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SIKOB MAKCMMOBHMY BAXPVIIEB

(x 80-AreTHUrO CO AHS POSKAEHMS)

B cenrabpe 2020 r. ncnioanserca 80 aer 3acay-
JKEHHOMY pabOTHUKY 3APaBOOXPaHEHUA YAMYPT-
ckon Pecriybanky, 3acayskennomy Bpady Poccnii-
ckort Depeparyn, AOKTOPY MEAMIIMHCKUX HayK,
ripoeccopy, 3aBepyioieMy Kaheppon Iporepes-
TUKM BHYTpeHHUX Ooaesnen VkeBckom rocypap-
CTBEHHOM MEAMIIMHCKON akapemum fIkoBy Maxk-
cuMoBmiy Baxpyiiesy.

A.M. Baxpyties popuacs B pepeBHe Bepx-Yaruno
Axuryp-boapmHckoro partona Yamyprckoit Pecrry-
OAMKM B CEMbE KOAXO3HUKOB. B pAeTcTBe TsKEABIE
BOCHHBIE U IIOCACBOCHHBIE TOABI CIIOCOOCTBO-
BaAr (POPMUPOBAHUIO TPYAOAIOOUWS, TepPIIeHUs
1 HEOOBIKHOBEHHOMY CTPEMACHMIO K 3HAHMAM.
C 1960 1o 1963 rr. cayskua B CoBerckont ApMun
3a pyoesxom. B 1969 ropy ¢ oramumneM oKoHYHA
VxkeBCcKUl MEAMIIMHCKUN WHCTUTYT, a 3aTeM
KAMHUYECKYIO OPAMHATYPY M acIIMPaHTYpPy Ha
Kadeppe roCIMTaAbHOM TePariny, BO3IAABASEMO-
ro nipopeccopom A A. Aemmmuackum. B 1974 r. 3a-
HIUTUA KAHAMAATCKYIO Arccepraruio, B 1986 r. —
aokropekyio. C 1986 ropa 3aBepyer kadeppoi
IIPOIIEACBTUKN BHYTpeHHNX 60ne3Hent IITMA.

C 1988 1o 1995 rr. pabGoran mPOPEKTOPOM I10
HayqHO! pabore VIKeBCKOM ToCypapCTBEHHOMN

MEAUIIMHCKON aKapeMUM. 3a 9TO BpeMs UM Oblra
IpoBepeHa OoAnbIIasgs pabora I0 aKTUBU3AINU
IIOAIOTOBKM KappOB U BHEAPEHUIO IIPOTPECCUB-
HOM CHCTEMbl [AAHUPOBAHMA HAYIHBIX HCCAE-
AOBaHMI B akapeMuu. B TedeHue pspa aer oH
B aKap€MUM BO3IAABASIET IIPOOAEMHYIO KOMUCCHIO
dIyarpmonororus m grusuarpusy. llepep num
CTOSIAQ 3ajada aKTUBU3MPOBATH HAYTHO-MCCAEAO-
BaTEAbCKYIO pabOTy M IIOAIOTOBKY KappPOB I10 AQH-
HBIM CIIEIIMAABHOCTAM. 3a KOPOTKOE BPeMs OBIAU
3aIIMINEHBl ( KAaHAUAATCKUX M 3 AOKTOPCKUX
AriccepTarium.

A.M. BaxpyiieB o6AapaeT BBICOKUM TBOPYECKUM
ITOTEHITMAAOM M BEACT aKTUBHYIO HAyIHO-HCCAE-
AOBATEABCKYIO PaboTy, YKPEIIASEeT U PacCIIupseT
Hay4IHYIO IIKOAy. OAHMM M3 IAaBHBIX HallpaBAe-
HUI Hay9HON AEATEAbHOCTU ABAAETCA U3YyIEHUE
1pobaem racrposrreporornn. DyHpameHTaAD-
HbBIC TPYABL 110 HEMPOIHAOKPUHHON PETYAAITNN
OPTaHOB IMII[EBAPEHUS CYIIIECTBEHHO 000TaTUAN
TEOPETUIECKYIO M KAMHHUYECKYIO TaCTPOIHTEPO-
noruio. Briepseie um coBmectHo ¢ akap. A. M. Vro-
A€BbIM ObINA BBIABMHYTA T'OPMOHAABHAS TEOPUA
Pa3BUTHSA CHEIUPUICCKOTO AMHAMUYIECKOTO ACH-
crBusg nuiiu. [IprnopuTeTHBIMM SABAAIOTCA €0
MCCAEAOBAHUA 110 IPO(MUAAKTUKE U KOHCEPBa-
TUBHOMY ACYCHUIO >KEATHOKAMEHHOU OOAe3HHU,
9PO3MBHBIX TTOPAKEHUN KEAYAOTHO-KHUIIIETHOI'O
TpakTa U XpoHUW4IecKoro naHkpearura. Ha xade-
ApPE B TEUYECHUE PAAA AET BBIIIOAHAIOTCA HAyIHO-
HCCAEAOBATEABCKHE PabOThI B paMKaxX OTpache-
BOM IIPOT'PAMMBI I10 ITyABMOHOAOT L.

A.M. Baxpymes sasasgerca asropom 1200 mayd-
HbIX pabot, B ToM dmcae 16 monorpaduir, cpean
KOTOPBIX 0COOOM TOIYASPHOCTBIO TTOAB3YIOTCS
dTewens u ropmonsd (1992), «Crienmduaeckoe
AnHaMdeckoe pericrsue i (1996), dloan-
bl skeaypkar (2005). Axkos MakcuMoBud siBASI-
eTCsl HAyIHBIM PYKOBOAUTEAEM (KOHCYABTAHTOM)
15 poxropckmx m 50 KaHAMAATCKUX AMccepra-
nuit. MHOrue ero y9eHMKU BO3TAABAAIOT Kadeppsl
U SABASIIOTCS PYKOBOAUTEASIMU AedeOHO-T11podu-
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AaKTHIECKUX yapesxpeHni. OH ABAIETCA pepax-
TOpOM TPyAOB 19 HaydIHO-TIpaKTUIECKNX KOH]eE-
peHIui, nMeer 4 maTeHTa Ha N300 PETEHUSL.

[Teparormaeckas apesrenpHocts f1. M. Baxpyiiesa
OTAMYAETCS BBICOKUM YPOBHEM M METOAUIECKOM
HaIIPaBAEHHOCTBIO, I1pOdeccroHarn3MoM, Tpe-
60BaTEABHOCTBIO K cebe, IIperopaBaTersiM u 00-
YYaIOIIMMCS B KAMHUKE CTYACHTaM, WHTEpPHAM,
opanHaropam u actipanraM. OH ITOBCEAHEBHOE
BHIMAHWE YACASET COBEPIIIEHCTBOBAHUIO yieO-
HOT'O TIPOIIeCCa, BBEACHUIO HOBBIX CPEACTB 00y4e-
HUA, CO3AAHUIO METOAMYECKUX pykosoacTs. Ha-
nrcanHbie M yaebunkn (Herocpepcrsentoe mc-
caepoBaHue 60AbHOTO», «BHyTpeHHME GOAe3HM,
«OT cuMIITOMA K AMArHo3y...» BBIACPKANH YKe He-
CKOABKO TIepem3paHuil. ko MakcuMoBud Hey-
TOMUMBIN TPYKEHHUK, IIIEAPO OTAAET CBOU 3HAHUS
1 OOABIIION OIIBIT CBOMM yI€HHKaM, BOCIIUTHIBAS
MOAOABIE KapPbl B AYXE AYYIINX BpadeOHBIX Tpa-
annuit. Ero copepskaTeabHbIE NEKIIUHM ITPOXOAAT
IIPY IIOAHOV AyAUTOPUH, ACMOHCTPALMM OOAb-
HBIX COITIPOBOKAQIOTCS OIHMCAaHueM HaTodpusno-
AOTMYECKOM CYIITHOCTH CUMIITOMOB 3a00A€BaHUS.

Kak Bpay, AxoB MakcumoBud cHuckaa cebe pe-
IIyTaIMIoO BAYMYHMBOIO AarHOCTa U CIeIjaAnCTa-
rTeparieBra. Bep€r 6GOABIIyIO A€4eOHO-KOHCYAD-
TAIIMOHHYIO PaboTy, Kak Ha KAMHHUYECKON Oase
Kadeapsl, TaK 1 B A€IeOHO-IIPODUAAKTIIECKIX
yapesxpeHuax r. Vbkescka u Yamyprckont Pecriy-
6auku. Ha ero peryasipHbIX KAMHMYECKUX 00XO-
Aax Ipro6PeTaloT OIBIT BpaueOGHOro MacTepCTBa
KAMHIYECKUE — OPAWHATOPBI,
IIPEIIOAABATEAN M IIPAKTUYECKUE

BPAYU-UHTEPHBI,
acIIMPAHTHI,
Bpauu. fIkoB MakcuMoBUY TPEeOOBATEAEH K IOA-
YMHEHHBIM, ITI03TOMY K 00XOAY OTBETCTBEHHO TO-
TOBUTCA BCE OTACACHUE, HAYMHASA OT AOKAAAIMKA
1 3aKaH4YMBasA 3aB. OTACACHUEM. BHeppenue pas-
paboTaHHBIX Ha Kadeppe HOBBIX METOAOB AMa-
THOCTUKH, A€IEHUA 1 ITPO(PUAAKTUKYI TTO3BOAUAO

YAYYIIIUTD KA4€CTBEHHbIE ITI0KA3aTEAN TePaIIleBTU-
YECKOM TTOMOIIA OOABHBIM U TIOAYIUTh 9KOHOMU-
9eCKYIO 9(PPEKTUBHOCTD IIPU XPOHUIECKUX 3a00-
AEBaHMAX ITHUIIEBAPUTEABHON CUCTEMbI U XPOHU-
YECKNUX HECTICITM(DUICCKUX 3a00AEBAHMAX AETKHX.
[Ipn ero HEmocPeACTBEHHOM y4acTHU BIIEPBBIC
B peciyOAMKe OpraHm3oBaHa (AcTMa-IIIKOAa», Ha
6a3e KAMHUKYA OPTaHU30BaH I[EHTP 10 A€I€OHOMY
IIATaHNIO OOABHBIX C AAAEPTUIECKUMU 3a00AEBa-
HuAMU. AKoB MakcuMOBUY aBTOP 11€ACBOU KOM-
IIAEKCHOM IIPOTpaMMbl YAMypTcKom Pecriybanknm
110 OXpPaHEe OKPY>KAIOITIET CPEABL

[TA0AOTBOPHYIO HAYIHYIO M ITEAATOIMYECKYIO AC-
AareAbHOCTD 1. M. Baxpyries coueraer ¢ 60AbIION
obirecrsenHon paboron. llpym ero axrusBHOM
y9aCcTUU IIPOVICXOAUAO CTAaHOBACHHE U Pa3BUTHC
B akapeMuu (paKkyAbTeTa BBICIIIETO CECTPUHCKOTO
obpaszoBarma. OH ¢ 1985 r. Bosraasager HayIHOE
OOII[ECTBO TaCTPOIHTEPOAOIOB  YAMYPTUH, SB-
ASETCSI YACHOM IIPABACHUSA HAYIHOTO OOIIecTBa
racrpoanTeponroroB Poccun. fAxoB MakcumoBud
YAEH PEAAKITMOHHOIO coBeTa >KypHanros «Tepa-
[EBTUYIECKUI  apXuBy,  («JKCIIEPUMEHTAAbHAS
Y KAMHHMYECKas TacTPOIHTEPOAOrusy, «Cubup-
CKUM >KypHaA racTPOIHTEPOAOTMH M TI'eIIaTOAO-
i, «(3p0poBbeE, AeMorpadus, sKoroTHA GUHHO-

YIOPCKUX HAPOAOB).

