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Autoimmune/Inflammatory Syndrome
Induced by Adjuvants

Pesiome

ASIA-cuHgpom (autoimmune/inflammatory syndrome induced by adjuvants —ayToMMMyHHbI/BOCnanuTenbHbI CUHAPOM, 06YCNOBNEHHDII
aabloBaHTamu, cuHapoM LloHdenbaa (Shoenfeld's syndrome)) npegcraBnseTt co6oit rpynny ayTOMMMYHHbIX 3a60/1€BaHUIA, BbI3BaHHbIX afblo-
BaHTaMu, 06/1a4aloLMUMKU CMOCOGHOCTBIO MHAYLIMPOBaTh MMMYHHbIE peakuuu. CUHAPOM BK/KOYAEeT NATb UMMYHOOMNOCPEA0BaHHbIX COCTOAHUMN,
KOTOpble CBA3aHbI C NPeALIEeCTBYIOWUM BO3/eCTBUEM Pa3/INYHBIX TPUITEPHbIX paKTOPOB, TaKMe KakK CU/IMKOHO3, CMHAPOM Makpodara/ibHoro
Muodacuuta, cuHapom MepcuAcKoro 3anmea, CUHAPOM «60/IbHBIX» 3aHUI1 U NOCTBAKLMHa/bHble ayTOMMMYHHbIe ABAeHus. PasButue ASIA-
CUHAPOMa CBA3aHO C UHAUBUAYANLHON FreHeTUYECKOV NpeApacno/oKeHHOCTbIO Y BOSHUKAEeT B pe3y/ibTaTe COYEeTaHHOrO BO3/e/CTBUA JK30reH-
HbIX U SHAOTeHHbIX GAKTOPOB, 3aMyCKaloLWMUX aQyTOUMMYHHbI/ OTBeT. [1pn 3TOM, peakuusa UIMMYHHOW CUCTEMbI MOXKeT 6bITb HenpeACcKasyeMon.
B cTaTbe nNpuBegeHbI AMArHOCTUYECKME KPUTEPUM CUHAPOMA, a TaKXKe ero KIMHUKo-nabopaTopHblie U Mopdooruyeckme npossaeHus. CnekTp
KAMHUYECKMX MPOAB/IEHUIA ayTOMMMYHHOr0/BOCMaUTE/IbBHOrO CUHAPOMA, UHAYLMPOBAHHOIO afbloBaHTaMM, O6LIMPEH M 3aTparvBaeT npak-
TUYECKMN BCe CUCTEMbI OpraHu3Ma YesioBeka. [pu 3TOM, ero xapakTepHbIM NMPU3HAKOM AB/IAETCA Perpecc KAMHUYECKMX, NabopaTopHbIX U MOp-
dbosormyeckux NnposiBNeHNi nocne yaaneHns agbloBaHTa. Het coMHeHul B ToM, 4To ASIA-CUHAPOM MPOACHWA PO/Ib a4 bIOBAHTOB B PasBUTUU
ayTOMMMYHHbIX MPOLLECCOB. TO A0/NKHO YYUTBIBATLCA NPU CO34aHUMN 6€30MacHbIX BaKLUH, CU/IMKOHOBLIX UMMN/IAaHTOB, GUN/IEPOB U APYrUX Me-
AVLMHCKUX U341 C MUHMMAa/IbHBIMU N0604HbIMYU 3ddekTamMu. KpoMe Toro, MeaAuLMHCKME pabOTHUKM J0/1KHbI MOBbLILIATL YPOBEHb OCBE0M-
JIeHHOCTM MaLMeHTOB 0 NO60YHbIX 3P PeKTax MPUMEHEHUA HEKOTOPbIX KOCMETO/IOrMYeCKUX NPoLLeAyP M UCMO/Ib30BAHUA CUIMKOHOBBIX UM/IaH-
TOB, A/191 Yero Heo6X0AUMO BKYUTD B y4e6HO — MeTOAUYECKME NOCO6UA ANA CTYAEHTOB, OPAVMHATOPOB M Bpa4eid pas/IMyHbIX CreLMaabHOCTeN
onuncaHue 3TUO/IorMK, NaToreHesa, AMArHOCTUKM U nevyeHnsa ASIA — cMHAPOMA, KaK OTAE/1bHOM HO30/10rMYeCcKo e AUHULbI.

KnroueBble C/10Ba: ayTonMMyHHbIN/BOCNaANTeNbHbBIN CUHAPOM, UHAYLMPOBaHHbIN agbloBaHTaMu, ASIA — cuHapoM, cuHapom LLioHbenbaa,
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Abstract

ASIA syndrome (autoimmune/inflammatory syndrome induced by adjuvants) is a group of autoimmune diseases caused by adjuvants that have the
ability to induce immune responses. The syndrome includes five immune-mediated conditions that are associated with prior exposure to various trigger
factors, such as siliconosis, macrophage myofasciitis syndrome, Persian Gulf syndrome, sick building syndrome, and post-vaccination autoimmune
events. The development of ASIA syndrome is associated with an individual genetic predisposition and occurs as a result of the combined effect of
exogenous and endogenous factors that trigger an autoimmune response. In this case, the reaction of the immune system can be unpredictable. The
article presents the diagnostic criteria for the syndrome, as well as its clinical, laboratory and morphological manifestations. The spectrum of clinical
manifestations of the autoimmune/inflammatory syndrome induced by adjuvants is extensive and affects almost all systems of the human body.
At the same time, its characteristic feature is the regression of clinical, laboratory and morphological manifestations after removal of the adjuvant.
There is no doubt that ASIA syndrome has clarified the role of adjuvants in the development of autoimmune processes. This should be taken into
account when creating safe vaccines, silicone implants, fillers and other medical devices with minimal side effects. In addition, medical professionals
should raise patients' awareness of the side effects of using certain cosmetic procedures and the use of silicone implants, for which it is necessary to
include a description of the etiology, pathogenesis, diagnosis and treatment of ASIA syndrome in teaching aids for students, residents and doctors of
various specialties as a separate nosological unit.

Key words: autoimmune/inflammatory syndrome induced by adjuvants, ASIA syndrome, Schoenfeld's syndrome, adjuvant
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Introduction

ASIA-syndrome (autoimmune/inflammatory syn- ASIA - syndrome
drome induced by adjuvants, Shoenfeld’s syndrome) is

a group of autoimmune diseases, such as silicosis, mac-

rophage myofascitis syndrome, Persian Gulf syndrome,
sick building syndrome and post-vaccination autoimme —— Siliconosis
conditions induced by adjuvants (Figure 1). Identifica-

tion of ASIA-syndrome made it possible for the first
time to group specific conditions caused by hyperergic
immune reaction to various adjuvants. Macrophage myofasciitis syndrome
Adjuvants are substances that boost immune response

when administered together with an immunogen [1].

They have immunomodulating action [2]. Usually adju-
vants can be found in drugs, vaccines, silicone breast Gulf War syndrome

implants, mineral oils and cosmetics. Despite the fact that

adjuvants are predominantly safe, sometimes administra-

tion of adjuvants can induce immune response in geneti-
cally susceptible and predisposed persons [1].

Sick building syndrome
The scientific theory underlying Shoenfeld’s syn-
drome is based on paradigms widely recognised in
published studies. First of all, it is noted that genetic
predisposition has a leading role in autoimmune pro- Postvaccinal autoimmune reaction

cess development. Numerous studies demonstrated the

correlation between a certain genetic profile and auto-

immune processes. Of all genetic loci defining predis- . ) o
. i . .y Figure 1. Immune — mediated cjnditions ASIA syndrome
position to autoimmune reactions, most significant are
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the loci that encode type II MHC (major histocompat-
ibility complex), responsible for antigen presentation
to immune cells. However, the mechanism of MHC II
involvement into autoimmune process has been under-
studied. It is likely that aberrant antigen presentation
is a result of allele variants of the major histocompat-
ibility complex, such as HLA DRBI autologous-reactive
T-lymphocytes [3]. It is assumed that genetic predisposi-
tion to an autoimmune process is associated with certain
MHC alleles [3].

The other underlying paradigm of ASIA-syndrome is
due to the role of adjuvants in immune stimulation. Over
decades, adjuvants have been an essential component of
experimental studies of the immune system due to their
ability to activate various immune cells, thus boosting
and speeding up immune response [4]. Also, adjuvants
have been widely used beyond immunology laborato-
ries. Taking into account immunostimulatory proper-
ties of adjuvants, it is no surprise that a majority of these
substances that were considered safe cause autoimmune
reactions [5].

Background

Before Professor Yehuda Shoenfeld proposed the
term “ASIA-syndrome”, the incidence of post-vaccina-
tion autoimmune diseases had not been studied properly.
Similar conditions were also reported after tattooing,
breast implantants surgery, Persian Gulf syndrome (a
condition including such symptoms as arthralgia, mus-
cular weakness, joint pain, fatigue, headache, memory
disorders, cognitive disorders and higher susceptibility
to infections, which were reported by American military
men after the Gulf War in 1991) and other pathologies
[4]. Cases of optic neuritis and myelitis were observed

Table 1. The diagnostic criteria for ASIA syndrome

after tetanus toxoid vaccination [6]. As for flu vaccine,
episodes of vasculitis, Reiter disease and Gullian-Barre
syndrome were reported [4, 6]. There were cases of
immune thrombocytopenic purpura and diabetes melli-
tus after vaccination against measles, mumps and rubella
[6]. Virus hepatitis B vaccine is highly associated with
such autoimmune disorders as nodal fever, polyarthritis,
immune thrombocytopenia, severe myasthenia, uveitis,
Reiter’s syndrome, systemic lupus erythematosus, and
Evan syndrome. Scientific literature sources describe
development of chronic fatigue syndrome in females
with silicone breast implants after hepatitis B vaccina-
tion. Thus, it can be assumed that the immune response
to vaccination could have been enhanced by silicone as
an adjuvant [7, 8].

Available information led to the conviction that adju-
vants are a predisposing factor for development of post-
vaccination autoimmune reactions [9]. This information
was updated by Doctor Ye. Shoenfeld. In his papers, the
scientist argues that the immune system discriminates
Toll-like receptors on WBCs and triggers adjuvant-
induced immune response [9].

Several adjuvants, such as virosomes for HBV, HPV
and HAV, MF59 in some viral vaccines, against viral
and parasitosis and cholera toxin for cholera, have been
described. Some adjuvants were mentioned as factors
predisposing to autoimmune disorders. For instance,
mineral oil adjuvants were believed to be a cause of sclero-
genic lipogranulomas [6]. However, the two principal
adjuvants causing autoimmune reactions were and are
aluminum and silicone [4]. It was found out that alumi-
num in hepatitis A and hepatitis B vaccines, tetanus toxoid
vaccines, flu vaccines and pneumococcus vaccine con-
tribute to the development of multiple sclerosis, chronic
fatigue syndrome and polymyalgia rheumatica [10].

Major Criteria

Minor Criteria

1. Exposure to external stimuli (infection, vaccine, silicone, adjuvant)
before the onset of clinical symptoms

2. The appearance of typical clinical manifestations:
a. Myalgia, myositis, or muscle weakness
6. Arthralgia and/or arthritis
B. Chronic fatigue, un-refreshing sleep, or sleep disturbances

r. Neurological manifestations (especially associated with
demyelination)

1. Cognitive impairment, memory loss
e. Fever, dry mouth
3. Typical histological findings after biopsy of offending organs

4. Removal of offending agent results in improvement of
symptomatology

1

. Appearance of antibodies directed against the adjuvant suspected to

be involved

. Secondary clinical manifestations (irritable bowel syndrome,

interstitial cystitis, Raynaud’s syndrome, etc.)

. Evolvement of an autoimmune disease (multiple sclerosis, rheumatoid

arthritis, Sjogren’s syndrome, systemic sclerosis)

. Antigens specific for human leukocytes (HLA DRBI, HLA DQBI1)
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Besides, there were reports on Persian Gulf syndrome
which developed as a result of Toll-like receptors expo-
sure to WBCs after an injection containing aluminium
hydroxide [11]. As for silicone, literature sources describe
cases of connective tissue disorders, such as systemic
sclerosis, systemic lupus erythematosus and rheumatoid
arthritis after silicone enters the body [6].

There is information on development of autoim-
mune disorders after injections of filler adjuvants or
tattoos. However, it was noted that an autoimmune pro-
cess after tattooing can be induced by several therapies.
For instance, granulomatous reaction to tattooing was
observed after intense light pulse procedure for face skin
rejuvenation [12]. In some cases, authors were unable to
determine the exact cause of granulomatous reaction,
which can be triggered by any of numerous various pig-
ments, especially red and black, and excipients injected
into skin. Besides, there are reports on sarcoid granu-
loma which developed after alpha interferon therapy for
head melanoma [13].

These studies, among others, were the basis for the
study by Doctor Ye. Shoenfeld et al., which was a momen-
tum for the introduction in 2011 of ASIA-syndrome as
a nosologic entity and formation of diagnostic criteria
(Table 1). Currently, Shoenfeld’s syndrome is suspected
in the presence of two major criteria or one major and
two minor criteria [4].

Etiology and Pathogenesis

ASIA-syndrome is a multi-factor pathology triggered
by a complex combination of exogenous and endogenous
(genetic) factors. Environmental factors are a key crite-
rion for ASIA-syndrome and are responsible for tradi-
tional signs of Shoenfeld’s syndrome. After exposure to
external environmental triggers, patients more often
have symptoms of chronic fatigue and general weakness
[14, 15]. The most well-studied triggers — silicone and
aluminium — can irritate immune system and induce
autoantibody production [16]. Silicone is known to
cause autoimmune processes; however, initially it was
considered inert and non-immunogenic. Silicone breast
disease is a classic example of Shoenfeld’s syndrome [17].
Numerous studies demonstrated that silicone can trigger
an autoimmune inflammatory process in two possible
ways: by boosting immune response and by molecular
mimicry [18]. Once in the body, silicone causes an acute
inflammatory process and enhances cytokine production
[19]. A connective tissue capsule is formed in the area
of silicone implantation, which is infiltrated with CD4+
lymphocytes, macrophages and multinucleated giant

cells, surrounds the implant and forms a so-called sili-
conoma [20]. Also, the body can experience a cross-reac-
tion between silicone and natural structures in human
connective tissue, such as glycosaminoglycans [21].

Genetic factors are considered secondary diagnostic
criteria effecting predisposition to Shoenfeld’s syndrome
[22]. Genetic association is mediated by HLA antigens
involved in autoimmune disorders. Human leukocytal
antigen system is a genomic locus of the major histocom-
patibility complex, the most polymorphous gene cluster
of mammal genome [23]. The presence of HLA-DRBI,
HLA-B27 and PTPN22 is the most common genetic
background of ASIA-syndrome [15].

Epidemiology

The information on the epidemiology of the disease
is scarce. Over a period from 2011 to 2016, there were
more than 4000 documented ASIA-syndrome cases with
various clinical severity and a various history of adjuvant
exposure, a majority of which were associated with sili-
cone implants and the use of cosmetic fillers containing
mineral oils; by 2021, the number of cases doubled [24].
The mean age on onset was 37 years old, the majority
of patients were women (89 %), and the average period
between adjuvant stimuli and autoimmune conditions
development was 16.8 months (range: 3 days to 5 years)
[24].

ASIA-Syndrome
in Connective Tissue
Disorders:

Undifferentiated connective tissue disease

Undifferentiated connective tissue disease is an auto-
immune disease and has non-specific signs and symp-
toms, the manifestation of which is associated with
exposure to adjuvants. Undifferentiated connective
tissue disease is the most common in patients who were
vaccinated against hepatitis B virus [22, 25]. Studies of
the effects of various adjuvants on patients with undif-
ferentiated connective tissue disease vs. controls demon-
strated that patients who had been exposed to adjuvants
(vaccines or silicone) suffered from autoimmune com-
plications or had a higher rate of typical symptoms of
Shoenfeld’s syndrome (general weakness, irritable bowel
syndrome and fatigue) [14].

Systemic lupus erythematosus
Systemic lupus erythematosus is characterised by the
presence of a wide array of autoantibodies in patients
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with multisystemic involvement [26]. The possible
pathogenesis mechanism is associated with mitochon-
drial DNA which is an autoimmune antigen and which
can be targeted by autoantibodies [27]. A systemic
review of selected studies and case control studies dem-
onstrated that vaccines, specially hepatitis B and HPV
vaccines, were associated with a higher risk of systemic
lupus erythematosus [28]. Another study describes sev-
eral various cases of disease after DTwP vaccination. The
article demonstrates that aluminum adjuvant can initiate
systemic lupus erythematosus by stimulating cell death,
thus allowing free movement of nuclear antigens and
potential activation of Toll-like receptors. Besides, alu-
minum-induced production of interleukin-6 can cause a
cascade of reactions that eventually trigger autoantibody
synthesis facilitating further disease progression [29].

Systemic sclerosis

Systemic sclerosis is a rare connective tissue disease
associated with vasculomotor disorders, fibrosis and
affected organ atrophy [30]. The main cause of disease is
still unknown; however, it is assumed that this pathology
is a result of environmental, autoimmune and genetic fac-
tors [31]. Certain HLA types were identified in systemic
sclerosis [32], including HLA-DRB1, which was associ-
ated with ASIA-syndrome [22]. Various agents causing
systemic sclerosis, such as CMV, Epstein-Barr virus and
B19 parvovirus, as well as non-organic pathogens (quartz
powder) or organic solvents, toluene, xylene, trichloreth-
ylene and PVC [33], have been studied.

ASIA-Syndrome

in Endocrine Disorders:

Primary adrenal insufficiency

Primary autoimmune adrenal insufficiency, or Addi-
son disease, is a disease where adrenal cortex is unable
to efliciently produce glucocorticoids and mineralocor-
ticoids [33]. Clinical manifestations of this disease are
fatigue, nausea, dizziness, tendency to consumer larger
amounts of salt and skin and mucous hyperpigmentation
[34]. Patients with Addison disease have anti-ferment-
21-hydroxylase autoantibodies, a ferment participating
in synthesis of adrenal hormones [35].

Literature sources describe association between adre-
nal insufficiency and exposure to adjuvants. A 9-year-old
patient had adrenal insufficiency after hepatitis B vacci-
nation [21]. There is a report on a 21-year-old patient
who had adrenal crisis one week after flu + DTwP vac-
cination [36]. Since the patient did not have a history
of adrenal insufficiency, but his blood draw showed a

higher level of anti-ferment-21-hydroxylase autoanti-
bodies, the patients was diagnosed with autoimmune
Addison disease.

Type 1 diabetes mellitus

Type 1 diabetes mellitus is a disease associated
with hyperglycemia resulting from immune-mediated
destruction of insulin-secreting pancreatic P-cells by
autoantibodies to Langerhans islet cells, insulin, glu-
tamic acid decarboxylase and protein tyrosine phospha-
tase [37, 38].

In their paper, Ruhrman-Shahar N. et al. (2017)
reported a case of a 14-year-old girl who had severe
polydipsia, polyuria and weakness 3 weeks after DTwP
vaccination [28]. The patient had autoantibodies to glu-
tamic acid decarboxylase and islet cells and was diag-
nosed with type 1 diabetes mellitus. Of note, this case
was one of the four other cases of patients who were
vaccinated against DTwP and had autoimmune diseases.
Also, in 1990s there were high rates of type 1 diabetes
mellitus in children who were vaccinated with four doses
of Hib vaccine at the age of 3, 4, 6, and 14 months, as
compared to children who were vaccinated once at the
age of 14 months [1].

ASIA-Syndrome
in Neurological Disorders:

Myalgic encephalomyelitis/chronic fatigue

syndrome

Fatigue of unknown origin lasting for over 6 months
is a primary sign of myalgic encephalomyelitis and is
associated with such symptoms as myalgia, arthralgia,
impaired memory or attention concentration, headache,
disturbing dreams, painfull lymph nodes and weakness
after physical activity [39]. Idiopathic chronic fatigue
syndrome is similar to post-infection fatigue; however,
patients did not have pathogens, thus an idea of vari-
ous pathogens and toxic compounds appeared [40]. For
instance, vaccines which contain several components
can induce chronic fatigue syndrome [40]. Currently,
aluminum adjuvants in vaccines are believed to cause
chronic fatigue syndrome [41].

Guillian-Barre syndrome

Guillian-Barre syndrome is an acute autoimmune
neuromuscular disease that causes muscle weakness and
palsy which can result in respiratory distress and death
[41]. The cause-and-effect relationship between vac-
cines and Guillian-Barre syndrome was established back
in 1970s during HIN1 vaccination in US army men.
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According to the report, for every 100,000 vaccinated
persons there was 1 case of Guillian-Barre syndrome,
and the vaccination program was closed [5].

Multiple sclerosis

Multiple sclerosis is an autoimmune CNS disorder
associated with amyelination and progressive palsy [42].
In 1994, France had a mass hepatitis B vaccination cam-
paign as recommended by the World Health Organisa-
tion in early 1990s. Following the campaign, there were
reports on onset or relapse of multiple sclerosis, and a
hypothesis appeared that hepatitis B vaccine triggered
cases of multiple sclerosis in vaccinated persons [43].
Recently, there have been discussions of multiple sclero-
sis progression in persons with risk factors after COVID-
19 vaccination, requiring further studies [44].

Other Manifestations
of ASIA-Syndrome

In addition to connective tissue, endocrine and neu-
rological disorders, scientific literature describes non-
Hodgkin lymphomas, sarcoidosis, orthostatic tachycar-
dia, myositis, pulmonary fibrosis and Crohn’s disease.
Chronic immune system stimulation, exposure to sili-
cone breast implants, hepatitis B vaccination, flu and
DTwP vaccination were associated with the mentioned
conditions [21, 45].

Prolonged immune system activation is considered
the primary mechanism facilitating inflammatory reac-
tion. Adjuvant-induced chronic stimulation is associ-
ated with a high risk of lymphoma. Following silicone
implantation, chronic B-cell stimulation can result in
pseudolymphoma progressing to well-defined non-
Hodgkin lymphoma [45]. Besides, high non-Hodgkin
lymphoma morbidity is observed in other autoimmune
diseases, especially in Sjorgen’s syndrome [46].

Thus, numerous autoimmune reactions associated
with ASIA-syndrome develop after adjuvant entering into
the body. Although the benefit of vaccines outweighs the
risk of side effects, the role of adjuvants in autoimmune
disease development should not be underestimated.

Conclusion

The article discusses the causes of development and
a wide array of manifestations of ASIA-syndrome; it
describes pathologies developing almost in any systems
of ahuman body and demonstrates their correlation with
autoimmune processes. Long before the term “Shoen-
feld’s syndrome” was introduced, clinical presentations

of this condition were mentioned in literature; however,
an approach for pathology diagnosis was not formu-
lated in detail, and emerging symptoms were described
as non-specific. ASIA-syndrome has definitely clarified
the role of adjuvants in the development of autoim-
mune processes. It should be taken into account in the
development of safe vaccines, silicone implants and
other medical devices with minimal side effects. Also,
healthcare professionals should raise patients’ awareness
of side effects of some cosmetic procedures and silicone
implants. It is advisable and well-timed to include aetiol-
ogy, pathogenesis, diagnosis and management of ASIA-
syndrome as a separate nosological entity to academic
and reference guides for students, registrars, postgradu-
ates and various medical professionals.
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B3AMOCBA3b MUKPOPHK C TPAHCIIO30OHAMMU
B PA3BUTUN CAXAPHOI'O AMABETA 1 TUIIA
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Relationship of MicroRNAs with Transposable
Elements in Type 1 Diabetes Development

Pesiome

B 0630pHoii cTaTbe NpeAcTaB/eHbl aHHbIe 06 y4acTVM anureHeTUYecKMX GakTOPOB B 3TUONATOreHe3se caxapHoro Avabeta 1Tuna. 3To oTpaxaeTcs,
B MepBYIO oYepe/b, B U3MEHeHNAX dKcrpeccun MUKPOPHK, KoTopble BAMAIOT Ha TPAHCKPUMLMIO FeHOB, BOB/IEYEHHbIX B ayTOUMMYHHbIE peaKLum,
pa3spylueHune 6eTa-KN1eTOK OCTPOBKOB JlaHrepraHca 1 NpoAyKUMio MHCyAMHA. OAIHaKo NpUYMHa Hab/1l0AaeMbIX 3MUreHeTUYECKNX U3MEHEHWIA A0 CUX
rnop He AcHa. B aBostoLum ncTouHmkamm reHos MUKpoPHK aBnAoTCA TpaHCNO30HbI, 3aHUMatowme 40 45 % Bceit nocnegoBaTensHocTn [IHK yenoseka
1 ABAAIOLLMECs ApaiiBepaMM SMUreHeTUHECKOW peryaaummn B oHToreHese. OHM ABAAIOTCA UCTOYHMKAMM NOCNe/0BaTe/IbHOCTEN TPAHCKPUMLMOHHbIX
¢$aKTOpOB U caiiToB CBA3bIBAHWA C HUMU. OCOB6EHHOCTM pacrpejeneHns TPaHCNO30HOB B FeHOMe MOryT CTaTb NPUYUHOW U3MEHEHWUs KOMYecTBa
5'VNTR (variable number of tandem repeats) — noBTOpoB NPOMOTOPHOM 06/1aCTH reHa MHCYMHA U MHcepumin HERV B o6aactb reHos HLA, 4To
OTPa3suUTCA Ha xapaKTepe WX 3KCnpeccun. B cBA3M € 3TUM czenaHo NpeanosioXeHne, YTO NPUHMHON Pa3BUTUA caxapHoro gnabeta 1 Tuna MoxeT
CNYXnTb AncbanaHc akTUBaALMM TPAHCKPUMLMM TPAHCMO30HOB, YTO CMOCOBCTBYET M3MEHeHMIO 3KCnpeccun crnelmduyecknx MUkpoPHK un 6enok-
KOAMPYIOLMX FEHOB, a TaKKe CNoCco6CTBYeT Pa3BUTMIO ayTOMMMYHHOrO oTBeTa. [poBoLMpyoWMMY paKTopaMu MOTYT GbITb UHAUBUAYA/IbHbIE OCO-
6eHHOCTY pacnpe/eneHns TPaHCMO30HOB B FeHOMe, BUPYCHbIE MHGEKLMM 1 CTPeCCoBble BO3ENCTBUA. AHANN3 HAYYHOM IMTepaTypbl NOATBEPKAAET
NpeANOXKeHHbIe MeXaHW3Mbl Pa3BUTUA 60/1e3HU, MOCKO/bKY AOKa3aHbl r106a/bHasA po/ib PeTPO3/IEMEHTOB B FOPMOHA/IbHOW Perynauum, 4yBcTBu-
Te/IbHOCTb TPAHCMO30HOB K 3K30r€HHbIM BUPYCHBIM UH(EKLMAM 1 CTPECCOBLIM BO3/ENCTBUAM, SKCMPECcUs SHAOTeHHbIX peTpoBupycoB HERV-W
y 60/1bLWIMHCTBA 60/1bHbIX CaxapHbIM AMabeToM 1 TuMa C aKTMBaLUMen ayTOMMMYHHOro oTBeTa. AHanus 6a3bl gaHHbix MDTE DB (miRNAs derived from
transposable elements database) nokasan npoucxoxgeHue oT TPaHCMO30HOB 12 aCCOLMMPOBaHHbIX C caxapHbiM AvabeToM 1 Trna MUKpoPHK (miR-
192, miR-224, miR-31, miR-320c, miR-326, miR-340, miR-342, miR-44661, miR-548¢, miR-652, miR-95), ncrnonb3oBaHWe KOTOPbIX MOXET CTaTb
OCHOBOI1 TapreTHoOW Tepanuu.

KnroyeBbie cnoBa: aymoummyHHble peakyuu, uHcyauH, MukpoPHK, pemposnemernmsl, mpaHcno3oHsl, caxapHbili duabem 1 muna, 3HOO2eHHbIe
pempoBupycCbl

KoH}pAuKT nHTepecos
ABTOpr 3aABNAKOT, YTO AaHHaA pa6o1'a, eé TeMma, npeaMeT un cogepxaHue He 3aTparmBatoT KOHKYpUpYHOLWKUX MHTepecoB

McTouyHnkun $puHaHcmpoBaHus
ABTOPbI 3aABNAIOT 06 OTCYyTCTBUU q)MHaHCMPOBaHMFI npu nposeAeHnn nccaefoBsaHuA
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Abstract

The review article describes the involvement of epigenetic factors in type 1 diabetes mellitus (TIDM) etiopathogenesis. The disease is characterized
by changes in expression of microRNAs that affect the transcription of genes involved in autoimmune reactions, destruction of beta cells and insulin
production. However, the cause of the observed epigenetic changes is still unclear. In evolution, the sources of microRNA genes are transposable
elements, which occupy up to 45 % of the entire human DNA sequence and are drivers of epigenetic regulation in ontogenesis. They are sources
of transcription factor sequences and binding sites for them. Features of the genome distribution of transposable elements can cause changes in
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the number of 5'VNTR (variable number of tandem repeats) — repeats of insulin promoter region and HERV insertions into HLA genes, which affects
their expression. Therefore, | assume that the cause of the development of type 1 diabetes mellitus may be an imbalance in transcription activation
of transposons, which contributes to changes in the expression of specific microRNAs and protein-coding genes, and also contributes to autoimmune
response development. Triggers for this may be individual features of genome distribution of transposons, viral infections and stress. An analysis of
the scientific literature confirms my proposed mechanisms for TIDM development, since the global role of retroelements in hormonal regulation,
the sensitivity of transposable elements to exogenous viral infections and stress, and HERV-W expression of the majority of patients with TIDM with
activation of the autoimmune response have been proven. Analysis of the MDTE DB (miRNAs derived from transposable elements database) database
showed the transposon origin of 12 TIDM-associated microRNAs (miR-192, miR-224, miR-31, miR-320c, miR-326, miR-340, miR-342, miR-44661,

miR-548c, miR-652, miR-95), the use of which can become the basis for targeted therapy for TIDM.

Key words: autoimmune reactions, insulin, microRNA, retroelements, transposable elements, type 1 diabetes mellitus, endogenous retroviruses
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Introduction

According to the International Diabetes Federa-
tion (IDF), diabetes affects 8.8 % of the adult world
population. 10-15 % of cases are type 1 diabetes mel-
litus (DM1) [1], which is characterised by uncontrolled
immune response to beta cells of pancreas (BCP) and
their depletion [2]. Autoantibody synthesis starts several
years before clinical manifestations of DM1 with inflam-
matory processes in pancreas, infiltration with T-lym-
phocytes and other immune BCP cells [3]. One method
to develop new therapies for DM1 can be the study of
genetic factors of this disease, since DM1 heritability
is assumed to be 88 %, and monozygotic twins concor-
dance — 70 % [4]. 2 % of DMI patients are diagnosed
with a monogenic disease causes by MODY (Maturity-
Onset Diabetes of the Young) gene mutations [5], with
the most common mutations being in genes HNF4A,
GCK, HNF1A, HNFI1B [6].

