 51 y.0. patient with mediastinal liposarcoma, hospitalized with clinical and CT signs of COVID-19
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Despite the negative PCR test results, the combina-
tion of epidemiological data with a typical clinical
and CT picture, typical for pneumonia caused by
COVID-19 infection, the correct treatment strategy
with a positive result was chosen.

Conclusion

In the context of the novel coronavirus pandemic,
one of the primary tasks solved by CT is the diagno-
sis of COVID-19 when the SARS-CoV-2 RNA test
is inaccessible or negative. No less important is the
ability of CT to monitor changes in lung tissue in
patients with COVID-19 for timely adjustment of
the treatment strategy.

In addition to monitoring changes typical for
COVID-19, the CT in clinical practice allows dif-
ferential diagnosis of pulmonary and extrapulmo-
nary disorder in comorbid patients. Our experience
shows that the combination of coronavirus pneu-
monia with another disease of the chest organs
occurs in 10.2% of patients; 0.6% exhibit only
radiological symptoms of other diseases without
signs of coronavirus infection.

It is advisable to conduct a primary CT in all
patients with suspected COVID-19 and a repeated
CT 1if there is no clinical improvement during
( days of treatment or if clinical and laboratory
parameters worsen.
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Abstract

Aim of the study. Evaluation of treatment adherence in patients with rheumatoid arthritis (RA) and comorbidity.
Materials and methods. One hundred thirty-two women (mean age: 55.5 + 10.5 years) with proven RA (mean duration
of disease: 10.2 [4; 14] years) were included in this study. Patients with moderate and high disease activity were prevalent
(average DAS28: 5.0 [4.3; 5.8]). All patients had comorbidities. All patients underwent clinical examination, laboratory
evaluation and imaging. Functional capacity was assessed using the Steinbroker classification (functional class — FC)
and Stanford Health Assessment Questionnaire (HAQ). Pain severity was evaluated using visual analog scale (VAS).
Patients’ social status was assessed. Baseline adherence to treatment was evaluated using two questionnaires. Morisky-
Green questionnaire was used to evaluate general adherence to treatment among 132 (100%) patients. Quantitative
evaluation of treatment adherence was performed in 82 (62.1%) patients using N.A. Nikolaev questionnaire. Results.
Analysis of adherence to treatment as assessed by Morisky-Green questionnaire has established that 68 (52.3%) of
patients are non-adherent to treatment. Low treatment adherence as assessed by Nikolaev questionnaire was found
in 33 (40.3%) of patients. Lifestyle modification was characterized by lowest adherence. Young age, lower duration
of disease and lower income were predictive of higher adherence to treatment. Non-adherent patients had higher RA
activity index and lower functional capacity. Conclusion. Simultaneous use of several methods to assess treatment
adherence is a reasonable way to get more information about the patient and to implement therapy as planned.
Evaluation of baseline adherence to treatment among patients with rheumatoid arthritis allows to develop an optimal
plan for follow-up and treatment control.
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Rheumatic diseases are currently of great social
importance. The prevalence of rheumatoid arthri-
tis (RA) in the population is 0.61%, ankylosing
spondylitis — 0.1%, psoriatic arthritis — 0.37%,
reactive arthritis — 0.42%, gout — 0.3%, systemic
diseases of connective tissue and blood vessels —
0.11% [1].

Comorbidity is a combination of two or more
chronic diseases in one patient. Said diseases are
ethiopathogenetically interconnected or coexist
regardless of the activity of each of them [2]. With
age, the number of comorbidities in one patient
increases. Thirty-six percent of patients aged
50-59 years have two or three diseases; 40.2% of
patients aged 60-69 years have four or five dis-
eases; 65.9% of patients aged 75 years and over
have more than five diseases [3].

According to Damjanov N. et al. (2014) [4], the
most common comorbidities in patients with
rheumatic diseases are cardiovascular disorders,
infections, lung diseases, depression, neoplasms,
and diseases of the gastrointestinal tract.

The presence of RA increases the risk of comor-
bidities and premature death. At the same time,
comorbidity has an effect on the course of RA,
reduces treatment efficacy, and increases the fre-
quency of hospitalizations. According to a study of
patients with RA (n = 328) performed in our clinic,
comorbidities were found in 86.6% of patients.
At the same time, 163 episodes of the withdrawal of
synthetic disease-modifying anti-theumatic drugs
(DMARDs) were observed; these were associated
with the worsening of the course of a comorbid
disease [5)].

F. I. Belyalov (2009) articulated and substantiated
12 principles of comorbidity [6]. According to the
9th principle, comorbid diseases reduce patients’
adherence to treatment. Adherence is the degree
to which patients follow the physician’s recom-
mendations on time, frequency, and dosage of
drug administration, as well as compliance with
recommendations on lifestyle changes [7]. The
term “adherence” implies conscious cooperation
between the physician and the patient and mem-
bers of his/her family. The present-day concept of
the management of rheumatoid arthritis, “Ireat to
Target” (i.e., treatment to achieve the goal), con-
siders the interaction between the physician and
patient as the key to successful treatment [8].

In most of works on adherence to treatment,
adherence to drug therapy is studied based on the
amount of drugs taken and actual implementa-
tion of medical recommendations [9].

There are few works on the evaluation of initial
adherence in patients with RA, especially in those
with comorbidity [10].

Goal of the Study: studying adherence to treat-
ment in comorbid patients with RA.

Materials and Methods

This study included 132 women with proven RA
according to ACR/EULAR (American College of
Rheumatology / European League Against Rheu-
matism) criteria 2010. They were treated at the
Rheumatology Department of the Regional Clini-
cal Hospital (Saratov) from 2017 to 2019.

The mean age of the patients was 55.5 £ 10.5 years,
the mean duration of RA was 10.2 [4; 14] years.
Disease activity was assessed by DAS28 (disease
activity score): low for DAS28 < 3.2; moderate for
3.2 < DAS28 < 5.1; high for DAS28 > 5.1. Most of
the patients had moderate and high activity of RA:
mean DAS28 was 5.0 [4.3; 5.8].

Criteria for the inclusion of patients in this
study were: proven diagnosis of RA according to
ACR/EULAR criteria (2010); female gender; age
over 18 years; steady intake of disease-modify-
ing anti-rheumatic drugs (DMARDs) for at least
4 weeks; intake of glucocorticoids less than 7.5 mg
equivalent to prednisolone; at least one comorbid
disease not in exacerbation.

Exclusion criteria for this study: other inflamma-
tory joint diseases except for RA, pregnancy, lacta-
tion, comorbid diseases in exacerbation.

All participants signed an informed consent to the
collection and processing of personal information.
The study was approved by the Ethics Committee
of the Federal State Budgetary Educational Insti-
tution of Higher Education “Razumovsky Saratov
State Medical University” of the Ministry of Health
of Russia.

All patients underwent clinical examination,
laboratory tests and X-ray. The functional capac-
ity of patients was determined by Steinbroker
functional classification and Stanford Health
Assessment  Questionnaire (HAQ). Functional
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disorders (HAQ) were considered minimal with
0.5-1 HAQ points, moderate with 1-2 points, and
severe with 2-3 points.

Pain intensity was defined according to the
100-mm visual analogue scale (VAS): 0 mm — no
pain, 100 mm — maximum pain intensity.

Table 1 presents the clinical profile of patients
with RA (Tab. 1). The social status of patients
was assessed, including marital status, education,
employment and financial opportunities.

Table 1. Clinical characteristics of patients
with rheumatoid arthritis (n=132) (M+SD,
Me [Q25; Q75]), n (%)

| Index | Patients with RA |
Average age, years 55,5+10,5
Avera.g.e duration of rheumatoid 10,2 [4:14]
arthritis, years

Activity (DAS28):

low (<3,1), n (%) 6 (4,5%)
moderate (3,2-5,1), n (%) 56 (42,5%)

high (25,2), n (%) 70 (53%)

Positive RF, n (%) 94 (71,2%)

X-ray stage:

I-11, n (%) 62 (47%)
II-1V, n (%) 70 (53%)
Extraarticular manifestations of o
RA, n (%) 42 (31,8%)
Stage of RA:

early, n (%) 5 (3,7%)
expanded, n (%) 6 (57,6%)

late, n (%) 51 (38,7%)

Pain on VAS:
Slight, n (%) 20 (15,2%)
Mild, n (%) 65 (49,2%)

Severe, n (%) 47 (35,6%)
Functional disorders on a HAQ:
absent, n (%)

minimal, n (%)

mild, n (%)

severe, n (%)

12 (9,1%)
25 (18,9%)
69 (52,3%)
26 (19,7%)

The average number of

comorbid states 6[4;9]

Note: DAS — disease activity score, HAQ — Health Assessment
Questionnaire, VAS — visual analog scale, RA — rheumatoid
arthritis, RF — rheumatoid factor

Initial adherence of patients with RA to treat-
ment was assessed using two questionnaires. The
Morisky—Green questionnaire (MMAS-4) was
used for assessing overall adherence to treatment
in 132 (100%) patients [11]. Quantitative evalua-
tion of adherence (QEA) to treatment was carried
outin 82 (62.1%) patients based on the N. A. Niko-
laev questionnaire (KOP-25) [12].

According to the Morisky—Green questionnaire,
patients with 4 points were considered adherent to
treatment; patients with 1-2 points — non-adher-
ent to treatment; patients with 3 points — not suf-
ficiently adherent, with the risk of transfer to the
group of non-adherent patients [11].

Quantitative evaluation of adherence included
adherence to drug therapy, medical support, life-
style changes, and the integral parameter. For all
parameters of KOP-25, values under 50% were
interpreted as “low” (“non-adherent to treat-
ment”), 51-75% as “medium”; more than 75% as
“high” (“adherent to treatment”).

Statistical processing of the information obtained
was carried out using Microsoft Office Excel
2007 and Statistica 10.0 (Statsoft, USA) software
packages.

The Kolmogorov—Smirnov test was used to check
the normality of distribution. For describing nor-
mally distributed quantitative parameters, the
mean value of the parameter and standard devia-
tion (M + SD) were used; for describing the selec-
tive distribution of parameters different from the
standard, median, upper and lower quartiles were
defined — Me [Q25; QT75]. Correlation analysis
was performed using Spearman’s correlation coef-
ficient. Statistical significance of differences (p)
was assessed using the Mann—Whitney test (U)
for quantitative parameters; for nominal variables
with two categories, Fisher's exact test was used.
Differences in parameters were considered signifi-
cant at p < 0.05.

Results

The combination of two or more comorbidities
was found in 118 (90.7%) patients with RA. Table 2
presents the structure of comorbidity in the exam-
ined patients.