3a 3aCAYTM B Pa3BUTHUM 3APABOOXPAHEHMA U Me-
AUITMHCKOM HAyKH, ITOATOTOBKY HAyYHBIX M Me-
AMIIMHCKUX KappoB OH HarpakacH [louérnon
rpaMOTON T'OCYAAPCTBEHHOTIO COBETa YAMYPTCKOM
Pecriybamkm, Ilouétnont rpamoron llpesupenta
Vamyprckon Pecriybankn, 3Haq4koM «OTAMIHUKY
3ppasooxpanenus CCCPy, mepaanvio um. Aabdpe-
aa Hob6eas. Emy mpucBoeHo 1odérHOE 3BaHUE
«OcHoBaTenb HAyIHOW HIKOABD. OH IIOYETHBIN
akapeMuk VKeBCKOM MEAMITMHCKOM aKapeMUH,
YAEH PAAA 3apyOEsKHBIX akapeMuil. Ero s 3ane-
ceHo Ha PecriybAmMKaHCKYIO AOCKY T1049€Ta.

Pedaxyna scyprara «Apxues snympenneii mednynunoly, compyonuxn xagpedpvl nponedesmmuxn

BHYMpPennux 6oresnen n yuennxu cepdeurno nozdpasrsiom Axosa Maxcumosnia c wbnureem

noaceaani emy 3(?0,00617,%, 671,6{]“0720.7[_)/’{%}! W Imeop*ecKoro doaroremus.

Asrop — nipodeccop Kadeppst
IIPOIIEACBTUKY BHYTPEHHUX OOAE3HEMN,
AokTop Mep. Hayk H. A. Xoxnradesa
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Abstract

Environmental change, climate warming, population density increase, high migration activity of the population and
other factors provoke the emergence and spread of new infections around the world.

The emergence in December 2019 of diseases caused by the new coronavirus («coronavirus disease 2019») has
already gone down in history as an emergency of international importance. It is known that the most common clinical
manifestation of a new infection is pneumonia, and also in a significant part of patients — respiratory distress syndrome.
Our article provides a brief analytical review of these temporary guidelines Ministry of Health of the Russian Federation
«Prevention, Diagnosis and Treatment of a New Coronavirus Infection (COVID-19)», version 3 (03.03.20) and other
published sources. The team of authors expresses the hope that these data will be useful to doctors in providing medical
care to patients with a new coronary virus infection, as well as to teachers in preparing students and residents.

Source: Ministry of Health of the Russian Federation. Temporary guidelines «Prevention, diagnosis and treatment of
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Introduction ‘nvironmental changes, global warming, popula
tion density increase and other factors trigger their
In the new millennium, humanity is faced emergence, while global migration contributes to
with unknown infectious diseases. Dangerous  their spread around the world. Indeed, infections

viruses have replaced the plague and typhoid.  know no boundaries.
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According to UN forecasts, the world’s population
will reach 10 billion people by 2050. This means
that the processes of migration and urbanization
will accelerate [1].

The COVID-19 (“coronavirus disease 2019”) epi-
demic has already gone down in history as an
emergency of international concern. To date,
the number of infected people in the world has
exceeded 470,000 [2]. We have yet to study the
features of this epidemic, to draw lessons, to ana-
lyze the shortcomings of ensuring the biological
safety of the population. One thing is clear: new
viruses will appear; it is an integral part of our
world. Humanity must learn to counter these
threats.

Etiology and
Pathogenesis

Coronavirus disease is an acute viral disease with
a primary lesion of the upper respiratory tract
caused by the RNA virus of the genus Betacorona-
virus of the family Coronaviridae.

Coronaviruses (lat. Coronaviridae) are a family of
40 species (as of January 2020) of complex envel-
oped RNA viruses. They are grouped into two sub-
families that affect humans and animals. The name
is associated with the structure of the virus: large
spikes protrude from the envelope in the form of
a mace, which resemble the crown.

Virions measure 80-220 nm. A nucleocapsid is a
flexible helix consisting of a positive RNA strand
and a large number of N nucleoprotein mol-
ecules. It has the largest genome among RNA
viruses. The virus has an envelope, in which
glycoprotein trimeric spikes (peplomers), mem-
brane glycoprotein, small envelope glycopro-
tein, and hemagglutinin esterase are embedded
(Fig. 1).

The “crown” of coronaviruses is associated with a
specific mechanism of penetrating the cell mem-
brane by simulating the molecules to which trans-
membrane receptors respond (Fig. 2).

Currently, four coronaviruses (HCoV-229E,
-OC43, -NL63, -HKU1) that circulate among the
population are known. They are present in the
structure of acute respiratory viral infections all
year round and normally affect the upper respira-
tory tract with mild or moderate disease.

nycoprotein spikes
(peplomers)

Lipid membrane: Hemagglutinin esterase (HES)

glycoprotein

Membrane

’ glycoprotem

Small envelope
glycoprotein
(GS)

Phosphorylated N
protein
(phosphoprotein)

Figure 4. The structure of coronavirus
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Figure 2. Coronavirus replication (A.A. Vorobyou.
Atlas of Medical Microbiology, Virology and
Immunology. 2nd ed., revised. and expanded Medicine.
2003; 236 p. [In Russian].)

The virus is adsorbed on the target cell (1) via S glycoprotein and
penetrates the cell by fusion of the viral and cellular cytoplasmic
membrane or receptor-mediated endocytosis (2).

Genomic RNA binds to ribosomes and acts as mRNA in the
synthesis of RNA-dependent RNA polymerase (3), which then
reads genomic RNA. As a result, a full-length negative strand is
synthesized (4). Upon transcription of the negative strand, a new
genomic positive-strand RNA (5) and a set of 5-7 subgenomic
mRNAs are synthesized (6). Upon translation of each subgenom-
ic mRNA, one protein is synthesized (7). N protein binds to the
genomic RNA in the cell cytoplasm, as a result of which a spiral
nucleocapsid is synthesized (8). S and M, or E1, E2, glycoproteins
are transferred (9, 10) to the endoplasmic reticulum and Golgi
apparatus. The nucleocapsid is budded through the membranes
into the endoplasmic reticulum, which contains S and M glyco-
proteins. Virions are transported to the membrane of the host
cell (10) and exit the cell via endocytosis (11).
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Until 2002, coronaviruses were considered as
agents that cause mild diseases of the upper respi-
ratory tract (with extremely rare lethal outcomes).
At the end of 2002, coronavirus (SARS-CoV)
appeared that became the causative agent of SARS
(severe acute respiratory syndrome) in human.
This virus belongs to the genus Betacoronavirus.
The natural reservoir of SARS-CoV is bats, and
camels and masked palm civets are the interme-
diate hosts. In total, more than 8,000 cases were
reported in 37 countries during the epidemic, of
which 774 were fatal. Since 2004, no new cases of
SARS-CoV-associated disease have been reported.

In 2012, the world faced a new coronavirus (MERS-
CoV), a causative agent of the Middle East respira-
tory syndrome, belonging to the genus Betacoro-
navirus. The main natural reservoir of MERS-CoV
is bats and dromedaries. Since 2012, 2,519 cases
of MERS-CoV infection have been reported, of
which 866 have been fatal. All cases are geographi-
cally associated with the Arabian Peninsula (82%
of cases are reported in Saudi Arabia). MERS-CoV
continues to circulate and cause new cases of the
disease [3].

On February 11, 2020, the World Health Organi-
zation assigned the official name to the infection
caused by the new coronavirus, COVID-19 (“Coro-
navirus disease 2019”) [1]. The International Com-
mittee on Taxonomy of Viruses on February 11,
2020, assigned its own name to the causative agent
of COVID-19 — SARS-CoV-2.

The new SARS-CoV-2 is a single-stranded RNNA
virus, and belongs to the Coronaviridae family, to
the Beta-CoV of the B lineage.

The virus is assigned to the pathogenicity group II,
as well as some other representatives of this family
(SARS-CoV virus, MERS-CoV virus).

SARS-CoV-2 is believed to be a recombinant
virus between bat coronavirus and coronavirus of
unknown origin. The genetic sequence of SARS-
CoV-2 is similar to the sequence of SARS-CoV by
at least 79% [4].

The main target cells for coronaviruses are cells
of the alveolar epithelium, in the cytoplasm of
which the virus replicates. After the assembly of
virions, they pass into cytoplasmic vacuoles, which
migrate to the cell membrane and exit into the

extracellular space by exocytosis. Virus antigens are
not expressed on the cell surface until virions exit
the cell; therefore, antibody formation and inter-
feron synthesis are stimulated relatively late. Virus-
driven formation of syncytia facilitates its rapid
spread into the tissues. Virus causes an increase in
the permeability of cell membranes and enhanced
transport of albumin-rich fluid into the intersti-
tium and the lumen of the alveoli. In this case, the
surfactant is destroyed, which leads to the collapse
of the alveoli. Acute violation of gas exchange
causes acute respiratory distress syndrome (ARDS).
Immunosuppression contributes to the develop-
ment of opportunistic bacterial and mycotic infec-
tions of the respiratory tract.