Genetic testing, such as genome-wide association
study (GWAS), made it possible to identify association
between DM1 and polymorphic variants of a number
of various genes: GSDMB (encodes gasdermin B),
CIQTNF6 (a protein associated with Clq and tumour
necrosis factor), ZPBP2 (zona pellucida-binding protein
2), CTSH (catepsin H), SIRPG (signal-regulating protein
gamma). Besides, the association of DM1 with allelic
variants of the following genes has been identified: AFF3
(a coding protein, a member of AF4/FMR2), RPS26 (ribo-
somal protein S26), DEXI (dexamethasone 1), CFDPI
(craniofacial development protein 1), ORMDL3 (ORM1-
like protein 3), SMARCEI (SWI/SNF-bound, matrix-
associated actin-dependent chromatin regulator), UBA-
SH3A (ubiquitin-associated SH3 domain-containing

4

protein A) [7]. DM1 is also associated with allelic vari-
ants of the following genes: PTPN22 (a protein prod-
uct — nonreceptor thyrosine phosphataze, type 22),
CTLA-4 (T-lymphocyte-associated cytotoxic protein),
IL2RA (interleukin 2 receptor alpha-subunit), PTPN2
(nonreceptor thyrosine phosphataze, type 2), IFIHI
(interferon-induced helicase), BACH2 (main leucine
zip-per transcription factor), UBASH3A (ubiquitin-asso-
ciated SH3 domain-containing protein A), GLIS3 (Gli-
like protein 3) [8]. However, it is currently not possible to
explain the impact of such a number of genes and, more-
over, to use obtained data to develop diagnostic panels
and new therapies. A study of the role of epigenetic fac-
tors in DM1 aetiopathogenesis is far more promising,
because changes caused by these factors are reversible;
therefore, they can be targeted in order to correct and
treat DM1. Epigenetic factors include DNA methylation,
histone modification and RNA interference using non-
coding RNAs [9].

The most common non-coding RNA is micro-RNA.
They are short RNA molecules of 18-25 nucleotides,
which regulate gene expression at the posttranscriptional
level. The majority of micro-RNA genes is localised in
introns, however, they can also be localised in intergenic
sequences, untranslated regions (UTR) and exons. They
primarily down-regulate mRNA transmission in their
target genes due to complementary binding with 3°UTR.
Exceptions are miR-10a, which binds with ¢ 5’UTR in
ribosomal mRNA and up-regulates its translation; and
miR-21, which positively regulates expression of mito-
chondrial cytochrome (mt-Cytb) [2]. Micro-RNA can
affect DM1 development in several ways: causing BCP
depletion and functional changes, suppressing insulin
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gene expression and stimulating immune response to
beta cells (Fig. 1). These effects are implemented by
inhibiting or stimulating specific targets with micro-
RNA molecules — mRNA genes involved in various
signal paths and mechanisms. Paediatric patients with
DM1 have increased blood levels of miR-21, which causes
BCP apoptosis due to stimulation of caspase-3 produc-
tion [10]. Similar effects on BCP are observed with miR-
375, targeting genes Aifml1, Gephyrin, Ywhaz, Mtpn, that
participate in insulin exocytosis. Besides, it was noted
that miR-375 can down-regulate insulin gene expres-
sion [11]. miR-29, the levels of which are increased in
serum of DM1 patients [12], stimulates apoptosis by sup-
pressing expression of antiapoptotic proteins [13].
Serum of DM1 patients demonstrates increased levels
of miR-26 [12], which targets mRNA of histone meth-
yltransferase gene Ezh2, suppressing regulatory T-cell
(Treg) proliferation [14]. Thus, Ezh2 inhibition causes
an increase in synthesis of Treg participating in immune
response. DM1-associated miR-25 (increased serum
expression) down-regulates insulin gene expression
(INS) [12]. Plasma of DM1 patients demonstrates signifi-
cantly higher miR-181 expression, which negatively reg-
ulates expression of gene SMAD?, effecting BCP func-
tion [15]. In 2017, Assmann et al. conducted a systemic
review and bioinformatic analysis of available scientific
information on the role of micro-RNA in DM1 develop-
ment. As a result, they identified a reliable dysregulation
of 11 specific micro-RNAs in DM1 patients as compared
to controls: miR-21-5p, miR-24-3p, miR-100-5p, miR-
146a-5p, miR-148a-3p, miR-150-5p, miR-181a-5p, miR-
210-5p, miR-342-3p, miR-375, miR-1275. miR-21-5p,
miR-181a, miR-375 were involved in BCP apoptosis
due to inhibition of mRNA of genes PI3K and AKTwith
suppression of mTOR pathways; miR-146a-5p — due

to inhibition of transcription factor NFkB. miR-24-3p
and miR-210-5p targeted cytokines IL6R, LIFR, IL2RB,
IFNLRI. Micro-RNAs miR-148a-5p, miR-100-5p, miR-
150-5p target mRNA of genes NFxB, MAPK, PI3K-Akt
in pathways of ubiquitin-mediated protein cleavage [16].

A meta-analysis of data on the association between
circulating micro-RNA in serum and plasma of
DM1 patients, conducted in 2021, demonstrated a highly
reliable increase in expression of 2 micro-RNAs (miR-181,
miR-210) and reduction in expression of 1 microRNA
(miR-375) vs. healthy controls [17]. Blood mononuclear
leukocytes of patients with DM1 had significantly higher
expression of miR-326, which promotes autoimmune
response due to the impact on mRNA, proteins of which
are immune modulators. They include homotype 1 of
erythroblastosis tumour virus E26 and vitamin D recep-
tor [18]. Low miR-146 levels in peripheral mononuclear
leukocytes are associated with immune response in DM1,
evidencing the protective action of this micro-RNA [19].
Autologous-reactive CD8+ T-cells of DM1 patients
demonstrate increased expression of miR-510 [20], miR-
23b, miR-590 and miR-98, targeting apoptosis regulat-
ing genes Fas, Faslg, Trail, Trail-R2, effecting increased
proliferation of diabetogenic T-cells [21]. Patients with
type 1 pre-diabetes demonstrate higher miR-31 expres-
sion in CD4+ T-cells, facilitating immune response due
to inhibition of transcription factor Foxp3 involved in
immune reactions [14].

Based on the above, DM1 development can be
impacted by changes in expression of specific micro-
RNAs both in pancreatic tissue itself (facilitating BCP
apoptosis, impaired insulin synthesis and autoimmune
response activation), impacting circulating micro-RNA
levels, and in blood cells stimulating their autoimmune
response. Therefore, micro-RNAs can be successfully

MuKpoPHK

miRNAs

miR-100, miR-146, miR-148,
miR-150, miR-181, miR-21,
miR-29, miR-375

miR-146, miR-23,
miR-26, miR-31,
miR-326, miR-510,

miR-25, miR-375

miR-590, miR-98

aKmueayus aymouMmMyHHO20
omeema
autoimmune response activation

paspyweHue 6ema-Knemox
beta cells destruction

nodaeneHue 3Kcnpeccuu 2eHa
UHCYynuHa
suppression of insulin gene
expression

Figure 1. Scheme of the mechanisms of microRNAs influence on TIDM development
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used as an object for epigenetic therapy impacting both
T-cells (inhibiting differentiation of their pathogenic
phenotypes) and BCP (facilitating their functional resto-
ration). In particular, low miR-146 levels in mononuclear
leukocytes are associated with severe DM1. Administra-
tion of miR-146 mimetics in animal models alleviates
diabetes and inhibits autoimmune processes [22]. It is
possible to use such mimetics and other micro-RNAs,
such as miR-191 and miR-342, expression of which is
reduced in regulatory T-cells of patients with DM1 [20].
It is also necessary to search for root causes, that cause
imbalance in expression of micro-RNAs and other fac-
tors activating production of anti-BCP autoantibodies.

Micro-RNAs and transposones
in the development of
type 1 diabetes mellitus

Transposones have become an unexpected impor-
tant source of micro-RNA genes during evolution [23];
they are scattered all over human genome and are able to
move within genome, including gene introns. Together
with their repeats, transposones account for over 2/3 of
all human DNA sequences [24]. MDTE DB, a database
on the origin of human micro-RNAs from transposones,
has been formed [23]. Transposones are classified as ret-
roelements (they form repeats from their own cDNA
transcripts, which are integrated into a new gene locus)

and DNA-transposones (they move within the genome
using “cut and paste” mechanism). Retroelements can
have long terminal LTR repeats (including endogenous
retroviruses (HERV)) or cannot have them (non-LTR
retroelements). Autonomous non-LTR retroelements
(encoding own reverse transcriptase and endonucle-
ase, which are essential for transpositions) are LINEI,
LINE2, PLE, DIRS. Non-autonomous retroelements
using enzymes of other transposones include SINE (also
Alu) and SVA (SINE-VNTR-Alu) [25]. A comparative
analysis of micro-RNAs presented in MDTE DB with
scientific literature allowed identifying 12 micro-RNAs
originating from transposones, the expression of which is
specifically changed in patients with DM1. Three micro-
RNAs (miR-335, miR-340, miR-548c) out of 44 pre-
sented in a paper by Takahashi et al. [26] originated from
transposones [23]. Two micro-RNAs (miR-342 u miR-
652) out of 41 published in a study by Ferraz et al. origi-
nated from transposones [27]. Out of 22 micro-RNAs
identified by Morales-Sanchez et al., miR-31 and miR-
4661 originated from retroelements [28].

For some micro-RNAs, which originate from
transposones, the expression of which is changes in
DM1 patients (Table 1), the mechanism of impacting the
disease has been identified. For example, miR-326 tar-
gets mRNA of genes modulating immune system: VDR
(vitamin D receptor) and ETS-1 (homotype of erythro-
blastosis tumour virus E26) [29]. miR-31 targets mRNA

Table 1. Expression changes of transposable elements-derived miRNAs in patients with TIDM

MuxpoPHK/ XapaxTep M3MEHEHMU Kcpeccui TpaHCIO30H — UCTOYHUK BOSHUKHOBeHU:A/ | ABTOp MCCIefoBaHmA/
MiRNA nput ClI1 (rkans)/ Transposable element — source of origin Reference
Expression change in TIDM (tissue) P g
. nospinrerye (Kposs)/
MiR-192 increase (blood) LINE2 (33]
. noBbiiIeHne (Moya)/ JHK-tpancnoson MER135
miR-224 increase (urine) DNA-transposon MER135 (34]
- noHKeHne (KpoBb)/
miR-31 decrease (blood) LINE2 [28, 30]
miR-320c HosblLIeHie (POBL)/ LINEL 33]
increase (blood)
miR-326 nospimenne (rkanb BKITDK)/ ITHK-rpancnozon hAT-Tipl100 (18]
increase (pancreatic islet tissue) DNA-transposon hAT-Tip100
miR-335 nosberse (Kpose)/ SINE-MIR 26]
increase (blood)
. nospinrere (Kposs)/ IOHK-rpancnoszon TcMar-Mariner
miR-340 increase (blood) DNA-transposon TcMar-Mariner [26]
miR-342 TOBBIIIER)E (KPOBD)/ SINE/tRNA-RTE [27]
increase (blood)
o moHIKeHne (KpoBb)/ )
miR-4661 decrease (blood) LTR-Gypsy [28]
- noBslieHne (KpoBb)/ JOHK-tpancnosonTcMar-Mariner
miR-548¢ increase (blood) DNA-transposon TcMar-Mariner [26]
. noBbllIeHNne (KPOBb)/ JOHK-rpancnoson hAT-Tipl00
miR-652 increase (blood) DNA-transposon hAT-Tip100 [27]
miR-95 noBsllIeHne (Moya)/ LINE2 (32]

increase (urine)
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of gene of transcription factor FOXP3, which regulates
development and functions of regulatory T-cells [30].
miR-95, which originates from LINE2 [23], also interacts
with FOXP3 [31]. Increased miR-95 levels are observed
in patients with DM1 and are significantly higher in a
high risk of severe diabetic nephropathy progression
[32]. miR-320c targets mRNA of genes STAT4, CCR7,
RASGRPI, SH2B3, the expression products of which
are involved in regulation of endocytosis, cell cycle and
signal pathway of transforming growth factor TGF-beta.
Therefore, increased miR-320c levels in DM1 are asso-
ciated with damaged BCPs [33]. Urine of DM1 patients
demonstrate higher levels of miR-224 targeting mRNA
of gene SMAD4, involved in TGF-beta pathways and
cell proliferation regulation [34]. DM1-associated miR-
192 activates TLR7/8 pathways, promoting T-cell prolit-
eration [35].

The data in Table 1 make it possible to suspect a role
played by transposones in DM1 development, a poten-
tial manifestation of which is modified expression of
transposone-originated micro-DNAs connected with
them in single gene networks. Moreover, it is likely that
transposones are primary drivers of epigenetic processes

in DM1, causing global changes in regulatory networks
of the genome and resulting in modified expression of
complementary micro-RNAs. It is caused by high sen-
sitivity of transposones to stresses [36, 37] and viral
infections [38, 39], which initiate pathologic activa-
tion of transposones and result in DM1. An important
role can be participation of transposones in endocrine
system functioning (Fig. 2). Domestication of retroele-
ment MIR-b in the gene of insulin-like growth factor 1
(IGF-1) promoted production of a functional domain of
its protein product [40]; retroelement ASR (Alu/snaR-
related) has been used to form a beta subunit of chori-
onic gonadotropin [41]. Nuclear receptors of progester-
one [42], vitamin D [43] and oestrogens [44] evolved as a
result of retroelement exaptation. It is worth mentioning
that LINE1 served as a basis for 80 % of sites for binding
to transcription factors of all protein-encoding human
genes [45]. Besides, transposones were a primary source
of transcription factors during evolution [46]. Pro-
lactin gene promoter Prl originated from ERV MER39
[47], arginine-vasopressin la gene (AVPRIA) — from
SVA [48]. ERV was the source of gene enhancers for
proopiomelanocortin(POMC) [49] and corticoliberin

TPAHCMO3OHDbI

TRANSPOSABLE ELEMENTS

KodupoeaHue Yyacmu
6enkosoli moneKynsl
coding of protein part

obpasoeaHue A0epHbIX
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F
22| |52

£ 2
T
|
S|
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calineHcepa
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(A
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KonubepuHa

UOMeENaH!
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rowth hormone gene
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Figure 2. Role of transposable elements in hormonal regulation
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(CRH) [50]. In humans, the gene of growth hormone GH
is next to 44 Alu, a part of which serve as silencers [51].
Description of the role of transposones in DM1 aetio-
pathogenesis requires more attention.

Role of transposones in
the development of type 1
diabetes mellitus

Transposones participate in DM1 aetiopathogenesis
via various pathways: serving as autoimmune antigens
for stimulation of anti-BCP immune response, inhib-
iting insulin gene expression or having toxic effect on
beta cells. Besides, susceptibility to DM1 depends on
the features of SVA distribution in promotor regions
of genes HLA and insulin. Results of clinical studies in
DM1 patients demonstrate the role of retroelements
in maintaining autoimmune processes in this pathol-
ogy. Since transposones can be activated by exogenous
viruses [38, 39], DM1 can be initiated by DM1-asso-
ciated infections caused by enteroviruses [52, 53] and
Epstein-Barr virus [54]. It has been demonstrated that
exogenous viruses stimulate HERV-K18 expression and
interferon production. In turn, HERV-K18 is a source of
superantigen, which stimulates autoimmune T-cells [38].

70 % of DM patients have envelope protein HERV-W
in their blood, which is not only an autoimmune anti-
gen, but also inhibits insulin expression [55] and has
toxic effect on BCP [39]. Protein Env of retroelement
HERV-W was found in BCP samples of 75 % of patients
with DM1 [56]. Initiation by actively expressing retro-
elements HERV of autoimmune reactions is evidenced
by high titres of antibodies to envelope protein HERV-
W-Env in children with DM1 [57]. A study of transcrip-
tion of genes pol of endogenous retroviruses HERV-H,
HERV-K, HERV-W in children with newly diagnosed
DM1 showed a significantly higher level of expression
of genes HERV-H-pol and HERV-W-pol as compared to
healthy controls [3]. In mice experiments with DMI,
autoimmune reaction induction by retroelements has
also been confirmed: proteins Env and GagERV have
been found in BCP microvesicules. DM1 progression
was accompanied by an increase in anti-Env antibod-
ies and T-cell stimulation under the influence of anti-
gene Gag [58]. Further experiments demonstrated that
Gag antigen is also found in stromal cells of pancreatic
islets. DM1-resistant mice have Gag transcription in
BCP without formation of a protein product, whereas in
DM1 mice, mRNA of gene GAG is translated on ribo-
somes with formation of a protein which is specific to
activation of autologous-reactive T-cells [59].

DM1 development depends not only on intragenic
mutations in INS [6], but also on changes in the vari-
able number of tandem repeats (VNTR) in its promotor

region [8]. VNTR is an essential component of retroele-
ments SVA, which, like other transposones, can change
the number of tandem repeats [9]. SVA have a lot of
GC-repeats, therefore, they can form alternative DNA
structures, such as G-quadruplexes (G4), which impact
transcription. Over 40 % of human genes contain
G4-sequences in their promotor region [48]. Forma-
tion of tandem repeats using retroelements is a universal
property of all living organisms, it being associated with
illegitimate recombination and further amplification by
gene conversion [60].

VNTR are located 596 bps upstream of the initia-
tion site of INS translation. They are divided into long
class IIT pools (141-209 repeats) and short class I pools
(26-63 repeats). The latter are associated with DM1 [8].
It is an evidence of possible impact of retroelement activ-
ity on disease progression, since non-autonomous SVA,
forming VNTR in the promotor area, have sequences,
which are identical to autonomous retroelements LINE,
which enzymes they use to translocate in the genome.
Allele A of single nucleotide polymorphism — 23HphI
(rs689) is in linkage disequilibrium with class I VNTR,
whereas allele T — with class III VNTR. Also, allele
C-2221Mspl is in linkage disequilibrium with class I
and subclass IIIB, while allele T — with subclass ITIA.
Class III VNTR facilitate enhanced insulin expression in
thymus gland with later negative selection of autologous-
reactive T-cells to insulin (resulting in immune tolerance
to insulin and low risk of autoimmune response to beta
cells of pancreas) [61]. Also, blood tests in DM1 patients
demonstrated the impact of VNTR length in the promo-
tor region of gene INS on formation of proinsulin-spe-
cific T-cells participating in autoimmune response [62].

As pointed out above, association of allele variants
of gene pools with DMI, observed in various studies,
cannot be interpreted in terms of disease aetiopathogen-
esis. The most understandable is DM1 association with
allele variants of genes in the major histocompatibility
system HLA, since the disease is associated with auto-
immune damage to BCPs [3]. Approximately 50 % of
family cases of DM1 are associated with HLA region on
chromosome 6p21 [8]. It correlates with the role of ret-
roelement activation as an object for autoantibody pro-
duction [3], because HERV serve as regulatory elements
of class I genes of the major histocompatibility system
HLA-G [50]. Retroelements can impact immune reac-
tions, facilitating DM1 development, by direct insertions
in genes of the major histocompatibility system. Changes
in the region of C4 complement gene location impact
HLA-DQ-mediated DM1 development. At the same
time, a study of 220 families with DM1 demonstrated
that 77.7 % of genes HLA-DQ8 and 52.9 % of genes HLA-
DQ2 have HERV-K (C4) insertions [63], which impact
regulation of these genes. Indeed, since genes HLA-DQ
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Figure 3. Scheme of transposable elements effect on the type 1 diabetes mellitus development
are a factor of DM1 development, the impact of vari-  (circulating micro-RNA), mononuclear leukocytes,

ous LTR in this region on disease pathogenesis has been
studied. Segregation of LTR located 1,300 bps upstream
of HLA-DQBI (LTR13) with various HLA-DQ haplo-
types was analysed in 284 DM1 patients. It was found
out that alleles DQ8/LTR13+ are associated with a risk
of DM1 as compared to allele DQ8/LTR13- carriers [64].
In another study of 246 DM1 patients, the association
between DQ-LTR3 and disease development was iden-
tified. DQ-LTR3 is 90 % homological to HERV-K, evi-
dencing the impact of endogenous retroviruses on the
distribution of this sequence [65]. Therefore, pathologi-
cal transposone activation due to their specific individ-
ual location in the genome (affecting VNTR in promotor
regions of genes INS and HLA group), stresses [36, 37]
and exogenous viruses [38, 39] contribute to DM1 devel-
opment (Fig. 3).

Conclusion

Analysis of scientific literature demonstrated a sig-
nificant role of heredity in DM1 development. However,
studies showed the association between the disease and
polymorphic variants or genes, the impact of which
cannot be explained. Analysis of data on the impact of
epigenetic factors on the disease is of particular interest,
because they can be corrected. The change in expression
of specific micro-RNAs observed in serum and plasma

T-cells and BCP has been demonstrated. These micro-
RNAs impact DM1 development by inducing autoim-
mune reactions, depleting BCPs and inhibiting insulin
production. Experiments demonstrated efficiency of the
use of micro-RNA mimetics for DM1 progression sup-
pression, and it can serve as a basis for clinical trials. The
root cause of changes in the expression of specific micro-
RNAs involved in DM1 pathogenesis is probably patho-
logic transposone activation. It has been proven that,
under the influence of stress factors and exogenous viral
infections, individual susceptibility (due to transposone
composition and distribution in the genome) facilitates
enhanced expression of retroelements. The latter are
autoimmune antigens (mainly HERV-W) for production
of anti-BCP autoantibodies. Endogenous retroviruses
have direct toxic effect on BCPs. Upon activation, trans-
posones show mutual regulation. Retroelements SVA are
sources of VNTR in promotor regions of insulin gene,
and HERYV insertions impact HERV expression. During
evolution, sources of genomes of a number of micro-
RNAs were transposones. Analysis of literature sources
resulted in identification of 12 micro-RNAs originating
from them and involved in DM1 development. One can
assume that the use of these micro-RNAs as a target-
ing tool will make it possible to normalise expression of
transposones as part of complex therapy of patients with
DM1.
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Pesiome

MoCTKOBUAHBIV CUHAPOM BKIOYaeT B Ceb MHOXECTBO COCTOAHWUIA U CUMMTOMOB, KaK BO3HUKLUMX HEMOCPEACTBEHHO B OCTPbIA NEpUoZ HEeKLuH,
TaK 1 BO3HUKLLUMX MOC/e ero OKOHYaHuA. Lienblo cucteMatnyeckoro o63opa ABNsAeTCA onpejeneHne KpUTepueB CTeneHen TAXKECTU NOCTKOBUAHOMO
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M QHTINIACKOM fi3blKax. [ 15 NOMCKa UCNOAb30BaAnCh NonckoBble cuctembl «eLIBRARY.RU — HAYYHASA SNEKTPOHHASA BUBTIMOTEKA» 1 PubMed.
gov. Bblan BK/IIOYEHbI CTaTby, B KOTOPbIX NMPeACTaBNeHO UCC/eA0BaHMe NaLUEHTOB, NoC/e NOATBEPXK/AEHHON 1abopaTOPHO NepeHeceHHON Kopo-
HaBUPYCHOM MHPEKLMN C OCTAaTOUYHBIMU KJAMHUYECKUMU MPU3HAKaMU U/UaM BUOXUMUYECKUMU U3MEHEHUAMK, NPOBEAEHHOe He MeHee YeM yepes
MecAy, nocse BbizgoposneHns ot COVID-19. B aHanun3 BKNOYAANCh TONBKO Ny6NMKaLMKU NocneaHUX 3x feT (2020-2023 rr.). PesynbTaTthl. Bcero no
ZBYM MOWCKOBBIM cucTeMaM 6b110 HaligeHo 2913 nybavkauui, nocae yaaneHus fy61nKkaTtoB, 0630poB AUTepaTyphbl, KAMHUYECKUX UCCeA0BaHUM
NleKapCTBEHHbIX NMpenapaToB, UCC/1e0BaHMM, MPOBEAEHHbIX Ha XMBOTHbIX, UCCIeJ0BaHNIA HEeY/J0BIeTBOPAIOLMX BPEMeHM NpoBeAeHNA noc/ie nepe-
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KPUTEPUAM BK/IIOYEHUA B aHanM3. 3akntodeHne. AHaM3 INTepaTypbl NOCNeAHMX 3-X IeT MO3BO/INA ONPeAe/INTb, YTO Ha/Mune U CTeneHb TAXKECTU
MOCTKOBUAHOIO CUHAPOMA, BEPOATHO, MOXET ONpe/Ae/ATbCA HANYMEM Y NaLMeHTa XoTA 6bl OAHOrO NMPU3HAKa U3 NpejCcTaBNeHHbIX B 0630pe, pas-
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Abstract

Postcovid syndrome includes many conditions and symptoms, both those that arose directly during the acute period of infection and the appearance
of new ones. The purpose of the systematic review is to determine the criteria for the severity of postcovid syndrome. Materials and methods.
The following keywords were used to search for literary sources: “postcovid syndrome”, *
syndrome” and “symptoms of postcovid syndrome” in Russian and English. We used the search engines “eLibrary.RU — Scientific Electronic Library”
and PubMed.gov. Articles were included that presented a study of patients with laboratory-confirmed coronavirus infection at least a month after
recovery from COVID-19 with residual clinical signs and/or biochemical changes. The analysis included only publications from the last 3 years (2020-
2023). Results. A total of 2,913 publications were found by two search engines. After removing duplicates, literature reviews, clinical studies of
medicines, studies conducted on animals, studies unsatisfactory for time after acute COVID-19, and studies performed on persons under the age of
18, 69 articles were selected for analysis that meet the criteria for inclusion in the analysis. Conclusion. An analysis of the literature of the last 3 years
has allowed us to determine that the presence and severity of postcovid syndrome can probably be determined by the presence in a patient of at least
one of the signs presented in the review that developed during or after a laboratory-verified COVID-19 infection and persisted for more than 4 weeks
from the onset of the disease and that cannot be explained by other reasons.

"o

severity of postcovid syndrome”, “severity of postcovid
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Introduction e
infection onset, where none of the symptoms can be

Post-COVID-19 condition has been widely studied
by academic and medical communities.

Currently, there is no globally recognised definition
of post-COVID syndrome (PCS). However, in Decem-
ber 2020, the National Institute for Health and Care
Excellence (NICE) release a quick COVID-19 guide in
cooperation with the Scottish Intercollegiate Guide-
lines Network (SIGN) and the Royal College of General
Practitioners (RCGP), which sets forth clinical defini-
tions of this condition at various stages. According to
the document, acute COVID-19 symptoms (ACS) last
for up to 4 weeks from disease manifestation; ongoing
symptomatic COVID-19 persists for 4-12 weeks from
the onset; post-COVID-19 syndrome is signs and symp-
toms evolving during and after COVID-19 infection,
lasting for over 12 weeks and not attributed to any other
diagnosis [1].

According to the French National Board of Health,
long-term persistent COVID-19 means one or several
initial symptoms persisting for at least 4 weeks after

attributable to another cause [2].

In October 2021, the WHO developed a definition of
the clinical condition after COVID-19 using the Delphi
methodology: the post-COVID-19 condition devel-
ops in subjects with a history of possible or confirmed
SARS-CoV-2, usually 3 months after the onset, with
symptoms lasting at least for 2 months and not attribut-
able to any other diagnosis [3]. Due to the incidence and
clinical significance, this syndrome is officially a disease
and was included into the new edition of the Interna-
tional Classification of Diseases, 10th Edition, as “post-
COVID-19 condition, unspecified”, code U09.9; it is also
called post-COVID condition or PCS [4].

It is well-known that the term “long COVID” was
introduced by patients in social media to describe per-
sistent post-NCVI symptoms; later, the term has become
common in mass media and medical community. In sci-
entific literature it is often used as a synonym to PCS or
NICE variant 2 and variant 3 of COVID-19, whereas
other scientists differentiate between these conditions,
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believing that PCS is a complication of the infection that
was cured and the latter is a chronic persistent virus in the
body. According to the guidelines developed by the Rus-
sian Scientific Medical Society of General Practitioners,
National Scientific Society of Infectious Disease Special-
ists and the Rehabilitation Society (2022), long COVID
means clinical manifestations of the disease lasting for
4 to 12 weeks from infection onset; whereas chronic
COVID and PCS should be used where symptoms persist
for over 12 weeks after disease development [5].

Completed studies show that the recorded incidence
of long COVID vary between countries and within a
country: United Kingdom 1.6-71 %, Germany 35-77 %,
China 49-76 %, Africa 68 %, India 22 %, Bangladesh
16-46 %, Denmark 1 %, Italy 5-51 %, USA 16-53 %,
Norway 61 % [6].

According to the ACTIV register (analysis of comor-
bidities in patients surviving SARS-CoV-2 infection),
examination of 9,364 patients demonstrated that more
than a half of COVID-19 survivors had disturbing symp-
toms for a long time (up to 1 year); such symptoms are
new or are a result of exacerbation of existing symp-
toms. Feeling unwell made two thirds of patients seek-
ing unscheduled medical advice during 12 months after
discharge from the outpatient unit [7].

A prospective cohort study in children and adults
with conformed COVID-19 in Moscow revealed the
incidence of post-COVID-19 condition after a 6 and
12-month follow-up of previously hospitalised adults
and children. This study demonstrated that a half of
adults and one in five children had post-COVID-19 con-
dition [8].

The multicenter clinical epidemiological obser-
vational program CORTEX revealed that daily up to
5 patients visited healthcare professionals due to com-
plaints associated with past COVID-19 (up to 30 % of the
number of outpatient neurological patients) [9].

PCS manifestations are versatile and vary from neu-
rological symptoms to respiratory, cardiovascular and
metabolic conditions and GIT manifestations. Symp-
toms can develop after recovery or persist after initial
disease, and can change or reduce over time.