Osteoarthritis was most frequently found in patients
with RA — it was detected in 103 (79.2%) patients.
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Table 2. The structure of comorbid pathology

in patients with RA (n=132)

Number of

Index patients
n %

The number of patients with two
or more comorbid conditions 18  90,8%
Cardiovascular pathology: 80  61,5%
Cardiac ischemia disease 9 6,9%
including
Myocardial infarction 4 3,0%
Chronic heart failure (I-I11 FC) 4 3,0%
Arterial hypertension 8 60%
incuding:
I stage 8 6,2%
IT stage 46 354%
I1I stage 24 18,5%
Chronic cerebral ischemia 13 0,1%
Digestive system pathology 94 72,3%
including:
Diseases of the stomach and
duodenum 6 58,5%
Chronic cholecystitits 44 33,8%
Chronic pancreatitits 21 16,2%
Esophageal hernia of the diaphragm 17 13,1%
Chronic colitis 8 6,2%
Chronic viral hepatitis 5 3,8%
Other diseases of the joints
of them: 103 79,2%
Ostheoarthritis 103 79,2%
Gout 2 1,5%
Urinary tract diseases (chronic 26 20%
pyelonephritis, chronic cystitis)
Endocrine pathology: 47 36,2%
including:
Diabetes 2 type 16 12,3%
Autoimmune thyroiditis 37 28,5%
Respiratory diseases: 22 16,9%
including:
Chronic rhinopharyngitis 18 13,8%
COPD 1 0,7%
Bronchial asthma 4 3,0%
Varicose veins disease 28 21,5%
Oncopathology (in history) 6 4,6%
Anemia 56 43%
Cataract 17 131%
Hemorrhoids 8 6,2%

Note: COPD — chronic obstructive pulmonary disease,

FC — functional class

Chronic disorder of gastrointestinal tract (GIT) was
observed in 94 (72.3%) patients, cardiovascular
diasease was found in 80 (61.5%) patients with RA.
High incidence of anemia should also be noted; it
was found in 56 (43%) patients.

Among the 132 examined patients, 74 (56%) were
married, 24 (18.2%) were widowed, 34 (25.8%) were
divorced or never had a family. Patients with sec-
ondary education were predominant — there were
75 of them (56.8%); there were 10 (7.6%) patients
with incomplete higher education, and 42 (31.8%)
patients with higher education; 5 (3.8%) patients
had primary education. A third of the patients
worked full-time, 14 (10.6%) patients — part-time,
2 (1.5%) had casual earnings, and 75 (56.8%)
patients were unemployed. Fifty-nine (44.7%)
patients were disabled. Fifty-one (38.6%) patients
with RA had sufficient financial resources, and 81
(61.4%) patients had limited financial means.
Analysis of adherence to treatment using the
that
only 34 (26.1%) patients were adherent to treat-

Morisky—Green questionnaire  revealed
ment, and 68 (52.3%) patients were non-adherent
(1-2 points) (Table 3).

Table 3. Assessment of adherence to treatment
according to the questionnaire Morisky-Green in
women with rheuwmatoid arthritis and comorbidity

(n=152)

| Index, points

Number of patients (%) |

1-2 points 68 (52,3%)
3 points 30 (21,6%)
4 points 34 (26,1%)

Results of quantitative evaluation demonstrated
that adherence to medical support was 60.7 [46.7;
2] %; adherence to lifestyle changes — 42.1 [34;
53.8] %; adherence to drug therapy — 56.4 [45.3;
72] %. Overall adherence to treatment was 54.3
[42.3; 64.1] %, which corresponds to the lower
limit of medium adherence.

Table 4 shows the results of patients distributed
according to the quantitative evaluation of adher-
ence to treatment according to the N. A. Nikolaev
questionnaire (KOP-25).

Patients demonstrated the lowest adherence to rec-
ommendations for lifestyle changes. Negative cor-
relations were found between age and adherence
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to lifestyle changes (r = —0.24, p = 0.039), adher-
ence to drug therapy (r = -0.23, p = 0.037), and
overall adherence to treatment (according to KOP-
25) (r=-0.25, p = 0.041). There was a tendency to
higher adherence to treatment in patients with RA
onset before the age of 39 years.

Negative correlation was found between the
financial situation of patients and adherence to
lifestyle changes (r = =0.32, p = 0.038). There was
no relationship between adherence to drug treat-
ment (according to the Morisky—Green question-
naire), duration of RA, and the number of comor-
bid diseases.

For the quantitative analysis of adherence to
treatment, patients with RA were divided into
two groups depending on disease duration: up
to 12 years inclusively (n = 46) and over 12 years
(n = 36). In patients of both groups, there was an
established relationship between adherence to

medical support according to the KOP-25 ques-
tionnaire and the number of comorbid diseases
(r = =0.3 and r = -0.29, respectively, p = 0.032).
In patients with disease duration of over 12 years,
there were correlations between disease duration
-0.26,
p =0.039), as well as adherence to medical support
(r=-0.28, p = 0.041).

Non-adherent patients demonstrated significantly
higher RA activity (erythrocyte sedimentation rate
(ESR)), number of swollen joints, DAS28, pain
intensity according to VAS), and lower functional

and overall adherence to treatment (r =

capacity than patients adherent to treatment
(Table 5).

The groups were comparable in terms of the
number of married patients (Table 6).

Among non-adherent patients, there were three
times more widows than single patients —

11 (33%) and 7 (14%), (p = 0.041).

Table 4. Quantitative evaluation of treatment adherence to women with rheumatoid arthritis and comorbidity

(n=82)
Adherence to Adherence to life- [Adherence to drug| General adher-
medical support |style modification therapy ence to treatment
(Cm), n (%) (Cc), n (%) (Cd), n (%) (C), n (%)
Low (before 50%) 26 (31,7%) 54 (65,9%) 30 (36,6%) 33 (40,3%)
Medium (51%-74%) 39 (47,6%) 26 (31,7%) 36 (43,9%) 43 (52,4%)
High (over 75%) 17 (20,7%) 2(2,4%) 16 (19,5%) 6 (7,3%)

Table 5. Clinical and laboratory characteristics of patients with rheumatoid arthritis depending on general

adherence to therapy (M+SD, Me [Q25; Q75]) (n=82)

Adherence Not adherence
Index to treatment, to treatment, Value p
(n=49) (n=33)

Age, years 51,04+10,3 56,7+9,11 p=0,002
Disease duration, years 10,07+5,6 11,8+7,7 p=0,582
Debut age, years 40,76+11,73 4476126 p=0,102
ESR mm/h 15,8449,73 20,2+10,33 p=0,069
CRP, mg/ml 10,72+12,81 12,25+11,39 p=0,431
RF, e/l 65[18,9;95,2] 56,9[15,7;86] p=0,636
NPJ 14[8;16] 14[9;20] p=0,202
NSJ 5[2;8] 8[6;12] p=0,006
VAS, mm 66[48;77] 74[61;81] p=0,034
DAS28 4,86[4,2;5,57] 5,43[49;6,0] p=0,025
Scale Morisky-Green, points 3(2:4] 2[1;3] p=0,048
HAQ, 6aanst 1,13[0,75;1,63] 1,37[1,0;1,75] p=0,035

Note: DAS — disease activity score, HAQ — Health Assessment Questionnaire, VAS — visual analog scale, CRP — c-reactive protein,
RF — rheumatoid factor, ESR — erythrocyte sedimentation rate, NPJ — number of painful joints, NSJ — number of swollen joints
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Table 6. Marital status of patients with rheumatoid arthritis (n=82)

Adherence Not adherence 3ragenme
Marital status to treatment, to treatment, qul Hme p
n=49 n=33 atuep
Not married, n (%) 13(27%) 4 (12%) p=0,049
Married, n (%) 29 (59%) 18 (55%) p=0,072
Widows, n (%) 7 (14%) 11 (33%) p=0,041

Discussion

In recent years, much attention has been paid to
the communication between the physician and
the patient. This is because the patient’s under-
standing of his/her illness and medical recom-
mendations and compliance with all of the phy-
sician’s recommendations is the key to successtul
treatment of any chronic disease, including RA.
The set of established facts and results obtained
in large-scale studies, and the identified relation-
ships and patterns indicate the current challenges
in monitoring adherence to long-term treatment
of patients with RA [13].

The comparison of the level of adherence to treat-
ment of patients in different countries is a complex
process. The differences can be explained by race,
national peculiarities, various data collection tools,
definitions and metrics of adherence to treatment,
differences in healthcare systems, in particular,
accessibility of medical services and rules for dis-
pensing drugs.

At present, there is no standard method for assess-
ing adherence to treatment. Therefore, the choice
is left to the researcher to determine the method
based on the expected result and personal prefer-
ences [14]. The simultaneous use of several assess-
ment methods can yield a more accurate mea-
surement of the patient’s adherence to treatment,
since the methods allow the collection of different
information using different approaches, thereby
complementing each other. In the study, where
four methods were used to evaluate adherence to
treatment among patients taking methotrexate,
the greatest correlation was found between the
Medication Event Monitoring System (MEMS),
which is an objective method and the Visual Ana-
logue Scale for adherence (VAS), which is a subjec-
tive method [15]. The results of this study showed
that VAS could be used in everyday practice as a

quick and easy method for assessing adherence to
treatment.

The article by L.A. Anghel et al. (2018), cites data
on the adherence to treatment among patients
with rheumatic diseases [16]. Parameters of adher-
ence to treatment varied widely, from 9.3% to 94%.
The results depended on the specific rtheumatic
disease, the method used to assess adherence, and
dividing patients into “adherent” and “non-adher-
ent” groups. Different sources describe adherence
of patients with RA to treatment as varying from
30% to 80% [13].

According to the recommendations of the Russian
Scientific Medical Society of Therapists (RSMST),
adherence to treatment is an integral param-
eter that includes three components: adherence
to drug therapy, medical support, and lifestyle
changes [17]. There are two approaches to evalu-
ating adherence to treatment: evaluation of actual
and initial adherence to treatment.

In general clinical practice, the Morisky—Green
test is the most common for evaluating initial
adherence to treatment due to its simplicity and
repeatability [11]. During a visit, the attending
physician asks the patient four questions and
draws a conclusion on the patient’s adherence to
treatment depending on the number of positive
answers.

Analysis of adherence to treatment using the
Morisky—Green questionnaire revealed that only
34 (26.1%) patients with RA that we examined
adhered to treatment.

Quantitative evaluation of adherence (KOP-25
questionnaire) showed the overall adherence to
treatment of 54.3 [42.3; 64.1] %, and the lowest
adherence — to lifestyle changes — of 42.1 [34;
53.8] %.