The pathogenesis of novel coronavirus disease has
not been adequately studied. There are no avail-
able data on the duration and intensity of immu-
nity against SARS-CoV-2. Immunity in infections
caused by other members of the coronavirus family
is not persistent and re-infection is possible.

Epidemiology

The natural reservoir of the SARS-CoV-2 virus is
bats. An additional reservoir can be mammals that
eat bats, with further spread among humans. Phy-
logenetic studies of the isolated strains showed that
the genomic sequences of viruses found in bats are
99 percent identical to those isolated in patients
with COVID-19.

Currently, the main source of infection is an
infected person, including those at the end of the
incubation period, prodromal period (the begin-
ning of virus isolation from target cells) and during
clinical manifestations.

The transmission mechanism is aspiration. Ways
of transmission: airborne (release of the virus when
coughing, sneezing, talking) during close contact.
The contact way is realized through transmission
factors: water, food and objects (door handles,
smartphone screens) contaminated with the patho-
gen. The risk of transmission of the virus from the
hands to the mucous membranes of the eyes, nasal
and oral cavity and infection is proven. The fecal-
oral mechanism is possible (the causative agent was
detected in the feces from patients infected with
SARS-CoV-2).

The iatrogenic transmission of SARS-CoV-2 has
been established. In China, there were more than
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1,700 confirmed cases among healthcare providers
who worked with COVID-19 patients [4].
Susceptibility to the pathogen is high in all popula-
tion groups. The groups at risk of severe disease and
death include people older than 60 years, patients
with chronic diseases (diseases of the respiratory
system, cardiovascular system, diabetes mellitus,
cancer). Mortality varies from 2 to 4%.
SARS-CoV-2 is characterized by low environmen-
tal resistance. It dies under UV radiation, disinfec-
tants, when heated to 40 °C for 1 hour, to 56 °C in
30 minutes. On the surface of objects at 18-25 °C
it remains viable for 2 to 48 hours.

Clinical Picture

The incubation period of COVID-19 is 2 to 14 days,
5-7 days on average. In comparison, the incuba-
tion period for seasonal flu is about 2 days.
Among the first symptoms of COVID-19, fever
(90%), cough — dry or with a small amount of
sputum (80%), shortness of breath (55%), myal-
gia and fatigue (44%), chest tightness (20%), as
well as headaches (8%), hemoptysis (5%), diarrhea
and nausea (3%) were reported. At the onset, these
symptoms can be observed without fever [5].

Clinical patterns and signs of COVID-19:

1. Mild acute respiratory viral infection

2. Pneumonia without signs of respiratory failure
3. Pneumonia with acute respiratory failure (ARF)
4. Acute respiratory distress syndrome

5. Sepsis

6. Septic (toxic) shock

Hypoxemia (SpO, decrease below 88%) develops
in more than 30% of patients.

There are mild, moderate and severe forms of
COVID-19.

Most patients with severe COVID-19 develop
pneumonia in the first week of the disease. Dull
percussive sound is determined. In the lungs, bilat-
eral crepitant, small-bubbling rales are auscultated.
At the maximum of inhalation, the rales become
more intense; they do not disappear after cough-
ing, do not change depending on the position of
the patient’s body (sitting, standing, lying). X-ray
shows infiltration in the periphery of the lung fields.
As the disease progresses, infiltration increases, the
affected areas become larger, and ARDS develops.
Sepsis and toxic shock develop.

Diagnosis

The diagnosis is established based on epidemio-
logical history, clinical examination and laboratory
test results.

When collecting epidemiological history, it is neces-
sary to take into account the patient’s visit to coun-
tries and regions affected by COVID-19 during the
previous 14 days, the presence of close contacts
during this time with people who arrived from
endemic areas, as well as contacts with people with
diagnosis confirmed by laboratory tests.

Standard laboratory tests:

+ Complete blood count with determination of red
blood cells, hematocrit, white blood cells, plate-
lets, leukocyte formula;

* Biochemical analysis (urea, creatinine, electro-
lytes, liver enzymes, bilirubin, albumin, glucose).
Biochemical analysis does not provide any spe-
cific information, but detected abnormalities
can indicate the presence of organ dysfunction,
decompensation of concomitant diseases and
the development of complications, have a cer-
tain prognostic value, and influence the choice of
drugs and/or the dosage regimen;

* Serum C-reactive protein (CRP). The level of
CRP correlates with the severity of the course, the
prevalence of inflammatory infiltration and the
prognosis of pneumonia;

* Pulse oximetry with SpO, measurement to detect
respiratory failure and assess the severity of hypox-
emia. Pulse oximetry is a screening method that
allows to identify patients with hypoxemia who
need respiratory support and to evaluate its effec-
tiveness;

» Arterial-blood gas test with PaO,, PaCO,, pH,
bicarbonates and lactate is indicated to patients
with signs of ARF (SpO,, below 90% according to
pulse oximetry);

* Coagulation test with the determination of pro-
thrombin time, international normalized ratio
and activated partial thromboplastin time is rec-
ommended in patients with signs of ARE.

Investigations:

* Computed tomography (CT) of the chest is
recommended for all patients with suspected
pneumonia. Chest CT is a more sensitive method
for the diagnosis of viral pneumonia. The main
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findings in pneumonia are bilateral infiltrates
in the form of “ground-glass” or consolidation,
which are predominant in the lower and middle
areas of the lungs.

* If chest CT is not available, a panoramic chest
X-rayis performed in the direct anterior and lateral
projections (if the localization of the inflamma-
tory process is unknown, it is advisable to take a
picture in the right lateral projection). Chest X-ray
shows bilateral confluent infiltrative shadowing.
Most often, the most pronounced changes are
localized in the basal parts of the lungs. A small
pleural effusion may also be present.

+ Standard-lead electrocardiography is recom-
mended for all patients. This investigation does
not provide any specific information, but viral
infection and pneumonia in addition to decom-
pensation of chronic concomitant diseases is
currently known to increase the risk of rhythm
disturbances and acute coronary syndrome, the
timely detection of which significantly affects
the prognosis. In addition, certain ECG changes
(for example, prolongation of the QT interval)
require attention when assessing the cardiotoxic-
ity of a number of antibacterial drugs.

Deciding on the need for hospitalization:

a) with medical history data indicating the likeli-
hood of SARS-CoV-2 infection, regardless of the
severity of the patient’s condition, hospitalization
in an infectious disease hospital/ward in compli-

ance with all anti-epidemic measures is indicated,;

b)in the absence of suspicion of SARS-CoV-2 in-
fection, the decision on hospitalization depends
on the severity of the condition and another
probable diagnosis.

Specific laboratory tests:

* SARS-CoV-2 RNA detection by PCR

The main type of biomaterial for laboratory testing
is a nasal, nasopharyngeal and/or oropharyngeal
swab, as well as bronchial lavage fluid obtained by
fibrobronchoscopy, sputum, lung biopsy or autopsy
material, whole blood, serum, and urine.

All samples obtained for laboratory testing are
potentially dangerous and the requirements of
SP 1.3.3118-13 “Safety of work with microorgan-
isms of [-II pathogenicity groups” should be met.
Healthcare workers who collect and/or transport
clinical samples to the laboratory should be trained
in the safe handling of biomaterial, strictly observe

safety precautions and use personal protective
equipment.

Samples of biological materials are sent to the
research organization of Rospotrebnadzor or the
Center for Hygiene and Epidemiology in the con-
stituent entity of the Russian Federation (Appen-
dix 2 of the Temporary Recommendations of
Rospotrebnadzor of January 21, 2020, for Labo-
ratory Diagnosis of Novel Coronavirus Infection
Caused by SARS-CoV-2) taking into account the
convenience of the transport scheme.

For differential diagnosis, PCR studies are carried
out for the causative agents of respiratory infec-
tions: type A and B influenza viruses, rhinoviruses,
respiratory syncytial viruses, parainfluenza viruses,
adenoviruses, human metapneumoviruses, and
MERS-CoV. Diagnostic microbiology of Haemoph-
ilus influenzae type B, Streptococcus pneumoniae,
Legionella pneumophila, and Mycoplasma pneu-
moniae is also mandatory.

Treatment

To date, there is no evidence of the effectiveness of
the use of any drugs with COVID-19.

During patient management, for timely treatment,
it is necessary to monitor the patient’s condition to
detect signs of clinical deterioration, such as rapidly
progressive ARF and sepsis.

Patients infected with SARS-CoV-2 should receive
supportive symptomatic therapy.

Analysis of the literature data on the clinical expe-
rience of managing patients with SARS associated
with SARS-CoV and MERS-CoV allows us to iden-
tify several causative agents that are usually used
in combination. These include ribavirin, lopinavir/
ritonavir [6] and interferons.

However, the results of the use of these drugs do
not allow to make a definitive conclusion about
their effectiveness/inefficiency, and therefore their
use is permissible by decision of the medical com-
mission in the appropriate manner if the possible
benefit to the patient exceeds the risk.

The use of causative agents is justified in the case of
moderate and severe infection, when the intended
benefit exceeds the potential risk of adverse events.
The list of drugs that can be prescribed for the
causal treatment of SARS-CoV-2 infection is indi-
cated in the Interim Guidelines of the Ministry of
Health of the Russian Federation (version 4).
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According to the WHO recommendations, off-
label drugs with the supposed etiotropic efficacy
may be prescribed, and their use should comply
with ethical standards recommended by WHO
and should be carried out on the basis of Federal
Law of November 21, 2011, No. 323-FZ “On the
Fundamentals of Public Health Protection in the
Russian Federation”, Federal Law of April 12, 2010,
No. 61-FZ “On Circulation of Medicines”, National
Standard of the Russian Federation GOST R ISO
14155-2014 “Good Clinical Practice”, Order of
the Ministry of Health of the Russian Federation of
April 1, 2016, No. 200n “On the Approval of the
Rules of Good Clinical Practice” (registered by the
Ministry of Justice of the Russian Federation on
August 23, 2016, registration No. 43357), the Hel-
sinki Declaration of the World Medical Association
(WMA) on Ethical Principles For Medical Research
Involving Human Subjects declared at the 64th
General Assembly of the World Medical Academy,
Fortaleza, Brazil, 2013.

In February 2020, in a joint project, Chinese and
German scientists synthesized a special group of
drugs (alpha-ketoamides) that have the ability to
inhibit the basic proteases of various viruses, includ-
ing SARS-CoV-2.