It is known that SARS-CoV-1 and MERS-CoV, which
are two previous outbreaks of a viral infection similar
to the current COVID-19 pandemic, had long-lasting
symptoms after complete recovery from the primary dis-
ease. In their meta-analysis, H. Ahmed et al. found out
that approximately one third of patients suffered from
long-term anxiety, depression and post-traumatic stress
disorder (PTSD) for 6 months after infection manifesta-
tion. Besides, they found out that 11-45 % of patients

had reduced diffusing lung capacity during a one-year
follow-up [10].

Currently, there are no PCS classifications to be used
by clinicians, therefore, this topic is a matter of academic
interest. However, German scientists developed Post-
COVID-19 Functional Status scale (PCFS) to identify
the degree of functional dependence and disease severity.
This scale involves five stages of functional limitations:
0 (no functional limitations), 1 (negligible), 2 (minor),
3 (moderate) and 4 (significant) [11].

The current situation, where the number of patients
with clinical signs of a long-term infection grows and
healthcare professionals have to face these manifesta-
tions, necessitates the development of criteria for PCS
severity in order to provide medical professionals with
guidelines for the management of such patients. As more
scientific data become available, this approach will prob-
ably have comprehensive evidences.

Study Objective

The objective of the systematic review is to identify
criteria of PCS severity.

Materials and Methods

The following keywords were used for a search in
literature sources: “post-COVID syndrome”, “post-
COVID syndrome severity”, “post-COVID?,
COVID”, “Post-COVID-19 Syndrome”,
COVID-19 syndrome”. For search in Russian literature,
eLIBRARY.RU (SCIENTIFIC ONLINE LIBRARY) was
used, whereas PubMed.gov was used for search in Eng-

“long
“post-acute

lish literature sources. The review included the articles
describing studies in patients over 18 years of age after a
laboratory confirmed NCVI with residual clinical signs
and/or biochemical changes, at least one month after
recovery from COVID-19. The analysis covered papers
which had been published during the previous 3 years
(2020-2023) and did not include literature reviews, clin-
ical trials and animal studies. All in all, 2,920 publica-
tions were found in both search systems; once duplicate
papers, literature reviews, clinical trials and animal stud-
ies had been removed, 1,617 publications were included
in the analysis.

In the Russian search system, 964 sources were found.
840 articles were excluded because subjects had been
examined less than a month after recovery; 116 articles
were removed because the mean age of subjects was less
than 18 years. Thus, the final analysis included 8 articles
in Russian.
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Figure 1. Research Flowchart

In the English search system, 653 sources were found.
440 articles were excluded because subjects had been
examined less than a month after recovery; 159 articles
were removed because the mean age of subjects was less
than 18 years. Thus, the final analysis included 54 articles
in English.

All in all, 63 articles from the Russian and global
systems were selected, which met the inclusion criteria

(Fig. 1).

Results

PCS comprises a number of conditions and symp-
toms, developing both during the acute phase of the
infection and after its resolution.

Dominic L. Sykes et al. determined that 86 % of
post-COVID-19 patients reported at least one symptom
during follow-up [12].

A Swedish study demonstrated that out of
431 COVID-19 patients, 40 % needed another visit to
a healthcare provider (GP, emergency room, hospi-
talisation) 6-8 month after infection onset. In 18 % of
cases, a new diagnosis was made. The most common

post-COVID-19 conditions were respiratory diseases
(56 %), neurological and cognitive disorders (30 %), car-
diovascular (11 %) and skin (11 %) diseases [13].

A Dutch retrospective study demonstrated that out
of 1,886 subjects in various ethnic groups, 483 patients
(26 %, 95 % CI 24-28 %) had lasting symptoms 12 weeks
after discharge from the hospital after COVID-19. The
most common symptoms reported 3 months after dis-
charge were shortness of breath and fatigue (16 %).
It is worth noting that during a one-year follow-up,
40 (14 %) patients still had lasting COVID-19 symp-
toms [14].

Results of a 6-month follow-up from the global
ACTIV register showed that 5.6 % and 6.4 % patients
were diagnosed with new diseases during 3 and 6 months
post-hospitalisation, respectively. As for the patients
with newly diagnosed diseases during 3 and 4-6 months
of follow-up, patients with arterial hypertension (AH)
were prevailing; they accounted for 41.5 % and 46.7 %
in the structure of newly diagnosed diseases. Of note,
as compared to the first 3 months, a share of patients
with AH increased over 4-6 months of follow-up. Also,
the number of patients with newly diagnosed coronary
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heart disease (CHD) grew over 4-6 months (22.1 %)
as compared to 3 months (9.7 %). Cases of myocardial
infarction (MI) were more numerous over 4—6 months as
compared to the first 3 months (3.9 % vs 0.8 %). Similar
changes were observed for arthritis: growth of 5.2 % over
4-6 months as compared to 4.9 % over the first 3 months;
and for newly diagnosed chronic cardiac failure (CCF):
growth of 0.8 % of newly registered cases during the
first 3 months and 1.3 % of cases over 4-6 months. The
remarkable fact is that a share of such newly diagnosed
diseases as type 2 diabetes mellitus (DM), atrial fibrilla-
tion (AF), stroke, bronchial asthma (BA), cancer, chronic
kidney disease (CKD) and DM in the total number of
newly diagnosed diseases dropped during 4-6 months as
compared to the first 3 months [7].

In their meta-analysis, Qing Han et al. found out
that fatigue/weakness (28 %, 95 %), shortness of breath
(18 %), myodynia (26 %), depression (23 %), anxiety
(22 %), memory loss (19 %), impaired concentration
(18 %) and insomnia (12 %) were the most common
symptoms during a 1-year follow-up [15].

For better understanding the symptoms and condi-
tions, PCS should be divided into groups.

1. Cardiovascular manifestations

In foreign sources, cardiac manifestations of COVID-
19 are described with the term “acute COVID-19 car-
diovascular syndrome”, comprising a wide array of
pathologies.

A large US study which included 690,892 COVID-
19 survivors and 690,892 controls without NCVI dem-
onstrated that COVID-19 survivors had a higher risk of
cardiovascular complications, such as stroke (OR 1.618,
95 % CI 1.545-1.694), AF (OR 2.407, 95 % CI 2.296-
2.523), myocarditis (OR 4.406 95 % CI 2.890-6.716),
ischemic cardiomyopathy (OR 2.811, 95 % CI 2.477-
3.190), cardiac failure (OR 2.296, 95 % CI 2.200-2.396),
pulmonary artery thromboembolia (OR 2.648, 95 % CI
2.443-2.870) [16].

A meta-analysis of over 2 million people showed that
COVID-19 survivors had an additional 90 % risk of heart
failure during 9 months after an acute infection [17].

In a study by Pogosova N. V. et al. under the
“COVID-19: a remote follow-up” program, newly diag-
nosed AH and CHD were recorded in 4.2 % and 1.9 %
of patients, respectively [18]. A study of 153 patients a
month after COVID-19 showed that both systolic and
diastolic blood pressure was higher during the post-
COVID-19 period than upon admission in the acute
period [19]. In their study, Ayoubkhani D. et al. present
data on newly diagnosed cardiovascular complications

(MI, stroke, death due to cardiovascular diseases) in
4.8 % of cases after discharge from the hospital after
COVID-19 [20].

Maestre-Muiiz M evaluated PCS in persons who
were hospitalised with COVID-19, one year after recov-
ery. It was found out that 56.9 % of patients still had PCS
a year after an acute infection, while 2 % had newly diag-
nosed AH and CCF de novo [21].

In 2020-2022, a clinical prospective observational
study was conducted to identify the incidence and
demonstrate the features of development of newly diag-
nosed CCF in post-NCVI patients with shortness of
breath. The study gradually enrolled 368 patients with
shortness of breath, who came to the outpatient clinic;
mean time after COVID-19 recovery was 3.5 [1.5; 22.4]
months. It was found out that the CCF incidence among
post-COVID-19 patients with shortness of breath was
statistically higher than in patients without a history of
this pathology and made 19.0 % vs 9.8 % (p = 0.021).
One out of five patients with shortness of breath had
a more severe CCF 3.5 months after COVID-19, both
as confirmed by clinical tests and blood NT-proBNP
levels [22].

It is interesting to note that postural orthostatic tachy-
cardia syndrome (POTS) in post-COVID-19 patients
is a separate OCS type which is characterised by sinus
tachycardia, postural tachycardia and inadequate sinus
tachycardia [23]. Swedish scientists described a series
of case studies in 3 patients with POTS 3 months after
initial COVID-19 infection [24]. This syndrome is more
common in women and is an autoimmune reaction to
SARS-CoV-2 infection [25]. Miglis MG et al. described a
case study of POTS in a 26-year-old nurse after infection
with SARS-CoV-2. Symptoms of vegetative disorders
persisted and aggravated for several months after recov-
ery from COVID-19 [26].

A. S. Bagdasaryan et al. found out that, 12 weeks
and more after COVID-19, post-COVID tachycar-
dia was diagnosed in 100 % of cases, manifesting as
POTS in 64.6 % and as inadequate sinus tachycardia in
19.1 % [27].

A study of 104 patients at the scientific and practi-
cal centre for PCS management at the University Clinic
of the Federal State Educational Institution of Higher
Education Tver Medical State University during a period
from September 2021 to August 2022 revealed that, in a
majority of patients with PCS, a standard tilt test gives an
inadequate response, which is usually an increase in the
heart rate by more than 30 bpm and raised systolic blood
pressure by more than 20 mm Hg when the patient gets
up from the bed [28].
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The objective of the study in German COVID-19 sur-
vivors was to determine serological markers of cardiac
damage (high-sensitivity troponin T and NT-proBNP
tests) and to perform highly standardised cardiac imag-
ing using magnetic resonance imaging. Median period
between positive COVID-19 test and patient examina-
tion was 71 (64-92) days. It was found out that the highly
sensitive troponin T values of over 3 pg/mL were recorded
in 71 patients (71 %) and were significantly higher (over
13.9 pg/mL) in 5 patients (5 %). If compared to healthy
controls, COVID-19 survivors had lower left and right
ventricle ejection fraction, higher left ventricle volume
and raised native T1 and T2 values as demonstrated by
magnetic resonance tomography results [29].

2. Respiratory symptoms

Available data show that lungs are an organ which
is most susceptible to COVID-19-induced pathophysi-
ological changes, including diffuse destruction of alveo-
lar epithelium, hyaline membrane formation, vascular
damage and, thus, bleeding, fibrous proliferation and
lung consolidation [5].

According to a retrospective cohort study conducted
in England from January 1 to September 30, 2020, which
analysed 47,780 patients, it was found out that respira-
tory disorders were diagnosed in 14,140 persons (29.6 %)
after discharge, and 6,085 of them were newly diagnosed
conditions [20].

A Chinese study to evaluate long-term symptoms in
COVID-19 survivors 6 months after discharge demon-
strated that a majority (22-56 % using various severity
scores) of subjects had reduced diffusing lung capacity,
as determined by spirography. The analysis included
1,733 patients, and during examination (with the mean
follow-up period of 186 days) over a half of them still
had abnormal chest computer tomography (CT) results,
which independently correlated with lung involvement
during the acute phase [30].

Similar data were presented in a study by You J et al.,
where a month after discharge 83.3 % of patients had
abnormal chest CT results with a high share of pul-
monary fibrosis. Pulmonary function assessment (spi-
rometry) demonstrated prevailing restrictive disorders
(reduced total lung capacity to < 80 % of the normal value
or forced vital capacity to < 80 % of the normal value,
with normal or increased ratio of forced vital capacity to
1 second forced expiratory volume and reduced diffusing
lung capacity to < 80 % of the normal value) [31].

During a 6-month follow-up after recovery from
COVID-19, Caruso D et al. found out that 72 % of
patients had fibrous changes on CT [32].

Puja Mehta et al. proposed to use the term “post-
COVID interstitial lung pathologies (ILD)” for patients
with respiratory symptoms (cough, shortness of breath)
lasting for over 3 months after acute COVID-19, whereas
pulmonary tissue induration should be > 10 % of the lung
area [33]. In a majority of cases, post-COVID pulmonary
fibrosis does not progress; however, persistent intersti-
tial changes in lungs are often associated with chronic
respiratory failure and hypoxaemia, induced by physical
load; thus, they impair quality of life and prognosis for
patients and require adequate treatment.

In a French prospective cohort study, patients were
examined 4 months after hospitalisation with COVID-
19. During a phone call, 244 patients reported at least
one symptom that they had not had before COVID-19,
and newly diagnosed shortness of breath was recorded in
16 %. Chest CT was performed in 171 patient and dem-
onstrated fibrous damage and ground-glass in 19.3 %
and 42.4 % of patients, respectively [34].

Also, during the first study in the United Kingdom
which reported long-lasting symptoms in COVID-19
survivors, it was found out that newly diagnosed short-
ness of breath was reported in 65.6 % of cases in ICU
patients and in 42.6 % in therapeutic patients [35].

In a single-site prospective cohort study, 183 patients
reported persistent symptoms 35 days after recovery
from COVID-19, including 58 patients with shortness of
breath and 46 patients with cough [36].

Lindahl A. et al. found out that 90 % of patients had
several symptoms six months after inpatient treatment of
COVID-19. According to available information, shortness
of breath and cough were recorded in 66 patients (70 %)
and 57 patients (61 %), respectively. Shortness of breath was
assessed using mMRC score; the majority of men reported
grade 1, while the majority of women — grade 2 [37].

According to the global ACTIV register, 9,364 pati-
ents were interviewed 3 months after recovery from
COVID-19, and it has been shown that 38.7 % of respon-
dents complained of shortness of breath [7].

An examination of 65 students from Tver State Medi-
cal University aged 18 to 25 years in post-COVID period
demonstrated that the incidence of cough and shortness
of breath was 7.7 % [38].

Xiong Q et al. showed that after a mean period of
79 + 17 days (a period between first signs of COVID-19
and completion of questionnaire about persistent long-
term symptoms after recovery), respondents reported a
symptom — sore throat [39]. During the follow-up after
6 months after discharge from hospital after COVID-19,
this symptom was recorded in 4 % of cases (69 patients
out of 1,655 examined subjects) [30].
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3. GIT manifestations

Literature sources mainly present information on
aggravation of chronic gastrointestinal (GIT) diseases,
such as gastroesophageal reflux disease, stomach ulcer,
irritable bowel syndrome [40-42]. The main manifesta-
tions of GIT disorders are diarrhea and abdominal pain,
which can persist for up to 4 weeks after the acute period
of COVID-19 and are non-specific [43]. A number of
Russian and foreign studies demonstrated that the inci-
dence of bowels motor function disorders (diarrhea,
constipation) varied from 3.6 % to 48 %, abdominal pain
of any location — from 9 % to 32 % [44-46].

Hepatobiliary involvement is also temporary and
is characterised by the development of acute hepatitis,
drug-induced liver injury and aggravation of chronic
hepatobiliary disorders [47]. Increased ALT, AST and
bilirubin levels are temporary and are directly associated
with the severity and therapy of COVID-19 [48]. Persis-
tent liver changes are observed in pre-existing diseases
[49]. Thus, these studies mainly present GIT changes
during the acute phase of continuing COVID-19 and
rarely last for more than 12 weeks.

4. Endocrine manifestations

It is well known that fasting glucose levels in COVID-
19 patients are significantly higher than in patients with
bacterial pneumonia, both in patients with and without
DM [50]. Mechanisms of carbohydrate metabolism in
COVID-19 patients are versatile and include virus affin-
ity with pancreatic endocrine cells [51], insulin resis-
tance caused by systemic pro-inflammatory reaction
due to cytokine storm [52] and management of COVID-
19 infection. A large cohort study (47,780 COVID-
19 survivors) in England showed that DM after NCVI
was diagnosed in 4.9 % of respondents [53].

In their study, Ruggeri RM et al. described a case study
of a woman who developed subacute thyroiditis with
thyrotoxicosis six weeks after SARS-COV-2 onset [54].
In a study of a large cohort of patients to identify per-
sistent changes in thyroid gland functions after recovery
from COVID-19, Bernard Khoo et al. found that, on the
average during 79 days of follow-up, two patients were
diagnosed with subclinical hypothyroidism, 4 patients
had secondary hypothyroidism and 2 patients developed
subclinical hypothyroidism without any prior thyroid
disorders [55].

5. Neurological manifestations

A meta-analysis to study the incidence of long
COVID-19 symptoms, which included 7 studies
(47,910 patients aged 17 to 87 years), demonstrated that

the most common symptoms were fatigue (58 %), head-
ache (44 %) and poor concentration (27 %) [56].

A large meta-analysis of persistent neurological
manifestations in 9,944 patients reports that the most
common symptom in patients with a history of COVID-
19 infection was fatigue (52.8 %); then cognitive dis-
orders (35.4 %); paresthesia (33.3 %); sleep disorders
(32.9 %); and dizziness (26.4 %) [57].

During examination of patients 4 weeks after recovery
and a negative COVID-19 PCR test, the most common
symptom reported by patients was fatigue 84.8 %
(n = 420). The incidence of this symptom in 12 weeks
was 82.9 % (n = 295) [58].

In their article, Rudroff T et al. define post-
COVID-19 fatigue as reduced physical and/or mental
capacity as a result of changes in central, psychological
and/or peripheral mechanisms caused by COVID-19
[59].

In ICD-10, this PCS manifestation is included in
(G93.3 Postviral Fatigue Syndrome.

Data from a cohort study of outpatient patients
(n = 458) showed a high incidence (46 %) of persistent
feeling of tiredness 4 months after recovery, when Chal-
der Fatigue Scale (CFQ-11) was used [60]. Also, this
scale was used to analyse the incidence of this symptom
in a study of 128 subjects (49.5 £ 15 years old; 54 % were
females), where a majority of patients reported persis-
tent fatigue (67 subjects, 52.3 %) on the average 10 weeks
after first symptoms of COVID-19 [61].

Halpin S et al. found out that fatigue after discharge
(4-8 weeks later) was reported by 72 % of patients who
were treated in ICU during the acute phase, and by
60.3 % of subjects who were treated in the therapeutic
unit [35].

As evident from results of numerous studies, the
most common and persistent signs of PCS, in addition to
asthenia, are cognitive disorders, primarily poor atten-
tion and concentration, mental block.

In a study conducted at the State Budgetary Health-
care Institution of the Novosibirsk Region State Novosi-
birsk Regional Clinical Hospital to characterise neuro-
logical variants of PCS (neurology patients with a history
of confirmed COVID-19), toxic and metabolic encepha-
lopathy was prevailing — 412 subjects out of 455. This
pathology manifested primarily with confused and
depressed consciousness in 211 subjects (51.2 %), cogni-
tive disorders (moderate cognitive disorders, dementia)
in 201 subjects (48.8 %). Also, there was a case of a cere-
brovascular pathology in the form of acute cerebrovas-
cular accident (ischaemic type) in a 36-year-old woman
without any history of vascular risk factors [62].
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In an examination of a Spanish cohort during
6 months after discharge from the hospital after COVID-
19, neurological manifestations were recorded in 20.8 %
of cases. The most common symptoms were persistent
anosmia and dysgeusia (7.2 %), headache (5.3 %), con-
fused consciousness (2.6 %). 3.4 % of subjects had symp-
toms of paresthesia and tremor [63].

A prospective Italian study showed that one year after
COVID-19, 22.0 % of subjects reported deterioration of
olfaction or taste (67 patients out of 161) [64].

Out of 356 persons who reported persistent symp-
toms of COVID-19 12 weeks after diagnosis, 12 (3.4 %)
patients noted loss of taste, 8 (2.2 %) patients — persis-
tent headache, 18 (5.1 %) patients — anosmia [58].

The data from SF-36 quality of life questionnaire in
a study by Arnold DT demonstrate low values both for
physical and mental health after NCVI [65].

In a study by van den Borst, all SF-36 scores were
reduced, especially physical and general health. Also, the
Hospital Anxiety and Depression Scale (HADS) demon-
strated abnormal values in 10 % and 12 % of subjects for
respective parameters [66].

Deteriorated quality of life was recorded in 44.1 % of
patients on EQ-5D scale, on the average 60.3 days after
the first symptom of COVID-19 [67]. The most common
symptoms in patients with PCS were anosmia, loss of
taste and fatigue, when patients were observed 4 and
7 months after onset of COVID-19 symptoms [68].

6. Mental and behavioural disorders

In a study by Romero-Duarte A. et al., the incidence
of symptoms of mental disorders was 12.2 % after hospi-
talisation for COVID-19. The scientists recorded a high
incidence of anxiety (6.8 %), sleep disorders (4.9 %) and
symptoms of depression (4.4 %), primarily in women
[63]. Similar data were reported in a Chinese study:
sleep disorders were recorded in 26 % (437 subjects out
of 1,655), anxiety or depression were recorded in 23 % of
patients [30].

A large meta-analysis of the incidence of mental
changes during the post-COVID period, which included
66 articles (3 to 266,586 subjects), demonstrated that
40 studies reported anxiety and/or depression, 20 stud-
ies — PTSD symptoms, 27 studies — cognitive deficit,
32 — fatigue during observation, and 23 studies reported
sleep disorders. The identified risk factors were the sever-
ity, duration of symptoms and female sex [69].

(. Changes in other organs and systems
In a study by Romero-Duarte A. et al, the most
common symptom was exanthematous disease (3.1 %).

High incidence of alopecia (3.0 %), especially in women,
is of special interest [63]. In an article by Augustin M. et
al., 9 patients (2.5 %) out of 353 reported alopecia after
7 months of follow-up [68].

35 days after discharge from hospital after COVID-
19, 51 % of respondents reported permanent muscle pain
[36]. According to guidelines developed by the Russian
Scientific Medical Society of General Practitioners, “Fea-
tures of long-COVID infection. Therapy and rehabili-
tation”, post-COVID arthritis is diagnosed in 22.6 % of
COVID-19 survivors, where articular syndrome is easily
arrested with non-steroidal anti-inflammatory drugs.
In patients with undifferentiated arthritis, rheumatoid
disease was verified in 49 % of cases during 3-6 months
(undifferentiated arthritis with antinuclear antibodies —
10 cases (26.3 %), Sjogren disease — 2 cases (5.2 %), sys-
temic lupus erythematosus — 1 case (2.6 %), unspeci-
fied autoimmune disease — 1 case (2.6 %), rheumatoid
arthritis — 2 cases (5.2 %), undifferentiated arthritis —
2 cases (5.2 %)) [5].

Results of available studies demonstrate long-lasting
haemostasis changes after NCVI. However, currently,
the clear pathogenesis of changes in these parameters is
unknown. Several papers described increased D-dimer,
C-reactive protein, ferritin in post-COVID period
[70,71,72].

Artemyeva G. A. et al. examined 100 COVID-19 con-
valescents (55 patients 70-116 days (median: 99) after
hospitalisation, 45 patients — 139-173 days (median:
160)). 37 subjects were controls. All patients underwent
coagulation testing, aggregometry, thrombodynamics
examination and clot dissolution test. Results demon-
strated that 2-6 months after disease, patients had nor-
malised clotting parameters, but clot dissolution was
excessively activated [73]. In their study, Liam Townsend
et al. found out that increased D-dimer levels persisted
2 months after recovery from acute COVID-19 infection
and were observed in a cohort of predominantly young
patients [70]. Venturelli S et al, reported several cases of
pulmonary artery thromboembolia, with D-dimer levels
of over 2,000 ng/mL, 80 days after discharge from the
hospital after COVID-19 [74]. However, it is worth men-
tioning that studies of clinical manifestations of post-
COVID clotting disorders are very few; they are limited
to the number of observations and usually last maximum
for a month after acute COVID-19 period. In their sys-
tematic review, Nalbandian A et al. assumed that the
incidence of post-COVID venous thromboembolism
was less than 5 % [75].

In addition, a number of studies report a long-last-
ing increase in blood cytokines, such as interleukin-6,
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Table 1. Characteristics of the severity of post-COVID syndrome

System

Postcovid syndrome of mild severity

Postcovid syndrome of moderate severity

Cardiovascular system
[16-29]

Bronchopulmonary
system [5, 20, 30-39]

Gastrointestinal
manifestations [40-49]

Endocrinological
manifestations [50-55]

Neurological
manifestations
[35, 56-68]

Mental and behavioral
disorders [30, 63, 66, 69]

Changes in other
organs and systems
[5, 36, 63, 68, 70-77)

Non-physiological sinus tachycardia

Elevation of high-sensitivity troponin T without
myocardial infarction clinic

Post-COVID tachycardia syndrome (POTS, inadequate
sinus tachycardia)

De novo development/aggravation of hypertension

CT changes (not affecting quality of life)

Spirometry changes (not affecting quality of life)

Dyspnea grade 0-1 (mMRC)

Chronic cough

Abdominal pain
Diarrhea/constipation

Functional dyspepsia syndrome

Prediabetes

Subclinical hypothyroidism

Fatigue syndrome after a viral infection
Paresthesias

Tremor

Vertigo

Cognitive disorders (attention disorders and decreased
concentration, a feeling of «brain fog»)

Parosmia

Headache

Development of subclinical anxiety/depression (HADS
score 8-10, Spielberger scale less than 45)

Sleep disorders

Exanthema
Muscle pain
Disorders in the hemostasis system without clinical

manifestations and with a low probability of thrombosis
(IMPROVEDD score <2 points)

De novo development/decompensation:

— Coronary heart disease, including the development of
myocardial infarction in the acute and post-acute period
of COVID-19

- AF

- CHF

CT changes affecting quality of life with a predominance of
restrictive disorders according to spirometry

Development of reversible and irreversible bronchial
obstruction

Dyspnea grade 2-5 (mnMRC)

Development of interstitial lung disease
Exacerbation of the course of chronic diseases:
— Gastroesophageal reflux disease

— Peptic ulcer disease

— Irritable bowel syndrome

— Exacerbation of diseases of the hepatobiliary system

Drug-induced liver injury

De novo development/decompensation of DM

Subacute thyroiditis

Manifest hypothyroidism

Subclinical Hyperthyroidism and Manifest Thyrotoxicosis

Acute cerebrovascular accident and/or transient ischemic
attack in the acute and post-acute periods of COVID-19.

Long-term persistent anosmia/dysgeusia

Development of clinically significant anxiety/depression
(HADS score of 11 or more, Spielberger scale greater than
45 points)

Development of PTSD

Alopecia
Development of de novo rheumatological diseases.

High risk of thromboembolic complications
(IMPROVEDD score 22 points)

Note: AF — atrial fibrillation, CHF — chronic heart failure, hypertension — arterial hypertension, CT — computed tomography of the chest, PTSD — post-traumatic stress disorder,

DM — diabetes mellitus
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tumour necrosis factor alpha, nerve cell growth factor,
etc. [76, 77]. However, this data are mostly fundamental,
since routine clinical testing of these biomarkers is very
expensive.

Hence, it can be concluded that identification of PCS
severity is advisable not only in terms of classification
and consolidation of available information, but also for
the development of preventive and therapeutic measures.
Taken analysed, available studies, it is assumed that PCS
division into two severity stages is the most rational: mild
PCS (development of potentially reversible conditions)
and moderate PCS (development of a chronic condition
or aggravation of a pre-existing disease). The impact of
symptoms on the quality of patient’s life should be taken
into account as well. For instance, severe anxiety disor-
der has a more negative impact on the quality of patient’s
life than mild depression; even marked fibrous changes
in lungs seen on CT not always impact the quality of life
in some patients, but cause significant restrictive ventila-
tion disorders in other persons.

Proposed PCS characteristics depending on severity
are presented in Table 1.

Conclusion

Summing up the analysed data from available stud-
ies evaluating PCS in patients who had laboratory con-
firmed NCVI, at least 1 month after recovery, two stages
of PCS severity were identified depending on the pres-
ence of identified signs, symptoms, newly diagnosed
diseases and decompensation of pre-existing conditions
(Table 1).

We believe that the presence and severity of
PCS will depend on the presence of at least one sign
from Table 1, which develops during or after verified
COVID-19 infection and persists for over 4 weeks from
disease onset; provided that it cannot be attributed to
other reasons.
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Epidemiology and Clinical Features of Arterial
Hypertension in Patients with Type 2 Diabetes
Mellitus. Literature Review

Pestome

ApTepuasibHas rMNepTOHUSA U caxapHblli AnabeT 2 TMNa YacTo COYeTalTCA U B3aMMHO YCU/IMBAOT HebaaronpuATHOE BAUAHME Ha COCYAMUCTbIN U NO-
YeyHblIl NporHo3. ApTepuasibHas runepToHUA NpeAcTaB/ieHa npuMepHo Y 50 % 60/1bHbIX € caxapHbIM grnabeToM 2 Tuna, a AnabeT B CBOKO o4epe/b Bbl-
ABnfeTca npubansutenbHo y 20 % nuL, ¢ apTepuanbHON r’mnepToHueid. PUCK pa3BUTUA apTepuanbHOM TMNepTOHUM Y 60/IbHbIX C caxapHbIM AvabeTom
2 Tvna B 2-2,5 pasa Bbllle, YeM y nnL, 6e3 AnabeTa; BO CTO/IbKO XKe pas Ha/Mune apTepuasibHOW rMNepTOHUM yBeIMYMBaEeT PUCK GOpMUPOBaHMA Ca-
xapHoro gnabeta 2 Tuna. ApTepuanbHas rMnepToHna U AnabeT B3aMHO OTArOLLAT TeHeHUe APYr Apyra: C 04HOW CTOPOHbI, Ha/IMYNe apTepuasbHoO
FMMNEpPTOHMK CYLLECTBEHHO YBE/NMYMBAET BEPOATHOCTb PasBUTUA AMABETUHECKUX MAaKPO- Y MUKPOCOCYAMCTLIX OC/IOKHEHUN (BKOYan guabeTnye-
CK1e HedpOMaTHIO U PETUHOMATUIO); C APYrOW CTOPOHbI, CaXapHbIi AMA6eT 2 TUMA, KaK KAACCUYECKUI He3aBUCUMBIN GaKTOp CepAEeYHO-COCYANCTOrO
pVCKa, MpUMepHO B 2 pa3a MoBbILIAeT PUCK OC/NOXHEHWI, NPUCYLLNX apTepuasbHOM rMnepToHun. TilaTenbHoe neveHne gnabeTta C nogaepxaHuem
Lie/1eBbIX 3HAYEHWI FIMKEMUN B TeYEHUWE /INTE/IbHOTO BPEMEHU MOXKET 6bITb aCCOLMMPOBAHO CO CHUXKEHNEM BEPOATHOCTU Pa3BUTUA apTepuasibHOM
rUNepTOHMN Ha 24 % B CPaBHEHWU C MeHee a/jeKBaTHbIM KOHTPO/IEM IIKeMUW. ApTepuanbHas rMnepToHNUA Npy caxapHoM guabeTte 2 Tvna MoXeT
VMeTb pAJ 0COBEHHOCTE, KOTOPbIe OT/IMYAIOT TaKMX 60/IbHbIX OT 061l MONYAALMN L, C apTepuasibHON rmnepToHneit. K TaknuM ocobeHHOCTAM OT-
HocATcA: 60/1ee BbICOKUI Y/ eNbHbI BEC M30/IMPOBaHHOM CUCTONINYECKOW apTepUasibHOM FTMNePTOHUM U Pe3UCTEHTHOIN apTepuanbHOM rMnepToHUN,
onpegeneHHbIX TUMOB HApYLIEHWI LLMPKAaAHOrO pUTMa apTepuanbHOro Aasienus (kateropuii «non-dipper» u «night-peaker»); yactoe couetanue
C anbbyMUHypWelt; HepejKune BbiCOKas CO/1e4yBCTBUTE/IbHOCTb M 06 beM-3aBUCKMbII XapaKTep apTepuanbHOM T’MNepTOHUK U Apyrue.