The relationship between RA duration and
adherence to treatment was revealed. In patients
with disease duration of over 12 years, there was
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a tendency to decreased adherence to medical
support and overall adherence to treatment.
According to the World Health Organization
(WHO) report (2003) on patient adherence to
treatment, all factors that have an effect on adher-
ence to treatment can be divided into five groups:
socioeconomic factors; factors related to medical
personnel and healthcare system; factors associ-
ated with the therapy conducted; factors associ-
ated with the patient; factors associated with the
current state of the patient [7]. Experts emphasize
that none of these factors is the most important
and determining factor for patient’s behavior —
they are all interconnected. N.Yu. Kuvshinova
(2015) identifies the following reasons for low
adherence of patients to treatment in different
fields of medicine: cognitive impairment, asymp-
tomatic disease, low treatment efficacy, lack of
patient faith in treatment, lack of patient aware-
ness of the disease, lack of mutual understand-
ing between physician and patient, psychological
problems, depression, inconvenient dosage fre-
quency, complicated treatment regimen, need for
long-term treatment [18].

Some studies showed that age, gender, comorbid-
ity and disease activity had no effect on adher-
ence to treatment using disease-modifying drugs
for RA. In other studies, authors concluded that
adherence is influenced by age, level of education,
psychological status, disease severity, and adminis-
tration of glucocorticoids [19]. There were no cor-
relations between gender, age, level of education,
social status, family, and material status of patients
with RA and their adherence to treatment with
DMARDs. However, non-adherent patients with
RA had more significant pain intensity according
to VAS and a worse functional status (HAQ) [20],
which is consistent with our data.

Several studies showed that elderly patients with
RA tend to have higher adherence to treatment
[21, 22, 23]. According to our data, on the con-
trary, younger patients with RA demonstrated
higher adherence to treatment, consistent with the
results of other studies [24].

Astudy by Machado M.A. etal. (2016) revealed that
low-income patients with RA tend to have higher
adherence during the first and second years of fol-
low-up than high-income patients [25]. According
to our study, patients with the least material means

have higher adherence to lifestyle recommenda-
tions, which is one of the components of adher-
ence to treatment.

Several studies showed that increased family sup-
port was associated with higher adherence to ther-
apy, and loneliness had a negative effect on adher-
ence [23]. According to our data, both groups were
comparable in the number of married patients,
although widows dominated in the group of non-
adherent patients.

A wide range of factors related to the disease,
such as the variant of the disease and its duration,
activity, and degree of functional limitations, and
comorbidities, can impact adherence to treatment.
Several studies revealed that a longer duration of
the disease is associated with a lower level of pain
[23,24], and RA activity affects adherence to treat-
ment [20, 21]. According to our study, significantly
higher RA activity and low functional activity were
observed in the group of patients non-adherent to
drug therapy.

The patient’s knowledge of his/her disease, moti-
vated and willful use of drugs in the prescribed
regimen and dose and the possibility of actual
assessment of treatment efficacy by the patient are
important factors that affect adherence to treat-
ment. According to the literature, a positive atti-
tude to taking medications and significant aware-
ness of drug treatment were associated with higher
adherence to treatment [23, 24].

Comorbidity is common in patients with RA
[5]. The combination of various diseases gener-
ates additional challenges for management and
contributes to reduced treatment efficacy [5].
According to researchers, comorbidities (coro-
nary heart disease, hypertension, COPD, chronic
kidney disease and liver diseases) can have both a
negative [21, 22] and a positive effect on adher-
ence to treatment [15]. In our opinion, the posi-
tive effect of comorbidity on adherence to treat-
ment can be explained by the fact that a patient
with many chronic diseases is more likely to
follow all the physician’s recommendations to
maintain the quality of life. At the same time, one
cannot disagree with the fact that comorbidities
can reduce patients’ adherence to treatment [6].
During a Brazilian retrospective crossover study,
the relationship between adherence to therapy
and chronic comorbid diseases (>6 nosologies)
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was established in the form of increased adher-
ence with an increase in the number of diseases,
the duration of treatment in hospitals (more than
15 years) and distance from a central medical
institution [26]. According to our data, patients
with more diseases are less adherent to medical
support, which may be due to their need to visit
physicians of various specialties, as well as intake
of multiple medications.

Patients who are willfully adherent to treatment
are three times more likely to improve their qual-
ity of life and increase their functional capabili-
ties than patients not undergoing treatment [27].
In our study, quantitative evaluation of adherence
to treatment according to the KOP-25 question-
naire revealed that non-adherent patients had
worse HAQ values (functional status).-
Adherence to treatment is a dynamic process.
Therefore, it can be described more accurately
only when evaluated repeatedly (initially and
during treatment). A physician should know
about the patient’s initial adherence to treatment
to build the right dialog with said patient and
develop an individual approach to the patient’s
treatment. These issues require special attention
today when personal contact between patient
and physician is not always possible. It is impor-
tant to speak with the patient in a language that
he/she understands when discussing issues relat-
ing to his/her treatment. An evaluation of the
initial level of the patient’s “willingness” to accept
information about his/her disease from the physi-
cian will allow us to develop an optimal plan for
monitoring and controlling treatment.

Conclusions

1. Most patients with rheumatoid arthritis have
multiple comorbidity. Osteoarthritis, GIT, and
cardiovascular diseases dominate the structure
of comorbidity in patients with theumatoid ar-
thritis.

2. An evaluation of the initial overall adherence to
treatment using the Morisky—Green question-
naire showed that 68 (52.3%) patients were non-
adherent to treatment. Quantitative assessment
(according to KOP-25 questionnaire) revealed
the lowest adherence to recommendations on
lifestyle changes.

3. Predictors of high adherence to treatment are

the young age of patients, shorter disease dura-
tion, and poor financial situation.

4. Non-adherent patients have higher RA activity

5.

and lower functional status.

Simultaneous use of several methods to assess
adherence to treatment is advisable to obtain
more complete information about a patient.
Evaluation of initial adherence to treatment in
patients with rheumatoid arthritis will allow de-
veloping an optimal procedure for patient fol-
low-up and treatment monitoring.
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Abstract

Background. Sudden cardiac death, one of the most common types of cardiac death, is most often triggered by
ventricular arrhythmia. Plasma aldosterone level has been shown to be an independent risk factor of life-threatening
ventricular arrhythmia in patients with left ventricular systolic dysfunction following acute myocardial infarction.
Whether either effect also occurs in patients with heart failure and preserved ejection fraction is currently unknown.
Purpose. The study aims to investigate the relationship between plasma aldosterone level and ventricular arrhythmias
in long-term heart failure with preserved ejection fraction. Methods. A cross-sectional study included 158 patients
(58 men and 100 women, mean age 62.3+7.4 years) with heart failure with preserved ejection fraction (> 50%).
Patients had no history of primary aldosteronism and did not use the mineralocorticoid receptor antagonists during
the last 6 weeks. Aldosterone plasma level was measured and 24-hour electrocardiographic monitoring was performed.
Results. According to laboratory results 99 patients (62.7%, 95% confidence interval 55.0-70.0%) had normal (40-
160 pg/ml) aldosterone plasma level (nAld) and 59 patients (37.3%, 95% Cl 30.0-45.0%) had high (> 160 pg/ml)
aldosterone level (hAld). hAld patients more often had QTc prolongation (44.1% versus 18.2%) and ventricular
arrhythmias (83.1% vs 61.6%) compared to nAld patients (all Ps <0.001). The number of ventricular premature
complexes in 24 hours were higher in hAld group (median 214, range 64-758) compared to nAld (median 52, range
16-198, P < 0.003). hAld patients more often occurred bigemy, couple ventricular ectopy and nonsustained ventricular
tachycardia (39.0% vs 19.0%, p=0.01). In Cox regression model's high aldosterone plasma level was the independent
risk factors of QTc prolongation (odds ratio 1.6, 95% confidence interval 1.1-5.7, p=0.034) and prognostically
unfavorable ventricular arrhythmias (odds ratio 1.8, 95% confidence interval 1.2-6.8, p=0.024). Conclusion. In long-
term HFpEF plasma aldosterone level is significantly related to QTc prolongation as well as ventricular arrhythmias.
Key words: aldosterone, secondary hyperaldosteronisn, heart failure, preserved ejection fraction, arrhythmias, QT interval,
sudden cardiac death
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Chronic heart failure (CHF) is one of the most prog-
nostically unfavorable diseases of the cardiovascular
system. EPOCHA epidemiological studies show
that CHF prevalence in Russia has doubled over the
past decade and a half: from 4.9% in 1998 to 10.2%
in 2014 [1]. The overall mortality of patients with
CHEF, regardless of etiology, stands at 6% a year, and
five-year survival is at most 25-38% [2]. In half of
the patients with CHF, death is as a result of mul-
tiple organ failure due to refractivity to treatment;
other patients die suddenly. The risk of sudden
death among patients with CHF is five times higher
than in the general population; it is mainly caused
by ventricular rhythm disturbances [3, 4].

Various structural and electrophysiological changes
in the heart are the reason for prognostically unfa-
vorable rhythm disturbances in CHF. The hyperac-
tivity of the renin-angiotensin-aldosterone system,
especially its final effector aldosterone, significantly
contributes to the genesis of myocardial remodel-
ing. It was demonstrated that aldosterone level in
plasma is an independent risk factor for life-threat-
ening ventricular arrhythmias in patients with sys-
tolic dysfunction of the left ventricle after acute
myocardial infarction [5, 6]. It is unclear whether
aldosterone has the same effect in patients with
heart failure and preserved ejection fraction (pEF).
The role of excessive aldosterone activity in the
development and progression of atrial fibrillation
has also been reported. However, the relationship
between hyperaldosteronism and atrial electrical
instability in individuals with CHF-pEF has not
been studied [7, 8].

In this regard, the purpose of this study was to assess
the relationship between plasma aldosterone level
and the electrophysiological characteristic of the
myocardium in patients with CHF-pEF.

Materials and Methods

This study was conducted in accordance with inter-
national GCP standards (Good Clinical Practice).

The study protocol and informed consent form for
patients were approved by the Commission on Bio-
ethics at M. Gorky Donetsk National Medical Uni-
versity (minutes of meeting No. 2 from April 22,
2016). Prior to enrollment in the study, all partici-
pants gave written informed consent.

The cross-sectional study included 158 patients
(58 men and 100 women, mean age 62.3 +
7.4 years) with stable CHF-pEF,
class I-III. Diagnosis of CHF-pEF was confirmed

functional

based on symptoms and signs of CHF, increased
N-terminal pro-B-type natriuretic peptide (NT-
proBNP), left ventricular (LV) EF > 50%, and at
least one of the following criteria: 1) relevant struc-
tural changes of the heart (LV hypertrophy and/or
increased volume of the left atrium (LA)); 2) LV dia-
stolic dysfunction according to echocardiography.
All patients involved in the study received drug
treatment of their underlying diseases in accor-
dance with current recommendations.