The researchers determined the three-dimensional
crystal structure of the main SARS-CoV-2 prote-
ase and modified the alpha-ketoamide molecule
through the P3-P2 amide bond, which is included
in the pyridone ring, which contributed to the spe-
cific inhibition of coronaviruses. As a result, the
half-life of alpha-ketoamide increased three-fold,
and the solubility — 19-fold which, however, led
to some decrease in efficiency. In an experimental
study in mice, alpha-ketoamide, administered by
inhalation, showed pronounced pulmonary tro-
pism and lack of side effects [7].

In addition, umifenovir, remdesivir, and favipi-
ravir are among the studied drugs for COVID-19
treatment.

Pathogenetic therapy involves the intake of a suf-
ficient amount of fluid (up to 3.5 liters per day) in
the absence of contraindications, enterosorbents
(colloidal silicon dioxide, polymethylsiloxane poly-
hydrate and others).

In severe patients, infusion therapy is carried out
while monitoring blood pressure, chest auscul-
tation pattern, urine output, and other param-
eters. In order to prevent cerebral and pulmonary

edema, it is advisable to carry out infusion therapy
combined with forced diuresis. In order to improve
sputum discharge during a productive cough, ace-
tylcysteine, ambroxol, carbocysteine and other
combined drugs are prescribed.

In the presence of bronchial obstructive syndrome,
inhaled bronchodilator therapy (via a nebulizer)
with the use of salbutamol, fenoterol and com-
bined agents is actively used.

Symptomatic therapy includes the use of ibupro-
fen and paracetamol at fever above 38.0 °C. For the
treatment of rhinitis, pharyngitis, in case of nasal
congestion and/or discharge from the nose, salt
preparations for topical administration based on
seawater (isotonic, and in case of congestion —
hypertonic), various antiseptic solutions are used.
Patients with clinical and laboratory signs of coro-
navirus pneumonia are prescribed antimicrobial
agents (respiratory fluoroquinolones, 3rd and 4th
generation cephalosporins, carbapenems, linezolid,
etc.) due to the high risk of bacterial superinfection.
The choice of antibiotic and method of administra-
tion is based on the severity of the patient’s condi-
tion, the presence of concomitant diseases and the
results of diagnostic microbiology.

ARF is one of the most common complications of
severe viral pneumonia. ARF management is based
on the general principles of respiratory therapy.
The optimal level of effectiveness of oxygen ther-
apy 1is to increase oxygen saturation above 90%, or
its steady increase. If primary respiratory therapy
(oxygen therapy using a face mask or nasal can-
nula) is ineffective, mechanical ventilation should
be considered.

Prevention

Specific prophylaxis (vaccine) against COVID-
19 has not yet been developed.

For drug prevention of COVID-19 in adults, intra-
nasal administration of recombinant interferon
alfa is possible.

For drug prevention of COVID-19 in pregnant
women, only intranasal administration of recom-
binant interferon alfa-2b is possible.

Measures to prevent the introduction and spread
of COVID-19 in the Russian Federation are regu-
lated by the Decrees of the Government of the Rus-
sian Federation of January 30, 2020, No. 140-1, of
January 31, 2020, No. 154-1, of February 3, 2020,
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No. 194-1, of February 18, 2020, No. 338-1, and

Directives of the Chief State Sanitary Doctor of the

Russian Federation of January 24, 2020, No. 2, of

January 31, 2020, No. 3, etc.

Nonspecific prevention is an activity aimed at pre-

venting the spread of infection and is carried out in

relation to the source of infection (sick person), the
mechanism of transmission of the causative agent,
as well as the potentially susceptible population

(protection of persons who are and/or were in con-

tact with a sick person).

Measures regarding the source of infection: isolation of

patients in isolation wards / wards in an infectious

disease hospital; care and treatment; discharge
after a double negative result of laboratory test for

SARS-CoV-2.

Measures aimed at the pathogen transmission mecha-

nism [8]:

* observance of personal hygiene (washing hands
with soap, using disposable wipes when sneezing
and coughing, touching the face only with clean
wipes or washed hands);

* use of disposable face masks, which should be
replaced every 2 hours;

* use of protective clothing for health workers;

* carrying out disinfection measures;

* disposal of medical waste class B;

* evacuation of patients with special-purpose trans-
port.

Timely visit to healthcare institutions in case of

symptoms of acute respiratory viral infection is one

of the key factorsin the prevention of complications.

Conclusion

Environmental changes, global warming, an
increase in population density, the development of
biotechnology and other factors trigger the emer-
gence of new infections, and the ever-increasing
global migration and economic globalization con-
tribute to their spread.

Biological threats associated with epidemics of
infectious diseases are global in nature. The
COVID-19 epidemic is not the last threat in the
21st century.

All countries should be prepared for concerted
actions to prevent the occurrence and spread of
infections, for their timely diagnosis, the develop-
ment of treatment and prevention methods, and
the creation of vaccines.
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Abstract

The article is devoted to one of the current medical and social issues — primary hyperparathyroidism, the late diagnosis
of which leads to the development of severe complications and an increased risk of premature death. Unlike developed
countries, where mild forms of the disease constitute 80% of cases, in the Russian Federation this figure does not exceed
30%, with overt forms accounting for 70%. For the timely detection of the disease, widespread awareness among doctors of
various specialties of the diagnosis of parathyroid adenoma is necessary. The article describes the main stages of studying
the disease, examines the pathogenesis of the clinical signs of primary hyperparathyroidism, which classic clinical pattern
involves changes in the target organs of the parathyroid hormone: bone tissue, urinary system and gastrointestinal tract.
Bone tissue disorders are the most common manifestation of hyperparathyroidism and are characterized by increased
bone metabolism with a progressive decrease in mineral density. Typical changes in the kidneys include nephrolithiasis
and nephrocalcinosis with renal failure. Gastrointestinal signs of hyperparathyroidism are gastric erosion and ulcers and
duodenal ulcer, prone to bleeding, and recurrent pancreatitis. Diagnosis of the disease is based on the results of laboratory
tests: elevated blood levels of calcium and parathyroid hormone. Normally, parathyroid adenomaisimaged using ultrasound
and scintigraphy. The most effective treatment is the removal of parathyroid adenoma. A clinical case of a severe course of
the disease is presented, indicating the urgent need to solve the problem of primary hyperparathyroidism.
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PHPT — primary hyperparathyroidism

In matters of natural science ... cognition of phenomena is what
leads us to examining and finding the cause.
Galileo Galilei

Relevance is one of the most common endocrine diseases.
Primary hyperparathyroidism (PHPT) is an endo- ~ Untimely detection is the cause of severe disabling
crine disease of medical and social significance, = complications: osteoporotic fractures, recurrent
which is primarily due to the low level of diagnosis.  stone formation in the urinary tract and nephrocal-
Its incidence is 1-2 cases per 1,000 people; PHPT  cinosis with renal failure, gastrointestinal bleeding,
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etc., as well as an increased risk of premature death.
However, early diagnosis of primary hyperparathy-
roidism allows to achieve cure [1, 2].

Background

In 1880, the Swedish researcher Ivar Sandstrom
(1852-1889) first described areas of glandular tissue
located on the posterior surface of the thyroid gland
in humans. He called these structures parathyroid
glands (PS), considering them to be underdeveloped
thyroid tissue. Ten years later, in 1890, the French
physiologist Eugéne Gley (1857-1930), while
studying the function of the parathyroid glands in
dogs, found that the removal of the thyroid gland
together with the parathyroid glands causes tetany
in experimental animals. By this time, cases of con-
vulsive syndrome in patients undergoing thyroidec-
tomy had been described, and Gley’s discovery shed
light on the cause of this complication. In 1905, the
Canadian-American researcher William George
McCollum (1874-1944) found that post-thyroid-
ectomy tetany is associated with the development
of hypocalcemia due to parathyroid gland damage
and proved that the latter is an independent endo-
crine organ that affects calcium metabolism.

In 1925, the Canadian biochemist James Bertram
Collip (1892-1965) isolated parathyroid hormone
(PTH), and almost 40 years later, in 1963, American
scientists Solomon Berson (1918-1972) and Rosa-
lyn Yalow (1921-2011) developed the radioimmune
method of parathyroid hormone detection. After
another 30 years, in 1993, a calcium receptor was dis-
covered on the surface of parathyroid cells. Thanks to
the above discoveries, by the end of the 20th century,
the issues of parathyroid function regulation and the
pathogenesis of various disorders were elucidated.
The history of primary hyperparathyroidism explo-
ration also began in the last decade of the 19th
century. In 1891, the German pathologist Friedrich
Daniel von Recklinghausen (1833-1910) reported
severe damage to the skeletal system, because of
which the bones were easily cut with a knife during
pathological examination and the skull was easily
squeezed like a rubber ball. The disease was named
after the researcher — Recklinghausen’s disease
of bone (osteitis fibrosis cystica), but its cause
remained unknown for several decades. Fifteen
years later, in 1906, the Austrian pathologist Jakob
Erdheim (1874-1937) diagnosed a parathyroid
tumor in a patient with Recklinghausen’s disease,

the development of which was explained by com-
pensatory organ enlargement in response to bone
damage. Based on these ideas, over the next twenty
years, this disease was treated with a parathyroid
gland extract or transplantation of this organ.