KnroueBbie cnoBa: caxapHsili ouabem 2 muna, apmepuasibHas 2unepMOoHUS, U30UPOBaHHasA CUCMOAUYeCKas apmepuasbHas 2UunepmoHus, pe3u-
cmeHmHas apmepuasibHas 2unepmoHus
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Abstract

Hypertension and type 2 diabetes mellitus are often combined and mutually enhance the adverse effect on vascular and renal prognosis. Hypertension
is present in about 50 % of patients with type 2 diabetes, and diabetes, in turn, is detected in about 20 % of people with hypertension. The risk of
developing hypertension in patients with type 2 diabetes is 2-2.5 times higher than in people without diabetes; the presence of hypertension increases
the risk of type 2 diabetes by the same number of times. Hypertension and diabetes mutually burden each other: on the one hand, the presence of
hypertension significantly increases the likelihood of developing diabetic macro- and microvascular complications (including diabetic nephropathy
and retinopathy); on the other hand, type 2 diabetes, as a classic independent cardiovascular risk factor, increases the risk of complications inherent
in hypertension by about 2 times Careful treatment of diabetes with maintenance of target values of glycemia for a long time may be associated
with a decrease in the likelihood of developing hypertension by 24 % compared with less adequate control of glycemia. Hypertension in type
2 diabetes may have a number of features that distinguish such patients from the general population of people with hypertension. Such features
include a higher proportion of isolated systolic hypertension and resistant hypertension, certain types of circadian rhythm disorders of blood pressure
(categories “non-dipper” and “night-peaker”), frequent combination with albuminuria, frequent high salt sensitivity and volume-dependent nature
of hypertension, and others.
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Conflict of interests
The authors declare no conflict of interests

Sources of funding

The authors declare no funding for this study
Article received on 10.10.2023

Accepted for publication on 25.12.2023

For citation: Ignatenko G.A., Bagriy A.E., Prikolota A.V. et al. Epidemiology and Clinical Features of Arterial Hypertension in Patients with Type 2
Diabetes Mellitus. Literature Review. The Russian Archives of Internal Medicine. 2023; 13(6): 436-448. DOI: 10.20514/2226-6704-2023-13-6-436-448.
EDN: RUMCIW

a-AB — alpha-adrenoblocker, B-AB — beta-adrenoblocker, AH — arterial hypertension, BP — blood pressure, CAN — cardiovascular autonomic
neuropathy, MRA — mineralocorticoid receptor antagonist, GLP1ra — glucagon-like peptide-1-receptor agonist, ASA — acetylsalicylic acid, CCB —
calcium channel blocker, DBP — diastolic blood pressure, DNP — diabetic nephropathy, ACE inhibitors — angiotensin-converting enzyme inhibitors,
IHD — ischemic heart disease, iSGLT2 — sodium glucose linked co-transporter-2 inhibitors, ISAT — isolated systolic arterial hypertension, LV — left
ventricle, RATS — renin-angiotensin system, RCT — randomised controlled study, SBP — systolic blood pressure, DM — diabetes mellitus, GFR —
glomerular filtration rate, CVR — cardiovascular risk, CKD — chronic kidney disease, LDL-C — low density lipoprotein cholesterol, CCF — chronic
cardiac failure

Relevance epidemiological studies, the probability of AH develop-

Cardiovascular disorders are a leading cause of
deaths in patients with type 2 diabetes mellitus (DM) [1].
One of the most common and significant cardiovascular
diabetes-associated risk factors is arterial hypertension
(AH) [2]. In type 2 DM, cardiovascular risk factors are
often observed in various combinations; usually, AH is
combined with abdominal obesity, dyslipidemia, albu-
minuria, blood-clotting disorders [3]. Such risk factor
associations in type 2 DM patients and also in individu-
als with metabolic syndrome significantly and mutu-
ally boost adverse effects, promoting development and
progression of a number of macro- and microvascular
complications [4].

AH is a serious open problem in the current clini-
cal picture of internal diseases, because of its high inci-
dence and significant adverse effect on the prognosis.
AH is recorded in 30-45 % of the general adult popula-
tion. Its incidence grows with the age, and at least 60 %
of individuals of over 60-65 years of age have high blood
pressure (BP) or take antihypertensives. According to

ing at a later stage in life in young adults of 20-40 years
old can be as high as 90-95 % [2, 5].

AH is associated with a high incidence of cardiovas-
cular death and a higher risk of cardiovascular complica-
tions in all age groups. There is also independent correla-
tion between AH and a risk of cardiac failure, peripheral
artery involvement and impaired renal function [3, 6, 7].

Systolic BP (SBP) values demonstrate the closest cor-
relation with an increase in cardiovascular risk. This is
particularly true for individuals over 50 years of age.
SBP values tend to increase throughout life; at the same
time, diastolic BP (DPB) starts decreasing at the age of
50-60 years [8, 9]. The process of SBP increase and DBP
decrease (with an increase in pulse pressure) shows a
progressive increase in vessel wall stiffness in the arte-
rial bed. The exact mechanisms of this process are still
understudied. It is worth mentioning that higher SBP
values in elderly people are the most significant inde-
pendent risk factor of cardiovascular and cerebrovascu-
lar complications, as well as renal disorder progression.
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In individuals below 50 years old, DBP values demon-
strate the most clear correlation with the degree of car-
diovascular risk [2, 4, 9].

Despite modern diagnostic and therapeutic methods,
the progress of AH therapy is modest: in a number of
countries, far fewer than a half of all patients with AH
manage to control their AH within the target range. Epi-
demiological data show that approx. 50 % of AH patients
in Western Europe are unaware of their higher AH
(i.e. they are not diagnosed with AH); among individu-
als with AH, just 10-15 % have satisfactory AH control
(1,6,9].

Type 2 DM is a chronic metabolic disorder associated
with progressive reduction in adequate insulin secre-
tion by B-cells of pancreatic islets, usually as a result of
insulin resistance. Type 2 DM is a prevailing form of DM
globally, accounting for 90-95 % of all cases of diabe-
tes [1, 8, 10].

This review presents results of analysis of 2010-
2023 literature in PubMed, RSCI (Russian Science Cita-
tion Index), Scopus. The following keywords were used:
arterial hypertension, type 2 diabetes mellitus, isolated
systolic arterial hypertension, resistant arterial hyper-
tension. The analysis includes the data of the authors
conducting clinical trials to identify specific patho-
genesis, clinical manifestations and management of
patients with arterial hypertension and type 2 diabetes
mellitus.

Epidemiology

The International Diabetes Federation (IDF) regularly
publishes epidemiological DM evaluations and progno-
sis; the last report was presented in 2023. There are some
data from the report. According to expert IDF evalua-
tions, in 2019, approximately 463 mln. people all over
the world had diabetes (i.e. 9.3 % of all world population,
of which approx. 462 mln. people had type 2 DM). It is
expected that by 2030 the number of DM patients glob-
ally will reach 578 mln. (10.2 % of the world population),
while by 2045 — 700 mln. (10.9 %) [4, 11,12].

According to experts, nearly a half of 463 mln. of DM
patients are unaware of their condition. DM unaware-
ness in high-income nations is 38.5 %, in average-income
countries — 52.6 %, while in low-income states — 66.8 %.
On top of that, 374 mln. people worldwide (7.5 % of the
global population) have impaired glucose tolerance; by
2030, this number will reach approx. 54 mln. people
(8.0 %), by 2045 — 548 mln. (8.6 %) [4, 11, 12].

In the Russian Federation, the number of people
with confirmed DM is nearly 4.58 mln. (3.1 % of the

population). It is assumed that approximately the same
number of people have an undiagnosed disease; there-
fore, there are significant shortages in medical treat-
ment [11].

Prognosis

Type 2 DM is associated with a high incidence of
severe, debilitating complications; it significantly con-
tributes to mortality rates. In Eastern countries, diabetes
is the leading cause of blindness; it accounts for up to
40 % of all terminal renal failure cases. A risk of myocar-
dial infarction and cerebral stroke in type 2 DM patients
is assumed to be 2-4 times higher than in individuals of
the same age and sex, but having no diabetes. The inci-
dence of low limb amputation in type 2 DM is approx.
20 (!) times higher than in individuals without diabe-
tes. Type 2 DM reduces the life expectancy by approx.
10 years; this value is even higher with disease onset
before the age of 55 years [11,12,13, 14].

AH and type 2 DM are often comorbidities and
mutually enhance their adverse effects on vascular
and renal prognosis. It is assumed that approx. 50 % of
type 2 DM patients have AH; at the same time, approx.
20 % of AH patients have diabetes. In a recent register,
patients with type 2 DM had BP of over 140/90 mm Hg
or were continuously taking antihypertensives in 71 %
of cases. The risk of AH in patients with type 2 DM
is 2-2.5 times higher than in individuals without
diabetes; and AH increases the risk of type 2 DM by
2-2.5 times. AH and diabetes mutually aggravate the
course of disease: AH significantly increases the prob-
ability of diabetic macro- and microvascular compli-
cations (including diabetic nephropathy (DNP) and
retinopathy); type 2 DM, being a classic independent
cardiovascular factor, causes a 2-fold increase in the
rate of AH-associated complications. Of importance is
the information that accurate diabetes management,
which ensures long-term target glycaemia values,
can be associated with reduction in the probabil-
ity of AH by 24 % vs. less adequate glycaemia con-
trol 5,9, 12, 15].

Morbid Physiology

High rates of the combination of type 2 DM and AH
are a result of the similarity in a number of pathological
mechanisms of these conditions. These include insulin
resistance, dyslipidemia, activation of proinflammatory
and prothrombotic factors, endothelial dysfunction,
impaired vascular tone regulation, high salt sensitivity,
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impaired sodium excretion by kidneys, etc. In patients
with essential AH, the rate of insulin resistance is as
high as 50 %, and individuals with such a combination
have 2-3-fold increase in the cardiovascular risk severity
(when using SCORE, a common European scale). It has
been found that the rate of insulinemia in AH demon-
strates direct correlation with BP values, and a number
of specialists can treat essential AH as an insulin-resis-
tant condition. In turn, very often higher insulin levels,
observed with insulin resistance (in individuals with
type 2 DM, pre-diabetes, impaired glucose tolerance),
can affect insulin-sensitive tissues (e.g. kidneys) and
promote AH development (e.g. promoting sodium and
water retention in kidneys). It is also assumed that AH
and insulin resistance can have a common genetic base.
This concept is based on a higher incidence of impaired
glycaemic balance in normotensive descendants of AH
patients vs. children of individuals without AH [7, 10,
13, 16].

Literature sources discuss the characteristics of AH
in type 2 DM patients. Points of view regarding this
issue are versatile. A number of specialists emphasise
that the pattern of AH in these individuals is close to the
pattern in individuals without diabetes, and there are
no special features. At the same time, other researchers
point out to a number of aspects, which can distinguish
patients with AH and type 2 DM from the general AH
population.

The most typical characteristics of a combination of
AH and type 2 DM:

« Salt sensitivity predisposition (so AH is often vol-
ume-dependant)

o Impaired circadian BP rhythm (with an increase
in the relative weight of “non-dipper” and “night-
peaker” categories)

« Isolated systolic AH
o Resistant AH
o Albuminuria

o Orthostatic hypotonia.

Currently, all these features are considered to be
independent cardiovascular risk factors. Besides, their
presence can impact AH management. For instance, in
volume-dependent AH, the use of thiazid-like diuretics
is justified, while individuals with albuminuria should
take angiotensin-converting enzyme inhibitors (ACE
inhibitors) or sartans for kidney protection. These possi-
ble characteristics of AH in type 2 DM are detailed below
(5, 8, 10, 17].

Clinical Profile and
Management of the
Key Pathophysiological
Characteristics of AH
and Type 2 DM

Salt sensitivity

Higher salt sensitivity is typical of some categories
of AH patients, including elderly patients, patients with
DM, obesity, impaired renal function, low renin plasma
activity. Also, higher salt sensitivity is observed in Afri-
can Americans.

The mechanism of higher salt sensitivity in
type 2 DM patients is still unclear. Salt sensitivity can
be genetic and can be associated with hereditary reduc-
tion in the number of functional nephrons (normally,
each kidney has approx. 1 mln. of nephrons), impair-
ing the renal ability to excrete sodium and water. In this
category, AH tends to rise in case of excessive con-
sumption of sodium chloride and water; in such cases,
AH demonstrates good response to dietary reduction of
sodium chloride and the use of diuretics. In type 2 DM,
thiazid-like diuretics (indapamide, chlortalidone) are
preferable due to their metabolic neutrality and marked
organ-protective properties. Thiazids (e.g. hypothia-
zid) are less preferable due to possible adverse effect
for glucose profile (however, internationally recognised
experts think they can be used also in DM patients,
if thiazid-like products are unavailable). In case of
impaired renal function (especially where glomerular
filtration rate (GFR) is below 30-60 mL/min), loop
diuretics are recommended as a component of antihy-
pertensive therapy.

Taking into account their possible higher salt sensi-
tivity, individuals with AH and type 2 DM may benefit
from a new class of antihyperglycemic drugs — sodium
glucose linked co-transporter-2 inhibitors (iISGLT2). In a
number of large randomised controlled trials (RCTs),
these drugs demonstrated a variety of organ-protective
properties and the ability to improve cardiovascular
and renal prognosis in type 2 DM patients (especially
in chronic cardiac failure (CCF) and DNP). A signifi-
cant advantage of these drugs in patients with AH and
type 2 DM is their ability to enhance sodium excretion,
thus, they also have marked antihypertensive effect.
It is worth to discuss the mechanism of iSGLT2 action
in detail [9, 13, 18].

These drugs affect sodium glucose linked co-trans-
porter-2, which is a glucose transport protein located
in the anterior part of proximal tubules of nephrons;
its function is to re-absorb 80-90 % of glucose from
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primary urine. Glucose is transported via tubule cell
membranes from tubule opening using sodium gradi-
ent. Increased diuresis with the use of iSGLT?2 is asso-
ciated with osmotic effect of glucosuria and natriuresis.
According to some authors, this drug effect is extremely
significant and is one of the most important favourable
mechanisms of iSGLT2 in CCEF. It has been demonstrated
that iSGLT2 can potentiate the effect of loop diuretics
in CCE It is assumed that the use of iSGLT?2 is associ-
ated with a less marked rate (as compared with loop and
thiazide diuretics) of reflective neurohumoral activation.
Natriuretic and diuretic effects of these drugs are asso-
ciated with hypotensive effect. The degree of this effect
caused by iSGLT2 is clear (it can be compared with the
effect of thiazide diuretics, beta-adrenoblockers (3-AB)
and calcium channel blockers (CCBs), and, according to
some sources, is even superior). Although the current
AH therapy recommendations do not include iSGLT?2 as
antihypertensives, some competent experts have already
put forward such proposals. Of note, this class of drugs
has been included in the revised recommendations not
only for type 2 DM management, but also for CCF with
low, intermediate and preserved left ventricle (LV) ejec-
tion fraction (both with and without diabetes), as well
as for chronic kidney disease (CKD) (including DNP
and non-diabetic glomerulopathy). To conclude the dis-
cussion of the possibilities of iSGLT2, we would like to
emphasise their versatile additional organ-protective
and pleiotropic effects: antiinflammatory action, reduc-
tion of oxidative stress and sympathetic tone, improved
vasodilation, improved energy metabolism by myocar-
dium, reduced cardiac remodeling, reduced ischemic
and reperfusion myocardial injury, reduced uricemia,
better autophagy and lysosomal degradation, reduced
body weight [15,18].

Impaired circadian BP rhythm

Normally, during 24-hour BP monitoring, it is higher
during daytime, while at night it reduces by 10-15 %
vs. daytime values (dipper). A lesser reduction in BP
values at night (less than < 10% of daytime values) is
called non-dipper, while higher nocturnal BP values are
called night-peaker. Two latter circadian BP rhythms
are pathologic. According to a number of articles. they
are more common in patients with AH and type 2 DM
than in AH alone; other authors suggest absence of
any relation between abnormal circadian BP rhythms
and type 2 DM. It is known that impaired circadian BP
rhythm is associated with a higher risk of cardiovascular
death irrespective of sex, age, body mass index, smok-
ing status, and a history of cardiovascular disorders. In a

number of epidemiological studies, nocturnal BP values
were more reliable predictors of all cause mortality in
AH than daytime BP values or BP measured at a visit to
the doctor. The causes of more frequently reported cir-
cadian BP rhythm abnormalities in individuals with AH
and type 2 DM vs. patients with AH alone are still not
clear [12,19,20].

To correct such circadian BP rhythm abnormalities,
the patient should take at least some antihypertensive
before bed [12,19,20].

Resistant AH

This term is used for cases when BP values remain
outside the target range, despite the fact that the patient
follows recommendations for lifestyle changes (includ-
ing reduced consumption of sodium chloride) and takes
full doses of 3 classes of compatible antihypertensives,
with one of these 3 classes being a diuretic. The inci-
dence of resistant AH (according to some US registers)
is approx. 9 %. Causes of resistant AH are versatile and
include poor compliance, presence of symptomatic AH
(e.g. renoparenchymal, renovascular, endocrine, etc.);
resistant AH is more common in obese and elderly
patients, as well as (potentially) in type 2 DM patients.
The mechanisms of a higher incidence of resistant AH
in diabetes are unclear; endothelial function and insulin
resistance are discussed among other causes.

In order to overcome AH resistance to therapy, the fol-
lowing measures are recommended: thorough review of
patient’s compliance to therapy and correction where
necessary, ruling out symptomatic nature of AH (in case
of subclinical hyperaldosteronism, it is essential to use
mineralocorticoid receptor antagonists (MRAs), such as
spironolactone and eplerenone); wider use of 4-5 and
more components in the therapy regimen (for instance,
CCBs, thiazid or thiazid-like diuretic, ACEi or sartan,
MRA, possible combined with a central-action drug,
B-AB, alpha-adrenoblocker (a-AB), etc.). The role of
complex multicomponent combinations of antihyper-
tensives in such patients, their beneficial effect and safety
are difficult to assess. Recently, resistant AH therapy has
included some invasive procedures (catheter-based renal
denervation, implantation of devices which activate
carotid adrenergic receptors, etc.) [21,22].

Considering the important role played by occult
hyperaldosteronism in resistant AH development, and
the significance of MRAs in the elimination of AH
resistance to therapy, we will briefly discuss their pos-
sible use in AH, including individuals with type 2 DM.
Until recently, these drugs were used mainly in the
management of CCF cases with low LV ejection
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fraction and in post-infarction patients. Currently, they
are widely used in the combined therapy of AH as a
fourth drug (as an addition to traditional three-com-
ponent combinations of ACE inhibitor or sartan, thia-
zide/thiazide-like diuretic and CCB). Spironolactone is
anon-selective drug; in AH therapy, it is usually used in
low, sub-diuretic doses (25-50 mg/day). The use of low
doses makes it possible to minimise such adverse events
as gynecomastia, decreased interest and painful men-
struation. Drugs of this class are effective in reduction
of BP values both in a combination with other classes
of drugs and as monotherapy; however, spironolactone
is superior to eplerenone in management of high BP.
In a recent study PATHWAY-2 (335 participants, of
which 46 individuals with type 2 DM), spironolactone
25-50 mg/day was added to a three-component com-
bined antihypertensive therapy with ACE inhibitor (or
sartan), CCB and diuretic, as compared to doxazosin
and bisoprolol, and demonstrated a more prominent
antihypertensive effect without any events of gyneco-
mastia, hyperkalemia and impaired renal function. The
effect and tolerability in type 2 DM patients were com-
parable to the effect and tolerability in non-diabetic
individuals. The organ-protective effect of spirono-
lactone is associated with LV hypertrophy regression,
antifibrotic effects in myocardium and, possibly, in vas-
cular walls, as well as with reduced microalbuminuria
rates [21,22].

Isolated systolic AH

This term is used for a situation when SBP values rise
above 140 mm Hg without any increase in DBP, the values
of which remain below 90 mm Hg. The majority of world
experts consider isolated systolic AH (ISAH) to be an iso-
lated pathology, typically observed in elderly people and
associated with lower artery wall flexibility [23]. Higher
SBP values are an important pathophysiological factor,
contributing to LV hypertrophy; reduced DBP can result
in poor coronary blood flow. The incidence of ISAH rises
with age; in elderly people, it is the most common form
of AH (according to Western specialist, it can account
for 80-90 % of all AH cases in patients of 65 and over
years of age) [24]. In elderly individuals, ISAH is asso-
ciated with a significantly higher cardiovascular risk as
compared to systolic-diastolic AH (with comparable
SBP values) [19]. In order to assess the rate of an addi-
tional cardiovascular risk in ISAH, it is recommended
to use the same SBP values, the same nomenclature for
risk factors, target organ involvement and comorbidities,
as in systolic-diastolic AH. At the same time, experts
believe that extremely low DBP values (60-70 mm Hg

and below) are associated with additional increase in the
risk [16].

The mechanism of correlation between ISAH and
type 2 DM has been understudied; it is true both for
epidemiology, pathogenesis and management strategies.
Considering that a lot of type 2 DM patients are elderly
people, it is naturally to expect a high incidence exactly
of this AH form; however, reliable epidemiological data
in this regard are lacking. Since age-associated rigid-
ity of aortic and large vessel walls is the leading cause
of ISAH development, essential is the information that
diabetes-associated metabolic disorders can contribute
to poor vascular wall flexibility. Endothelial dysfunc-
tion, activation of local and system pro-inflammatory
and profibrotic mechanisms are essential, since they are
closely associated with insulin resistance, glucotoxic-
ity, lipotoxicity and accumulation of glycation products
in tissues. Reduced elasticity and damping capabilities
of vascular walls are facilitated by typically early onset
of type 2 DM and faster progression of atherosclerotic
changes in vascular walls. An increase in systolic blood
velocity resulting from higher SBP and lower DBP (as
damping capabilities weaken) caused by higher vascular
wall rigidity, lead to a higher pulse BP, higher mechani-
cal load over the vascular wall with an increase in shear
stress. All this contributes to the progression of vascular
damage and facilitates further increase in cardiovascu-
lar risk. Of note, in type 2 DM patients, ISAH develops
in younger age as compared to non-diabetic population.
At the same time, it is worth mentioning that AH in mid-
dle-aged type 2 DM patients is systolic-diastolic (both
SBP and DBP values rise) [7, 19, 23].

ISAH therapy includes standard classes of hypoten-
sives; diuretics and CCBs are preferable [11,12].

Albuminuria

Being a marker of renal damage, albuminuria is diag-
nosed more often in patients with AH and type 2 DM as
compared to non-diabetic AH patients. Currently, the
term “microalbuminuria” is outdated; in nephrology lit-
erature, this term has been replaced with albuminuria,
however, the former is still used in clinical practice. Most
often, albuminuria in this population is a sign of a dia-
betes-specific kidney damage — DNP (where glomeruli
are involved most of all in the form of nodular glomeru-
lar sclerosis). Clinical manifestations of DNP usually
appear 10-15 years after onset of diabetes (in type 2 DM
patients, identification of this particular moment is chal-
lenging, therefore, in real time practice, this period can
be significantly shorter). In type 2 DM, albuminuria,
as a sign of DNP, is diagnosed in 14-20 % of cases and
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often precedes AH development. It is worth noting that,
if diagnosed early, albuminuria in type 2 DM patients
can be reversed with the use of modern efficient kidney-
protective approaches [12,25].

In developed countries, diabetic nephropathy is a
leading cause of end stage renal disease; in dialysis
patients, its share is 40 %. A very important factor in
kidney damage progression in type 2 DM patients is AH.
High BP values contribute both to albuminuria aggrava-
tion and its progression to proteinuria (> 0.3 g/day, then
> 1.0 g/day, with possible development of nephrosis and
gradual reduction in renal function) [16,20,25].

The initial stage of DNP (glomerular hyperfiltration)
is asymptomatic (no albuminuria is recorded). Later,
higher GFR levels drop to normal values, and albumin
excretion with urine rises (albuminuria starts develop-
ing). Then, manifest DNP appears: minimal proteinuria
progresses to severe condition (in this case, it is nephro-
sis); microscopic hematuria, cylindruria are also pos-
sible; AH appears or aggravates. GFR gradually drops,
up to marked and severe kidney failure (stage 3-5 CKD).
The clinical pattern (especially in type 2 DM) often pres-
ents with various cardiovascular complications, typical
of diabetes in general and DNP in particular: ischemic
heart disease (IHD), rhythm disturbances, CCE, and
other macro- and microvascular diabetic complications
[23,25].
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Efficient management of AH in type 2 DM patients is
based on a pivotal approach to kidney protection, which
insures minimisation of the rate of renal damage both at
early and later stages, as well as when the renal function
is impaired. The most evidence-based hypertensives are
renin-angiotensin system (RATS) blockers, such as ACE
inhibitors or sartans [12,25]. In individuals with DNP
and AH, achievement and maintenance of target AH
values are associated with reduction in cardiovascular
risk, as well as reduced rate of renal damage progression.
Prescription of hypertensives in addition to life-style
changes is recommended in DNP patients if their AH
levels are > 140/90 mm Hg (for patients of over 80 years
of age — > 160/90 mm Hg). Target values for such indi-
viduals are SBP of 120-129 mm Hg, DBP — 70-79 mm
Hg (for individuals of over 65 years of age — systolic
BP of 130-139 mm Hg). First-line antihypertensives for
patients with DNP and DM are ACE inhibitors or sartans,
supplemented with CCBs and/or thiazid/thiazid-like
diuretics. Where necessary, the following drugs can be
used in addition to the above-mentioned drugs: 1) loop
diuretics (especially with GFR of 45 mL/min/1.73 m?);
6) nitrates (in elderly patients, with IHD). During ther-
apy, it is recommended to continuously control protein-
uria, electrolyte levels and serum creatinine, GFR values
[17,19,25]. The general approach to DNP management is
presented in Figure 1.

Smoking
cessation

Welight control

Moderate/
high doses
of

(ACE inhibitors/
sartans)

Ezetemib
and PSCK9
inhibitor in

patients

with high
CVR

Dihydropyridin
CCB and
diuretics

Figure 1. General view on the management of patients with DNP

Note: RF — risk factors; CVD — cardiovascular diseases; CVR — cardiovascular risk; PCSK9 — proprotein convertase subtilisin-kexin type 9
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Orthostatic hypotonia

This term is used to describe episodes of rapid SBP
reduction by > 20 mm Hg or DBP by > 10 mm Hg during
3 minutes after verticalisation from sitting or supine
position; it is often associated with compensatory tachy-
cardia. The incidence of orthostatic hypotonia rises with
age; in elderly patients, it can reach 5-30 %. Orthostatic
hypotonia is associated with a higher risk of falls and
fractures [5, 16].

In quick rising, approx. 10 % of the circulating blood
volume goes from chest organs to lower body vessels.
Normally, BP reduction is prevented by neurohumoral
system activation and changes in pressure receptor func-
tion. With age, the degree of such activation declines,
thus causing lower BP during rising. Progressive ortho-
static hypotonia in elderly people is characterised by
slow reduction in SBP when rising (and compensatory
growth in heart rate). Symptoms usually appear several
minutes later. Type 2 DM patients may have episodes
of orthostatic hypotonia more often than non-diabetic
individuals. They are facilitated by diabetes-induced veg-
etative (autonomous) neuropathy, age-related baroreflex
incompetence syndrome, and potential volume deple-
tion (in case of diarrhoea, vomiting, blood loss, diuretic
therapy). Often, episodes of orthostatic hypotonia are
combined with postprandial hypotonia, which is caused
by an increase in blood filling of GIT organs (usually
2-3 hours after a substantial meal, especially with alco-
hols). This is a classic mechanism of ischemic cerebral
strokes (e.g. the patients comes home from work, eats a
lot, lies down to rest, then rises and has both orthostatic
and postprandial hypotonia, cerebral hypoperfusion,
stroke) [17, 21].

Clinical

manifestations of orthostatic

include episodes of dizziness, weakness, dyspnoea,

hypotonia

chest pain, impaired vision associated with quick rising;
hypotonia worsens in warm environment and during
long-time standing. Syncopal state (also after long-time
sitting — for example, during a long car ride, approx.
500-1000 mL of blood is re-distributed to lower limbs,
and it contributes to the risk of syncope when rising),
falls, fractures are not rare. It has been demonstrated that
episodes of orthostatic hypotonia are associated with
higher rates of cardiovascular and all cause deaths.
Recommended approaches to reduce the risk of such
episodes include discontinuation of antihypertensives,
which facilitate orthostatic reactions (such as thiazide
diuretics, a-AB, direct vasodilators), consumption of
more fluids, compression stockings, avoidance of abrupt
verticalisation, avoidance of heat, overeating, hot bath
or shower, high stresses (loads). Drug therapy used in

type 2 DM patients can include alpha-lipoic acid prod-
ucts; less often — mineralocorticoids; fludrocortisone;
desmopressin, a vasopressin analogue; midodrine, a
sympathomimetic drug; pyridostigmine, a cholinester-
ase inhibitor. It has been reported that clonidine can
potentially reduce orthostatic reactions, however, this
information requires additional confirmation [19, 23].