The following diseases and conditions were exclu-
sion criteria: taking antagonists of mineralocorti-
coid receptors six weeks before blood sampling to
determine the level of aldosterone; primary hyper-
aldosteronism; other conditions, except CHF, that
are associated with secondary hyperaldosteronism
(portal hypertension, cirrhosis, edema syndrome,
parenchymal renal lesions, history of renal artery
stenosis); acute coronary syndrome and stroke
in the previous three months; arterial hyperten-
sion (systolic blood pressure > 160 mm Hg); con-
comitant diseases at the decompensation stage;
oncological diseases; pregnancy; alcohol and drug
abuse.

Transthoracic echocardiography was performed
in M-mode, 2D and Doppler mode using the
Aplio MX SSA-780 A cardiac ultrasound system
(Toshiba Medical Systems Corporation, Japan)
with the patient lying on the left side or back.
Examinations were carried out in the left para-
sternal position along the long and short axes,
and in the apical four- and two-chamber views.
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LV volume indexed to body surface area, end-
diastolic and end-systolic volumes, LVEF, and LV
posterior wall thickness and thickness of the inter-
ventricular septum in diastole, relative thickness
of LV walls and LV myocardial mass index were
evaluated. LV hypertrophy was diagnosed with LV
myocardial mass index > 115 g/m?in men and >
95 g/m? in women.
LV diastolic function was assessed using pulsed
Doppler study of transmitral blood flow and tissue
Doppler study of diastolic LV base elevation. The
following parameters were determined: maximum
rates of early diastolic filling (E) and systolic fill-
ing of atria (A), septal and lateral velocity of the
mitral valve annulus (e'), indexed volume of the
left atrium and maximum rate of tricuspid regur-
gitation. A patient was diagnosed with LV diastolic
dysfunction if he/she had at least three of follow-
ing symptoms:
* velocity of mitral valve annulus e’ (septal e’ <
7 cm/s and lateral €’ < 10 cm/sec);
* ratio of mitral flow velocity E to the average
mitral annulus velocity E/e’ (>14);
+ left atrial volume index (>34 ml/sq. m);

* maximum rate

(> 2.8 m/s).

tricuspid  regurgitation

All patients underwent 24-hour ECG monitoring
using the Kardiotekhnika 04-3P system (INCART,
Russia) with registration of three modified leads
close to V,, V, and III standard. Heart rate (HR),
corrected QT interval (QTc), the presence of
rhythm disturbances, conduction and ischemi-
cally significant changes in the ST segment were
evaluated. Ischemic changes in the ST segment
were considered to be its horizontal or oblique
decrease by 1 mm or more, at least 80 ms from the
J point, and lasting at least 1 min. The minimum
time interval between two episodes of ST depres-
sion was considered to be 1 min. During monitor-
ing, patients maintained standard physical activ-
ity. They also kept a diary where they recorded the
actions performed in the course of the study and
changes in their state. Diary data were compared
with the recorded ECG.

Analysis of atrial late potentials (ALP) was performed
using the Result-2 software module (INCART,
Russia). The duration of the filtered P-wave (FiP)
and RMS amplitude of its last 20 ms (RMS-20)

were evaluated. FiP > 125 ms and RMS-20 < 3.5 pV
were considered as criteria for pathological ECG.
The presence of both criteria indicated the pres-
ence of ALP.

NT-proBNP level was determined using a quan-
titative immunological test on a Cardiac Reader
apparatus (Roche, Germany) using standard
kits (Roche Diagnostics). Method sensitivity is
60 pg/ml, quantification range is 60-3,000 pg/ml.
The NT-proBNP threshold for CHF diagnosis ver-
ification was considered 125 pg/ml.

Serum aldosterone level was determined by
enzyme immunoassay using a Multiskan pho-
tometer (Thermo Electron, Germany) and DRG
test systems (Germany). Blood was sampled in
the morning, in fasting state, after a 30-minute
rest lying, 2-3 hours after waking up (between
8.00 and 11.00). Hormone level 40-160 pg/ml
was considered as the reference value.

Statistical analysis of results was performed on a
personal computer using MedStat and Statistica
6.0 software. Arithmetic mean and standard devia-
tion (m + o) were used to describe parametric fea-
tures; median and interquartile ranges were used
for nonparametric features (Me (IQR)). To compare
two samples of continuous variables subject to the
normal distribution law, paired and unpaired Stu-
dent’s t-tests were used, while the Wilcoxon test was
used for other distribution than normal distribu-
tion. To compare qualitative parameters, we used
contingency table analysis with the x* criterion.
A 95% confidence interval (CI) for parameters was
indicated. The relationship between parameters
was established using univariate and multivariate
regression analyses. Differences were considered
significant at p < 0.05.

Results and Discussion

Based on the results of measuring blood aldoste-
rone level, all patients were divided into two groups:
group 1 included 99 patients (62.7 (95% CI 55.0—
70.0)%) with hormone level within normal range;
group 2 included 59 patients (37.3 (95% CI 30.0—
45.0)%) with hyperaldosteronism. The average
aldosterone level in group 1 was 124.2 +18.6 pg/ml,
in group 2 — 208.6 + 16.8 pg/ml (p < 0.0001).
Patients with hyperaldosteronism were younger,
had a higher functional class of CHF, were more
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likely to suffer from obesity, diabetes mellitus, atrial
fibrillation, chronic obstructive pulmonary disease,
were more likely to have a history of myocardial
infarction and impaired renal function (Table 1;
this publication contains data from work that was

Results of daily ECG monitoring revealed that
mean HR, number of supraventricular extrasys-
toles, conduction disturbance episodes, frequency
and severity of ischemically significant ST-segment
changes did not differ significantly between these

started and published earlier [9]). groups (Table 2).

Table 1. Clinical and demographic characteristics of patients

Parameter ls(tng:;;)p ! 2119550;9 ! P

Age, years 65,02+71 57, (5+7,5* <0,0001
Male 35 (35,4%) 23 (39,0%) 0,775
NYHA class:

I 10 (10,1%) 4 (6,8%) 0,674
II 56 (56,6%) 18 (30,5%) * <0,0001
I 33 (33,3%) 37 (62,7%)* <0,0001
Arterial hypertension 99 (100%) 59 (100%) 1
History of myocardial infarction 41 (41,4%) 35 (59,3%)* 0,044
Atrial fibrillation 17 (17,2%) 20 (33,9%)* 0,027
including permanent form 8 (8,1%) 11 (18,6%) 0,085
Smoking 23 (23,2%) 8 (13,6%) 0,203
Chronic obstructive pulmonary disease T (11%) 16 (271%)* 0,001
Diabetes mellitus 19 (19,2%) 23 (39,0%)* 0,011
Obesity 29 (29,3%) 38 (64,4%)* <0,0001
Overweight 35 (35,4%) 17 (28,8%) 0,503
Decreased glomerular filtration rate 50 (50,5%) 52 (88,1%)* <0,0001
History of stroke or transient ischemic attack 13 (13,1%) 7 (11,9%) 0,989

Note: * — differences are significant compared to the 1st group (p <0,05); continuous data are given as the mean and standard deviation
(M + SD); categorical data are presented as the absolute number of patients and their percentage of the patients total number in the group

Table 2. The results of electrocardiogram daily monitoring

Parameter 1s(‘ng=r;;)p ! 211{205;)9 ! P
The mean heart rate, beats per min 75,68,2 76,9+6,4 0,16
Daily number of supraventricular extrasystoles 152 (43; 246) 174 (67; 312) * 0,09
Daily number of ventricular extrasystoles 52 (16; 198) 214 (64; 758) * <0,0001
Prognostically unfavorable ventricular arrhythmias, n (%) 19 (19,2%) 23 (39,0%) * 0,01
Daily number of sinus pauses 3,5(2,0; 5,0) 4,0 (2,0; 5,5) 0,20
Total duration of sinus pauses, sec 7,6 (6,6; 10,2) 6,8 (4,9; 11,0) 0,44
Daily number of atrioventricular block episodes 2,0(2,0;3,5) 2,0 (1,5; 3,5) 0,6
Total duration of atrioventricular block episodes, sec 3,6 (2,8;4)9) 4,0(2,5; 4,8) 0,2
ST segment ischemical changes, n (%) 43 (43,4%) 24 (40,7%) 0,8
Total duration of ST segment depression, min 16,8 (6,3; 26,6) 19,4 (8,7; 36,5) 0,08
QTc prolongation, n (%) 18 (18,2%) 26 (44,1%) * <0,0001
The presence of late atrial potentials, n (%) 14 (14,1%) 18 (30,5%) * 0,023

Note: * — differences are significant compared to the 1st group (p <0,05); continuous data are given as the median and interquartile intervals

(Me (IQR) or as the mean and standard deviation (M + SD); categorical data are presented as the absolute number of patients and their

percentage of the patients total number in the group
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Average daily number of premature ventricular
complexes was higher in the hyperaldosteronism
group (214 (IQR: 64-758) compared with the
normal aldosterone group (52 (IQR: 16-198),
p < 0.0001). Prognostically unfavorable ventricu-
lar arrhythmias were more often registered in
patients in group 2 (ventricular extrasystole of
high gradations, episodes of unstable ventricular
tachycardia — 39% vs. 19%, p = 0.01, x* = 6.44).
In addition, patients in group 2 more often had a
longer QTc interval compared with group 1 (44.1%
vs. 18.2%, <0.0001, x*= 11.07).

The frequency of concomitant atrial fibrillation
(AF) was significantly higher among patients with
hyperaldosteronism than in patients with normal
blood aldosterone level (33.9% vs. 17.2%, respec-
tively, p = 0.027, x*= 4.87). ALP were more often
registered in patients of group 2 (30.5% vs. 14.1%,
p=0.023, x*= 5.16).

To find the relationship between plasma aldoste-
rone level and bioelectric parameters of the myo-
cardium, the odds ratio was calculated. All four
parameters, ie., the presence of prognostically
unfavorable ventricular rhythm disturbances, ALP,
AF and prolonged QTc, demonstrated a relation-
ship with hyperaldosteronism during univariate
analysis (Table 3).

After adjusting for gender, age, CHF severity and
concomitant pathology, high blood aldosterone
was closely associated with the presence of adverse
ventricular rhythm disturbances and a prolonged

QT interval. The relationship with AF and ALP was
lost in the multivariate model (Table 4).

The results of our study showed that in patients
with CHF-pEF, high blood aldosterone was closely
associated with the deterioration in the electro-
physiological properties of the myocardium and
was associated with an increased risk of ventricular
rhythm disturbances.

Consequences of excessive aldosterone produc-
tion and activation of mineralocorticoid receptors
in relation to the development of serious rhythm
disturbances are often underestimated. Neverthe-
less, the role of aldosterone in the development of
electrical instability of the myocardium is obvious
and significant.