In 1915, Erdheim’s compatriot, professor Friedrich
Schlagenhaufer, first expressed the opposite opin-
ion that the destruction of the skeleton is a con-
sequence of a parathyroid tumor, the removal of
which leads to healing. However, he did not find
support. In 1924, at the congress of pathologists,
the Russian pathologist Arseniy Rusakov (1885-
1953) also proposed the extirpation of a parathy-
roid tumor for the treatment of osteitis fibrosis
cystica, which was again rejected. In 1925, the Aus-
trian surgeon Felix Mandl (1892-1957) removed a
parathyroid tumor measuring 25x12x15 mm after
unsuccessful treatment of severe Recklinghausen’s
bone disease using parathyroid transplantants. As a
result, blood and urine calcium levels returned to
the normal values, the patient’s condition quickly
improved and within a few days he could walk
unassisted. From this moment, Recklinghausen’s
bone disease was given its current name “primary
hyperparathyroidism”, indicating the primary
nature of the parathyroid gland lesion in relation
to parathyroid osteodystrophy, and parathyroidec-
tomy became the primary method of treatment.
During the first decades of the study of the disease,
osteitis fibrosis cystica was considered the only spe-
cific sign of the disease. In 1934, the American
endocrinologist Fuller Albright (1900-1969) first
reported that 80% of patients have urinary system
disorders: urolithiasis or nephrocalcinosis. In 1946,
PHPT was associated with the development of peptic
ulcers of the stomach and duodenum. In the 1950s,
mental disorders in PHPT were reported, and later
an increased risk of cardiovascular disorders (hyper-
tension, left ventricular myocardial hypertrophy, left
ventricular diastolic dysfunction, cardiac arrhyth-
mias and conduction disorders), type 2 diabetes
mellitus, and dyslipidemia was revealed, but their
relationship with PHPT requires further study [3].
Until the second half of the 20th century PHPT
was considered a rare disease. In the 1970s, in the
United States of America and Western Europe, an
automated biochemical analyzer allowed to iden-
tify the widespread prevalence of hypercalcemia
due to PHPT, which is now regarded as one of the
most urgent problems in medicine. According to
the results of the study, about 80% of PHPT cases
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were clinically apparent and approximately 20%
were low-symptomatic. In Europe and USA, thanks
to the study of PHPT and active early diagnosis of
the disease, by 2004 the situation has changed dra-
matically: 80% of cases involved a mild course of
the disease and 20% — overt forms. Over the past
decade, the same ratio of overt and mild forms of
PHPT has been achieved in China. In India and
Latin America, the situation has not changed over
the past 50 years: as before, 80% of cases are severe
forms of the disease. The situation in Russia remains
extremely unsatisfactory: 70% of diagnosed cases
are overt forms and only 30% are mild.

As the experience in developed countries shows,
the main approach to solving this problem is the
detection of hypercalcemia using screening data.
In addition, widespread awareness among physi-
cians of various specialties of the basic physiology
and pathophysiology of the parathyroid gland is
necessary, the knowledge of which is the key to the
timely diagnosis of PHPT [3-6].

Regulation of Parathyroid
Function and Effects
of Parathyroid Hormone

The main regulatory factor of the functional state
of the parathyroid gland is the blood calcium level,
the decrease of which stimulates specific calcium
receptors on the surface of parathyroid cells, which
almost immediately leads to the release of PTH.
The hormone release is regulated by a negative
feedback loop: with the achievement of normocal-
cemia, the effects of PTH are quickly eliminated,
due to its short half-life (about 10 minutes). PTH
maintains a concentration gradient of extracellu-
lar and intracellular calcium: the level of calcium is
1,000 times higher in the extracellular fluid.

The main target organs for PTH are the bones,
which are the main calcium pool, as well as the kid-
neys that regulate its excretion, and the intestines,
which facilitate calcium intake into the body.

In bone tissue, PTH stimulates the functional
activity of osteoblasts involved in the formation of
bone tissue, which is associated with the activation
of osteoclasts, which provide bone lysis and calcium
release. In the kidneys, PTH enhances calcium
reabsorption and phosphate excretion in the distal
tubules, the latter contributing to the development
of hypophosphatemia and, as a result, mobilization
of calcium from bones.

Enhanced intestinal absorption of calcium has a
mediated mechanism: under the influence of PTH
in the kidneys, 1a-hydroxylase is activated, which
catalyzes the formation of calcitriol — the active
form of vitamin D. Calcitriol stimulates the forma-
tion of a calcium-binding molecule, with the par-
ticipation of which calcium is absorbed. In accor-
dance with the negative feedback mechanism,
vitamin D deficiency contributes to an increase in
PTH synthesis with the development of hyperplasia
of one or all parathyroid glands. The effect of PTH
on bone demineralization and renal regulation of
calcium appears immediately, whereas the intesti-
nal effect appears after a longer period. Under the
action of PTH, the level of extracellular calcium
rises, which is normally 10,000 times higher than
the intracellular calcium content [1, 2].

Causes of Primar(ir
Hyperparathyroidism

The majority of cases of PHPT (80-85%) are caused
by solitary parathyroid adenoma, 10-15% — by
multiple parathyroid hyperplasia, and 1% — by
parathyroid cancer. Sporadic PHPT accounts for
90-95% of cases and about 5% is a hereditary vari-
ant characterized by multiple parathyroid damage
and onset before the age of 40 years.

The cause of the disease is unknown. A triggering
factor of parathyroid adenoma is irradiation of the
head and neck: at a dose of 1200 rad and higher,
the risk increases by more than 50%. It is also
assumed that the prevalence of PHPT is associated
with vitamin D deficiency.

Pathogenesis and Symptoms

The classic symptoms of PHPT are disorders of the
main target organs of PTH — bone tissue, kidneys
and gastrointestinal tract. Bone tissue disorders are
the most common sign of hyperparathyroidism.
Excessive secretion of parathyroid hormone, which
enhances bone metabolism, leads to the predomi-
nant proliferation of osteoclasts. As a result, endos-
teal resorption with the expansion of the medullary
canal and thinning of the cortical layer develops.
Clinical signs of osteoporosis are bone pain and
spontaneous fractures. With the progression of the
disease, osteitis fibrosis cystica is observed, which
includes the formation of cysts and proliferation
of connective tissue. The proliferation of cellular
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elements of bone tissue causes the formation of a
giant-cell tumor of the bone or epulis, which often
develop in the bones of the skull and upper extrem-
ities and are characterized by a recurrent course in
the absence of treatment for hyperparathyroidism.
The decrease in bone mineral density (BMD) of the
spine is clinically manifested as pain, which is aggra-
vated by physical exertion, prolonged upright posi-
tion (standing, sitting), as well as reduced growth
in the case of compression fractures. Because of
demineralization, teeth become loose and fall out,
and filling material does not hold well.

With PHPT, damage to the kidneys is observed
in more than 60% of cases and can sometimes be
the only sign of the disease. PTH activates calcium
reabsorption, therefore the calcium content in the
urine may be normal. However, with an increase
in the severity of hypercalcemia, the level of cal-
ciuria also rises. Hypercalciuria causes damage to
the epithelium of the renal tubules and the devel-
opment of nephrolithiasis, the risk of which with
PHPT increases up to 40 times, while stone for-
mation is recurrent. As a result of damage to the
renal tubules, their sensitivity to the antidiuretic
hormone decreases, which leads to impaired water
reabsorption with the development of polyuria and
polydipsia. Hypercalcemia and hypercalciuria con-
tribute to the deposition of calcium in the renal
parenchyma, which causes the formation of neph-
rocalcinosis and renal failure, the risk of which with
PHPT increases to 6.5 times.

Hypersecretion of the parathyroid hormone and
hypercalcemia activate the production of hydro-
chloric acid and digestive enzymes in the gastroin-
testinal tract, which triggers damage to the mucous
membrane of the digestive tract and damage to the
pancreas. Gastric ulcer in 15-27% of cases may be
the only sign of hyperparathyroidism. Erosions and
ulcers of the stomach and duodenum are character-
ized by frequent exacerbations, severe pain, resistance
to treatment, tendency to bleeding and perfora-
tion. Pancreatitis is also characterized by a recurrent
course; it may be accompanied by the development
of pancreatic calcinosis and pancreatolithiasis.

As the disease progresses and parathyroid hormone
synthesis increases, the severity of disorders associ-
ated with intracellular calcium deficiency increases,
which primarily affects muscle tissue. Fatigue and
weakness are observed, especially in the proximal
muscles, which experience the greatest functional
load, which makes it difficult to sit down, get up,

climb stairs, and comb hair. Muscle hypotonia and
atrophy is the cause of the “waddling gait” and the
development of flat feet. In severe cases, patients
can be bedridden. A severe decrease in body weight
up to cachexia is also characteristic of severe PHPT.
PHPT is characterized by a long history with a
gradual progression of clinical symptoms. With pro-
longed duration of the disease, the development of
hypercalcemic crisis is possible, which is a result of a
significant increase in the calcium level (more than
3.5 mmol/L) and is associated with a high risk of
death. It manifests as multiple organ failure, which
mainly includes gastrointestinal (anorexia, nausea,
vomiting, abdominal pain, acute pancreatitis), renal
(dehydration, oliguria, acute kidney injury, renal
colic), cardiovascular (rthythm and conduction dis-
turbances, shortening of the QT interval) and neuro-
logical (myalgia, severe weakness, confusion, stupor,
coma) disorders. Infectious diseases, fractures, pro-
longed immobilization, pregnancy, and antacids
are triggering factors of the crisis [7-10].

Classification

Symptomatic (overt) and asymptomatic PHPT are
distinguished, which can be represented by hyper-
and normocalcemic variants. Overt PHPT is charac-
terized by the presence of “classical” signs, including
bone tissue (osteoporosis, low-traumatic fractures
and fibrocystic osteitis) and visceral disorders (neph-
rolithiasis, nephrocalcinosis, decreased concentration
and filtration functions of the kidneys, ulcers of the
upper gastrointestinal tract, and pancreatitis). Asymp-
tomatic PHPT is characterized by the absence of typi-
cal clinical signs and in most cases has a long-term
benign course. However, the question of whether
asymptomatic PHPT is an independent form of the
disease or its initial stage remains open [4].

The most common is the hypercalcemic variant of
the disease. In hypercalcemic PHPT, normocalce-
mia can be transient or persistent, which is regarded
as a normalcalcemic variant of the disease.

Diagnosis

Diagnosis is based on laboratory test results. The
main biochemical marker of PHPT is hypercalce-
mia. The study of blood calcium levels is indicated
in the detection of bone system pathology (osteopo-
rosis, low-traumatic fractures, signs of osteitis fibrosa
cystica), kidneys (nephrolithiasis, nephrocalcinosis),
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gastrointestinal tract (recurrent gastric ulcer or duo-
denal ulcer, recurrent pancreatitis) as well as in the
presence of symptoms of hypercalcemia (polyuria,
polydipsia, nausea, vomiting, dehydration).

Blood calcium is presented in two forms: total (or
associated with protein), and ionized, accounting
for approximately half of total calcium. When the
concentration of plasma proteins (blood albumin
less than 40 g/L or more than 45 g/L) changes,
the measurement of total blood calcium requires
adjustment. For this purpose, the formula is used:
total plasma calcium (mmol/L) = measured level
of total plasma calcium (mmol/L) + 0.02 x (40 —
measured plasma albumin level (g/L)) [3].