Orthostatic hypotonia is a sign of cardiovascular
autonomic neuropathy (CAN). Other symptoms include
sinus tachycardia at rest (monotonous tachycardia);
rigid rhythm (no response to physical or emotional
stress); painless myocardial ischemia/silent myocardial
infarction; sudden cardiac arrest/vegetative denerva-
tion. At early stages, CAN can be completely asymptom-
atic and can be diagnosed only after evaluation of heart
rhythm variability with deep breathing. In advanced
cases, patients present with tachycardia at rest, when
heart rate is as high as 100 bpm, and poor exercise toler-
ance. Moreover, a majority of CAN cases are not associ-
ated with compensatory rise in the heart rate upon ver-
ticalisation, despite developing hypotonia (chronotropic
failure). Most often CAN symptoms appear in vertical
position and include dizziness, weakness, palpitations
and collapse [11, 13].

Timely CAN diagnosis is essential, since this type of
neuropathy in DM patients is an independent cardiovas-
cular risk factor. CAN in type 2 DM patients is associ-
ated with higher mortality rates. CAN can become more
severe with fluctuations in glycaemia levels (especially
with episodes of hypoglycaemia). It has been demon-
strated that reduction in heart rate variability (CAN
marker) is a direct independent cardiovascular risk
factor in pre-diabetes patients. Glycaemia control is
essential for CAN prevention [10, 12].

Management of Patients
with AH and Type 2 DM

Antihypertensives

The most commonly used antihypertensives are ACE
inhibitors, sartans, CCBs, thiazide-like diuretics, MRA
and B-AB. a-AB, renin inhibitors, loop diuretics, drugs
for CNS activity (methyldopa or clonidine) and product
to directly reduce smooth muscle strain in vessels (e.g.
hydralazin), are less common. The final choice of anti-
hypertensives depends on a number of factors, such as
comorbidities, GFR and adverse effects [19, 22].

ACE inhibitors and sartans significantly reduce the
number of type 2 DM cases in patients with arterial
hypertension or congestive heart failure, possibly due to
improved insulin secretion and better insulin sensitivity
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[25, 26]. They are highly recommended as first-line ther-
apy in patients with AH, DM and IHD; since it has been
proven that they reduce cardiovascular risks in diabetic
patients [25-29]. They should be added to the therapy
as soon as possible in order to prevent blood vessel re-
modelling [30]. Besides, they should be first-line drugs
in patients with AH, DM and severe albuminuria (albu-
min/creatinine value of > 300 mg/g) and should be con-
sidered when albumin/creatinine value is 30-299 mg/g,
since they reduce the risk of kidney disease progression
[31]. In the HOPE study, ramipril significantly reduced
the risk of combined endpoints, all cause deaths and hos-
pitalisations due to heart failure, when used in patients
with DM and microalbuminuria [33]. In the ADVANCE
RCT, addition of perindopril and indapamide reduced
the rate of cardiovascular and all cause deaths and the
number of macro- and microvascular complications in
patients vs. placebo [32]. The ACHIEVE RCT demon-
strated that ACE inhibitors and dihydropyridine CCBs
are superior to the therapy with ACE inhibitors and thia-
zide diuretics as regards reduction of adverse cardiovas-
cular events in patients with and without DM; however,
the hydrochlorotiaside dose used in the trial was below
the level required for efficient CVD reduction [33, 34].

Other drugs affecting RAT are MRAs, spironolactone
and eplerenone. It has been established that the addi-
tion of spironolactone to the standard antihypertensive
therapy reduces albuminuria levels in patients with DM
and DNP [35]. Also, the addition of spironolactone to a
minimal dose of lisinopril resulted in better renal protec-
tion in DNP patients as compared to the same dose of
losartan and ACE inhibitors [36].

CCBs are recommended as a first-line therapy in DM
patients, especially in elderly patients with ISAH [37].
Previous studies assumed that CCBs were able to prevent
DM by inhibition of B-cell apoptosis and improvement
of B-cell function; however, the meta-analysis by Noto et
al. did not prove this hypothesis [38, 39].

Therefore, ACE inhibitors, BRAs, CCBs and thiazide-
like diuretics are acceptable for initial antihypertensive
therapy in DM patients. It is important to take into
account adverse effects of antihypertensives, especially
those associated with cardiometabolic consequences.
Thiazide-like diuretics (e.g. chlortalidone) can result in
hyperglycaemia because of their ability to enhance insu-
lin resistance [40, 41]. Besides, a majority of B-ABs are
not recommended as a first-line therapy in DM patients
due to their adverse cardiometabolic effects: increased
triglyceride levels, reduced HDL cholesterol levels,
suppression of hypoglycaemia symptoms and reduced
insulin sensitivity [42]. Also, it is assumed that they

can increase the risk of DM, especially in obese indi-
viduals, as compared to alternative drugs [43]. However,
not all B-ABs have adverse effect for glucose homeo-
stasis. Carvedilol, nebivolol, labetalol not only block
B-adrenoreceptors, but also have additional properties
facilitating vasodilatation and causing less adverse effect
for metabolism [44]. These effects were studied in the
GEMINI RCT in type 2 DM patients with AH. The study
compared metabolic and glycaemic effects of metopro-
lol tartrate and carvedilol therapy. The use of carvedilol
did not affect glycaemia control and improved insulin
sensitivity. It appears that the lowest probability of DM
de novo resulting from antihypertensive therapy is with
the use of sartans, ACE inhibitors and, to a lesser extent,
CCBs [45].

Lipid-lowering agents

CVRs in patients with AH and type 2 DM are high
and even very high in the presence of DNP. In order to
reduce CVRes, it is recommended to use lipid-lowering
agents in addition to life-style changes. When lipid-low-
ering agents are used, it is advisable to aim to achieve
the target low density lipoprotein cholesterol (LDL-
C) levels, which are: 1)< 1.8 mmol/L (in high CVR)
or < 1.4 mmol/L (in very high CVR), or at least 50 %
reduction vs. baseline. The first-line therapy are high or
maximum tolerable doses of sartans. If, despite the use
of sartans, the target LDL-C levels are not achieved, it is
recommended to add ezetemibe to sartans; if this combi-
nation is unable to achieve the target LDL-C values, then
PCSK9 inhibitor can be used as an additional measure
[46, 47].

Antiplatelet drugs

In type 2 DM patients with AH, if they have DNP and
atherosclerotic cardiovascular involvement, a very high
risk of cardiovascular risk necessitates the use of acetyl-
salicylic acid (ASA) 75-100 mg/day as a preventive mea-
sure. If not tolerated, clopidogrel can be used as an alter-
native to ASA. A dual antiplatelet therapy comprising
ASA and platelet P2Y12-receptor inhibitors (ticagrelor,
clopidogrel) is recommended for patients who under-
went scheduled coronary stenting (usually no more than
6 months), as well as for post-acute coronary syndrome
individuals (usually no more than 12 months) [11, 27].

Glycaemia control

In type 2 DM patients with chronic IHD, metformin
is the leading antihyperglycemic drug; if necessary, other
drug classes are added to metformin. After informa-
tion from a number of RCTs has been received on the
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favourable effects for cardiovascular and renal progno-
sis of the two new classes of antihyperglycemic drugs,
glucagon-like peptide-1-receptor agonists (GLPlra)
(AWARD-7 RCT) and iSGLT2 (EMPA-REG, CANVAS,
DECLARE, CREDENCE, DAPA-HF RCTs), experts give
priority to these classes (usually, in addition to metfor-
min). If GLP1ra and/or iSGLT2 cannot be prescribed in
addition to metformin, other antihyperglycemic drug
classes can be added (which do not improve prognosis,
but are more readily available).

In type 2 DM patients with DNP who have preserved
or moderately impaired renal function (stage 1-3 CKD,
GFR > 30 mL/min/1.73 m?), a combination of metformin
with GLP1ra and/or iSGLT?2 is preferable. If GLP1ra or
iSGLT?2 cannot be used for economic reasons, then met-
formin can be supplemented with DPP-4 inhibitors, sul-
fonylureas, pioglitazone for glycaemic control in patients
with DNP and GFR > 30 mL/min/1.73 m? [11, 24].

Conclusion

To conclude this literature review, the presented
material can be summarised as follows (Fig. 2). AH is a
crucial factor of a cardiovascular and renal risk both in

Epidemiology
*Hypertension is present in ~ 50 % of

patients with type 2 diabetes
*Diabetes is present in ~ 20 % of
people with hypertension

*The risk of hypertension in patients
with type 2 diabetes is 2-2.5 times
higher than in people without
diabetes

*Hypertension and type 2 diabetes

mutually burden each other's course
Salt sensitivity

¥’ More common in the elderly, with
diabetes, obesity, decreased kidney
function

¥’ genetically determined decrease in
the number of nephrons

¥’ Therapeutic approaches: Jsalts,
thiazide-fike diuretics, SGLT-2
inhibitors

+insulin
sresistance dyslipidemia

factors
sendothelial dysfunction

+High salt sensitivity

peaker"

mortality

Isolated systolic hypertension
¥ systolic BP > 140 mmHg, diastolic BP
<90 mmHg.
¥'more often in the elderly 80-90%
among all forms of hypertension
¥ Therapeutic approaches : standard,
preferably diuretics and CCB

hypertension

diabetes

inclusion of MRA

Figure 2. Arterial hypertension in type 2 diabetes mellitus

General pathophysiological mechanisms in
hypertension and type 2 diabetes

«activation of proinflammatory and prothrombotic

dysregulation of vascular tone .

Defects in excretion of Na* by the kidneys .

Circadian rhythm disorders
v’ More often, "non-dipper

¥ is associated with a risk of CV

¥ Therapeutic approaches: taking
antihypertensive drugs in the evening
Resistant hypertension
¥’ prevalence among hypertension 9 %
¥ causes: low adherence, symptomatic

¥’ is more common in obesity, in the
elderly, in people with type 2

v’ Therapeutic approaches: 4 or 5
component schemes with the

general population in among type 2 DM patients. In turn,
type 2 DM is a cause of a variety of macro- and microvas-
cular complications; it is a separate and independent car-
diovascular risk factor. Very often, AH and diabetes are
comorbidities; they share common pathogenesis charac-
teristics and mutually aggravate each other.

In the management of type 2 DM patients with
AH, it is highly essential to follow the life-style change
recommendations, including healthy eating, reduced
sodium chloride consumption, graduated exercises,
slimming, smoking cessation, reduced alcohol con-
sumption. The most common target BP levels in this
category of patients are 120-130/ 70-79 mm Hg, with
target HbA1C values of 6.5-7.0 %. Literature data on
the features of the course of AH and antihypertensive
therapy in AH in combination of type 2 DM are very
controversial. A number of specialists emphasise that
the pattern of AH in these individuals is close to the
pattern in individuals without diabetes, and there are
no special features. At the same time, other research-
ers point out a number of aspects, that distinguish
type 2 DM patients with AH from the general AH pop-
ulation, namely: salt sensitivity predisposition (so AH
is often volume-dependant), a higher rate of circadian

Features of hypertension in
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salt sensitivity
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isolated systolic
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BP rhythm abnormalities (with a higher rate of non-
dippers and night-peakers), ISAH, resistant AH, a
combination with albuminuria, episodes of orthostatic
hypotonia. While the assumption that RATS blockers,
including ACE inhibitors and sartans, have a dominant
role in the management of AH with type 2 DM, is well-
established, possible use of other classes of drugs in
these patients, including MRAs, imidazoline receptor
agonists and SGLT-2i, requires additional studies [11,
17, 23].
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Real Clinical Practice Register of Albuminuria
Detection in Patients with Previously Undiagnosed
Chronic Kidney Disease

Pestome

Llenb: c6op AaHHbIX O PpeHOoTHMe NaLmeHTa ¢ HanboNbLLMM PUCKOM PasBUTUA albByMUHYPUM U OLeHKa eé pacrnpOCTPaHEHHOCTb B BbIAB/EHHbIX de-
HOTMMaXx, @ TaKXKe MoyYeHVe AaHHbIX O XapaKTEPUCTMKAX, Ha3HaYaeMol Tepanum, CONyTCTBYIOLEN NaTONOrMK NaLMEHTOB C 1 6e3 BbisIBJIEHHON anb-
6yMUHYpun. MaTepuanbl u MeTogbl. VIHpopMaLms 0 pacnpocTpaHeHHOCTY albbyMUHYpUM B NOMYAALMKU COBMPAETCa OAHOMOMEHTHO B pPaMKax peru-
CTpa peasbHOM KNMHWUYECKON NPaKTUKW. Bce naumeHTsbl, obpalyatolmecs 3a MeULMHCKON NOMOLLbIO, OLIEHEHbI Ha NpeAMeT HaMums anbbyMUHypum
1 eé CTereHu, BCe AaHHble CobpaHbl B 06€3/IMYEHHOM BUAE U BHECEHBI B 3/IEKTPOHHYIO PErMCTPALMOHHYIO KapTy. KpUtepum BKAoUeHUSA: 1) MyMXUnHbI
V KEHLLMHbI B BO3pacTe OT 40 JIET v CTapLUe Ha MOMEHT PermcTpauym AaHHbIX; 2) BO3MOXKHOCTb BbIMO/IHUTL TECT HA a/Ib6YMUHYPUIO C UCMO/b30BaHNEM
TeCT-NO/I0OCOK M/ aHan3a Ha MUKPOasIbOYMUHYPUIO UK COOTHOLLEHWE anbbyMUH/KpeaTUHUH B Pa3oBOi NOpLMK Moun. KpuTepun HeBKIOYeHNS:
1) HeXXenaHve naumMeHTa y4acTBOBaTh B PerucTpe; 2) Haauume aguarHosa XbI BbICTaBIEHHOMO O MOMEHTA CKPUHWMHIA B perucTp; 3) Hainuve gva-
rHO30B CaxapHblii Avabet 11 2 TUNa, BbICTABAEHHbIX 40 MOMEHTA CKPUHUHIA B perucTp; 4) 6epeMeHHOCTb; 5) 6er Ha 4/IMHHbIE AUCTaHLMK WA OYeHb
Taenan Gpusmyeckas Harpyska 3a nocnegHue 24 vaca. Pesynbrartbl. Ha MOMEHT npefocTaBieHNs AaHHOTO MaTepuana NpoXoAUT aKTUBHaA pasa Ha-
60pa NaLMeHTOB B PErncTp € y4ETOM 3asaB/1eHHON MolHocTH. C y4eTOM npeAarnonaraeMoli CKopocTy Habopa y4acTHUKOB peructpa B 45-50 LeHTpax
0XWAAEeTCS, YTO B PerncTp 6yayT BK/IOYEHbI aHHble o 12.000-15.000 naymenTaM. Ecim yaactcsa HabpaTb MeHee yeM 12.000 cy6beKTOB 1 pacyeTHas
CKOpOCTb Habopa B perncTp byAeT He0CTaTOYHOMN, MOXET BbITb YBENNYEHO KOJIMHECTBO UCC/IeA0BaTE/IbCKUX LIeHTPOB UM pacluMpeH Nepuos, ckpu-
HUHra. 3ak/toyeHne. HecMOTpsA Ha yCTaHOBNEHHYH MPOrHOCTUYECKYHO 3HAYMMOCTb AaHHbIX 06 AY, B LUMPOKOI NPaKTUKE AaHHbIN aHaNM3 Ha3HavaeTcs
Jvuam 13 rpynn pucka no passututo XbIM nam naymeHTaMm ¢ yxKe ycTaHOB/IEHHOW Hedponormyeckoii natonorveit. NpoeeaeHve I0KasbHOrO PErncTpa,
06beAMHAIOLEro pas/NyHble MONYAALMUM MaLMEHTOB, B MEPBYIO OYepe/b, BK/OYAKOLLEro MaLMeHTOB He TO/IbKO U3 YCTAHOB/IEHHBIX FPYMM p1cKa no
passutuio XbI, a TakKe € UCMO/Ib30BaHMEM TECT MOJIOCOK Ha onpegenieHne AY npeAcTaB/ifeT Hay4YHbI M MPaKTUYECKUIA MHTEPeC U MOXKET 6bITb MC-
M0/1b30BaHO MPU HaNMCaHUM HaLMOHa/bHbIX PeKOMeHAALMIA, yHe6HO-MeTOAMYeCKMX MOCOBMIA, NCMO/Ib30BaTbCA B KIMHUYECKON NpaKTUKe.

KnroyeBble cN10Ba: anb6ymuHypus, xpoHuyeckas 60a€3Hb NoYeK, peaucmp
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Abstract

Aim. To collect data on the patient phenotype at the highest risk of developing albuminuria, to assess the prevalence of albuminuria in the identified
phenotypes, and to collect data on the characteristics, prescribed therapy, and comorbidities of patients with and without identified albuminuria.
Materials and methods. Data on presence or absence of albuminuria are collected in this register of real clinical practice instantaneously. All patients
seeking medical attention are screened for the presence and extent of albuminuria. All data are collected in anonymized form and entered into an
electronic case report form. Inclusion criteria: 1) men and women aged 40 years and older at the time of data collection; 2) the possibility to perform
an albuminuria test using dipsticks and/or a test for microalbuminuria or urine albumin/creatinine ratio in a spot urine sample. Exclusion criteria:
1) the patient’s reluctance to participate in the registry; 2) diagnosis of CKD made before screening for the registry; 3) diagnosis of diabetes mellitus
type 1or 2 made before screening for the registry; 4) pregnancy; 5) long distance running or very heavy physical activity in the last 24 hours. Results.
At the time of submission of this material, the active phase of patient recruitment for the registry with the specified power has been ongoing. Based
on the expected recruitment rate at 45-50 sites, the registry is expected to include data from 12,000-15,000 patients. If fewer than 12,000 patients
are recruited and the estimated recruitment rate for the registry is insufficient, the number of study sites or the screening period may be extended.
Conclusion. Despite the established prognostic significance of the data on AU, the test is prescribed in routine practice to individuals at risk of
developing CKD or to patients with an established nephrological disorder. A local registry that combines diverse patient populations, namely patients
not only from established CKD risk groups but also patients with a dipstick test for AU, is of scientific and practical interest and can be used in the
development of national clinical guidelines and educational materials and used in clinical practice.

Key words: albuminuria, chronic kidney disease, registry
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BP — blood pressure, AH — arterial hypertension, AU — albuminuria, ARA — angiotensin 2 receptor antagonists, ARNI — angiotensin receptor and
neprilysin inhibitors, ACE inhibitors — angiotensin converting enzyme inhibitors, IHD — ischemic heart disease, BMI — body mass index, CRF — case
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2021, iSGLT 2 — sodium glucose linked transporter inhibitors, KDIGO — Kidney Disease: Improving Global Outcomes

Introduction

Albuminuria (AU) is the presence of albumin in urine,
where the normal urine concentration in the morning
can be < 30 mg/mL (< 3 mg/mmol) [1]. AU is a sign of
impaired kidney function and is associated with a higher
risk of progressive loss of kidney functions over time.
At early stages, a majority of kidney disorders are symp-
tomatic, while the therapy of terminal CKD, including
dialysis and kidney transplant, is expensive. Therefore, it
is crucial to search for markers of early CKD. In 2012, the
KDIGO (Kidney Disease: Improving Global Outcomes)
published recommendations for CKD diagnosis and
management, with a new classification based on a com-
bined measurement of the rate of glomerular filtration
rate reduction and albuminuria/proteinuria severity [1].

In addition to its role in early diagnosis and risk
assessment for CKD patients, AU is an important prog-
nostic marker of cardiovascular diseases (CVD) and
diabetes mellitus (DM). Schmieder et al. assessed the
role of increased AU levels in spot urine over time in
23,480 patients with CVDs and DM. It has been shown
that at least 2-fold increase in AU over 2 years vs. base-
line is greatly associated with CVD mortality, combined
cardiovascular outcomes (cardiovascular death, myocar-
dial infarction, stroke and hospitalisation for cardiac fail-
ure) and renal outcomes, including dialysis and doubled
serum creatinine levels [2, 3].

The National CKD Clinical Recommendations are
based also on mandatory AU screening in patients with
a high risk of CKD, and four albuminuria stages have
been identified depending on albumin concentrations in
24-hour urine or albumin-creatinine ratio in spot urine

[4]. Tt is worth mentioning that if a patient has CKD
and CVD, it forms a vicious circle, where one condition
causes progression of the other. In particular, it has been
proven that AU contributes to endothelial dysfunction
development and aggravation in DM patients. In AH,
DM, CCF and obesity, albuminuria monitoring is essen-
tial for early diagnosis of CKD, and it is advisable to use
assessment of urine albumin-creatinine ratio.

Besides, changes in AU levels with the use of reno-
protective therapy are also a marker of therapy efficacy,
making AU an CKD monitoring marker.

Despite the identified prognostic value of AU data,
in real life this test is indicated for individuals in CKD
risk groups or for patients with a diagnosed renal pathol-
ogy. However, it is still necessary to obtain data on albu-
minuria prevalence in patients with and without known
CKD risk factors and to identify qualitative characteris-
tics in the identified population.

The common goal of this register is to gather infor-
mation on a patient phenotype with the highest risk of
albuminuria and to assess its prevalence in identified
phenotypes, as well as to obtain information on charac-
teristics, therapy, comorbidity in patients with and with-
out diagnosed albuminuria.

Register Design, Endpoints,
Organisation and Data
Gathering

The AURA Register is a multicenter, non-interven-
tional register of actual clinical practice. No patient
follow-up is planned (cross-sectional design). Patient
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enrolment start date is March 6, 2023; enrolment is
expected to end on April 1, 2024.

All study sites use standardised case record forms
(CRF). Information is gathered by GPs strictly in
accordance with inclusion and non-inclusion criteria.
Each CRF is reviewed by organiser’s Monitors. Accord-
ing to good clinical practice, all data entered in the
Register by Investigators are anonymised. Each patient
is assigned a unique ID number when information is
entered in CRF.

The main purpose of the Register is to obtain descrip-
tive data on main phenotypes of patients with albumin-
uria and to study therapies in these patients with due
account of comorbidities.

The Register territory is 45-50 sites in 7 federal dis-
tricts of the Russian Federation (Privolzhsky, Northwest,
North Caucasian, Siberian, Ural, Central, Southern). The
expected Register capacity is 12,000 patients.

An ethics review of this Register was performed
by the Ethics Committee at the Federal State Autono-
mous Educational Institution of Higher Education
N. L. Pirogov Russian National Research Medical Uni-
versity of the Ministry of Health of Russia on Febru-
ary 22, 2022 (Excerpt No. 226 from the LEC meeting
minutes).

Registration number of the study at ClinicalTrials.
gov is NCT-056900009.

Patient Population

The Register includes both male and female patients
over 40 years of age who were previously diagnosed with
such diseases as CKD, type 1 DM, type 2 DM. For a
detailed description of inclusion and non-inclusion cri-
teria, please refer to Table 1.

Other characteristics are detailed in Section 7.1.3. of
the Register Protocol.

Table 1. Criteria for inclusion and non-inclusion in
the registry AURA

Inclusion criteria
« Men and women 40 and older at the time of data registration
o Ability to perform an albuminuria test using test strips and/or
albumin/creatinine ratio analysis in a single urine sample
Inclusion criteria
o Patient's unwillingness to participate in the registry

o Presence of a diagnosis of CKD made prior to screening in
the registry

« Type 1 and type 2 DM diagnosed prior to screening in the registry
e Pregnancy

« Physical activity in the last 24 hours

Statistical Analysis

Statistical processing comprises the following
stages:

1) Exploratory analysis: identification of outliers; a
check of normality of quantitative variable distribu-
tion; preliminary identification of correlations using
correspondence analysis, correlation matrix and
graphic analysis.

2) Data cleaning and transformation: replacement of
missing values, removal of outliers, data normalisa-
tion and conversion if necessary (creation of new
variables, numeric variable grouping, categorical
variable re-grouping).

3) If necessary, sample reduction (exclusion of observa-
tions) to secure representativity.

4) If necessary, formation of additional hypotheses
based on the exploratory analysis, e.g. differences
between patients with varying degrees of albumin-
uria, correlations between individual laboratory/
instrumental results, etc.

5) Preparation of descriptive statistics: qualitative vari-
able frequencies, measures for alignment and disper-
sion of quantitative variables (2 groups: patients with
and without albuminuria):

o Albuminuria incidence within the Register

o Sex and age characteristics of patients

o Results of laboratory and instrumental diagnos-
tics

» Comorbidities and concomitant therapy

6) Analysis of correlation between individual variables
and the presence of albuminuria and/OR albumin-
uria severity (chi-square criterion, analysis of vari-
ance/Kruskall-Wallis test)

7) Multiple factor analysis of the risk of AU: logit regres-
sion and/or decision trees.

Model robustness will be achieved due to a) pre-
selection of predictors at step 6, and b) repeated iter-
ative evolution of the model using random patient
subsamples.

8) If necessary, testing of additional hypotheses gener-
ated at step 4. Data will be processed using IBM SPSS
Statistics 25 package.

Discussion

Despite the identified prognostic value of AU data, in
real life this test is indicated for individuals in CKD risk
groups or for patients with a diagnosed renal pathology.
In a meta-analysis by Coresh et al. of 693,816 patients,
of which 80 % had confirmed DM, changes in the ratio
of albumin/creatinine or protein/creatinine in spot urine
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over 2 years were evaluated [5]. A meta-analysis by Mat-
sushita et al., where AU was used as a prognostic factor
of a cardiovascular risk, included 637,315 patients with
confirmed cardiovascular pathologies [6]. Besides, such
AU assessments use measurement of albumin/creatinine
ratio in spot urine or daily urine albumin excretion [7].
Sumida et al. studied patients over 18 years of age, of
which 56 % had DM and 72 % had arterial hypertension.
919,383 patients were screened using both standard lab-
oratory methods (albumin/creatinine ratio in spot urine)
and AU test strips, which complies with KDIGO recom-
mendations [1, 8].

Within the scope of a prospective non-interventional
observational study “Early diagnosis of chronic kidney
diseases in primary healthcare facilities” in real clini-
cal practice, which was conducted in 12 regions of the
Russian Federation, 1,124 patients out of 13,968 patients
who visited primary healthcare facilities had risk factors
of CKD and were referred to an initial consultation by a
nephrologist [9].

Also, among Russian studies of CKD, of interest
is CHRONOGRAPH (a non-interventional obser-
vational open-label multicenter program to gather
information on CKD markers in patients with arterial
hypertension with or without type 2 DM in the Rus-
sian Federation) [10]. In this program, 1,363 patients
with AH and/or type 2 DM had their GFR calculated
and AU measured using the albumin-creatinine ratio

in morning urine.

Conclusion

This data suggest that a local register of various
patient populations, including first of all patients not
only from identified groups of CKD risk, but also
using AU test strips, has scientific and practical poten-
tial and can be used in the preparation of national
recommendations, study guides and also in clinical
practice.

The authors realise that occasionally identified
albuminuria is not a sign of CKD, but just a laboratory
phenomenon, which in some cases is physiological
(functional). Therefore, CKD verification requires a
repeated measurement 3 months later, and it was pro-
posed to the patients outside this protocol. Meanwhile,
even a single event of albuminuria should be included
in risk factors of renal and cardiovascular pathologies;
this was demonstrated earlier in a number of studies
and, therefore, is a useful screening tool for preselec-
tion of patients for a more thorough, also repeated
examination.
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Splenic Infarction and Myocardial Infarction
in A Patient with COVID-19 on Anticoagulant
Therapy with Normal D-Dimer Levels

Pestome

MHorwue nccnepoBaHus nokasanu, 4to COVID-19 MoxeT nporpeccupoBaTh C Koarynonatuei u MybTUCUCTEMHBIMU TPOMBOTUYECKUMI NaTOOM M-
Mu. B laHHOI cTaTbe NpeACTaB/IeH Cy4al NaLMeHTa, y KoToporo Yepes 9 gHeli noc/ie 1abopaTopHO NOATBEPXA4EHHON KOPOHABUPYCHOM MHEBMOHUM
Ha $pOHe aHTUKOAryNAHTHON Tepanuu 6bl/1, MPU NOBTOPHOW rOCNUTaAN3aALMM, ANArHOCTUPOBAH MHGAPKT CeNe3eHKN B COYETaHMM C MOC/eAyoWwmM
oCTpbIM MHbaApPKTOM MUOKapaa. [peaynpexaeHne TpoMbo3a NPOPUNAKTUHECKUMI A03aMU HUBKOMO/IEKY/IAPHOIO rernapuHa y rocnuTannsvpoBaH-
HbIX nayneHToB ¢ COVID-19 MoXeT oKa3aTbCA HeJOCTaTOYHbIM ANA NpeAoTBpalLeHNa pasBuTUA Koarynonatum. Cneayet 3anogo3puts y COVID-
19-n0/10KUTEeNbHOMO NauMeHTa ¢ 60/1bl0 B XUBOTe abA0MMHaNbHO-BUCLIEPa/IbHYIO TPOMBOIMOONNIO, HECMOTPA Ha aHTUKOAry/NAHTHYIO Tepanuto
1 HOpMasibHbI ypoBeHb D-gumepa.

Knro4deBbie cnoBa: uHgpapkm ceneserku, COVID-19, ocmpeiil uHgapkm Muokapda, Koazysaonamus, mpom6o3

KoH$AuKT nHTepecos
ABTOpr 3aABNAKOT, YTO AaHHaA pa601'a, eé TeMa, npeaMeT U cogepxaHue He 3aTparmBatoT KOHKYpPUPYHOLWKUX MHTepecoB

McTouyHnkun $puHaHcMpoBaHUs
ABTOPbI 3aABNAIOT 06 OTCYTCTBUM PUHAHCUPOBAHWA NPY NPOBEAEHUN NCCNEA0BAHNA

CraTba nonyyexa 30.10.2023 r.
MpuHaTa k ny6amkayum 08.12.2023 r.

Ana unTupoBaHua: Mpywa M.W., Xamerosa 0.B.,, ®egopey AB. n ap. MHOAPKT CENE3EHKN U MHOAPKT MUOKAPAA Y BOJIBHOTO
COVID-19 HA AHTUKOATYIAHTHOM TEPAMMM C HOPMA/IbHBIM YPOBHEM D-ZIMIMEPA. Apxusb BHyTpeHHeit MeaunumHbl. 2023; 13(6): 455-459.
DOI: 10.20514/2226-6704-2023-13-6-455-459. EDN: VXTIMX

Abstract

Many studies have shown that COVID-19 can progress with coagulopathy and multisystem thrombotic pathologies. This article presents the case
of a patient who, 9 days after laboratory-confirmed coronavirus pneumonia against the background of anticoagulant therapy, was diagnosed with
splenic infarction in combination with acute myocardial infarction during subsequent hospitalization. Prevention of thrombosis with prophylactic
doses of low molecular weight heparin in hospitalized patients with COVID-19 may not be sufficient to prevent the development of coagulopathy.
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Abdominal visceral thromboembolism should be suspected in a COVID-19 positive patient with abdominal pain despite anticoagulant therapy and

normal D-dimer levels.
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Introduction

COVID-19 is a viral multisystem disease caused by
SARS-CoV-2 respiratory virus [1]. During COVID-19,
susceptibility to arterial and venous thromboembo-
lism caused by impaired coagulation was observed [2].
Thromboembolic complications are multisystem and
most often involve lungs, heart, brain, kidney, bowels,
and spleen [2]. Increased D-dimer and low antithrom-
bin levels are one of the factors associated with a higher
risk of thromboembolism; however, the available data
failed to clearly explain the cause of such clotting
disorder.