In 1999, Canadian physicians described a clini-
cal case of the onset of primary aldosteronism in
the form of sudden death caused by ventricular
fibrillation in a 37-year-old previously apparently
healthy woman [10]. After successful cardiover-
sion, severe persistent hypokalemia (1.4 mmol/l)
was especially noteworthy. Further examinations
revealed increased serum aldosterone and, during
imaging, a nodular lesion in the right adrenal
gland. This was the first case report of adrenal ade-
noma manifestation with sudden cardiac death.
Later, in 2009, Israeli clinicians described the
onset of adrenocortical carcinoma with ven-
tricular fibrillation [11]. In this case, arrhythmia
was caused by severe hypokalemia associated
with a malignant aldosterone-secreting tumor.

Table 3. The relationship between hyperaldosteronemia and bioelectrical parameters of the heart

(univariate regression analysis)

| Parameters

Odds ratio (OR) (95% confidence interval (CI)) |

Prognostically unfavorable ventricular arrhythmias
QTe prolongation

Late atrial potentials

Atrial fibrillation

2,69 (1,30-5,55)
3,55 (1,12-7,32)
2,66 (1,21-5,88)
2,47 (1,16-5,24)

Table 4. The relationship between hyperaldosteronemia and bioelectrical parameters of the heart

(multivariate regression analysis)

| Parameters

Odds ratio (OR) (95% confidence interval (CI)) |

Prognostically unfavorable ventricular arrhythmias
QTc prolongation
Late atrial potentials

Atrial fibrillation

1,8 (1,2-6,8)
1,6 (1,1-5,7)
1,5(0,9-5,8)
1,3 (0,9-5,2)
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Unexplained persistent hypokalemia after suc-
cessful resuscitation of the patient, coupled with
arterial hypertension, prompted the physicians to
examine adrenal glands; adrenocortical cancer
was detected. In recent years, such cases are
increasingly described in the literature [12].

In the OPERA study, higher blood aldosterone
levels in patients with acute myocardial infarc-
tion, even within the physiological range, were
associated with increased risk of ventricular and
supraventricular thythm disturbances, along with
increased risk of recurrent infarction, stroke, CHF
and death [6]. Similar data were obtained in similar
studies [5]. Improved survival in connection with
the use of mineralocortioid receptor antagonists
demonstrated in the RALES, EPHESUS, EMPHA-
SIS-HF studies was largely achieved by reducing
the risk of sudden cardiac death usually caused by
ventricular thythm disturbances [4].

Today, aldosterone is undoubtedly the most
important mediator of the electrical remodeling of
the myocardium [13]. Proarrhythmogenic mecha-
nisms of the effect of aldosterone on electrophysi-
ological processes are realized through numerous
genomic and non-genomic effects of this hor-
mone: induction of oxidative stress [14], dysfunc-
tion of ion channels of cardiomyocytes as a result
of overproduction of nuclear factor kB (NF-kB)
[15] and calcium overload [16], increased tone of
the sympathetic nervous system, decreased heart
rate variability, impaired baroreceptor function,
changes in electrolyte homeostasis [17].

Structural changes in the myocardium also con-
tribute to the realization of the proarrhythmo-
genic potential of aldosterone. Stimulation of
intense collagen production by aldosterone leads
to the disruption of electrical uniformity of the
ventricular myocardium, longer conduction time
between cardiomyocytes, and creates a morpho-
logical substrate for ventricular rhythm distur-
bances [18].

Some authors report the role of aldosterone in the
development of atrial electrical instability. This
theory is confirmed by studies conducted by Mil-
liez P. et al. (2005), that demonstrated a multi-
fold increase in the risk of AF in individuals with
primary hyperaldosteronism, as well as experi-
mental models of AF 8, 19]. Several studies note
that blood aldosterone level increases during AF

paroxysm and returns to normal after the restora-
tion of sinus rhythm [20, 21]. Our study revealed
no significant relationship between blood aldo-
sterone level and atrial electrical instability in
patients with CHF-pEF. Although patients with
hyperaldosteronism were more likely to have AF
and/or ALP compared to individuals with normal
plasma hormone concentrations, the relationship
between these parameters was lost in the multi-
variate model. One of the reasons for such results
may be the measurement of blood aldosterone
level outside the AF episode when neurohormonal
activation is less pronounced.

Conclusions

The role of aldosterone in the induction of elec-
trophysiological disorders in the ventricular myo-
cardium is clear today. Hyperaldosteronism in
individuals with CHF-pEF leads to a prolonged
QT interval, increased ventricular ectopic activ-
ity and can be a reason for the high incidence of
sudden cardiac death in this category of patients.
Further studies will help determine the advisabil-
ity of including plasma aldosterone evaluation in
the comprehensive assessment of the risk of death
in patients with CHF-pEF.
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Abstract

The case report of squamous cell skin carcinoma diagnosed in a patient with systemic lupus erythematosus 26 years
after the onset of rheumatic disease is presented. The features of this case included the absence of skin manifestations
of systemic lupus erythematosus, the occurrence of a tumor at the site of ulcers and trophic disorders on the leg, a long
period (6 years) from the onset of a ulcerative defect on the leg to the diagnosis of skin cancer (despite multiple biopsies
and consultations of various specialists), as well as the occurrence of a cytokine release syndrome, which directly led to
the death of the patient after the first use of the immune checkpoint inhibitors. Possible causes of skin cancer in patients
with systemic lupus erythematosus, as well as the features of the cytokine release syndrome after immunotherapy for
oncological diseases, are discussed.
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Introduction

Systemic lupus erythematosus (SLE) is one of the
most common autoimmune rheumatic diseases.
In cases of this disease, many organs and systems
are involved in the pathological process. Its primary
manifestations include damage to the kidneys,
nervous system, cardiovascular system, skin, and
mucous and serous membranes. SLE management

includes mandatory use of systemic glucocortico-
steroids as monotherapy and in combination with
other immunosuppressive agents. Despite a signifi-
cant increase in the life expectancy of patients with
SLE, the probability of death is still two to five times
higher than for the general population. Mortality
in SLE patients is caused by not only the manifesta-
tions and complications of the underlying disease
but also other disorders, including cancer. Several
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cohort studies and meta-analyses were performed
in the last decade. They sought to study the rela-
tionship between SLE and malignant neoplasms.
However, their results were contradictory [1]. It has
been convincingly demonstrated that patients with
SLE are at significantly higher risk of oncohemato-
logical diseases (especially non-Hodgkin's lympho-
mas) and neoplasms of the reproductive system in
women. As for skin cancer, data on this pathology
are scarce and vary. For example, it was established
that SLE does not increase but reduces the risk of
melanoma.

In our observation, a 48-year-old woman was diag-
nosed with squamous cell carcinoma of the skin
(SCC) in 26 years after the onset of systemic lupus
erythematosus.

Case Report

A female patient 1., 48, was for a long time observed
at the Federal State Budgetary Research Institution
“V. A. Nasonova Research Institute of Rheumatology”
(Institute of Rheumatology) and the Department of Hos-
pital Therapy No. 1 of the 1. M. Sechenov First Moscow
State Medical University with a diagnosis of systemic
lupus erythematosus.

Anamnesis morbi: Onset of SLE at the age of 22,
starting with the arthritis of the metatarsophalangeal
joint. Later, migrating arthralgias appeared in almost all
groups of joints and transient arthritis of small joints of
hands, increased hair loss was reported. Fever, protein-
uria, hematuria, edema of lower limbs, and dyspnea
subsequently developed. The patient was admitted at the
Institute of Rheumatology, where she was diagnosed with
“systemic lupus erythematosus: glomerulonephritis, CNS
damage, enanthema, leukopenia, immunological disor-
ders”, and treatment with oral glucocorticosteroids was
started in combination with pulse therapy with methyl-
prednisolone and cyclophosphamide; plasmapheresis
sessions were occasionally performed. During the next
10 years, lupus nephritis was the main sign of SLE in
this patient. Pulse therapy with glucocorticosteroids and
cyclophosphamide was performed from time to time, as
well as intramuscular injections of cyclophosphamide
with frequent withdrawals due to poor tolerance. Con-
sidering the insufficient efficacy and poor tolerance to
cyclophosphamide, this drug was discontinued, and other
immunosuppressive agents were sequentially started —
cyclosporin A and mycophenolate mofetil. The patient's

state remained stable; there were no other signs of SLE
activity. Laboratory results showed persistent proteinuria
(2-3 g/day) and high titers of antinuclear antibodies.
The last exacerbation of SLE was 15 years ago when
the patient had clinical manifestations of nephrotic syn-
drome, and the level of proteinuria increased to7.42 g/day.
Another course of pulse therapy with glucocorticosteroids
and cyclophosphamide was performed, with a good effect.
In subsequent years, the patient did not make reqular fol-
low-up visits; she took maintenance doses of methylpred-
nisolone (8 mg/day) and occasionally azathioprine, in
low doses. Proteinuria decreased to trace levels; there was
occasionally no protein in urine; there were no changes
in urinary sediment. Nitrogen-excreting renal function
was relatively without changes, creatinine level increased
to a maximum of 120 umol/l, glomerular filtration rate
corresponded to the 2-3a stage of chronic kidney disease.
No other manifestations of SLE activity were observed.
There was a slight increase in blood pressure, dizziness,
“floaters” and double vision, and occasionally — short-
term tunneling of vision. The patient also complained of
increased development of ecchymoses, and with minor
trauma, long-term non-healing wounds appeared on the
anterior surface of lower legs. Hyperpigmentation and
the slight induration of the skin of the anterior surface of
lower legs progressed. Doppler ultrasound of the vessels of
lower limbs revealed no significant changes in the arteries
and veins of the lower limbs.

In August 2012, after a minor injury, a small ulcerous
defect developed on the anterior surface of the upper third
of the right lower leg. During the next two years, the size
and depth of this ulcer increased. The patient was followed
up by surgeons at her place of residence; local treatment
was prescribed, with no effect. A histological test appar-
ently revealed basal cell skin cancer cells but repeated
biopsies (also at the PA. Hertsen Moscow Oncol-
ogy Research Institute (Hertsen MORI) showed no
skin malignant neoplasms). The patient was examined
several times at the Department of Dermatology and
Dermatologic Oncology at the State Budgetary Health-
care Institution “M. F. Vladimirsky Moscow Regional
Research and Clinical Institute” (MONIKI), the
skin cancer diagnosis was rejected. Local treatment was
continued, with no effect. Small ulcers appeared around
the main ulcerous defect (Fig. 1), as well as a caseous dis-
charge (Fig. 2).