A combination of hypercalcemia and hypophos-
phatemia is characteristic of PHPT, which is asso-
ciated with the multidirectional effect of PTH on
these blood components. When hypercalcemia is
first detected, retesting is recommended to con-
firm it. Retesting is also required in cases when
the level of calcium is within the reference inter-
val in a patient with clinical signs of PHPT. The
second most common cause of hypercalcemia is
cancer. However, elevated calcium levels are usu-
ally detected at the stage of the disease when the
diagnosis of cancer is obvious.

If there is a suspicion of PHPT, blood PTH is stud-
ied, the results of which are elevated or high-nor-
mal, which reflects the loss of the regulatory role
of hypercalcemia on the activity of the parathyroid
gland in adenoma. In contrast to PHPT, in parane-
oplastic syndromes, hypercalcemia is accompanied
by a reduced or low-normal level of PTH.

With the presumptive diagnosis of PHPT, the func-
tional state of the kidneys, one of the main target
organs, is assessed. To determine the glomerular fil-
tration rate (GFR) in outpatient practice, the CKD-
EPI formula is recommended [4]. With PHPT, the
involvement of bone tissue in the pathological pro-
cess reflects an increased or high-normal level of total
alkaline phosphatase, as well as more specific markers
of bone metabolism: C-terminal telopeptide of type 1
collagen (resorption) and procollagen type 1 N-ter-
minal propeptide (bone formation). The determina-
tion of vitamin D level is recommended for patients
with PHPT, the most informative method of assess-
ment of which is a blood test for 25(0OH) vitamin D.

With satisfactory renal function (GFR >
60 mL/min/1.73 m?), to verify the diagnosis of
PHPT, it is recommended to determine the content
of calcium and creatinine in daily urine, which, with
GFR <60 ml/min/1.73 m? is not informative. Calcu-
lation of the calcium/creatinine clearance ratio allows
to exclude familial benign hypocalciuric hypercalce-
mia, the only * disease with laboratory changes simi-
lar to PHPT (elevated blood calcium level in combi-
nation with elevated or highly normal PTH levels).
This is a rare genetic pathology with an autosomal
dominant type of inheritance caused by a defect in
calcium-sensitive receptors in the parathyroid gland
and in the kidneys, which perceive the normal level
of hypercalcemia as low. As a result, parathyroid
cells secrete an excessive amount of PTH, and the
kidneys intensely reabsorb calcium, which leads to
a pronounced decrease in the calcium/creatinine
clearance ratio below 0.01, whereas with PHPT this
index **is usually above 0.02. In addition, in contrast
to PHPT, abnormal laboratory test results in familial
benign hypocalciuric hypercalcemia are detected in
patients from childhood, as well as in their relatives,
and are less severe. The disease has a relatively favor-
able prognosis and does not require treatment [4].
The normocalcemic form of PHPT is diagnosed
with a persistent increase in PTH (in at least two
studies with an interval of 3—6 months) in combina-
tion with normal blood calcium levels, if secondary
hyperparathyroidism is excluded and hypercalciuria
is absent. The most common causes of secondary
hyperparathyroidism include vitamin D deficiency
(25-(OH)-D < 30 ng/mL) and chronic kidney dis-
ease with GFR < 60 mL/min/1.73 m? In addition,
secondary hyperparathyroidism can be caused by
drugs (bisphosphonates, denosumab, lithium prep-
arations), and diseases of the gastrointestinal tract
with malabsorption syndrome and hypercalciuria.
For the differential diagnosis of the normocalcemic
form of PHPT and secondary hyperparathyroid-
ism, it is recommended to carry out functional tests
using vitamin D and a thiazide diuretic.

Vitamin D supplementation in patients with sec-
ondary hyperparathyroidism leads to normalization
or reduction of PTH at a normal level of blood cal-
cium, while in PHPT hypercalcemiais observed, and
the level of PTH remains elevated. Native vitamin D

* Tertiary hyperparathyroidism is also characterized by hypercalcemia and elevated levels of PTH, but it develops in
patients with a long-term history of secondary hyperparathyroidism.
** The formula for calculating: Clearance Ca/Cr = Ca x Cr,/ Cr, x Ca_(Ca, — urine calcium, Cr, — serum creatinine,

Cr, - urine creatinine, Ca, — serum calcium, mmol/L)
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supplements (cholecalciferol 50,000 IU per week or
25,000 IU 2 times a week or 7,000 IU daily) are used
for 8 weeks until the target level of 25(OH) vitamin
D (more than 30 ng/mL) is achieved; or active vita-
min D metabolites (calcitriol, alfacalcidol 1 pg per
day) are used for 5 days, and with a trend towards a
decrease in PTH level and normocalcemia — up to
1 month. Thiazide diuretic increases calcium reab-
sorption in the kidney, therefore, the use of hydro-
chlorothiazide (25 mg 2 times a day) for 2 weeks
leads to normalization of PTH level in the case of
secondary hyperparathyroidism, while in PHPT the
level of PTH does not change, and the calcium con-
tent in the blood may increase [11].

Topical diagnosis is carried out with the aim of pre-
operative preparation for selective parathyroidec-
tomy. The first step is ultrasound. According to ultra-
sound data, parathyroid adenoma can be mistakenly
interpreted as a thyroid nodule, which depends on
the doctor’s experience and knowledge of the dis-
ease symptoms. In most cases, functional and topical
scintigraphy with 99mTc-methoxyisobutylisonitrile
allows to clarify the diagnosis. If this imaging tech-
nique is unavailable, computed tomography (CT) of
the neck with contrast enhancement, magnetic res-
onance imaging of the neck and positron emission
tomography are recommended, of which multislice
CT is preferable [2, 11, 12].

Principles of Treatment

Parathyroidectomy of the affected parathyroid
gland is the only radical treatment method with
high efficiency. It is indicated for the overt form
of PHPT, as well as in the following cases: 1) The
patient is aged below 50 years; 2) the level of blood
calcium exceeds the upper limit of the reference
interval by more than 0.25 mmol/L (regardless of
the symptoms); 3) there are signs of osteoporosis
(history of low-trauma fracture and/or radiologi-
cally verified fractures of the vertebral bodies; BMD
of the radial bone, proximal femur or lumbar spine
according to X-ray densitometry: T-score is below
-2.5 8D in postmenopausal women and men older
than 50 years); 4) there are signs of functional and/
or structural kidney disease (GFR below 60 mL/
min/1.73 m? calcium excretion of more than
10 mmol/day, nephrolithiasis/nephrocalcinosis,
including asymptomatic forms).

After surgery, most of the clinical symptoms of
PHPT regress. In the absence of severe damage to

the skeletal system and kidneys, the ability to work
is restored.

Conservative treatment is aimed at the correction
of hypercalcemia, the prevention of hypercalcemic
crises and low-trauma fractures. It can be recom-
mended for patients with asymptomatic PHPT
in the absence of indications for surgical treat-
ment, as well as in case of refusal of the patient or
contraindications (severe concomitant diseases).
The conservative approach involves the dynamic
monitoring of the following parameters: calcium
levels — 2-4 times a year, creatinine level (with
GFR calculation), PTH and daily urinary calcium
excretion — once every 6 months, renal ultra-
sound (CT if necessary) and BMD in three parts of
the skeleton — once a year, as well as lateral radio-
graphs of the spine in case of suspected fractures of
the vertebral bodies (decreased growth, back pain)
and esophagogastroduodenoscopy in the presence
of specific complaints [2, 11].

All patients are recommended a diet with moder-
ate amounts of calcium and fluid intake of at least
1.5-2 1 per day. Antiresorptive drugs and/or calcimi-
metic agents are used to correct hypercalcemia and
prevent bone loss. The study of the effectiveness of
oral bisphosphonates (alendronic acid 10 mg/day for
1-2 years) showed an increase in BMD in the lumbar
spine and proximal femur, which is comparable with
the results of surgical treatment [11]. Denosumab
showed a more pronounced hypocalcemic effect
and a greater increase in BMD in the cortical bone
compared with bisphosphonates [11]. The use of cal-
cimimetic agents effectively reduces the level of blood
calcium to normal values in 80% of cases, but at the
same time does not affect the state of bone tissue. The
initial dose is 30 mg per day, followed by titration
every 2—-4 weeks until the level of calcium reaches
the upper limit of the normal range. The maximum
dose is 90 mg 4 times a day. The results of the study
of combination treatment for 1 year (alendronic acid
and calcimimetic agent) showed a significant increase
in BMD of the lumbar spine and proximal femur, as
well as a decrease in blood calcium level [11].

If D-vitamin deficiency is found in patients with
PHPT, it is corrected using native vitamin D. If the
level of calcium is not higher than 3 mmol/L,
replenishment of vitamin D deficiency at the pre-
operative stage is recommended (no more than
1,000-2,000 IU per day), and if the level of calcium
is higher than 3 mmol/L, replenishment is carried
out in the early postoperative period [1, 13-17].
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Case Report

A female patient, 37 years old, born in 1979,
mother of four children. From 2008, after the first
birth, teeth began to loosen, and by 2014 they had
completely fallen out. In 2014, after suffering psy-
choemotional stress, she began to lose weight, and
by January 2015 she had lost 7 kg. At the same time,
weakness and pain in the lumbar spine appeared,
and the patient was treated by a physician with a
diagnosis of “chronic vertebrogenic low back pain,
severe, with frequent exacerbations.”