This article describes splenic infarction (SI) with
acute myocardial infarction (MI) after COVID-19 infec-
tion; the aim is to emphasise the need for diagnostic vigi-
lance concerning severe thromboembolic complications
in COVID-19 patients, irrespective of anticoagulant
therapy and low D-dimer levels.

Case Study

On March 17, 2023, a 45-year-old male was admit-
ted to the admissions room of Simferopol State Clinical
Hospital No. 7 with cough and sore throat. The medi-
cal history was unremarkable. The patient did not have
any drug allergies; he did not smoke, did not consume
alcohol or medicinal products. Body mass index (BMI):
22.7. Upon admission, blood oxygenation: 88 %, heart
rate (HR): 104 bpm, blood pressure (BP): 105/75 mm
Hg, body temperature: 38.5 °C. Chest CT demonstrated
typical signs of COVID-19 pneumonia. Nasopharynx
PCR swabs came back positive for SARS-CoV-2 infec-
tion. D-dimer level was 460 ng/mL DDU (normal value:
< 243). Prescribed therapy: antivirals (favipiravir),
dexamethasone 6 mg, anticoagulating agent (enoxapa-
rin 40 mg) and oxygen support, which was gradually
reduced along with improved oxygenation.

4

Upon discharge on March 23, 2023, the patient was
recommended to take low molecular heparin (LMH);
blood oxygenation was 94 %, HR — 78 bpm, HR —
120/70 mm Hg, body temperature — 36.5 °C. Two days
letter, the patient sought medical assistance in the admis-
sions ward with pain in the left hypochondrium and
left side of the body, which persisted for a day. Physical
examination was unremarkable, except for mild tender-
ness in the left hypochondrium with no signs of peri-
tonitis. Complete blood count revealed leukocytosis:
17.2 x 10°/L. D-dimer of 150 ng/mL (< 243) and tro-
ponin of 0.001 (0-0.29) were within the normal range.
Abdominal CT showed an unenhanced hypodense area
of approx. 57 x 48 mm, extending from splenic capsule
to splenic hilum in the middle of spleen (Fig. 1).

Chest CT showed prevailing subpleural ground-glass
opacity and interseptal thickening in both lungs. The
pattern corresponded to a typical chest CT pattern of
COVID-19 obtained 9 days before (Fig. 2).

The patient stopped taking LMH. Intravenous hydra-
tion and non-opioid analgesics were initiated. Anti-
coagulant (enoxaparin) dose was increased to 80 mg.
On day one of his readmission, the patient complained
of chest pain. ECG demonstrated elevated ST segment
in limb leads (II, III, aVF), evidencing acute lower MI.
The patient was referred to cardiologists for consultation.
EchoCG did not show any clots in the heart. Cardiovas-
cular surgeons performed urgent coronary angiography.
The patient was under observation in ICU after success-
ful stenting of the subclavian artery. Once his haemody-
namics were stable, the patient was transferred to a gen-
eral surgical ward. During hospitalisation, abdominal
pain reduced with the use of low-dose painkillers. Oral
anticoagulants were gradually increased. The patient
was discharged and recommended taking acetylsalicylic
acid 100 mg and ticagrelor 90 mg twice daily. Genetic
hypercoagulation testing, including lupus anticoagulant
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Figure 1. Abdominal CT. Arrows indicate the hypodense
area.
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Figure 2. Chest CT. Ground-glass opacities and
interseptal thickening.

and antiphospholipid syndrome: negative. A follow-up
ultrasound examination 3 months later did not show
any pathological changes in the spleen, therefore, sple-
nectomy was not required. The infectious disease ward
did not deem it necessary to vaccinate the patient agianst
meningococcal and haemophilus influenza; also, the
X-ray department concluded that repeated chest imag-
ing would not be necessary.

Discussion

Most often thromboembolic complications involve
lungs and are rarer in the heart, brain, kidney, GIT, and
spleen of COVID-19 patients [1]. Such thromboembolic
complications can be observed in COVID-19 patients, as
see in this case study. SI is a rare condition, the aetiology
of which involves a number of predisposing factors, such
as obesity, malignancies, cardioembolic complications,

vasculitis, autoimmune disorders, atrial fibrillation,
a history of endocarditis, RBC abnormalities, and hyper-
coagulation [3]. It is rare in COVID-19 patients. In lit-
erature, 92 % of SI cases seen in COVID-19 patients are
diagnosed in males, while the mean age is 60 years [3].

Thromboembolic events are usually observed two
weeks after COVID-19 diagnosis. Arterial hypertension
is reported as the most common comorbidity in such
patients. However, SI is diagnosed in patients without
any comorbidities, as seen in this case study. A major-
ity of patients with this condition complain of pain in
their left hypochondrium or left side of the body. Symp-
toms are versatile: from asymptomatic condition to acute
abdomen or hematogenic shock [4]. Usually, final diag-
nosis uses CT imaging.

Such patients can also have elevated D-dimer levels;
however, in this case study, the patient had normal
examination results [5]. D-dimer is a degradation prod-
uct of fibrin in a number of thrombotic complications;
it was reported that elevated D-dimer levels in patients
with COVID-19 pneumonia are associated with a higher
risk of venous thromboembolism (VTE), disease severity
and mortality [6]. High D-dimer levels have low specific-
ity in VTE, since their levels can be elevated in a number
of conditions (pregnancy, sepsis, malignancies, etc.).
Despite low specificity, a normal D-dimer level may not
be indicative of the absence of a VTE event [7]. Studies of
aetiopathogenesis of thromboembolic complications in
patients with a positive COVID-19 test explain resulting
endothelial damage, blood-clotting disorder caused by
severe viral sepsis, virus-induced antiphospholipid syn-
drome and systemic inflammatory response syndrome
[2]. Although elevated D-dimer and low antithrombin
levels are among factors associated with complications,
the cause of this clotting disorder cannot be explained
clearly.

Traditional medical follow-up with the use of anti-
coagulation therapy is usually enough for the manage-
ment of patients with SI. However, due to splenic bleed-
ing, aneurysm, spontaneous rupture and splenic abscess,
such patients can require surgery. Also, a risk of infection
can be high in post-splenectomy patients. Patients with
positive COVID-19 test are at a higher risk of pulmonary
complications and mortality as a result of early surgeries
[8]. Thus, patients should be observed as close as possible.

A risk of thromboembolism is higher in patients with
chronic conditions, obesity, high D-dimer levels and
positive COVID-19 test [7]. One peculiarity distinguish-
ing this case study among other patients with SI is that
the patient did not have any predisposing factors, which
could aggravate thromboembolism and elevate D-dimer
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levels, while after SI diagnosis the patient was taking
anticoagulant therapy. Despite higher LMH doses, on
day one of readmission the patient developed MI, which
was successfully managed with urgent coronary angi-
ography. Thus, preventive anticoagulation therapy is
essential for prevention of arterial and venous embolism
after discharge, even in the absence of high risk factors,
obesity, higher D-dimer levels and limited mobility of
patients with COVID-19 pneumonia [9].

Conclusion

After discharge, all COVID-19 patients are recom-
mended taking preventive doses of anticoagulants;
however, thrombosis prevention with LMH can be
insufficient in prevention of blood-clotting disorders in
patients hospitalised with COVID-19-associated pneu-
monia. Prospective studies in patients who do not have
any risk factors of this condition will help to develop an
optimal post-discharge prevention and management.
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Abstract

Iliopsoas muscle abscess is a rare surgical pathology that, in the beginning with the main location of the muscles, determines the diagnosis of this
disease. A timely diagnosis will determine a favorable prognosis for the patient. The article describes the case of an elderly patient with fever and
intoxication syndrome against the background of chronic pain syndrome. The long course of the pain syndrome complicated the diagnostic search
and forced diagnosis. The iliopsoas abscess includes a differential range of disorders in patients, detection of fever, pain in the legs, antalgic gait with
closure of the thigh muscles, and a positive psoas symptom. Informing doctors about the manifestations of iliopsoas muscle abscess, the importance

of diagnosing this life-threatening condition.
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Iliopsoas abscess (IPA) is a rare surgical pathology
which is characterised by a pyoinflammatory process in
the iliopsoas muscle and high mortality (up to 19 %).
In Russia, there are a few reports on this condition; it
is worth mentioning the data by Davidov M. I. et al.
that IPA affects 0.01 % of the total number of surgical
patients [1].

IPA can be primary or secondary. Primary sources
are suppurative foci in skin and adipose tissue of the
lower body, from where an infectious agent spreads via
lymph tubes; and isolated suppurative foci in skin and
adipose tissue, primarily in the trunk and upper body,
which spread to the iliopsoas muscle with blood. The fac-
tors predisposing to primary IPA are diabetes mellitus, a
history of intravenous use of drugs, HIV infection, renal
insufficiency, and compromised immunity [1, 2]. Also,
IPA can be a complication of medical procedures on
the spine or adjacent tissues (blocks, minimally invasive
surgeries). The most common cause of secondary IPA is
Crohn’s disease; other causes are presented in Table 1 [2].

Low incidence of IPA and the fact that the muscle
lies in retroperitoneum close to the nerve plexus and
other organs contribute to untimely diagnosis of this

pathology. According to various authors, IPA is diag-
nosed weeks and even months after disease onset, or
perioperatively during acute abdomen surgery [3]. Ini-
tially, radiculitis, sacroilitis, coxarthrosis, lumbar ischi-
algia, paranephritis, appendicular lump are suspected.
Challenging diagnosis is also due to an unclear clinical
pattern because of non-steroidal anti-inflammatory drug
administration, since radiculopathy and lumbar ischial-
gia are the main neurological manifestations. Therefore,
the search for specific clinical markers of this condition
is a burning issue. Gezer A. et al. recommend paying
attention to the classic symptomatic triad of IPA: lower
back pain, lameness and continuous fever with daily epi-
sodes of high temperature [4]. According to Xu B.Y. et
al., the main symptoms are fever, leg pain, antalgic gait
with limited hip movements [5]. Stolov S. V. et al. recom-
mend assessing the presence of the psoas symptom: bring
the patient’s hip to abdomen rotating it to the outside, it
will cause abruptly increased pain in the iliac and hip
region during active and passive attempts to straighten
the leg in the hip; deep palpation of the iliac fossa causes
marked tenderness, especially during palpitation when
the leg is raised (when the iliopsoas muscle strained) [3].

Table 1. Causes of development of secondary abscess of the iliopsoas muscle

Pathology of the gastrointestinal tract
Urinary tract diseases

Diseases of the musculoskeletal system
Pathology of blood vessels

Other

Crohn’s disease, diverticulitis, appendicitis, colorectal cancer

Urinary tract infection, cancer, urolithiasis (external shock wave lithotripsy)
Vertebral osteomyelitis, septic arthritis, sacroilitis

Infected abdominal aortic aneurysm, infected femoral vessel

Endocarditis, intrauterine contraceptive device, purulent lymphadenitis,

vascular catheterization
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Local symptoms always correlate with clinical and labo-
ratory systemic inflammatory response syndrome: fever,
other signs of intoxication, leucocytosis with stab shift,
toxic neutrophils, increased erythrocyte sedimentation
rate (ESR), lower Hb, increased blood C-reactive protein
(CRP) levels.

A timely diagnosed pyoinflammatory process and
therapy promote better prognosis for the patient.

Case Study

Patient Ch., 65 years old, was transported by the
ambulance on September 12, 2022 to the Hospital Ther-
apy Clinic at the Federal State Budgetary Educational
Institution of Higher Education Siberian State Medi-
cal University of the Ministry of Health of the Russian
Federation, complaining of high temperature up to
38 degrees, marked weakness, low blood pressure of
70/40 mm Hg, nagging pain in her right hip joint at rest,
which worsened when moving, irradiated along the pos-
terior hip and limited active movements. The effect of
non-steroidal anti-inflammatory drugs (NSAIDs) lasted
for a short period of time.

The history taking revealed that the pain started in
2006 after the fracture of the right shin-bone ectocon-
dyle and the trauma to the right hip as a result of a road
accident. After a while, the pain worsened: in 2015, the
patient consulted a traumatologist because the pain had
worsened; she was diagnosed with stage II-IIT right-
sided posttraumatic coxarthrosis, postmenopausal
osteoporosis. Due to this pathology the patient repeat-
edly underwent analgesic, chondroprotective therapy;
also, the patient was repeatedly hospitalised to the
Trauma Department for a course of analgesic therapy,
including paravertebral blocks. By September 2022, the
chronic pain syndrome has reached its peak: the pain
was bothering the patient at rest and worsened even with
a tiny movement; NSAIDs were ineffective; the patient’s
quality of life worsened, and the patient was unable to
move and care for herself on her own. Since the therapy
was ineffective, the patient contacted the pain manage-
ment ward at the Tomsk Regional Oncology Dispensary,
where she was prescribed tramadol therapy for the first
time. Also, according to the medical records, on Sep-
tember 3, 2022 the patient had right hip block with an
unknown medicinal product. After the block, the patient
noticed that the pain had become less intense. However,
on September 9, 2022 the patient had a fever of 38°C, she
had cough and weakness; the patient refused to eat, and
the on-duty general practitioner was called for. The on-
duty general practitioner had a coronavirus express test

performed, and the test for SARS-COV-2 RNA dd Sep-
tember 9, 2022 was negative. At a repeated home visit by
the general practitioner on September 11, 2022, the fever
and complaints persisted: the patient was recommended
to continue the antiviral, symptomatic therapy and pain
management. Despite the therapy, the patient’s condition
deteriorated, and on September 12, 2022, following the
daily blood pressure measurement, the family noted per-
sistent hypotension: blood pressure (BP) of 70/40 mm
Hg, and called for an ambulance. The patient was trans-
ported to the on-duty medical hospital.

Upon admission, the patient’s condition was moder-
ately severe. The patient’s consciousness was clear. The
skin was clear, of physiological colour. Hip movements
are limited; the extent of active and passive movements
is restricted because of pain. The patient lies on her back
in a defence attitude (frog position). The right lower limb
is rotated to the outside; the pain is 9 points on the visual
analogue scale (VAS). No swelling is present. The chest
is cylinder-shaped; vocal fremitus is symmetric on both
sides; percussion sound is pneumonic and similar above
symmetric lung sections. Breathing: harsh, no wheezing.
Respiratory rate (RR) is 18/minute. Oxygen saturation
is 97 %. Cardiac sounds are clear, rhythmic. Heart rate
(HR) is 100 bpm. BP: 108/70 mm Hg. Abdomen is soft
and nontender. Liver is within the costal margin; its edge
is even, elastic, painless. Kidney punch is negative on
both sides; kidneys cannot be palpated.

The following laboratory and instrumental examina-
tions were conducted upon admission:

Complete blood count dd September 12, 2022: WBC:
11.9x10°/L, RBC: 3.8x10'*/L, Hb: 113 g/L, Ht: 33 %,
platelets: 173x10°/L.

Blood biochemistry of September 12, 2022: creatinine:
226 umol/L, urea: 14.0 mmol/L, glucose: 5.5 mmol/L,
total bilirubin: 32 pmol/L, direct bilirubin: 22 pmol/L,
ALT: 23 U/L, AST: 54 U/L, troponin quality assay: neg.

In the admission ward, the patient was examined
by a surgeon, who did not find any signs of acute surgi-
cal pathology. Taking into account an episode of hypo-
tension, long-lasting therapy with non-steroidal anti-
inflammatory drugs, in order to rule out GI bleeding,
the patient underwent fibrogastroduodenoscopy, and no
signs of upper gastrointestinal bleeding were found.

Lung X-ray demonstrated some infiltrate in the lower
lobe of the left lung.

The top priority was the intoxication syndrome, which
was considered to be attributable to pneumonia; also, the
following syndromes were identified: pulmonary tissue
infiltration syndrome, systemic inflammatory response
syndrome, chronic pain syndrome, acute kidney injury
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syndrome, which manifested as a significant rise in cre-
atinine and urea levels, probably of mixed origin: toxic
(due to an infection and NSAIDs) and prerenal (due to
hypotension).

The patient was admitted to the Medical Department
with the following preliminary diagnosis:

Primary diagnosis: Mild community-acquired left-
sided lower lobe pneumonia, unspecified. Respiratory
distress: 0.

Complication: mixed acute kidney injury dd Septem-
ber 12, 2022, nonoliguric variant.

The staff in the admissions department treated the
chronic pain syndrome as a sign of bilateral coxarthrosis;
therefore, comorbidities included bilateral coxarthrosis
(stage IT on the left and stage III-IV on the right), func-
tional class I'V, chronic pain syndrome, VAS 9 points.

Initial antibacterial therapy included third-gener-
ation cephalosporins. Since the patient had persistent
pain syndrome, she was prescribed a calculated dose of
tramadol (taking into account glomerular filtration rate
(GFR)). Detoxication therapy was designed to correct
hypotension and acute renal injury. Additional exami-
nation included follow-up laboratory tests including
CRP levels; lung X-ray for pneumonia assessment. Since
multi-organ failure (hypotension + acute renal injury)
was suspected, a pneumonia-associated septic process
was discussed as well; therefore, sterility blood test, urine
culture, procalcitonin quantification were scheduled.
A urinary catheter was inserted to control diuresis.

The therapy made it possible to correct hypoten-
tion, to normalise nitrogenous waste levels; however, the
fever of 38°C, weakness and marked hip pain syndrome
persisted; pain management correction was required —
morphine injections were initiated. Follow-up tests dd
September 19, 2022 showed negative changes — high leu-
kocytosis in complete blood count (WBC: 14.36x10°/L,
RBC: 3.44x1012/L, ESR: 43 mm/h, Hb dropped to 98 g/L,
platelets: 187x10°/L), higher CRP levels and high procal-
citonin levels in blood biochemistry (blood biochemis-
try dd September 19, 2022: creatinine: 63.3 pumol/L, urea:
10.8 mmol/L, glucose: 4.7 mmol/L, K: 5.1 mmol/L, Na:
135 mmol/L, Cl: 100 mmol/L, CRP: 419.0 mg/L, pro-
calcitonin: 5.38 pg/mL). Since the patient had systemic
inflammatory response syndrome (fever above 38°C,
leukocytosis 14.36x10°/L), high procalcitonin levels and
multi-organ failure (hypotension upon admission and
acute kidney injury), a septic process was suspected.
Blood culture for sterility was performed. The patient
underwent another lung X-ray, which did not show any
signs of infiltration. Antibacterial therapy was replaced
with penicillins plus betalactamase inhibitors.

In order to further search for the primary source of
infection, additional examination was scheduled. Taking
into account a marked pain syndrome, the area of inter-
est was the hip joints, which were examined using CT.

Hip CT results dd September 19, 2022: swelling and
thickening of the right iliopsoas muscle with swollen
adjacent subcutaneous tissue, with reduced muscle den-
sity and small subcapsular gas bubbles (Fig. 1).

There are no areas of bone destruction. The articu-
lar cavity of the right hip joint is significantly narrowed;
the femoral head is compressed; there are areas of cystic
reconstruction and deep usuras with marginal spurs. The
acetabular roof is dilated because of spurs, with numer-
ous areas of cystic reconstruction and deep usuras. There
are bone bridges between the acetabular roof and femo-
ral head (Fig. 2).

The left hip joint is moderately narrowed; the head
is not deformed; the acetabular roof is not dilated. The
bone cortex integrity is not compromised, and the bone
volume is normal. Femoral bones are not deformed;
collum-diaphyseal angles are normal. There are mar-
ginal spurs on both sides of the contours of greater and
lesser trochanters, ischial tuberosity. Pubic articulation
surfaces demonstrate signs of moderate subchondral
sclerosis, with even, clear contours, with minimal mar-
ginal spurs. Opinion: Signs of IPA on the right; signs of
osteoarthrosis in the right hip joint, stage III-IV; signs
of osteoarthrosis in the left hip joint, stage I. Signs of
enthesopathy.

In order to decide on the further management, the
patient was consulted by a surgeon and transferred to
the Septic Surgery Unit, where the abscess could be
drained.

On September 20, 2022, in the Septic Surgery Unit the
patient underwent IPA opening using Pirogov’s method;
120 mL of serous turbid discharge was drained, and a
15x10 cm cavity formed; the abscess cavity was sanitised
and drained; discharge was sampled for culture.

Results of blood culture for sterility (September 21,
2022): growth of Staphylococcus aureus, sensitive to
gentamycine 10, clindamycin, linezolid, norfloxacin,
cefoxitin, erythromycin, and resistant to penicillin.

The final diagnosis for the patient was:

Primary: Iliopsoas abscess to the right.

Complications: Sepsis (blood culture dd September
21, 2022. St. aureus). Acute mixed origin kidney injury
(prerenal + toxic), nonoliguric variant. Left-side lower
lobe pneumonia. Respiratory distress: 0.

After surgery, the patient noted pain the in the right
iliac region, with persistent fever up to 38.2° C. A fol-
low-up examination revealed negative changes: CRP
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Figure 1. Computed tomography of the hip joints:
swelling and thickening of the iliopsoas muscle on the
right with swelling of the adjacent tissue is determined,
muscle density is reduced, small gas bubbles are detected
subcapsularly

Figure 2. Computed tomography of the hip joints: the
articular space of the right hip joint is sharply narrowed,
the head of the femur is flattened, with the presence

of areas of cystic restructuring and deep usurs, with
marginal osteophytes, the roof of the acetabulum is
expanded due to osteophytes, with many areas of cystic
restructuring and deep usurs , ankylosis formation

increase from 419 mg/L to 563 mg/L, hypoalbuminemia
(albumin: 22 g/L); all other parameters, including leu-
kocytosis, remain the same (WBC: 14.54x10°/L, ESR:
52 mm/h).

The post-surgery area was examined using ultrasound
of abdomen and right pelvic region, which showed an
abscess in the right pelvic area.

On September 22, 2022, the pelvic abscess was
drained (100 mL of pus); the wound was dilated. Further
revision showed that the abscess cavity extends along the
iliac wing and connects to the previously drained cavity
(Pirogov’s access) on the right. A discharge sample was
taken for culture. No microbial growth was recorded.

Despite the surgery and system antibacterials, the
patient still had persistent fever up to 38.1°C and pain
in the surgery site. Complete blood count demonstrated
leukocytosis, with tendency to lymphocyte depletion.
In order to rule out coronavirus infection, COVID-19
RNA PCR was performed on September 22, 2022, and
the test came positive. According to the routing, since
the patient had COVID-19, she was transferred to the
respiratory hospital at the Regional State Budgetary
Healthcare Institution Primary Healthcare Unit No. 2,
Purulent Surgery Department, for further treatment
with the following referral diagnosis:

Primary diagnosis: Right iliopsoas abscess, opened
and drained on September 20, 2022. Right inguinal
abscess, opened and drained on September 22, 2022.

Mild COVID infection (confirmed with PCR on Sep-
tember 22, 2022).

Complications: Sepsis (blood culture dd September
21, 2022. St. aureus). Mixed acute origin kidney injury
(prerenal + toxic) dd September 12, 2022, nonoliguric
variant. Treated on September 12, 2022. Left-side lower
lobe pneumonia. Respiratory distress: 0.

Comorbidity: Stage II hypertensive disease, uncon-
trolled arterial hypertension. Chronic kidney disease C2
(GFR 71 mL/min/1.73 m? for creatinine level dd Sep-
tember 21, 2022). Mild mixed origin anaemia. Bilateral
coxarthrosis (stage II on the left and stage III-IV on the
right), functional class IV, chronic pain syndrome, VAS
9 points.

Abscess treatment in the respiratory hospital at the
Regional State Budgetary Healthcare Institution Primary
Healthcare Unit No. 2: daily dressings and antibacte-
rial therapy. Following two negative PCR test results
(dd October 10, 2022 and October 11, 2022), on Octo-
ber 12, 2022, the patient was transferred to the Purulent
Surgery Department, at City Clinical Hospital No. 3 for
further treatment of her primary disease. During hos-
pitalisation, the wounds were treated and healed up.
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An ultrasound examination of the lower limb veins
which was conducted during hospitalisation revealed
some signs of occlusive thrombosis of medial veins of
the shank on both sides; and traditional therapy was
prescribed. A follow-up examination dd November 7,
2022 demonstrative positive laboratory changes: signifi-
cantly reduced signs of inflammation (WBC: 4.33x10°/L,
albumin 29.6 g/L, CRP 0 mg/L). The therapy made it pos-
sible to eliminate acute phlebothrombosis and adduction
contracture of the right lower limb; the patient was dis-
charged in satisfactory condition, with improvements,
for outpatient follow-up.

Currently, the patient is followed up by a traumatolo-
gist, rheumatologist; right hip replacement surgery is
planned.

Discussion

Iliopsoas abscess is a rare disease which is difficult
to diagnose even without any history of diseases. Long-
lasting pain syndrome which hid the abscess made it
impossible to timely diagnose a life-threatening condi-
tion. The value of this case study is that it demonstrates
the importance of practitioner’s attention to details in
case of a long-lasting pain syndrome. During admis-
sion, the primary priority was intoxication syndrome,
which was treated as a result of pneumonia, while the
pain syndrome that persisted with slowly developing
symptoms, required NSAIDs, tramadol, blocks and had
an objective cause (posttraumatic coxarthrosis), was not
taken into account. As the patient could not walk and
lied for a majority of time, a comprehensive examination
was challenging due to the marked pain syndrome, and a
musculoskeletal infection was not suspected. Long-term
NSAIDs which disguised the inflammatory process did
not allow making the diagnosis sooner. In our clinical
experience, we often face a situation when symptomatic
treatment disguises manifestations of severe diseases.
This case study demonstrates that a long-lasting pain
syndrome should be taken seriously, and the situation
should be treated from a different perspective every time
the patient asks for help.

Conclusion

Iliopsoas abscess should be included in differential
diagnosis in patients with fever, leg pain, antalgic gait
with limited lip movement, and positive psoas symp-
tom. Instructing medical professionals in the signs of
iliopsoas abscess is essential for timely diagnosis of this
life-threatening condition.
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Idiopathic Pulmonary Hypertension
and in Situ Thromboembolism:
A Difficult Case in Clinical Practice

Pestome

JleroyHas runepTeH3suns npeAcTaBasaeT cObOM CIOXKHBIV AN AnddepeHLnanbHON ANarHOCTUKN CUHAPOM, ABNAIOLWMIACA UCXOA0M Pa3/IMYHBIX NaToNO-
FMYeCKMX COCTOAHUI. MpU NCKAOYeHUN ABYX Hanbonee pacnpoCTPaHeHHbIX NPULMH Pa3BUTUA 1EOYHOW FMMNEepPTeH3NM, TaKMX KakK NaTo0rm NeBbIX
Kamep cepALa v TPOM603M60IMUM SIEFOYHON apTEpPUK, AaNbHENLINIA MOUCK STUONOMMM 3a4acTyH0 CTaHOBUTCA NpobieMaTuyeH. HecMoTps Ha nosse-
HVe pAja MeX/AyHapOoAHbIX Y OTeYeCTBEHHbIX PEKOMEHaLMIA, a TaKKe onpejesieHHble ycrexu B MeAnKaMeHTO3HOMN Tepanuu, JO0NroCPOYHbIN Npo-
rHO3 Yy MaLMeHTOB C IeFOYHON apTepuasbHOI runepTeHsmneli ocTaeTca HebaaronpuATHeIM. MNpeAcTaBaeH KAMHUYECKUIA Cyyalt nauneHTkn, 39 neT,
CTpajatoLLeii MAMONATUYECKO IerO4HOM apTepuanbHoM runepteHsmeit (M/1AT). MauueHTKa He MOT/1Ia BbIHOCUTb peGeHKa; BCe ee MOMbITKY, NPOAO/-
UTEIbHOCTbIO 6o/1ee 19-Tv NeT, ocTaBaAMCh 6e3ycrnellHbIMK. Y JaHHOM NaLMeHTKU Habno4an0Ck «MoA0CTPOe» TeYeHWe 1ero4HON apTepuasbHoM
rMNepTeH3Un 1 A0CTaTOYHO 6bICTPOE NporpeccrpoBaHme 3a60/1eBaHUA CO 3HAYUTE/IbHBIM YXY/LLIEHNEM KaqeCTBa XM3HK, 4TO NOBNEK/IO 3a CO60M He-
BO3MOXHOCTb BblHalLMBaHNA 6epeMeHHOCTY. TaKxe NMeNNCh NPU3HaKK, HEeraT1BHO BMAIOLLME Ha MPOrHO3, TaKne Kak HapacTaHue OAbIWKK, NoTepy
CO3HaHMs, 3HAYUTE/IbHOE CHIKEHME PaBOTOCNOCOBHOCTM 1 BbICOKas CTeMeHb /IEFOYHOM apTepuanbHOM runepTeH3um (Mo JaHHbIM 3XoKapAvorpadum
CUCTONMYECKOE AaBneHne B neroyHoit aptepun (CAJIA) coctaBuno 6onee 128 MM pTyTHOro cT0/16a). B CBA3M C HEIPDEKTUBHOCTLIO CTaHAAPTHO
Tepanum CeseKTUBHBIM UHIMBUTOPOM LmK/IOryaHo3uHMoHopochaT (UMM®) — creynduyeckon pocdogmactepassl 5-ro Tuna (®35) — cungeHa-
¢dvnoM; 6bin paccMOTPeH BapuaHT eyeHus ABOMHOMN cnelndUyeckoi Tepanmeid, 4To No3BONNIO 3MEHUTL CUTYaLIMIO, MOYYUTL NONOKUTE/IbHYIO
AVHaMUKY 1 ONpeAennTb aKyllepCKO-TMHEKOI0rMYeCKMI NPOrHO3.
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Abstract

Pulmonary hypertension is a complex syndrome for differential diagnosis, which is the outcome of various pathological conditions. With the exclusion
of the two most common causes of pulmonary hypertension, such as pathology of the left heart chambers and pulmonary embolism, further search
for etiology often becomes problematic. Despite the emergence of a number of international and domestic recommendations, as well as certain
successes in drug therapy, the long-term prognosis in patients with pulmonary arterial hypertension remains unfavorable. In the description of
this clinical case in a 39-year-old woman suffering from idiopathic pulmonary arterial hypertension, the main complaint of the patient was very
non-specific. The woman could not bear the child, all her attempts, lasting more than 19 years, remained unsuccessful. Even in absolutely healthy
women, pregnancy is associated with the highest risks and is a powerful “test” of the body, not to mention patients suffering from rare diseases.
The patient has a “subacute” course and a fairly rapid progression of the disease with a significant deterioration in the quality of life, which led to
the impossibility of carrying a pregnancy. There were also signs that aggravated the prognosis, such as increased dyspnea, loss of consciousness,
a significant decrease in working capacity and a high degree of pulmonary hypertension (according to echocardiography, systolic pressure in the
pulmonary artery > 128 mm Hg). Due to the ineffectiveness of standard therapy with a selective inhibitor of cycloguanosine monophosphate —
specific phosphodiesterase type 5 — sildenafil; the option of specific therapy for pulmonary hypertension was considered, which made it possible to
change the situation and bring the patient into a stable state and draw conclusions about the pregnancy.