The patient was re-examined at the Department of
Wounds and Wound Infections of the A. V. Vishnevsky
National Medical Research Center for Surgery. No data
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indicating an active purulent process were obtained; fur-
ther examination (exclusion of skin tuberculosis, deep
mycoses, gangrenous pyoderma) was recommended.
In the following months, a comprehensive examination
was performed, the patient was examined several times
by various specialists (from a vascular surgeon to a
mycologist), including leading specialists in phthisiol-
ogy, mycology and skin vasculites. The patient was many
times hospitalized at the leading clinics in Moscow and
St. Petersburg, but no exact diagnosis was made. Only
local symptomatic treatment was carried out, without a
significant effect. For several years, a biopsy of the skin
flap and subcutaneous tissue was performed more than
ten times; no data indicating cancer were obtained. Mor-
phological changes were deemed non-specific and, pos-

sibly, the result of chronic inflammation: “Epidermis is
moderately hyperplastic, with severe vacuole dystrophy

Figure 1. Ulcers on the anterior and lateral surface
of the right leg
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of cells of all layers. Derma with significant eosinophilia
and homogenization (dermal hyalinosis). Vessels are
dilated, single lymphocytes, plasma cells and histiocytes
in the perivascular spaces.” In the past year, the patient
was examined in the purulent surgery department. The
edges of the ulcer were periodically excised and revised.
Each surgical intervention was followed by a histologi-
cal test; no data indicating a neoplasm were obtained.
As a result of the surgical interventions, the size of ulcers
decreased; there was no noticeable discharge (Fig. 3).
However, during the next histological examination after
excision of the ulcerous defect (07.2018), signs of a neo-
plasm were revealed: “At the level of the epidermis and
dermis, abnormal squamous layers with high differenti-
ation, with areas of hyperkeratosis, and foci of necrosis
are determined.” Upon reviewing the histological exam-
ination results at the P. A. Hertsen Moscow Research
Institute: “Areas of the skin with proliferation of highly
differentiated SCC with infiltration of the dermis up to
all edges of the site.” The diagnosis of verrucous squa-
mous keratinizing cancer was made. Results of magnetic
resonance imaging (MRI) of right lower leg (08.2018):
“Skin of the anteroexternal surface of the upper third of
right tibia is deformed in an area measuring ¢ x 8 cm;
tissue of solid structure is defined in its thickness, which
forms an exophytic node 6.5 x 5.0 x 1.5 cm in size. On the
inner surface of the distal biceps of the femur, a node mea-
suring 10 x 1.5 x 10 cm was defined. A node 1.2 cm in
diameter was also determined in subcutaneous fat of the
anterior surface of the right lower leg.”

In September 2018, at N. N. Blokhin National Medical
Research Center of Oncology, a tumor was excised with
reconstructive plastic surgery (Fig. 4).

Figure 2. Leg ulcer with abnormal granulations and caseous-like discharge
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Figure 3. Ulcers on the right leg after surgery and
revision

Results of intraoperative biopsy: “A tumor node is located
in the skin in the form of growths of dense grayish-white
tissue that degrades in an area measuring 7.5 x 6 cm;
there is 2" tumor node (4.5 x 3 ¢cm) at a distance of 1 cm
from it, and a second plaque-like mass (2.0 x 1.5 cm) at a
distance of 5 cm from it. Micropreparations: tumor nodes
have a structure of moderately differentiated keratiniz-
ing squamous cancer that grows into the subcutaneous
fatty tissue and the underlying fibrous tissue.”

Three months after tumor removal, metastases of malig-
nant neoplasms to iliac lymph nodes on the right were
found (Fig. 5). The patient was diagnosed with SCC
T3N3MO.

Considering “borderline operability” and complex local-
ization of the metastatic lesion of iliac lymph nodes, initial
chemotherapy (paclitaxel in combination with carbopla-
tin) was recommended. However, chemotherapy caused
further progression of metastases; also, poor tolerability
of this chemotherapy regimen was registered. Results of
positron emission tomography combined with computed
tomography (PET-CT) (04.2019, nine months after the
diagnosis of SCC): “In the area of the right inguinal
canal, a single conglomerate of external iliac and ingui-
nal lymph nodes is found, up to 69 x 52.5 x 76 mm
in size, with necrotic changes in its central part and
with hyperfixation of the radiopharmaceutical. Lymph
nodes were also determined along external, internal
and common iliac arteries, 8.5 mm in size. In soft tis-
sues of the lower third of the right thigh, a pathological
mass lesion, 49 x 46 x 52 mm in size, was found, with
necrotic changes and hyperfixation of the radiopharma-
ceutical, similar to the conglomerate in the iliac region.

Figure 4. Condition (1 month later) after excision
of the tumor on the right leg

Figure 5. Right inguinal lymph node metastases
(physical examination)

Conclusion: a picture of a pathological conglomerate of
lymph nodes in the soft tissues of the lower third of the
right thigh; a similar structure of a necrotic conglomer-
ate of the right external iliac and inguinal lymph nodes,
most likely of metastatic origin.” An operation to remove
inguinal lymph nodes was performed at the Federal State
Budgetary Institution “Russian Research Center for
X-ray Radiology” (RRCXR); necrotic changes in the
conglomerate of lymph nodes were found, without dis-
tinct boundaries with surrounding tissues and dissemi-
nation. Following the operation, a second course of che-
motherapy was carried out (carboplatin in combination
with 5-fluorouracil), with no effect (disease progression).
This type of tumor is refractory to both chemotherapy and
radiation therapy, so no further chemotherapy attempts
were undertaken.
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In October 2019, an infusion of athezolizumab (anti-
PD-L1 monoclonal antibodies) combined with dexa-
methasone was performed as a “last-resort treatment’.
A day after administering atesolizumab, hectic fever
(up to 40 degrees), chills, myalgia, a sharp decrease in
blood pressure, and confusion were registered. Blood tests
showed an increase in ESR up to 51 mm/h, WBC up to
16 x 10°/1, a decrease in hemoglobin level to 100 g/I, an
increase in C-reactive protein from 28.2 t0 120.9 mg/1, an
increase in creatinine (up to 116 mmol/l) and urea (up
to 1.8 mmol/l), uric acid (up to 539 umol/l), triglycerides
(up to 3.2 mmol/l), potassium (up to 5.53 mmol/l), gam-
ma-glutamyl transpeptidase (up to 120 UJ1); urine tests
revealed no pathology. Progressive multiple organ failure
caused death.

Discussion

SCC is cancer originating from epidermal cells of
the skin and/or hair follicles. This is the second most
common neoplasm (after basal cell carcinoma) in
the group of non-melanoma skin tumors [2]. Risk
factors for SCC include old age, exposure to ultravi-
olet radiation, a certain (light) skin phototype, and
immune deficiency states [2]. One characteristic of
SCC is that this tumor is the most common neo-
plasm that develops at the site of a long-existing
scar or a long-term non-healing wound; this form
of SCC has a worse prognosis and often recurs after
treatment [2].

According to Hertsen MORI, the average age
of patients diagnosed with this skin cancer is
70.5 years; stage III of this disease is registered at
the first visit only in 1.6% of patients, and stage
IV —in 0.5% of patients. The average age of people
dying from this neoplasm is 77.6 years; mortality in
the first year of disease is 10.6% [2]. In contrast to
the general population, our patient was diagnosed
with SCC at the age of 48, stage III was established
almost immediately, and she died 16 months after
the tumor was detected.

In our observation, factors that can trigger the
onset and progression of skin cancer include long-
term immunosuppression with various immuno-
suppressants, an autoimmune disease with patho-
logical features of the immune system, a long-term
non-healing (more than six years) ulcerous defect
on the anterior surface of the lower leg, and, before
that, multiple recurrent wounds of the lower legs

after minimal trauma. Light skin phototype can be
considered an additional factor. It should be noted,
however, that due to the long-term history of SLE,
the patient avoided excessive exposure to ultravio-
let radiation. Therefore, the role of this factor can
be excluded. Moreover, the neoplasm developed in
the upper third of the lower leg, i.e., in an area that
was constantly covered with clothing (trousers).
One of the key features of the described clinical
case was a long (over 26 years) history of systemic
lupus erythematosus. According to the literature,
skin cancer is a rare but severe complication of
SLE [3]. The immune system abnormality typical
for SLE and its regulation disorders can prevent
the removal of tumor cells and, ultimately, contrib-
ute to an increase in the risk of neoplasms [1, 3].
Persistent inflammation in patients with lupus-in-
duced skin lesion is considered to be another
potential risk factor for skin cancer [3]. This variant
of skin syndrome is characterized by the accumula-
tion of T-regulatory lymphocytes, mast cells, mac-
rophages, and a significant increase in the level
of the transforming growth factor 1 and inter-
leukin-6 that stimulate carcinogenesis. Pro-onco-
genic immune cells and cytokines in patients with
lupus are considered capable of overcoming the
tumor-suppressing effects of Th1 lymphocytes and
stimulating the development of skin cancer [3].

It should be emphasized that our patient had no
reported manifestations of skin syndrome due to
SLE throughout the course of the disease. At the
same time, available literature sources usually
describe cases or series of cases of skin cancer in
patients who already have lupus erythematosus in
the form of discoid or subacute cutaneous lupus ery-
thematosus. According to some authors, SCC that
occurs in patients with discoid lupus erythematosus
has a more aggressive course with an increased fre-
quency of relapses, metastasis and mortality com-
pared to other forms of skin cancer [4].

The interval between the onset of lupus and SCC
usually varies from 4 to 20 years [4]. The following
are factors that increase the risk of SCC with under-
lying lupus: age over 40 years, male gender, expo-
sure to ultraviolet radiation, skin pigmentation,
and chronic inflammatory processes [4]. In our
observation, the 48-year-old female patient was
diagnosed with skin cancer 26 years after the onset
of SLE. In this case, significant hyperpigmentation
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of the skin of the lower legs, especially on their
anterior surface, and long-term non-healing ulcers
on the lower legs were registered.

Our observation confirms literature data on the
unfavorable prognosis of SCC that developed
at the site of the scar or long-term non-healing
ulcer. According to French researchers who stud-
ied the transformation of ulcers of the lower limbs
in 80 patients of senile age, ulcerous defects usu-
ally precede the onset of skin cancer much earlier
(at least 3 years) (as in the case of our patient) [5].
Almost all patients in this study had SCC. Findings
that were unusual for “vascular” ulcers included
pathological granulation, abnormal vegetations,
non-healing, and unusual localization of ulcers;
our patient had all these signs. One in three
patients in this group died (because of metastases);
late diagnosis of neoplasm was the main cause of
death. More than half of the patients (57%) under-
went amputation of the lower limbs [5]. However,
our patient categorically refused this intervention.
Immunosuppressive agents used to treat SLE (cyc-
losporin A, mycophenolate mofetil, tacrolimus,
and azathioprine) can also contribute to SCC by
suppressing antitumor immune response in the
skin [3]. As mentioned earlier, due to the refractory
course of lupus nephritis, our patient received cyc-
losporine A, mycophenolate mofetil, azathioprine,
and cyclophosphamide. However, over the last
15 years, she took only maintenance doses of glu-
cocorticosteroids and, occasionally, azathioprine.
Rapid death a few days after the administration
of atesolizumab can be considered another spe-
cific feature of our patient. Atesolizumab is a
monoclonal antibody (IgG1) that directly binds to
PD-L1 and belongs to the group of modern anti-
tumor drugs referred to as immune checkpoint
inhibitors (checkpoint inhibitors). The mecha-
nism of action of these drugs is aimed at restoring
normal antitumor immune response by blocking
inhibitory receptors of T-lymphocytes, the so-called
key points of immunity (in particular, programmed
cell death protein (PD-1) and its ligands PD-L1 and
PD-L2), allowing tumor cells “evade” immune sur-
veillance. Blocking the signaling pathway of the
checkpoints of the PD-1/PD-L1 immune response
enhances antitumor immune response, restores the
activity of cytotoxic T-lymphocytes, and reduces
the number and activity of T-suppressors.