In March 2015, the patient noted a lower jaw tumor,
and was operated at the Republican Clinical Oncol-
ogy Center (Ufa) with a diagnosis of giant-cell
tumor of the lower jaw. After 7 months, in Novem-
ber 2015, giant-cell tumor of the upper jaw was
diagnosed and a second operation was performed
at the Oncology Center, after which the patient
was referred for consultation with an endocrinolo-
gist. During the examination, the endocrinologist
found a node in the lower pole of the left lobe of
the thyroid, measuring 27 x 17 x 48 mm, and diag-
nosed nodular goiter of the II stage, euthyroidism.
In February 2016, the formation in the lower jaw
reappeared, and the patient was operated on for the
third time for a giant-cell tumor at the Oncology
Center. One month after the operation, in March
2016, pain appeared in the right forearm, and an
ulnar fracture was detected via X-ray. The patient
continued to lose weight, weakness increased. She
was again referred for consultation to the Oncol-
ogy Center. The oncologist recommended a blood
test for the content of calcium, phosphate and PTH,
which revealed hypercalcemia (ionized calcium —
1.8 mmol/L (1.1-1.35) (hereinafter, the reference
interval is indicated in parentheses), low-normal
phosphate level (0.84 mmol/L (0.81-1.45)) and
elevated PTH (1411.6 pg/mL (12-88)). Based on
the results, Recklinghausen’s bone disease was diag-
nosed and treatment at the G. G Kuvatov Repub-
lican Clinical Hospital (G.G. Kuvatov RCH) (Ufa)
was recommended. The patient was examined there
only two months after the recommendation: in April
2016 there was pain and swelling of the right foot,
X-ray showed fractures of the metatarsal bones, and
a fracture of the right ulnar process occurred in early
May. At the end of May 2016, the patient visited an
endocrinologist at the G.G. Kuvatov RCH accom-
panied by a relative. The appearance of the emaci-
ated patient caused suspicion of cancer. Laboratory

tests revealed a significant increase in blood calcium
levels (ionized calcium — 1.94 mmol/L (1.1-1.35),
total calcium — 3.71 mmol/L (2.20-2.65)) in com-
bination with a decrease in phosphate concentra-
tion (0.77 mmol/L (0.81-1.45)). The level of alka-
line phosphatase was 12 times higher than normal
(15455 U/L (30-120)), and PTH was almost
20 times higher than the upper limit of the refer-
ence interval (1420.1 pg/mL (12-88)). Ultrasound
of the thyroid confirmed the presence of a node of
the left lobe of the previous size (27.5 x 19 x 48 mm)
of somewhat reduced echogenicity with a tendency
to retrosternal growth. X-ray densitometry detected
osteoporosis (BMD L1-L4 was -3 SD).

Based on the results of the examination, primary
hyperparathyroidism was established and scintigra-
phy was planned. When the patient returned home
to the district center, she had an injury of her left leg
(fracture of the upper third of left thigh). Open reduc-
tion and osteosynthesis were performed at the Cen-
tral Regional Hospital of Belebey. The traumatologist
suspected the oncological genesis of the fracture, but
the results of the histological examination excluded
malignancy. A week after surgery, the patient was
transported to the Department of Endocrinology of
the G.G. Kuvatov RCH to clarify the diagnosis and
determine further management approach.

Upon admission, the patient complained of severe
weakness and thirst. At the time of examination, the
patient’s weight was 37 kg with a height of 165 cm
(BMI was 13.6 kg/m?)). The deformation of the oper-
ated leg in a cast was noted, and therefore X-ray
examination was performed (a repeated fracture of
the left femur was detected, this time in the middle
third). In the hospital, scintigraphy was performed,
which revealed an extensive area of hyperfixation of
the radiopharmaceutical at the level of the middle-
lower parts of the left lobe of the thyroid, measuring
35%23 mm, indicating a large parathyroid adenoma.
The diagnosis was: primary hyperparathyroidism,
parathyroid adenoma. Complications: epulis of the
upper and lower jaw (surgery performed in March
and November 2015, in February 2016), severe
hyperparathyroid osteoporosis (fracture of the right
ulnar bone (March 2016), fractures of the metatarsal
bones of the right foot (April 2016), fracture of the
right ulnar process (May 2016), fracture of the left
femur in the upper and middle third (June 2016)),
hyperparathyroid myopathy, cachexia.

Initially, the patient was operated on in the Depart-
ment of Traumatology, and then transferred to the
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Department of Vascular Surgery, where, in July
2016, adenoma of the left lower parathyroid gland
was removed. Histological examination verified
parathyroid adenoma.

Six months after the surgery, the patient noted a
significant improvement: no complaints of weak-
ness, 13 kg weight gain (the previous body weight
was restored). At the recommendation of the trau-
matologist, the patient observes low-load move-
ment regimen; for the first six months after the sur-
gery she used a wheelchair, and now uses a cane
when walking. The results of the control laboratory
test correspond to the normal values (ionized cal-
cium — 1.12 mmol/L (1.1-1.35), total calcium —
2.23 mmol/L (2.2-2.65), PTH — 35.2 pg/mL (12—
88), 25-(OH)-D — 35.94 ng/mL (30-100)).

In the described clinical case, the first sign of PHPT
in a young woman was tooth problems. In the next
8 years, the progression of the disease caused a
predominant lesion of the skeletal system with the
development of epulis and severe osteoporosis with
multiple fractures, as well as severe myopathy and
cachexia. The patient was examined by a number of
specialists — general practitioner, dentist, trauma-
tologist, oncologist, and endocrinologist. Neverthe-
less, the disease was diagnosed at the stage of severe
complications. Focal thyroid formation, which was
detected in 2015 based on ultrasound results, was
interpreted as a thyroid node. This, in particular, was
due to the insufficient analysis of the clinical picture.
The presented observation indicates the urgent
need for attention to PHPT in educational pro-
grams, as well as the need to adopt state programs to
address the problem of PHPT in Russia. Biochemi-
cal screening of the adult population will allow to
determine the prevalence of PHPT, to diagnose it
at an early stage, to identify the main risk factors
for this disease and to develop preventive measures.
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Abstract

Monoclonal gammopathy of renal significance (MGRS) is a new nosology group in modern-day nephrology and
oncohematology. MGRS is defined as kidney injury due to nephrotoxic monoclonal immunoglobulin produced by the B
cell line clone that does not reach the hematological criteria for initiating cancer treatment according to oncological and
hematological indications. The action of the monoclonal protein on kidney parenchyma results in the irreversible decline
of kidney function to the point of loss of organ function which, in line with the position of International Consensus
of hematologists and nephrologists, determinates the necessity for clone specific treatment in patients with MGRS
despite the absence of hematological indications for treatment initiation. The main challenge of MGRS in the Russian
Federation is the inaccessibility of timely diagnostic and appropriate treatment for the majority of patients due to the
following reasons: 1) limited knowledge about MGRS among hematologists and nephrologists; 2) lack of necessary
diagnostic resources in most health-care facilities; 3) lack of approved clinical recommendations and medical economic
standards for the treatment of this disease. The consensus document comprises the opinion of Russian experts on
nosological classification, diagnosis and approaches to the treatment of MGRS and is based on the results of a joint
meeting of leading hematologists and nephrologists of the country. The meeting was held on 15-16 of March 2019 in
during the “Plasma cell dyscrasias and lymphoproliferative diseases: modern approaches to therapy” conference at
I.P. Pavlov First Saint Petersburg State Medical University. The present Consensus is intended to define the principal
practical steps to resolve the problem of MGRS in the Russian Federation that are summarized as final clauses.

Key words: monoclonal gammopathy of renal significance, monoclonal gammopathy of undetermined significance,
onconephrology, kidney injury, clone specific treatment, paraprotein, kidney biopsy, plasma cell dyscrasias, light chains
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Q0o
Introduction prescribe treatment targeted at eliminating
the pathological clone, despite the absence
The concept of monoclonal gammopathyrenalsig-  of criteria for oncohematological indica-

nificance (MGRS), proposed by the International  tioms. In recent years, a number of publications
Kidney and Monoclonal Gammopathy Research ~ on MGRS have been released by nephrologists in
group [1, 2], implies a pathological condition  Russia [3-6]. At the same time, such clinical cases
due to proliferation of a B cell clone or of an obvious connection between an aberrant
plasma cell that does not reach criteria nec-  clone (sometimes minor) and kidney injury remain
essary to start treatment according to onco-  poorly recognized by both physicians and public
hematological indications, but produce health authorities. Due to the lack of knowledge
nephrotoxic monoclonal immunoglobulin  among hematologists and nephrologists of MGRS,
(IG), which leads to specific kidney injury the lack of approved recommendations and medi-
with irreversible decline of kidney func- calandeconomicstandards of treatment, a number
tion and deterioration of the prognosis for of organizational problems arise, including the lack
the disease. The progression of renal dysfunc-  of an effective, timely diagnosis and treatment for
tion, right up to loss of organ function, according  most patients. The use of effective therapy is lim-
to the opinion adopted by international experts, ited by outdated approaches and standards of care,
is determinative in deciding whether to based mainly on hematological criteria for

103



104

CLINICAL GUIDELINES

The Russian Archives of Internal Medicine @ Ne 2 e 2020

beginning treatment. Current recommenda-
tions on the treatment of lymphatic tumors associ-
ated with the secretion of monoclonal paraprotein
suggest specific therapy if clinical indications exist.
This practice is currently under review, especially in
patients with multiple myeloma (MM). Monoclo-
nal lymphocytosis and monoclonal gammopathy
of undetermined significance (MGUS) in modern
definitions are not regarded as diseases, but as con-
ditions of predisposition to lymphatic tumors with
a different risk of transformation and therefore are
not subject to therapy. This approach is not true
with respect to MGRS, in which a “small” clone is
dangerous and life-threatening [7—11], and timely
therapy leads to a significant improvement in prog-
nosis [12-15]. This consensus of the country’s lead-
ing hematologists and nephrologists is intended to
outline ways of practically solving the problems of
MGRS diagnosis and treatment in the Russian Fed-
eration that are critical for this category of patients.