Key words: idiopathic pulmonary hypertension, in vitro fertilization, pulmonary artery, right ventricle, specific therapy
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BNP — brain natriuretic peptide; FBG — fibrinogen; FV — factor V Leiden mutation; ITGA2 — integrin-alpha-2; MTRR — methionine -synthase-
reductase; MTR — methionine synthase; NT-proBNP — N-terminal pro B type natriuretic peptide; PAI-I — plasminogen activator inhibitor-1; CCB —
calcium channel blockers; VRT — vasoreactive test; iPAH — idiopathic pulmonary arterial hypertension; PA — pulmonary artery; PAH — pulmonary
arterial hypertension, PH — pulmonary hypertension; LV — left ventricle; PV — pulmonary valve; PVR — pulmonary vascular resistance; MRI —
magnetic resonance imaging; INR — international normalised ratio; RV — right ventricle; PASYS — pulmonary artery systolic pressure; TV — tricuspid
valve; PATE — pulmonary artery thromboembolia; FDE-5 — phosphodiesterase, type 5; CTEPH — chronic thromboembolic pulmonary hypertension;
CVP — central venous pressure; cGMP — cyclic guanosine monophosphate; IVF — in vitro fertilisation; ERA — endothelin receptor antagonists; echo-

CG — echocardiography; EEG — electroencephalography

Relevance

Idiopathic pulmonary arterial hypertension (iPAH) is
a severe chronic and rapidly progressing disease charac-
terised by an increase in pulmonary vascular resistance
(PVR) as a result of a number of pathogenic processes in
the vascular wall, that causes obstructive remodelling of
small pulmonary arteries and arterioles. [1] Idiopathic
arterial hypertension accounts for a minor number of all
pulmonary hypertension (PH) cases. Median survival
of patients with idiopathic pulmonary arterial hyper-
tension before PAH-specific therapy is 2.8 years, and
the period from disease manifestation to final diagno-
sis is 2 to 3 years. [2]. Idiopathic arterial hypertension
is an orphan disease; however, there are no accurate
global epidemiological data [6]. The international reg-
istries show that iPAH morbidity is 0.9-7.6 per million
people, whereas the incidence rate is 5.6-26 per million
of people. Pulmonary artery thromboembolia or throm-
bosis in situ can be a result of impaired clotting cascade,
including endotheliocyte and platelet dysfunction. Plate-
let pathology and pro-coagulation changes can have a
role to play in formation of local thromboses in chronic
thromboembolic pulmonary hypertension (CTEPH) [4].

Current PAH-specific therapy aims to restore the bal-
ance of vascular mediators (nitrogen oxide, prostacyclin,
endothelin) — main pathogenic links in the develop-
ment of pulmonary arterial hypertension [3]. Clinicians
use 5 classes of products: endothelin receptor antago-
nists (ERA), type 5 phosphodiesterase inhibitors, soluble
guanylate cyclase stimulants, prostacyclin analogues
and prostacyclin receptor agonists [3]. Management of
patients with pulmonary arterial hypertension involves
regular assessment of therapy efficacy, after which a dose
escalation and two or three products from various classes
can be required, especially for patients with intermediate
or high risk of death [5, 7].

This article describes a case study of a patient with
idiopathic pulmonary hypertension, thrombosis in situ,
which are induced by miscarriages and ten procedures of
in vitro fertilisation (IVF) and are refractory to standard
therapy with selective cyclic guanosine monophosphate
(cGMP) inhibitor — specific type 5 phosphodiesterase,
and diuretics.

Outpatient and inpatient medical records of the
patient with pulmonary arterial hypertension were ana-
lysed retrospectively. On March 28, 2022, a 39-year-old
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woman was referred for the first time to the cardiolo-
gist at Voronezh Regional Cardiology Dispensary (at the
Budgetary Healthcare Institution Voronezh Regional
Clinical Hospital No. 1) from the Budgetary Healthcare
Institution of the Voronezh Region Voronezh Regional
Clinical Hospital No. 11, where primary healthcare
providers had unsuccessfully attempted to control the
patient’s condition. (Fig. 1) The woman complained
of shortness of breath after ascending just 3-4 stairs
(1 flight of stairs), walking for up to 10 m, during house-
hold chores, also of swollen legs, dizziness, blood pres-
sure fluctuations between 140/90 mm Hg and 90/70 mm
Hg, episodes of rhythmic tachycardia up to 90-100 bpm,
episodes of fainting.

Medical history: the patient considers herself ill
from 2009, after the third miscarriage (pre-syncope was
observed: dizziness, “congested” back of the head). From
summer 2020, she has been having syncopal condition
(several times a year) during physical load, forward
bends, during hot weather. Brain magnetic resonance
imaging (MRI) and electroencephalography (EEG) did
not show any pathologies; however, the neurologist diag-
nosed syncope with spastic component due to arterial
hypertension and hyperventilation. At the same very

2004, 20006, 2009 -
missed pregnancies
0.0 U

appeal to a cardiologist in
hospital

summer 2020 - first
appearance of syncope,
decreased exercise
tolerance lige

= >
hysteroscopy, significant
deterioration, dyspnea at
rest

February 2021 -4 in
vitro fertilization, changes
in thrombophilia genes,
Leiden mutation were
detected

Figure 1. Chronology of events
Note: ECHO-KG — echocardiography

summer 2021 - ECHO-
KG for the first time
revealed an increase
in the right parts of
the heart

moment, the patient noted reduced tolerance to physi-
cal loads. In February 2021, examinations during her
fourth pregnancy (in vitro fertilisation (IVF)) revealed
changes in trombophilia gene polymorphism, Leiden
mutation; the patient was prescribed enoxaparin sodium
and acetylsalicylic acid. The patient had miscarriage at
week 15-16 of gestation. By December 2021, she had
8 unsuccessful IVF procedures. During a routine exami-
nation in summer 2021, echocardiography showed
enlarged pulmonary heart for the first time. In Decem-
ber 2021, the patient underwent a ninth IVF procedure.
In January 2022, she had hysteroscopy, after which the
patient noted significant deterioration in her condition,
episodes of syncope became more frequent (5 episodes
in January-March 2022), worsened shortness of breath
(even at minimal physical loads, e.g. body twists in bed),
swollen legs.

Life history: no family history of cardiovascular dis-
eases. Comorbidities: inherited multiple-factor throm-
bophilia caused by factor V Leiden mutation (FV),
heterozygous variant, methionine synthase (MTR),
heterozygous variant, methionine -synthase- reductase
(MTRR), homozygous variant, fibrinogen (FBG), het-
erozygous variant, plasminogen activator inhibitor-1

30.03.2022 -
hospitalization with a
diagnosis of pulmonary
hypertension, initiation of
therapy with diuretics and
sildenafil

[SRIS)

4.05. - 20.05.2022 -
hospitalization in the Federal
0 State Institution ak. E.I.
Chazov, diagnosis pulmonary
hypertension

31.10.2022 - the end
of the titration of
doses of drugs, a

significant
improvement in well-
being
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(PAI-I), heterozygous variant, integrin-alpha-2 (ITGA2),
homozygous variant (diagnosed in 2020 during the
fourth IVF procedure).
included superficial gastritis, reactive duodenitis, esoph-

Concomitant pathologies
agitis. Mild obstructive apnoea syndrome was diagnosed
in April 2022 after cardiorespiratory monitoring. Com-
pensated chronic Hashimoto’s thyroiditis (Euthyrox 125-
150 pg daily). After unsuccessful attempts to conceive
and carry pregnancy to term naturally (in 2004, 2006,
2009: missed miscarriages at weeks 5-6 of pregnancy),
in 2020-2022 the patient was treated in the Budgetary
Healthcare Institution of the Voronezh Region Voronezh
Center for Family Health Protection and Reproduction,
where the patient had 9 unsuccessful in vitro fertilisa-
tion procedures (from February 2021 to January 2022).
History of allergies: acute essential oedema after ceftri-
axone (as a child). TB, hepatitis B, C, human immuno-
deficiency virus, diabetes mellitus, typhus, paratyphoid
fever, psoriasis, cancer — denies. No blood transfusions.
Smoking and alcohol consumption — denies.

After an outpatient consultation by the cardiologist
(March 28, 2022) due to conditions deterioration, the
patient was referred to computed tomography angiog-
raphy, which showed signs of pulmonary artery throm-
boembolia (PATE) in small branches on both sides. The
patient was hospitalised to the Cardiac Defect Surgery
Department of the Budgetary Healthcare Institution
Voronezh Regional Clinical Hospital No. 1 with the diag-
nosis “thromboembolia of small branches of pulmonary
artery (March 30, 2022). Circulatory inefliciency 2A.
Functional class 3. High pulmonary hypertension. Trom-
bophilia gene polymorphism (inherited multiple-factor
thrombophilia caused by factor V Leiden mutation (FV),
heterozygous variant, methionine synthase (MTR),
heterozygous variant, methionine-synthase-reductase
(MTRR), homozygous variant, fibrinogen (FBG), het-
erozygous variant, plasminogen activator inhibitor-1
(PAI-I), heterozygous variant, integrin-alpha-2 (ITGA2),
homozygous variant” (from March 30 to April 6, 2023).
After initiation of inpatient diuretic therapy (torase-
mide 5 mg daily, spirolacton 50 mg daily) and specific
therapy (cyclic guanosine monophosphate inhibitor —
type 5 phosphodiesterase (sildenafil) 20 mg three times
daily), the patient noted short-term improvement in
her health condition. Anticoagulant therapy with war-
farin was prescribed. No surgery for pulmonary artery
thromboembolia (PATE) was performed. The patient
was consulted by pulmonologist, neurologist, somnolo-
gist. Under the recommendation of pulmonologist,
the patient was referred for a consultation to the Fed-
eral State Budgetary Institution E. I. Chazov National

Medical Research Institute of Cardiology of the Min-
istry of Health of the Russian Federation (Moscow)
(Pulmonary Hypertension Department) for differential
diagnosis of iPAH and chronic thromboembolic pulmo-
nary hypertension (CTEPH) (Table 1), as well as therapy
adjustment.

The patient was hospitalised to the Federal State
Budgetary Institution E. I. Chazov National Medi-
cal Research Institute of Cardiology of the Ministry of
Health of Russia from May 4 to May 20, 2022, where she
underwent the following laboratory tests and instrumen-
tal examinations:

Complete blood count dd May 5, 2022: WBC —
9.8x10°/L (N: 4.8-10.8); NEU — 5.3 K/uL (N: 1.9-8.0);
LYMPH — 3.5 K/uL (N: 0.9-5.2); MON — 0.75 K/uL
(N:0.20-1.00); EOS — 0.14 K/puL (N: 0.00-0.80); BAS —
0.05 K/pL (N: 0.00-0.20); RBC — 4.36x10"%/L (N: 4.20-
5.40); Hb — 12.80 g/dL (N: 12.00-16.00); HCT — 37.6 %
(N: 37.0-47.0); mean corpuscular volume — 86.2 fL (N:
81.0-99.0); mean corpuscular haemoglobin — 29.4 pg
(N: 27.0-31.0); mean corpuscular hemoglobin concen-
tration — 34 g/dL (N: 33-37); RBC anisotropy factor —
14.5 % (N: 11.5-14.5); platelets — 345 x10°/L (N: 130-
400); mean platelet volume — 10.3 fL (N: 7.2-11.1);
PCT — 0.34 % (N: 0.02-1.00).

Blood biochemistry dd May 5, 2022: total bilirubin —
25.7 umo/L (N: 1.7-20.5); K — 4.4 mmol/L (N: 3.5-5.3);
Cl — 108.0 mmol/L (N: 98.0-108.0); Na — 139.0 mmol/L
(N: 138.0-153.0); creatinine — 74.1 umol/L (N: 50.0-
98.0); K — 4.7 mmol/L (N: 3.5-5.3); Cl — 106.0 mmol/L
(N: 98.0-108.0); Na — 142.0 mmol/L (N: 138.0-153.0).

D-dimer quantification dd May 5, 2022: D-dimer —
0.47 pg/mL (N: 0.00-0.50).

NT-proBNP (N-terminal pro B type natriuretic pep-
tide) dd May 5, 2022): 1,893.0 pg/mL (N: 0.0-150.0).

Coagulation profile dd May 5, 2022: prothrombin
time — 18.4 s (N: 5.0-15.0); international normalised
ratio — 1.66 (N: 0.80-1.27); Quick’s value — 49.0 % (N:
70.0-130.0).

Coagulation profile dd May 9, 2022: prothrombin
time — 28.5 s (N: 5.0-15.0); international normalised
ratio — 2.50 (N: 0.80-1.27) (patient was prescribed war-
farin 5 mg).

Urinalysis dd May 5, 2022: colour — yellow; acid-
ity — 5.5/faintly acid (N: 5.0-7.0); protein — 0.10 g/L;
glucose — 0.3 mmol/L (N: 0.0-0.8); ketone bodies —
neg (N: 0-1); bilirubin — neg; urobilinogen — 0 umol/L
(N: 0-34), squamose epithelium — 1 cell/uL (N: 0-28);
WBC — 10 cell/uL; non-lysed RBC — 4 cell/uL; mucus —
little per HPF; specific gravity — 1,023; clarity — com-
pletely clear.
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Table 1. Classification of pulmonary hypertension, necessary for the standardization of diagnostic and treatment approach

Group 1
Pulmonary arterial
hypertension

Group 2

Pulmonary hypertension
associated with
pathology of the left
chambers of the heart

Group 3

Pulmonary hypertension
bound with lung disease
and/or hypoxia

Group 4

Pulmonary hypertension
due to obstruction of the
pulmonary arteries

Group 5

Pulmonary hypertension
of unknown or mixed
origin

Refers to the number of orphan diseases.

Clinical features: younger patients, family history, risk factors, associated diseases

ECG: Rotation of the electrical axis to the right, hypertrophy of the pancreas.

ECHO-KG: the right ventricle is enlarged, the right atrium is larger than the left atrium, the interventricular septum is
deflected to the left, the transmitral blood flow is E/A < 1, the Dopplerogram of the lateral segment of the fibrous ring of
the mitral valve is E/Em < 8.

X-ray of the chest organs: enlargement of the right chambers, dilated pulmonary artery, depletion of pulmonary blood
flow in the periphery.

Biomarkers: BNP/NT-proBNP — increased.

Perfusion lung scintigraphy in combination with ventilatory lung scintigraphy: used to rule out chronic
thromboembolism.

Transventional cardiac catheterization: pulmonary artery wedge pressure < 15 mm Hg, pulmonary-vascular
resistance> 3 units. Wood, diastolic pulmonary gradient >7 mm Hg.

Treatment: we have the right to prescribe specific therapy (but only idiopathic pulmonary

hypertension is included in the federal list of orphan diseases).

Clinical features: older patients, arterial hypertension, diabetes mellitus, coronary artery disease, body mass index >
30 kg/m?, clinical picture of congestive heart failure, history of cardiac asthma/pulmonary edema, orthopnea.

ECG: Rotation of the electrical axis to the left, left ventricular hypertrophy, atrial fibrillation.

ECHO-KG: the right ventricle can be enlarged, the left atrium is enlarged, the interventricular septum is deflected to
the right, the transmitral blood flow E/A > 1, Dopplerogram of the lateral segment of the fibrous ring of the mitral valve
E/Em > 10.

Chest X-ray: congestive changes in the lungs, Kerley lines, pleural effusion, enlargement of the left chambers of the heart.
Biomarkers: BNP/NT-proBNP — increased.

Perfusion pulmonary scintigraphy in combination with ventilatory pulmonary scintigraphy: used to rule out chronic
thromboembolism.

Transventional cardiac catheterization: pulmonary artery wedge pressure > 15 mm Hg., diastolic pulmonary gradient
<5mm Hg.

Causes: chronic obstructive pulmonary disease, interstitial lung disease, other lung diseases with mixed restrictive
and obstructive disorders, hypoxia in the absence of lung disease, respiratory disorders during sleep, alveolar
hypoventilation syndrome, high-altitude pulmonary hypertension, abnormal development of the lungs.

Perfusion lung scintigraphy is used in combination with ventilation lung scintigraphy.

Causes: chronic thromboembolic pulmonary hypertension, other pulmonary artery obstructions (angiosarcoma, other
intravascular tumors, arteritis, congenital anomalies, parasitic diseases)

Perfusion lung scintigraphy is used in combination with ventilation lung scintigraphy Treatment:
thromboendarterectomy is indicated for patients with chronic thromboembolic pulmonary hypertension.

Causes: hematological diseases (chronic hemolytic anemia, myeloproliferative diseases, splenectomy), systemic
disorders (sarcoidosis, pulmonary histiocytosis, lymphangioleiomyomatosis, neurofibromatosis, vasculitis), metabolic
disorders (glycogenosis, Gaucher disease) and others.

Treatment: more often surgical — thromboendarterectomy, atrial septostomy is indicated for patients with valvular
heart disease.

Note: BNP — brain natriuretic peptid, ECG — electrocardiography, ECHO-KG — echocardiography, NT-proBNP — N-terminal pro-brain natriuretic peptid. [Avdeev S.N.,
Barbarash O.L., Bautin A.E., et al. 2020 Clinical practice guidelines for Pulmonary hypertension, including chronic thromboembolic pulmonary hypertension. Russian Journal of
Cardiology. 2021;26(12):4683. https://doi.org/10.15829/1560-4071-2021-4683].

Electrocardiogram dd May 4, 2022: sinus tachycar-
dia, 109 bpm. Electric axis deviation to the right. Signs
of myocardial changes as a result of right ventricle
hypertrophy.

Chest X-ray dd May 5, 2022: changes are consistent
with high pulmonary arterial hypertension. Enlarged
pulmonary heart. Delated azygous vein.

Echocardiography (M- u B-mode, colour Doppler
imaging, Doppler sonography) dd May 16, 2022: dilated
right heart with signs of right ventricle (RV) pres-
sure overload. Dilated pulmonary trunk and branches.
Ejection fraction 60 % (Simpsons). Right ventricular
(RV) myocardial hypertrophy. Hight pulmonary arte-
rial hypertension (94-99 mm Hg). Moderately reduced
systolic function of right ventricle (RV). Tricuspid valve

(TV) insufficiency, grade 2-3, pulmonary valve (PV)
insufficiency, grade 1-2. Signs of moderately increased
central venous pressure (CVP). Small amount of liquid
in pericardial cavity.

Abdominal ultrasound dd May 5, 2022: slightly
enlarged liver due to left lobe thickness. Spleen: unre-
markable. Moderate diffuse changes in liver and pan-
creas parenchyma. Ultrasound signs of venous stasis in
the system of inferior vena cava. No ultrasound signs
of portal hypertension, abdominal dropsy. Ultrasound
signs of chronic calculous cholecystitis.

Holter ECG monitoring dd May 6, 2022 — May 7,
2022: 24-hour ECG monitoring recorded sinus rhythm
with 90 bpm (minimal heart rate is 70 bpm at 04:30 am,
maximum value is 133 bpm at 12:19 pm). 2 ventricular
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extrasystoles, single supraventricular premature beat.
Changes in ST segment cannot be assessed to the initially
modified terminal section of the ventricular complex.

Spirometry with computer-aided data processing dd
May 6, 2022: lung capacity and airway patency are above
the age norm.

High frequency focus ultrasound of peripheral arter-
ies dd May 11, 2022: atherosclerotic plaques in the
carotid not observed. Atherosclerotic plaques in femoral
arteries not observed.

CT angiography of pulmonary arteries (MSCT-
pulmonary angiography) dd May 11, 2022: no signs of
massive thrombosis of pulmonary artery (PA) trunk
and large branches. Signs of pulmonary hypertension.
Thrombosis of some small subsegmental branches next
to right C3 branch cannot be ruled out. A hypodense
mass in left adrenal gland; probably, an adenoma.

Duplex scanning of iliofemoral veins dd May 13,
2022: saphenofemoral junctions are not dilated on both
sides, no signs of thrombosis, ostial valves are intact.
Blood flow in both common femoral veins is phasic, syn-
chronised with breath.

Perfusion lung scintigraphy dd May 16, 2022: scin-
tigraphic signs of pulmonary hypertension; no signs of
focal perfusion changes in lungs and right-to-left shunt.

After a comprehensive clinical and laboratory exami-
nation fincluding pulmonary heart catheterisation)
at the Federal State Budgetary Institution E. I. Chazov
National Medical Research Institute of Cardiology of
the Ministry of Health of Russia, the purpose of which
was to find the origin of pulmonary hypertension,
there were no data evidencing pulmonary hypertension
caused by left heart pathology, congenital heart disorder,
lung pathology, chronic thromboembolic pulmonary
hypertension. The patient was diagnosed with idio-
pathic pulmonary hypertension with pulmonary artery
thrombosis in situ, functional class III (according to
WHO guidelines). Taken condition severity, low func-
tional class, signs of blood flow insufficiency and factors
of poor prognosis, the medical panel decided to adjust
the PAH-specific therapy: cyclic guanosine monophos-
phate inhibitor — specific type 5 phosphodiesterase was
replaced with riociguat at an initial dose of 0.5 mg three
times daily, and selexipag was initiated at an initial dose
of 200 pg twice daily. The patient tolerated both products
without side effects. Later, it was recommended to titrate
riociguat at 0.5 mg three times daily every 2 weeks up
to the maximum dose of 2.5 mg three times daily (sys-
tolic blood pressure should be controlled before every
medication intake), and weekly selexipag titration as per
algorithm until the dose is 1,600 pg twice daily (Table 2).

This therapy is life-saving; it cannot be replaced or
discontinued. Taking into account the presence of
idiopathic pulmonary hypertension, the patient was
prescribed anticoagulant therapy with warfarin; consid-
ering thrombosis of some small subsegmental branches
of pulmonary arteries, the target value of international
normalised ratio (INR) is 2.5-3.5. Since the patient had
sinus tachycardia, ivabradine was prescribed at an ini-
tial dose of 5 mg daily to maintain the heart rhythm.
During the inpatient observation, the patient’s condition
remained stable, without circulatory inefficiency aggra-
vations; blood pressure was 110-120/70-80 mm Hg. The
patient was discharged in satisfactory condition.

Table 2. Dose titration of of specific therapy for
pulmonary hypertension (riociguat and selexipag)

MT B CyTKH/ MKT B CyTKn/

Jlara/mpemapar mg per day mkg per day

Date/drug Puonuryar/ Cenexcumar/

Riociguat Selexipag

25.07.2022 3,75 400
26.07.2022 3,75 400
27.07.2022 3,75 400
22.08.2022 6 400
23.08.2022 6 400
24.08.2022 6 400
05.09.2022 7,5 400
06.09.2022 7,5 400
07.09.2022 7,5 400
19.09.2022 7,5 800
20.09.2022 7,5 800
21.09.2022 7,5 800
26.09.2022 7,5 1200
27.09.2022 7,5 1200
28.09.2022 7,5 1200
03.10.2022 7,5 1600
04.10.2022 7,5 1600
05.10.2022 7,5 1600
10.10.2022 7,5 2000
11.10.2022 7,5 2000
12.10.2022 7,5 2000
17.10.2022 7,5 2400
18.10.2022 7,5 2400
19.10.2022 7,5 2400
24.10.2022 7,5 2800
25.10.2022 7,5 2800
26.10.2022 7,5 2800
31.10.2022 7,5 3200
01.11.2022 7,5 3200
02.11.2022 7,5 3200
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Outpatient follow-up dd October 16, 2022: the
patient does not complain of shortness of breath at rest
and while speaking; shortness of breath appears at fluent
speech and when ascending 10 and more stairs; she can
tolerate household chores well; no syncope was observed.

Objective findings: the general condition is relatively
satisfactory. The patient’s consciousness is clear. Height:
167 cm. Weight: 82 kg. Body mass index: 29 kg/m? (over-
weight). Skin is of normal colour; mucous membranes are
wet and of normal colour. The oropharynx is not hyper-
aemic. The subcutaneous fat layer is moderately devel-
oped; palpable lymph nodes are not enlarged. Breasts:
visually unremarkable. Bones, joints and muscles: visu-
ally unremarkable. Thyroid gland: visually and palpatory
unremarkable. Shank pastosity, more in the left shank.

6-min walk distance: pre-test SpO2 - 98 %, heart rate -
85 bpm; post-test SpO2 - 100 %, heart rate - 132 bpm. The
patient walked 370 m. Borg Dyspnoea Scale: 5 points.

Respiratory system: the chest in normosthenic. Respi-
ratory rate: 16 respirations per minute. Both hemitho-
raxes are evenly engaged in respiration; vocal fremitus is
normal. Percussion sound is clear above all pulmonary
fields; auscultatory vesicular respiration in all chest sec-
tions, without stridor. Shortness of breath on exertion is
significant.

Circulation organs: the apex beat is in the 5th intercos-
tal space along the left midclavicular line. Cardiac dull-
ness border: right — at the right sternum edge; left — in
the 5th intercostal space along the left midclavicular line;
upper — in the 3rd intercostal space; the cardiac sound
is clear; the loud second heart sound is above the pulmo-
nary vein; diastolic murmur is in the auscultation point
of tricuspid valve; the rhythm is regular, with a heart rate
of 80 bpm; pulse: 80 bpm (no deficit); filling and exertion
are normal. Blood pressure, right arm: 110/70 mm Hg,
blood pressure, left arm: 114/70 mm Hg.

GIT: hearty appetite; the tongue is moist and clear;
on palpation, the abdomen is soft and non-tender in
all sections; the liver is palpable 1 cm below the right
costal arch; spleen is not palpable; bowel movement:
unremarkable.

Urinary system: urination is unobstructed; kidneys
are not palpable; kidney punch is negative on both sides.

Neuropsychological status: memory is normal, the
patient is lucid; sleep is normal; the patient understands
her condition; no signs of severe disorders in 12 pairs of
cranial nerves.

Sensory organs: eyesight, hearing and olfaction are
normal.

Based on clinical findings, results of laboratory and
instrumental tests, the patient was diagnosed with the

primary diagnosis “Idiopathic pulmonary hyperten-
sion. Functional class III (WHQO). Thrombosis in situ of
pulmonary arteries. Relative incompetence of tricuspid
valve, grade 2-3, pulmonary artery valve insufficiency,
grade 1-2. Complications. Chronic heart failure,
grade IIB, NYHA functional class III. Comorbidities.
Inherited multiple-factor thrombophilia caused by
factor V Leiden mutation (FV), heterozygous variant,
methionine synthase (MTR), heterozygous variant,
methionine synthase reductase (MTRR), homozygous
variant, fibrinogen (FBG), heterozygous variant, plas-
minogen activator inhibitor-1 (PAI-I), heterozygous
variant, integrin-alpha-2 (ITGA2), homozygous vari-
ant. Superficial gastritis. Reactive duodenitis. Esopha-
gitis. Mild obstructive apnoea syndrome. Chronic
Hashimoto’s thyroiditis”

The patient was recommended to modify her life-
style: flu and pneumococcal disease vaccination; sup-
plemental oxygen is recommended for air travel; in
scheduled surgeries, epidural is preferable (not inhala-
tion anaesthesia); excessive physical activity, changes of
climatic regions and staying in high mountain regions
should be avoided, as they can cause clinical deteriora-
tion. Also, a healthy diet is recommended: animal fats
and cholesterol-rich products should be limited; spicy,
fried and smoked products as well as easily digested
carbohydrates should be avoided. Daily water intake
should not exceed 1.2-1.3 L. Monitoring of consumed
fluid and urination, weight monitoring. Sodium chlo-
ride consumption should be limited to 3 g/day; optimal
work and rest schedule, limited emotional and physi-
cal load, which can cause condition decompensation.
The most important recommendation for the patient
was that, due to a high risk of complications, pregnancy
is absolutely contraindicated. The patient was strongly
encouraged to use barrier contraception; she was con-
sulted by a psychologist. A professional psychologist
noted positive changes and acceptance by the patient
of her chronic condition, adherence to treatment is
satisfactory.

The following medicinal products are recommended
permanently: selexipag 200 mg twice daily (riociguat
during titration); riociguat 1 mg three times daily, the
dose should be increased bu 1.5 mg/day every 2 weeks
(0.5 mg for each intake) up to a dose of 2.5 mg three
times daily (up to 7.5 mg/day); warfarin 2.5 mg 2 tab-
lets daily with INR monitoring; furosemide 40-80 mg to
be alternated with torasemide 20 mg (with daily weight
and diuresis monitoring; electrolytic profile (K, Na)
monitoring once every 3 weeks) (this diuretic therapy
regimen was selected and titrated during hospitalisation
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at the Federal State Budgetary Institution E. I. Chazov
National Medical Research Institute of Cardiology of the
Ministry of Health of Russia); ivabradine 5 mg (1 tablet)
in the morning and 2.5 mg (half a tablet) in the evening;
if required, 5 mg (1 tablet) in the evening (with heart rate
monitoring); spironolactone 100 mg daily.

During the six-month follow-up after verification
of the final clinical diagnosis and prescription of PAH-
specific therapy (it is well tolerated), the patient’s con-
dition stabilised, disease activity decreased. The clinical
presentation comprised disappearance of dyspnoea at
rest, reduced dyspnoea during physical activity; episodes
of syncope disappeared after completion of medicinal
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product titration. Once the general condition stabilised,
the patient was referred to the Budgetary Healthcare
Institution of the Voronezh Region Voronezh Regional
Clinical Centre for Exercise Therapy and Sport Medi-
cine ‘Rehabilitation’ for training under supervision of a
rehabilitation physician, where she had a set of special
exercises with soft physical load and elements of yoga.
Laboratory and instrumental tests demonstrated some
positive results: NT-proBNP reduced to 243.0 pg/mL
(dd November 29, 2022), pulmonary artery pressure
reduced to 90 mm Hg, regurgitation in pulmonary valve
corresponds to grade 1 (echocardiography dd September
23,2022) (Figure 2).