The effectiveness of immune checkpoint inhibi-
tors in managing different oncological diseases
has been demonstrated in recent years. How-
ever, due to the inhibition of several parts of the
immune system, drugs of this type enhance not
only immune activity against cancer cells but also
against unchanged cells of different organs and
systems, leading to a number of immune-me-
diated adverse reactions. The most severe side
effect is cytokine release syndrome — a systemic
inflammatory disease characterized by a massive
release of cytokines [6]. Cytokine release syn-
drome can manifest in various symptoms, from
moderate to life-threatening and sometimes
fatal. Mild manifestations of cytokine release syn-
drome include fever, general weakness and mal-
aise, nausea, vomiting, headache, rash, arthralgia
and myalgia. More severe cases are characterized
by very high fever, arterial hypotension requir-
ing high doses of vasopressor drugs, and can lead
to uncontrolled systemic inflammatory reaction
with shock, disseminated intravascular coagula-
tion syndrome, and multiple organ failure [6-7].
In cases of cytokine release syndrome, different
laboratory abnormalities are often found, par-
ticularly  cytopenia,
levels of liver enzymes and creatinine, and a high

coagulopathy, increased
C-reactive protein level [6-7]. The term “cyto-
kine release syndrome” was first proposed in the
early 1990s with the use of anti-T-cell antibodies
as an immunosuppressive agent. Subsequently,
this syndrome was described after using various
monoclonal antibodies (e.g., rituximab), some
chemotherapeutic agents and immunotherapy
drugs, including immune checkpoint inhibitors
[7]. A cytokine “storm” caused by the massive
stimulation of T-lymphocytes can also develop in
severe viral infections, including novel coronavi-
rus infection and influenza [8-9].

The pathogenesis of cytokine release syndrome
is based primarily on the activation of T-lympho-
cytes, which leads to increased release of gam-
ma-interferon and tumor necrosis factor-alpha.
This results in the activation of macrophages,
dendritic cells, other immune and endothelial
cells that additionally release pro-inflammatory
cytokines. It is crucial that macrophages and
endothelial cells produce a large amount of inter-
leukin-6 that activates T-lymphocytes and other
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immune cells via a positive feedback mechanism,
which, in turn, leads to a cytokine “storm” [7].

The largest series of cases of cytokine release syn-
drome during treatment with checkpoint inhibi-
tors (including atesolizumab) included 58 patients;
the results were published in May 2020 [6]. In this
group, cytokine
1-18 weeks after starting treatment with immune

release syndrome developed
checkpoint inhibitors and led to death in only two
cases. According to the authors of this article, the
following are the most common clinical manifesta-
tions of cytokine release syndrome: constitutional
symptoms (general weakness, fatigue, asthenia,
fever (most often), arthralgia, myalgia; skin rash;
pathology of the gastrointestinal tract (nausea,
diarrhea); respiratory damage (pulmonary edema,
acute respiratory distress syndrome, respiratory
failure, pleural effusion, hypoxia); cardiovascu-
lar pathology (tachycardia, arterial hypotension);
nephropathy (acute kidney damage, nephritis);
neurological symptoms (headaches, tremor) [6].

In the patient we described, the signs of cytokine
release syndrome included hectic fever with chills,
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severe arterial hypotension requiring the use of
vasopressor drugs, tachycardia uncontrolled with
standard beta-blockers, damage to the central ner-
vous system, a significant increase in C-reactive
protein level, as well as other manifestations (Fig. 6).
Our observation does not include cytopenia, unlike
other descriptions of cytokine release syndrome or
cytokine storm. However, in the above-mentioned
group of patients who received immune checkpoint
inhibitors, cytopenia was also extremely rare — one
case of anemia, leukopenia, and lymphopenia, two
cases of thrombocytopenia, and two cases of neu-
tropenia [6].

Management of patients with cytokine release syn-
drome depends on the severity of this pathological
condition. High fever and a significantly increased
C-reactive protein level were proposed as routine
prognostic markers of this syndrome (especially
if the level of interleukin-6, subpopulations of
T-lymphocytes and other immune cells cannot be
determined) [7]. In cases of mild manifestations
of cytokine release syndrome, only symptom-
atic therapy is used (in particular, antihistamines

Dyspnea

General symptoms:
Hectic fever

Chills

Severe general weakness

Nausea
Anorexia

Increasing azotemia,
hyperkalemia

Arthralgia
Myalgia

Figure 6. Clinical manifestations of cytokine release syndrome in the described patient
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and antipyretic drugs) [7]. Patients with a severe
course of this syndrome are recommended to
immediately take anti-interleukin-6 monoclonal
antibodies (for example, tocilizumab). Glucocor-
ticosteroids should not be prescribed as first-line
drugs in such cases; they should be used in patients
with ineffective anti-interleukin-6 monoclonal
antibodies and in cases of severe CNS injury.
If anti-interleukin-6 antibodies and glucocortico-
steroids are ineffective, treatment can be carried
out with monoclonal antibodies against tumor
necrosis factor-a or interleukin-1 or using immu-
nosorption [7]. Unfortunately, our patient was
not able to use these methods of treating severe
cytokine release syndrome (except glucocortico-
steroids); she died because of increasing multiple
organ failure.

Therefore, the main features of the described clin-

ical case are:

1. The development of SCC 26 years after the on-
set of systemic lupus erythematosus in a patient
who never had any skin manifestations of SLE.

2. The presence of such a risk factor for SCC as
immunosuppression (associated with SLE and
with prolonged use of immunosuppressive
agents).

3. The development of SCC at the site of a long-
term non-healing (for 6 years) ulcerous defect
on the anterior surface of the upper third of the
right lower leg.

4. An unclear (to this day) etiology of an ulcer of
the lower leg despite numerous consultations
at leading clinical centers in Russia and many
histological tests of the skin and subcutaneous
tissue. The ulcer was characterized by a specific
localization (the upper third of the anterior sur-
face of the lower leg), pathological granulation
and abnormal vegetations, and failure to heal
for many years despite the ongoing treatment.

5. Rapid progression of SCC with the develop-
ment of metastases, despite ongoing surgical
and chemotherapeutic treatment, in contrast to
the sporadic forms of this tumor that responds
well to resection.

6. The development of probable cytokine release
syndrome after the first administration of an im-
mune checkpoint inhibitor in a patient with an
autoimmune disease (SLE).
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Difficulties in the differential diagnosis
of granulomatosis with polyangiitis
and scarring pemphigoid

Abstract

Thearticle presentsaclinical case of arare pathology. The patient for several years visited various specialists. In connection
with a similar clinical picture, multi-organ damage, differential diagnosis was performed between systemic vasculitis
(granulomatosis with polyangiitis) and scarring pemphigoid.The mucous membrane of the mouth and nose is involved
in the pathological process with granulomatosis with polyangiitis in the form of ulcerative defects, which subsequently
lead to deformation of the nose. The danger with this systemic vasculitis is renal damage with the development of
nephritis, renal failure. With scarring pemphigoid, eye damage is typical. In granulomatosis with polyangiitis, damage
to the organ of vision is also sometimes possible, but mainly in the form of an orbit pseudotumor. Despite the fact that
treatment for both forms of pathology involves the use of glucocorticoids and cytostatics, with a scarring pemphigoid,
the main care is provided by dermatologists and ophthalmologists, while the diagnosis and treatment of systemic
vasculitis is the task of rheumatologists. One of the criteria for a scarring pemphigoid is loss of vision. However, in this
case, it was possible to establish a diagnosis, obtain the first positive results of therapy before the patient shows signs
of disability. So, there is a hope for the possibility of preserving vision and a favorable outcome. The rarity of the disease
and its poor knowledge, difficulties in diagnosis and the absence of certain standards of therapy, this diagnosis requires
more attention from the specialists.
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Cicatricial pemphigoid is a disease that most often ~ Its etiology and pathogenesis are still poorly
affects women aged over 60 (2.6 per 100 thou- understood. This disease can be triggered by viral
sand of population). Its incidence in individuals  infections, drugs that are structurally similar to
aged over 80 years increases to 15-33 cases per  the endogenous antigen within the epidermal-
100 thousand of population [1]. dermal junction. In such cases, an autoimmune
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response occurs when antibodies to an external
hapten cross-react with an endogenous antigen.
Drugs that can trigger an autoimmune response
and stimulate the onset of cicatricial pemphigoid
include local anti-glaucoma drugs, clonidine, and
others. The main risk factor for the formation of
skin vesicles (vesicular eruptions) is trauma (for
example, eyelash epilation, chemical eye burns,
prosthetics, and damage to oral mucosa with a
toothbrush or other objects) 1, 2].

Clinical findings of pemphigoid include multiple
organ damage, including eyes, the nasal cavity,
skin and scalp, oral mucosa, pharynx, larynx
and esophagus, anus, and genitalia. Conjunc-
tiva involvement in the pathological process is
extremely typical for cicatricial pemphigoid — it
occurs in 64% of cases. This disease may begin with
catarrhal conjunctivitis, hyperemia, conjunctival
edema, soreness and photophobia; usually, it starts
on one eye, and the second eye can subsequently
be involved in the process. The name of this dis-
ease indicates the development of specific cicatri-
ces. Vesicles and erosions develop on the conjunc-
tiva; then, at the early stages, cicatrices can develop
in the form of small adhesions between the con-
junctiva and the eyeball or between the upper and
lower eyelids. Later, coarse cicatrices form, leading
to conjunctival deformity, symblepharon, ectro-
pion, followed by trichiasis, corneal ulceration,
clouding and its subsequent perforation with the
loss of the iris. Due to the long course of this dis-
ease, the so-called “blind eye” is often observed
when the cornea becomes completely covered with
a cloudy membrane, allowing only the perception
of light, leading to the disability of patients [2].