The pressure in the outflow section of the right
ventricle is 35 mm Hg.

Right atrium 51 mm x 57 mm

Peak velocity of tricuspid regurgitation - 4.76 m/s

Figure 2. Echocardiography data of patient P, 40 years old, dated from 09/23/2022 y.

Note: Dilatation of the right chambers is noted. Ejection fraction 62 % (according to Simpson). Hypertrophy of the right ventricular myocardium. High arterial pulmonary
hypertension. Right ventricular systolic function is moderately reduced. The pumping function of the left ventricle isn't reduced. Insufficiency of the tricuspid valve 2-3 degrees,

pulmonary valve 1 degree
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Discussion

Chronic conditions in women of reproductive age
can negatively affect the course and outcome of preg-
nancy; however, they are not an absolute contradiction
for having a baby. Modern healthcare makes it possible
for women with multiple, sometimes severe, condi-
tions to have a term pregnancy and healthy children.
However, high pulmonary hypertension syndrome
is an exception. Scarce literature data indicate that
recently the number of mothers lost to this pathology is
12-36 %. Diagnosis of high pulmonary hypertension in
a patient is an absolute contraindication to pregnancy.
Termination of pregnancy is mandatory both in first
and second trimesters (especially for patients with an
estimated pulmonary systolic pressure of over 50 mm
Hg) [14]. Pregnant women with high PH account for
0.54 % of all hospitalised patients with cardiovascu-
lar diseases. Maternal mortality in PAH reaches 56 %
[11]. Mortality in patients with pulmonary circulation
hypertension during pregnancy and immediately after
birth is very high (material mortality) (in primary pul-
monary hypertension — 30-40 %; in Eisenmenger’s
syndrome — 30-60 %) [14].

Literature reviews present the global experience with
management of female patients with PH of functional
class 1 and 2 during pregnancy and postpartum period.
According to a majority of experts, female patients with
this pathology (especially of high risk, functional class
3-4) are strongly encouraged to undergo sterilization or
use a reliable method of contraception, and if a woman
becomes pregnant, pregnancy must be terminated [12].
That is why it is very important to inform women with
pulmonary hypertension about risks associated with
pregnancy and provide them with recommendations
from a woman health specialist and an expert in PH
regarding adequate contraception [13]. Also, it is essen-
tial to take into account that a majority of PAH-spe-
cific medications can cause deformities and congenital
abnormalities [1].

In this case study, it is undeniable that numerous
pregnancies contributed to manifestations of pulmo-
nary hypertension symptoms, which caused deteriora-
tion of general condition and functional class of PAH.
In recurrent miscarriages, healthcare professionals
should include pulmonary hypertension into a differ-
ential diagnosis [1,13,15]. Also, taken a high risk of PH
progression during pregnancy, it is absolutely unac-
ceptable to plan and maintain pregnancy in patients
with an expected systolic pulmonary pressure of over
50 mm Hg. [15].

Unlike common diseases, in which risk identifica-
tion and classification, treatment and observation are
performed by primary healthcare providers, delivery of
care to patients with a rare pathology, including pul-
monary arterial hypertension and chronic thromboem-
bolic pulmonary hypertension, requires involvement of
specialists, who are not only aware of the problem, but
also have practical experience in management of such
conditions. An efficient solution can be cardiovascular
risk management centres operating at tier 3 (special-
ised) medical institutions [10]. For a number of regions,
these will be centres for cardiac failure or rare diseases,
where specifically trained specialists in PH can render
their services. An advantage of such an approach is a
possibility to form a multidisciplinary team, which
decides on an optimal management of a patient with
pulmonary arterial hypertension and chronic thrombo-
embolic pulmonary hypertension. At the next routing
stage (tier 3 specialised centres), results of examina-
tions and tests performed in a regional medical insti-
tution as part of specialised medical assistance, where
PAH or CTEPH is suspected, are forwarded to a federal
expert centre, using telemedicine technologies [10] (in
this case, the patient was referred to the Federal State
Budgetary Institution E. I. Chazov National Medical
Research Institute of Cardiology of the Ministry of
Health of the Russian Federation in Moscow, Pulmo-
nary Hypertension Department).

Current management approach for patients with
PAH is aimed at reduction of mortality; in other words,
the aim is to achieve the low PAH functional class
(I-1I), good tolerability of physical activities, low NT-
proBNP levels (< 330 ng/L) and absence of any signs of
right ventricle dysfunction. The management strategy
for patients with PAH can be divided into three stages.
According to the current Russian guidelines, patients
should be included into special rehabilitation programs
in order to improve their physical condition. Stage one
includes general measures: discussion of routine physi-
cal activity, family planning, contraception and post-
menopausal hormone replacement therapy, preparation
for scheduled surgeries, infection prevention, psycho-
logical and social support, ability to travel and therapy
compliance [1]. Also, maintenance therapy (oxygen
therapy, diuretics, digoxin) and follow-up by specialists
from a PH centre are required, where catheterisation of
the pulmonary heart can be performed for continuous
monitoring of therapy efficiency. Since patients with
PAH often have depression, psychological and social
rehabilitation and classes for clinical and psychological
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adaptation are required in order to reduce the risk of
anxiety and depression [9].

According to the current Russian guidelines, there
are two components of the drug therapy for patients
with PAH: maintenance therapy (indirect anticoagu-
lants (vitamin K antagonists), diuretics, cardiac glyco-
sides, oxygen therapy) and specific therapy, including
calcium channel-blocking agents (CCB), antihyperten-
sive agents for pulmonary arterial hypertension (bosen-
tan, macitentan, ambrisentan), iloprost for inhalation,
phosphodiesterase inhibitors (iFDE-5), riociguat and
selexipag [1].

Stage two is PAH-specific therapy with high doses of
calcium channel blockers in patients with positive vaso-
reactive test (VRT) or with approved PAH medications
in patients with negative test results. This recommenda-
tion is applicable to patients with idiopathic pulmonary
arterial hypertension.

Stage three is associated with response to therapy,
determination of comprehensive therapy with approved
drugs or presence of indications for lung transplanta-
tion [9].

According to the theory of PAH development, simul-
taneous impact on various paths of pathogenesis can not
only prevent disease progression, but also can make it
possible to manage the outcomes more efficiently [3].
Modern PAH-specific medications have not only vaso-
dilatory effect, but also a number of other actions —
cytoprotective, antiproliferative, antiaggregatory, etc.
Riociguat belongs to a new drug class, soluble guanylate
cyclase stimulants [4]. Selexipag is the only non-pros-
tanoid selective IP-receptor protagonist, an oral drug
[8]. These drugs, if titrated correctly and provided the
highest individual maintenance dose is achieved, result
in vasorelaxation, inhibition of proliferative, inflamma-
tory and fibrous effects.

PAH-specific therapy initiated in this case study at
the federal expert centre stabilised the patient’s condition
(blood pressure and heart rate, circulatory inefficiency).
This is a combination of a selective IP-receptor protago-
nist (selexipag) and a soluble guanylate cyclase stimulant
(riociguat), titrated to their target values, that improved
the patient’s quality of life.

In addition to drug therapy, patient rehabilitation
is important as well. In 2017, N. R. Morris et al. con-
ducted a meta-analysis of the impact of physical reha-
bilitation on physical capability and quality of life of
patients with PAH, who were prescribed adequate spe-
cific therapy with antihypertensive drugs for PAH man-
agement. Physical rehabilitation programs included

aerobic exercises, power load, breathing exercises and
elements of yoga [1]. Our patient was also provided
with recommendations for physical activities. The
patient decided to take classes with a specialist from
the Budgetary Healthcare Institution of the Voronezh
Region Voronezh Regional Clinical Centre for Exercise
Therapy and Sport Medicine ‘Rehabilitation’, and she
noted improvements both in her physical, mental and
emotional state.

Conclusions

This case study demonstrates advisability of a complex
clinical and laboratory assessment (including pulmonary
heart catheterisation) in order to clarify the aetiology
of pulmonary hypertension and decide whether PAH-
specific therapy is required. Comprehensive therapy
of pulmonary hypertension uses maintenance therapy,
that does not impact the survival rate of patients with
pulmonary hypertension, and specific drugs, the use of
which prolongs the patient’s life, reduces the number of
hospitalisations and prolongs the period to clinical dete-
rioration and transplantation. Timely therapy initiation
after the final clinical diagnosis improves the long-term
prognosis for patients with PAH. Pregnancy in women
with pulmonary hypertension is of specific interest.
However, unfortunately, at this stage, the modified WHO
classification states: in terms of the risk of cardiovascu-
lar complications for the mother and children, pregnant
women with PH are included in risk category IV, and we
can claim that pregnancy is very dangerous for patients
with PH. Pregnancy planning and carrying should be
discussed and decided by an obstetrician-gynaecolo-
gist together with a cardiologist. Pregnancy is a risk for
women with any pulmonary hypertension, especially
with idiopathic PAH, because it is associated with high
maternal mortality. Therefore, women with PH are rec-
ommended to use reliable contraception to prevent preg-
nancy or to consider immediate pregnancy termination,
in order to prevent pulmonary hypertension progression
and deterioration.
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S AT A AT IS A AR ) A S ABI S A AR A AT Mexpynaponnas (Bcepoccuiickas) npax-
) ‘ = ' 40 THYeCKas MeJUIMHCKasg KOHQepeHIV
TA : ) CTYHEHTOB U MOJIOAbIX Y4€HbIX [aazoBckue
~\: 5 CryaeHyeckoe HayuyHoe obuwecTso yreHust: «Cremnre fenatb mKo6po...» —
V CHO PHUMY um. HWN. Muporosa Munanpasa Poccum 2 3TO exxerofiHas KoHpepeHIus, MoCBAIIeH-
oA AW Has pas3bopy KIMHNYECKUX CTydaeB.
raaBOBC KM e ‘-lTe H M ﬂ : ap Vpnesa nposenenys [aa3oBCKMX YTeHMI
&) T Obla cPOPMYIMPOBAHA TEKAHOM MEX[Y-
«CnewwuTe nenartb 'qo6po___ » & HapogHOro (hakymbreTa M IpefcefaTeneM
91 Ere oprkomurera KoHGepenunu Hapmexmoii
) AnexcaHppoBHoOI BeinoBoit: «<B 06}/1161-11414
\ CMyOeHmos MeoUUUHCcKo2o 8y3a u 6 pabo-
<7 me cmyodeH4eck020 HAy4HO20 KPYHKad pas-
60p KIUHUUECKUX CTly4aes umeem 60mbuioe
3HaueHue. Imo, 6 nepeyrw ouepeds, HOMO-
edem OyOywum epavam nooz0mosumocs
K KauHu4eckoti npakmuxke. Inasnoe npeu-

myuecmeo popmama Iaaszosckux umenuii
Pa36op KNMHUYECKUX
o) Cnyyaes no cekumam:

/ «Tepanua», «Xupyprua»,
) «Meavarpusa», «[lerckas xupyprua»

3AK0UAEMCA 8 B03MONHOCMU HO020IMO-
8UMb 00KA0 6 OMHOCUMENLHO KOPOmKie
cpoku. IIpu amom yuacmuuku KoHgepeH-
Uuu npoeoodsm 60mvLULY10 pabomy no nouc-

o Ky UHPOPMAUUU O B0O3MONCHBIX MEMOOAX
2® 23-24 pekabps ’
&3 OUAZHOCMUKY U JledeHUs ONUCHLBAEMOL]

o . n

5 online UMU NAMONO2UU, UCOPUUECKUX afmubtx
O 0 3abonesanuu, oupdepenyuanvroti oua-
e eHOCMUKe U OueHKe NpoeHO3a NAUUEHIO8.
'/ ) Kadenpa Accoumanmn

o NPONEAGSTHKN  MOMOAMX Pasbop knumuueckux cnyuaes HeusmMeHHO
\D nll{'pf‘lh:“l MOAMUNMNHCKX

o CommATIR", © eEox 6bI3bLBaEI 00NblLEE KOIUMECINBO 60NPOCO6

u bonee nodpobHoe 00cyiOeHue, uem pas-
60p HayuHoil pabomuol».

B srom ropy XIII Mexpynaponuas (XVIII Bcepoccusickasi) mpakTudeckass MeGULIMHCKas KOH(pEPEeHIUs CTYAEeHTOB
M MOJIOABIX y4uéHbIX [aasoBckie urenns «CremnTe genatb foo6po...» cocTosimach 23 u 24 fexabps 2023 roja Ha OHJIANH-
mnomaake PHVMY um. H.J. IInporosa.

B aToM rogy oHa TpagMIOHHO cOOpaja CTYAEHTOB M MOIOMBIX YIEHBIX M3 PA3HBIX POCCUIICKUX U 3apyOesKHBIX Mefy-
LIMHCKMX BY30B.

IIpencenaTenp oprkoMuTeTa KOH(GepeHINN IeKaH MeXyHapoiHOro ¢akxynbpreTa YHMBepcuteTa Hapmexxma Anmexcan-
apoBHa BrUToBa BO BCTYIMTEIBHOM C/IOBE PACCKa3ama O BAXHOCT Pa3bopa KIMHNYECKUX CIIyYaeB U MHTepece KOoHde-
PEHIVI He TOIBKO JUIA CTY/ICHTOB I MOJIOABIX YYEHBIX, HO I /I Bpadell ¢ 0OJIbIINM OIBITOM.

CeKIMOHHBIe YTeHV IPOXOAVWIN IO YeTHIPEM HaIlpaBlIeHMAM: 23 mekabpsa «[lerckas xupyprua» u «Ileguarpus»,
a 24 nexabpsa «Xupyprus» n «Tepanusa». YHUKambHOCTb popMaTa 3TOi KOHPEePEeHIINN 3aK/TI0YAeTCA B TOM, YTO JOK/IA[IN-
KI [IPECTAB/IAI0T BHYIMAHNIO ayAUTOPUM MHTEPECHDIe KIMHUYECKIUe CIydan U3 CBOeil BpadeOHOI IPaKTUKIL.

[MopBops urorn KoHpepeHINH, XIOpY NOOTATOZAPUIO YIACTHUKOB 32 KaUeCTBEHHO MTOATOTOB/ICHHbIE TE3VICHI, @ TAKXKe
OLIEHMTO YROOCTBO AMcTaHIoHHOro ¢popmata. Emena BragumuposHa PesHuk, 1.M.H., npodeccop, 3aBenymomias Kade-
IPOIi IIPOIIefeBTUKY BHYTpeHHMX 6omesHelt JID oTMeTnIa, YTO MHOTOE IIOUePIIHY/IA 3 JOK/IALO0B, YTO IO3MIIVISI MOTOABIX
VUEHBIX U CTYIEHTOB Y>Ke SIB/ISeTCS MO3MULIVeN HACTOALIMX Bpadelt U mIpogeCcCHOHAIOB U YTO BOIMPOCHI, KOTOPbIE 3aJal0T
YJIEHBI )KIOPY BCETZIA ABJIAIOTCS MTOBOAOM JJIs HabHENIIero COBEepLUIeHCTBOBAHNA aBTOPOB JOK/Ia/IOB.

Bepa Huxonaesna JIapuna, mpodeccop, 3aBenyrorast Kadeapoit monnkmnHdeckoit repannu JIO, oTmMeTna, 4T0 JaH-
Hble YTEHNS ITO3BOJLIIOT €XETOfHO PasBMBATh HABBIKM Pa3bopa MAalMEeHTOB, y3HABATh O HOBBIX HO3OJIOTHSIX, HAXOANTD
CBOM HAIIPAB/IEHM HAYYHOM U IPAKTUYECKON JeATETbHOCTI.

B 3aBepiiennn kondepennnn Mapuna Bragumuposna KocTioueHko, 1.M.H., [oLieHT podeccop Kadeappl MeIUIMHbI
katactpod JID, obparuiach K crukepaM cO CJIOBaMM O1arOZApPHOCTY M OTMETIJIA BBICOKVIT YPOBEHb JOK/IAIOB aBTOPOB
cexumit «Xnpyprus» u «Tepamms».
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ITo nToram KoHQepeHIMM IPM30Bble MeCTa PacIpeNe/IIICh CIEAYIOMMM 00pa3oM:
Cexnus «J[leTckas Xxupyprus»:

o I mecro: Kamamnnkos Anekceit AHApeeBud, [JeTckas ropofckas knanHudeckas 6onpunia Ne 9 um. ILH. Crepan-
cxoro, Hay4yno-mccnemoBaTenbCKuii KIMHNYIECKIIT MTHCTUTYT MeJUATPUN U IeTCKOV XUPYPIUM UMEHM aKaJeMIKa
10.E. Bembrumena, XVIPYPTMYECKAS KOPPEKIINMSA CKOJIMOTUYECKOW TE®OPMAILIUN TP MEPO-
3/H-HETATYMBHOWM MBIIIEYHOW IMCTPODVMN.

o IImecro: ITnnosn ®emnkc Camconosny, Carosan lapuk bapucosny, basasuros Pumup Papukosud, Hanyonann-
HBIII MeIMLIMHCKUIL MCCIefl0OBAaTe/IbCKMUIL LIeHTP 340pOBbs fieTell, HalMoHanbHbI MEeIVIMHCKNI MCCTIeJoBaTe/lb-
ckuit nentp onkonornu uvenyu H.H. Broxuua, KIMHWMYECKUI CJIYYAW YCITEIITHOT'O XVIPYPTMYECKOT'O
JIEYEHVII B COYETAHUM C TAPTETHOM TEPATIMEN Y PEBEHKA C CLOVES-CMHIPOMOM.

o III mecto: IIponnerknna Kpucruna [ImurpueBHa, Banan J/Insa ApamoBHa, IlepeBomnkosa Anekcangpa Cep-
reesHa, IlaBnoBa [lappsa Hukonaesna, Poccuiicknit Haunonanpueii ViccnenoBarenbckniit MegunuHacknii YHusep-
cutet uMm. H.JI. Ilmporosa, CUHIPOM KAYIAJIBHOTO YIBOEHMA Y HOBOPOXXIEHHOI'O PECEHKA.

Cexuus «Ileguatpus»:

o I Mecto: [IpimeBa Anacracusa VropesHa, Tynynosa Codusa AnexceeBHa, Poccuiicknit Hanmonansasii Viceneno-
BarenbcKuit MegunuHckuit Yausepcutet um. H.J. IIuporosa, METVJIMAJIOHOBAA AIVMIEMMA, ACCOILIM-
MPOBAHHAS C ATUTACTUYECKOV AHEMUEN.

o II mecto: Kocanuena Enena AnekceeBHa, Cokonosa Kcennsa [ImutpueBHa, Poccuitckuit Hanmonanbubiit Vccre-
noBarenbckuit Mepuuynckmii Yausepcuret um. H.J. IInuporosa, KJIMHUYECKUN CITYYAV METTEMOIJIO-
BMHEMIN.

o IIT mecto: I'ypuna Hatanbs bopucosna, Mycraiikun Cepreii Hukonaesmy, 3aiines [Imutpunii Bragummposny,
MuHckas o6nacTHas feTckad KamHudeckas 6ompauna, BPOXKIEHHAS AITVIA3MA KOXXKIM IT'OJIOBBI, OIIBIT
KOHCEPBATVMBHOI'O BEOEHVIA ITALIVMMEHTA.

Cexuysa «Xupyprus»:

o I mecro: CunenpunkoBa Codos IOpweBHa, Poccuiickmit Hanmonanbubiit ViccnenoBaTenbckuii MemgnimHCK i
Yuusepcuter um. H.JA. Tluporosa, CUHIPOM BEPXHEN ATIEPTYPBI TPYIHOW KJIETKM KAK ITPUYMHA
TPOMBO3A ITTYBOKMX BEH BEPXHMX KOHEUYHOCTE.

o II mecrTo: Arabekan Iop Apankosud, Moscecsan [Iuana AmotoBHa, [anatoHoB ApreM, ConoBbeB [Janumr AH-
TOHOBMY, ApyTioHAH lamner ApytionoBud, Poccuiickuit Haunonanbhbiil ViccnemoBaTenbcknit MefguumHCKMii
Yumsepcutet uMm. H.J. ITuporosa, IIEPBAS ITEPECAJKA JIETKMX ITAITMEHTKE C MYKOBMCLH M O30OM:
OTIOAJTEHHBIE PE3YJIBTATHI.

o II mecto: AcranoBa Hurnna baxtuép xusu, Poccuiickuit Hanyonanbubiit VccnegoBaTenbcknuii MeanIHCKnii
Yuusepcurer um. H.M. [uporosa, KIMHUYECKUI CIYYAN ITALIMEHTA C TEPATOMOW BPbDKEVIKU
TOHKOV KMIIIKI.

o III mecto: HockoBa Exarepuna MakcumoBHa, IlanbkoBa Hagesxxpa HuxomaeBna, A6xynmaeBa Poza Pammxk
KbI3bl, MenmbHUKOBa AHHa CepreeBHa, Poccurickuit Hanmonanpublit VccnegoBatenbckuit Meguiinucknit Yan-
Bepcutet uM. H.J. IInporosa, OH EIIIE CMOXXET BAC YIUBUTD. KJIMHWUYECKNI CIYYA MYKOLIEJIE
AIIIIEHINMKCA.

Cexuusa «Tepanus»:

o I mecto: KoBanbkos Anekcangp Bragumuposud, Mopososa Beponnka Hukomaesna, Poccuiicknit Harmonanb-
ublit Viccnenosarenbckuit Meguuumuckuit Yausepcuter um. H.J. Tuporosa, KTTMHUYECKUN CIYYAN LIEHT-
PAJIbHOTI'O ITIOHTVHHOTO MUEJIMTHOJIN3A.

o II mecro: Illy6nsni Jannna ITaBnoBuy, Poccuiicknit Hanvonanbusiit ViccnegoBartenbckmit MegnumHCKuii YHu-
BepcureT uM. H.V. Ilnporosa, TPYIHOCTHU OIMATHOCTUKM CMHIPOMA IIMKEPMHIA — PEJIKOI'O OC-
JIOKHEHUS CTEHO3A TIOYEYHBIX APTEPUIA.

o III mecto: IMmurpuesa Anacracusa IlaBmosna, Opexosa Kcenna MuxaiinosHa, SpocmaBckuii rocygapCTBeHHBIN
megyuyHcKui yausepcutet, TPYITHOCTU JVIATHOCTHUKNM TYBEPKYJIE3A Y ITALIMEHTA 75 JIET.

TpaVILIMOHHDIN CIIelVa/IbHBII IIPK3 OT JeKaHa MEeKIYHAPOFHOro (aKy/bTeTa ObUI IPUCY>KIEH JBYM MOJIOLBIM YYeHBIM:

1. bamxkaroBa AHacTacusa AHppeeBHa, Poccuiicknit HanmonanbHbIl ViccnenoBarenbckuit MeguIIMHCKUI YHUBEPCH-
ter uM. H.V. IIuporosa, KJIMHUYECKUN CIIYYAM YCIIENIHOTO CUMYIBTAHHOTO JIEYEHI S TTALI-
EHTA C OHKOJIOTMYECKUM 3ABO/TEBAHUVEM, KPUTUYECKMM AOPTAJIbHBIM ITOPOKOM CEP/IITA
M UBC (cexumsa «XVIPYPTUS»).

2. Komanésa Anacracusa AnekceeBHa, Poccutickuit HanmonanpHbeiit ViccnemoBarenbcknit MegunuHckuit YHuBep-
cutet uMm. H.VL. TIuporosa, LMNA-KAPAVIOMUOIIATUA ¥V BOJILHOW C ITPOTPECCHPYIOIIEN MBIIIEY-
HOV IVICTPODUEN SMEPU-IPEVI®YCA (cexumsa « TEPATIVIS»).
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Kpome Tor0, OTHENMbHO OlleHNBaMICh JOK/IA/bI, IPEACTaBIeHHbIE B IIOCTEPHOM QopMaTe.

«JleTckas Xupyprusa»
I mecTo: bakaesa Hapexna Cepreesna, CappruyeBa AHHa AnleKcaHpoBHa, bapanos [IMutpuit Anexcangposnud, Mo-
posoB AnToH KoncrantuHoBny, Mscoegos Ceprett BraguMuposny
Boponexxcknii rocylapcTBeHHbIN MeuIMHCKMiT yHuBepcuteT nMenu H.H. Bypnenko
BromkeTHOe yupeskzieHNe 3jpaBOOXpaHeHNsI BOPOHEXKCKOIT obmacty «O6macTHast eTcKas KIMHIIecKast 6ombHuma Ne 2»
«OmBIT XMPYPrUIeCcKOro IedeHNs peOeHKa ¢ BPOXK/FEHHBIM OPTOCKCTEMHBIM LIYHTOM».

«Ilepmarpus»
I mecro: [Tomnmyx ITonmmua AHaTtonbeBHa
Cankr-Ilerepbyprckmit [ocymapcrennsiit [leguarprdecknit MeguunHcKuii YHUBEpCUTET
KIIMHUYECKUI CJIYYAV YCHEIHOTO TPMMEHEHNSA IMHYTYKCUMABA IIOC/IE AJUJIOTEHHON
TPAHCIUTAHTAIIMM TEMOITIOTUYECKNMX CTBOJIOBLIX KJIETOK ITPVI PEOPAKTEPHOM TEYEHINI
HEVIPOBJTACTOMBI

«Xupyprusa»
I mecro: Kosgo6a Auppeit Vinend, Aupponaruit Bukropus AnexcanaposHa, 3apuroBa AnbMupa AiifapoBHa
Poccuiickuit Hanymonanpubiit ViccnenoBatenbcknit Megumuackuii YausepcureT uM. H.V. [Inporosa
PA3HBIE I[TOOXOObI K TEYEHMIO AHEBPM3M INEPUOEPMYECKIX APTEPU.

«Tepanus»
I mecto: Bacennna Bepa CepreeBHa
Poccuiickuit Hanymonanbubiit ViccnenoBatenbckuit Meguumuackuii YausepcureT uMm. H.VL. IInporosa

ERYTHEMA PERNIOSIS — O HEHHOCTNM AHAMHE3A.
JKenaem aBTOpaM JOKIa 0B FOCTIDKEHNS NPOdecCHOHATbHBIX BHICOT!

OprxoMuTteT KOH(pepeHLN OT BCell I OIarofapuT YBa>kaeMbIX YWICHOB XKIOPIL:

Ceknus «JleTckas xupyprusan»:
o IIymuxun Bacumnit CepreeBud — K.M.H., OLeHT Kadeapsl geTckoit xupypruu [1O
o Murynos 3oprkro batoeBid — fi.M.H., mpodeccop kadeapsl geTcKoil xupypruu umenn akafemuka 10.0. Vcakosa [1O
o Ilerpyxuna IOmus BragummpoBHa, K.M.H., JOLIEHT Kadeapsl e TCKOiI Xupyprun umenn akagemuka 10.d. Vicakosa I1d
o Epoxnna Hapexxya OnerosHa — petckuii xupypr, yposor JI'Kb nm. H.®. ®unatoBa

Cexuus «Ilegmarpusi»:
o TToma Anexcanap BamenTrHOBUY — [1.M.H., mpodeccop Kadeapsl mponeaeBTHKY feTCKyx 6omesneit 11D, saBexyro-
muit oraenenueM Poccuiickoro oHKONIOrMYecKoro HayqHoro 1neHTpa um. H.H. broxuna
o Jlapuna JIo60Bb EBreHbeBHa, K.M.H., JOLIEHT Kadempbl IpOmeeBTUKI JeTCKIX 6omnesHeit [1P
o Yrmunkux Auppeit Knasauesnd, .M. 1., mpodeccop Kadempsl HOMMKIMHIYECKOIT 1 coranbHoi neguarpun GI10,
npodeccop xadenpol meguaTpun uMenn akagemuka M. Crynenukuna JIO

Cexnmsa «Xupyprusn»:
o Kocrrouenko MaprHa BragumupoBHa — [.M.H., ZoLeHT npodeccop Kadenpbl MennumHbl Karactpod JID.
« Kopob6yurkus Ine6 Bragumuposnd — m.M.H., mpodeccop, 3aBeAyLmit 15-M TpaBMaTONIOr0-OPTOIEUIECKIIM OT-
eTIeHNeM.
o Ozomuus JloogMuna AHATONbEBHA, [I.M.H., Bpa4 BbICLIel Kareropuu, akagemuk PAEH, npodeccop xadenpsr aky-
uiepcrBa U ruHekonoruy JIO

Cexuus «Tepanms»:

o Jlapuna Bepa HuxonmaeBHa — 1.M.H., mpodeccop, 3aBenymonas Kapenpori nonmukmHndecko repanuy JIO

o Pesnux Enena BragummposHa — f1.M.H., mpodeccop, 3aBefyomast kadenpoii MponeIeBTUKY BHY TPEHHUX 60/e3Helt
JI®, Begywmit HayuHbIt coTpynunk HVJI peBMaTndeckux 3aboeBaHumit

» Opnosa Haranpsa BacunbeBHa — 1.M.H., npodeccop kadenpsl paxynbreTckoii Tepamymy I1O

o Yunuruna Haramisa CeMeHOBHa — K.M.H., BOLieHT Kadeapsl ¢akynbreTcKoi Tepanuu uM. akaf. A.V. Hecreposa

o Taparyxun Esrenuit Omerosud, K.M.H., ZOLIEHT, 3aBeAyOLNil Kadenpoit, Kadeapa 6MOITUKN U MEXTYHAPOFHOTO
mepunyHcKoro npasa JOHECKO M®, nonent, kadenpa rociuranbHoil tepanuy uMenn akagemuka I1.E. Jlykom-
ckoro JI®

« Cobornesa Banenrnna HuxomaeBHa, K.M.H., OT/IMYHIK 3 PaBOOXPAHEHN, ZOLEHT KaeApbl TOCIIUTAIBHOI TePATINU
nmenn akagemuka I1.E. Jlykomckoro JIP

o IIpaBarox Haramps [puropreBHa, K.M.H., JOL[eHT Kadenpbl GaKyIbTeTCKOI Tepanuy uMeHn akagemuka A.V. Hec-
Teposa JID.