In cases of damage to the oral mucosa in the
context of cicatricial pemphigoid, patients most
often complain of bleeding gums when brushing
teeth, and paresthesia; even mild chewing trauma
can lead to desquamation. Gums, cheeks and the
palate are involved in the pathological process;
damage to the tongue and lower lip is somewhat
less common. Blisters with serous or serous-hem-
orrhagic contents are formed on the oral mucosa,
with a thick covering, surrounded by a hyperemic
area; the blisters can persist for several days and
usually open after trauma. In most cases, the blis-
ters are arranged in groups and often recur in the
same place, leading to cicatricial atrophy. Mucosal

damage can result in adhesions, cicatrices in the
pharynx, between the mucosa of cheeks and alveo-
lar processes, in the corners of the mouth [3, 4].

In cases of nasal lesions, some patients can develop
chronic atrophic rhinitis, synechias (fusion of the
conchae with the nasal septum), which causes a
sharp decrease in smell, difficult nasal breathing,
and reduces the quality of life.

Limited skin lesions are observed in 24% of cases.
Isolated blisters develop on unchanged skin or
along with hyperemia on extremities or in skin
folds. The blisters have a thick covering, and are
persistent; erosions after said blisters heal slowly
and with the formation of atrophic scars [4].
Granulomatosis with polyangiitis (GPA) refers to
ANCA-associated (associated with anti-neutrophil
cytoplasmic antibodies) systemic vasculitides that
are characterized by the development of necrotiz-
ing granulomatous inflammation involving the
respiratory tract and necrotizing vasculitis of small
and medium-sized vessels [6]. As with cicatricial
pemphigoid, oral and nasal mucosa is involved in
the pathological process of GPA — ulcers develop,
which subsequently results in nose deformation.
The danger of GPA is renal damage with nephritis
and renal failure. For cicatricial pemphigoid, eye
damage is typical, which is included in the diagno-
sis criteria for this disease. GPA may also include
damage to the organ of vision but primarily in the
form of the orbital pseudotumor [5].

Therefore, clinical signs of GPA and cicatricial
pemphigoid at a certain stage of the development
of these diseases can be similar, contributing to the
challenges in differential diagnosis. Although the
management of both disorders involves glucocor-
ticoids and cytostatics, dermatologists and ophthal-
mologists provide the primary care for cicatricial
pemphigoid, while the diagnosis and treatment of
systemic vasculitis is the task of rheumatologists.
We present the case report of a patient with differ-
ential diagnosis of GPA and cicatricial pemphigoid.

Case Report

Patient I, aged 60, was admitted to the Rheumatol-
ogy Department of the Regional Clinical Hospital
(Saratov) in August 2019 with complaints of pain
in the right eyeball, lacrimation, nasal congestion,
dry nose with bloody scabs, blisters on oral mucosa
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with the formation of painful erosion when eating
“irritating” food, long-term non-healing erosions
on the skin of the lower extremities.

Disease onset was in 2016 when the patient first
noticed gradually increasing nasal congestion.
An otorhinolaryngologist diagnosed the patient
with “atrophic rhinitis”, local therapy was carried
out without significant effect. A year after the first
symptoms (in 2017), dry nose and bloody scabs
occurred. The patient did not visit a physician, she
was treated with local agents. In February 2018,
a computed tomography (CT) scan of paranasal
sinuses was performed; a left maxillary sinus cyst
with a diameter of 1.6 cm was found, as well as
moderate hyperplasia of the mucous membrane
of maxillary sinuses of up to 0.2 cm. Examination
by rheumatologist was recommended, but she did
not consult this specialist.

In spring 2018, for the first time, the patient
noticed vesicular elements on the oral mucosa;
these later opened with the formation of ulcers. She
visited a dentist and was diagnosed with aphthous
stomatitis. Diet and oral treatment with potassium
permanganate were prescribed, with a temporary
positive effect and subsequent new erosions on the
oral mucosa. In August 2018, a cytological test of
the mucosa was carried out; neutrophilic leuko-
cytes and structureless matter were found.

At the beginning of 2019, the patient began to
notice long-term non-healing superficial erosions
on the skin. In May 2019, she noticed vesicular
elements in the right lower leg region. She visited
a dermatologist at the place of residence; she was
diagnosed with bullous pemphigoid. A single infu-
sion of steroids was performed with a temporary
positive effect. From 2018 to 2019, the patient lost
more than 10 kg. A cancer screening test was car-
ried out at a local clinic. In summer 2019, there
was an episode of mumps, recurrence of aphthous
stomatitis, with improvement after local therapy.
In July 2019, the patient experienced pain in right
eyeball, photophobia, and lacrimation. She vis-
ited an ophthalmologist at the place of residence;
topical nonsteroidal anti-inflammatory drugs
(NSAIDs) in drops and antibacterial drugs were
prescribed, without a significant effect. During re-
examination by ophthalmologist, scraping of the
upper eyelid mucosa was performed; granulations
of the upper eyelid mucosa of the right eye were
found; squamous metaplastic epithelium and large
amounts of neutrophilic leukocytes were found in
the scraping.

Examination by a rheumatologist was recom-
mended. At the end of August 2019, the patient
was hospitalized in the Rheumatology Depart-
ment of the Regional Clinical Hospital (Saratov).

Figure 1. Patient F. There are superficial ulcers from small erosions
to confluent, up to 2-3 cm in diameter, covered with a white coating in
the oral cavity on the mucous membrane of the palate, on the mucous

membrane of the cheeks (in the projection of the molars)

Figure 2. Patient F. Hyperemia
of the upper eyelid of the right eye




Apxusb BHyTpeHHE MeAnumHbL ® No 5 o 2020

PA3BBOP KAMHMYECKUX CAVIAEB

The patient was examined for systemic pathology
rather than for separate nosological units only
three years after the disease onset.

During hospital examination, the following
changes were revealed. Superficial ulcers from
small erosions to confluent ones, with a diameter
of up to 2-3 cm, covered with white plaque were
found in the oral cavity, on the palatal mucosa,
on the mucous membrane of the cheeks (in the
projection of molars) (Figure 1). Hemorrhagic
scabs, synechias, and significant narrowing of the
lumen of nasal passages were found in the nasal
cavity. Hyperemia of the upper eyelid of the right
eye, photophobia and lacrimation were revealed
(Figure 2). Isolated vesicular eruptions were found
in the region of the right buttock, lower leg, and

trunk.

Examination Results

Complete blood count showed slightly increased
erythrocyte sedimentation rate (ESR); biochemical
blood test showed slightly decreased total protein.
Immunological test revealed antibodies (AB) to
DNA in titer more than double the normal value.
Common urinalysis within normal. Daily pro-
teinuria — protein negative. Ultrasound exami-
nation (US) of kidneys: partial doubling of the
right kidney; sinus cysts in the left kidney. Chest
radiography revealed pneumosclerosis. Pathergy
test was performed, the result was negative. Nega-
tive results of the cytological test (performed twice
in history with an interval of 4 months) for acan-
tholytic cells (oral mucosa, trunk) were obtained,
which excluded pemphigus.

Considering lesions of the nasal cavity, ulcerative
stomatitis, dermatitis, and the negative test for
pemphigus, the following preliminary diagnosis
was made: Granulomatosis with polyangiitis (prob-
able), chronic — according to disease onset, grade
IT activity with upper respiratory tract damage (rhi-
nitis, sinusitis), ulcerative stomatitis, visual impair-
ment (granulation of upper eyelid OD), dermatitis,
history of mumps.

The following treatment was prescribed: per os —
prednisolone 30 mg/day, proton pump blocker
(prevention of adverse gastric events), calcium
agents.

Examination was continued.

CT of nasal sinuses: deviation of nasal septum;
mucosa of nasal conchae, left 6 mm, right 4 mm;
narrowed lumen of nasal cavity (at the level of
inferior nasal concha); pneumatization of sinuses
without changes.
CT of orbits — no abnormality found.
Examination by an ophthalmologist: granuloma
of right upper eyelid, high degree hypermetropia;
retinal angiopathy.
Examination by a dermatologist: considering
the combined damage to mucous membranes
of the oral cavity, nose, conjunctiva of the right
eye, blisters in the oral cavity, long disease course,
we cannot exclude the diagnosis of “cicatricial
pemphigoid”.
After obtaining the results of examinations and
consultations with specialists, considering the
combined lesions of the eyes, oral mucosa, skin,
the narrowing of the nasal lumen, it was con-
cluded that the patient probably has cicatricial
pemphigoid. Granulomatosis with polyangiitis
is doubtful since there is no typical lesion of
ENT organs, kidney damage. Considering the
disease activity, poor prognosis for the organ of
vision, azathioprine (100 mg) was prescribed.
It was recommended to continue taking pred-
nisolone 30 mg/day, proton pump blocker,
calcium agents. Repeated hospitalization was
recommended after one month in order to mon-
itor the efficacy and safety of treatment and to
decide on the viability of biopsy of foci in the oral
cavity.

During repeated hospitalization, the patient

showed a negative result for anti-neutrophil

cytoplasmic antibodies of the IgA class (ANCA).

During treatment, there were no skin manifesta-

tions, damage to the oral mucosa, and the swelling

of the right eye decreased.

Therefore, the diagnosis of cicatricial pemphi-

goid was established on the basis of the following

criteria:

1. Typical symptoms (combined damage to eyes,
mucous membrane of the oral cavity, skin, nar-
rowing of the lumen of the nasal cavity).

2. Negative Nikolsky’s sign.

3. No acantholytic cells (Tzanck cells) in the smear
from the bottom of the erosion.

At the same time, the patient had no sufficient

GPA criteria or signs of an oncological process.
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Discussion

Systemic vasculitides are a fairly rare disorder
(about 4.2 per 100 thousand of population per
year). Usually, primary care physicians have diffi-
culties in establishing this diagnosis. Visits to dif-
ferent specialists, with inefficacy or low-efficacy
of the recommended therapy, multiple organ
damage, presence of common signs of inflamma-
tion (weight loss, increased acute phase markers,
etc.), suggest a systematic process; recommenda-
tions for examination by a rheumatologist were
made. However, the systemic nature of signs
does not always mean a systemic rheumatic dis-
ease; rarer diseases with characteristics similar
to systemic vasculitides are sometimes found;
careful assessment of diagnosis criteria and dif-
ferential diagnosis are required. According to
the literature and recommendations of derma-
tologists, vision loss is a criterion of cicatricial
pemphigoid. In the present clinical observation,
more than three years passed from the first signs
of the disease to the diagnosis; repeated exami-
nations by different specialists (dermatologist,
ophthalmologist, dentist, rheumatologist) were
performed. Establishing the diagnosis and pre-
scribing treatment yielded a positive result with
an expected favorable outcome while preserving
the patient’s vision. The rarity, little knowledge
of this disease, and the lack of defined treatment
standards make it necessary to expand its cover-
age in literature in order to improve diagnosis
skills and facilitate timely and proper delivery of
care to patients.
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