The Concept of Monoclonal
Gammopathy of Renal
Significance

Monoclonal gammopathy (MG) is the presence of
an aberrant clone of the B cell line of differentiation
which produces the IG molecule or its fragments.
A modern view of the nosologies due to MG, and
the role of MGRS in the classification are presented
in Fig. 1. A clone is a cell population derived from a
single progenitor cell and inherits all its properties,
including the ability to produce a monoclonal para-
protein. The produced monoclonal protein, called
paraprotein or M-protein, can have pathological
properties that are realized in various ways, includ-
ing deposition in organs and tissues, leading to their
damage. Clonal cells can produce a full-sized 1G
molecule or its fragment (only light chain (LC) or
only heavy chain). Cases with the production of two
LCisotypes, two or more full-sized immunoglobulins

Monoclonal Gammopathy

B cell line clone
Plasma Cell (PC)

B cell (BC)

Lymphoplasmacyte (LP)

The frequency of
Malignant clone (large tumor mass) malignant Non-malignant clone (low tumor mass)
transformation
1%/year
MNK Multiple myeloma (MM) MG of undetermined significance (MGUS)
1.1%/year — . .
BN Chronic lymphocytic leukemia (CLL) y Monoclonal B cell lymphocytosis (MBCL) ]
1.5-2%/year
an rom macroglobuli ia (WM) 1gM-MG of undetermined significance
BN B cell lymphoma

CLINICAL MANIFESTATIONS

Tumor progression Tumor progression +

paraprotein effects
CRAB

MDE

Lymphadenopathy
Splenomegaly
Anemia
etc. Kidney injury in
MM/WMm/CLL/
B lymphoma

CLONE SPECIFIC TREATMENT

Figure 1. Clinical variants of monoclonal gammopathies

CLINICAL
MANIFESTATION

NO CLINICAL
MANIFESTATIONS

Effects of nephrotoxic

paraprotein Paraprotein non-toxic

to the kidneys

Monoclonal MGUS
gammopathy of renal 1IgM-MGUS
significance MBCL

OBSERVATION

CRAB — criteria for organ damage due to plasma cell proliferation in multiple myeloma (hypercalcemia, renal insufficiency, anemia,
bone lesions); MDE — myeloma defined events; BC — B cell; LP — lymphoplasmacyte; WM — Waldenstrém macroglobulinemia;
MBCL — monoclonal B cell lymphocytosis; MG — monoclonal gammopathy; MGUS — monoclonal gammopathy of uncertain
significance; MM — multiple myeloma, PC — plasma cell, CLL — chronic lymphocytic leukemia
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are possible. Depending on the stage of differentia-
tion, B cell clonal proliferation can be divided into:
1) lymphocytic; 2) lymphoplasmacytic; 3) plasma
cell. The MG classification based on the type of
clonal line, as well as the criteria for each of the states
are given in Table 1 [16-20]. Clinical manifestations
of MG are associated with: a) an increase in tumor
mass; b) the abnormal effects of 1G. Most cases of
MG occur subclinically, which reflects the early
stages of the disease and is included in the concept
of MGUS (or monoclonal B cell lymphocytosis in

the case of lymphocytic proliferation). In most cases
of MGUS, the produced paraprotein does not have
nephrotoxicity (i.e., the ability to have any damaging
effect on the organ). This condition has a favorable
course with a frequency of progression to a malig-
nant form of about 1% per year [21-23]. To assess
the low, intermediate, and high risk of MGUS
transformation, scales based on an assessment of
the ratio of free LCs and the amount of M-protein
are used, and treatment is started only when clini-
cal symptoms of the tumor appear (see Table 1).

Table 1. Classification and Criteria of Monoclonal Gammopathies

(According to Leung N. et al. [2] as amended)

Clone Clone volume M-aradient in Visceral end organ
Tyvoe Disease in BM / peripheral eri gheral blood damage, (criteria for
yp blood perip starting treatment)
_ MGUS <10 % <30 g/l No
)
© ¢  Smoldering (indolent) o
g 5 myeloma 10-60% >30 g/l No
& ° Multiple myel
m ultiple myeloma o N
(symptomatic) >10% or plasmacytoma >30 g/l Yes
& o IgM-MGUS <10% <30 g/l No
g £ . ..
3 2= Smoldering Waldqnstrom ~10% >30 g/l No
¢ 2T macroglobulinemia
&' o
L% '&8 Waldenstrom
a 2 macroglobulinemia >10% >30 g/l Yes **
= (symptomatic)
Monoclonal
o %\/[ r?an(;lc(i(cmfolsligs cell B cells in peripheral any No lymphadenopathy
E’ ) ymphoey blood <5 x 10 /1
= 5 Chronic lymphocytic Mo.noclopal
E0  leukemi B cells in peripheral any
X cukemia blood >5 x 109 /1 Yes ¥+
)
Other forms of /- an
B cell LPD y

Note: MGUS — monoclonal gammopathy of uncertain significance; BM — bone marrow; LPD — lymphoproliferative disorder.

* CRAB [15]

C — hypercalcemia R — renal insufficiency; an outdated term in the nephrological literature. In this case, this refers to cylinder nephropathy,
which manifests as acute kidney injury (AKI). Previously, the criterion implied serum creatinine >0.177 mmol/l, and creatinine clearance
<40 ml/min has now been added [18]. The fact of AKT is not indicated as an essential condition. Before using this criterion as a guide, it is
necessary to make sure that the patient does not have kidney injury of any other etiology (diabetic nephropathy, nephroangiosclerosis due

to arterial hypertension, etc.). Otherwise, prescribing toxic treatment to such patients may be accompanied by severe adverse reactions.

A — anemia. B — bone lesions
* Myeloma defined events (MDE) [16]
* >60% of plasma cells in the bone marrow
* ratio of involved/uninvolved free LC serum > 100

+ >1 focal bone marrow involvement by magnetic resonance imaging with a diameter of more than 5 mm
** Indications for starting treatment of Waldenstrom macroglobulinemia [17, 27]
+ Symptoms associated with tumor growth: lymphadenopathy, splenomegaly, hepatomegaly, organomegaly, anemia, thrombocytopenia,

B symptoms

+ Symptoms associated with IgM overproduction: cryoglobulinemia, immune hemolytic anemia and/or thrombocytopenia, nephropathy,
neuropathy, amyloidosis, hyperviscosity syndrome (increased blood viscosity due to the extremely high plasma protein content
due to paraprotein with the development of the following symptoms: mucosal bleeding, neurological deficit, visual impairment),

IgM level > 50 g/1

*** Symptomatic lymphadenopathy / cytopenia / splenomegaly / organomegaly / B symptoms
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An example is the scale for assessing the risk of pro-
gression of MGUS in MM developed at the Mayo
Clinic [24]. An increase in tumor mass leads to
organ damage in the form of “CRAB” symptoms
(C — hypercalcemia; R — renal insufficiency;
A — anemia; B — bone lesions) in MM; lymphade-
nopathy, hepatosplenomegaly, signs of neoplastic
suppression of hematogenesis, etc. in chronic lym-
phocytic leukemia (CLL) and Waldenstréom macro-
globulinemia. The appearance of these symptoms is
an indication for treatment. Another part of the clin-
ical spectrum is due to the effects of paraprotein and
its damaging effect on tissues and organs, including
the kidneys. Symptoms due to paraprotein can occur
even with a low tumor mass and a small concentra-
tion of paraprotein in circulation. The concept of a
“small but dangerous clone” in MG, first proposed
by G. Merlini and M.J. Stone in 2006 [25], suggests
a clinically dominant organ lesion and poor progno-
sis due to the pathological effects of paraprotein, but
not tumor progression per se. To describe such cases,
the term MG of clinical significance was recently
proposed [26].

MGRS is a term that differentiates the well-known
concept of MGUS, removing a number of clinical
cases from the confines of “uncertainty”. MGRS
is also characterized by a clone that is lower than
the level corresponding to the criteria for diagno-
sis of MM or lymphoproliferative disease requir-
ing treatment. According to the Research Institute
of Nephrology, the average value of bone marrow
plasmatization in case of MGRS was 2.2%, and the
level of paraprotein in serum was 1.1 g/1 [4]. At the
same time, in contrast to cases of MGUS, the pro-
duced M-protein in MGRS has nephrotoxicity and
leads to clinically significant damage to the kidneys
and other organs. Nephrotoxic monoclonal IG can
be produced both with low and large tumor mass.
If there are grounds for a criteria-based diagnosis of
malignant proliferation of a clone of the B cell line
of differentiation and kidney injury, this suggests
that the produced paraprotein is nephrotoxic. Such
cases are not associated with MGRS; a hematologi-
cal tumor ranks first when articulating the diagno-
sis, and kidney injury is considered a complication.
In the case of nephrotoxicity of monoclonal para-
protein and a “small” clone, the diagnosis should be
defined as “MGRS” with a description of the nature
of kidney injury, for which the morphological study

of renal tissue is crucial. According to the consensus
of the International Kidney and Monoclonal Gam-
mopathy Research Group of 2019 [2], the concept
of MGRS was expanded compared to the consen-
sus of 2012 [1]. The B cell/plasma cell proliferations,
such as “smoldering MM, smoldering Waldenstrom
macroglobulinemia, monoclonal B cell lymphocy-
tosis, as well as CLL and low grade malignant lym-
phomas (marginal zone lymphoma, mantle cell
lymphoma, MALT lymphoma)” were additionally
included in the MGRS group as conditions in which
the clone produces nephrotoxic IG, but which does
not require therapy for hematologic indications.

Epidemiology

Renal damage due to paraprotein is a rare abnor-
mality in the structure of kidney diseases. Accord-
ing to the Research Institute of Nephrology, the
prevalence of renal disorders associated with any
variant of MG is 7.5% among all patients who
underwent diagnostic kidney biopsy. At the same
time, MGRS was detected in 4% patients [4]. These
figures match the data presented in global litera-
ture [11, 28]. According to the Ministry of Health
of the Russian Federation, the incidence of “Glo-
merular, tubulointerstitial kidney diseases, other
kidney and ureter diseases” in 2017 amounted to
255 cases per 100,000 adults. Taking into account
that a significant part of these cases includes dis-
eases for the diagnosis of which a morphological
study of kidney bioptate is not needed (infectious
tubulointerstitial nephritis, reflux nephropathy,
etc.) and the frequency of MGRS which is 4%,
based on morphological verification of the diagno-
sis, it can be concluded that the incidence of MGRS
is generally close to the criteria for orphan disease
(10.2 cases per 100,000 adults/year).

Prognosis

MGRS cannot be considered a benign con-
dition, because a clone steadily leads to the pro-
gression of renal dysfunction due to the effects of
paraprotein and, ultimately, to organ death (ter-
minal stage of chronic kidney disease, CKD). The
medical and economic importance of CKD is
determined by a pronounced increase in the risks
of non-fatal and fatal events, disability of patients,
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5-year Renal Survival with Various Types of Kidney Injury

Figure 2. Renal prognosis for
multiple myeloma with kidney injury,
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as well as significant costs of dialysis [29-33]. The
renal prognosis for MGRS is comparable to that for
MM with kidney injury and significantly worse than
for other nephropathies (Fig. 2). In addition, in the
presence of MGRS; the risk of malignant clone pro-
gression is higher, which means that the prognosis
for life expectancy is worse. So, the risk of a clone
transforming into a malignant form in MGRS is
3.3 times higher and during the first year is 10%
[11], which is comparable with the rate of progres-
sion of smoldering MM into symptomatic [34].

The Rationale for
Establishment of Nosology
of Monoclonal Gammopathy
of Renal Significance

The unfavorable prognostic value of MGRS makes
obvious the need for treatment of such a “non-life-
threatening”, from the formal point of view of clas-
sical oncohematology, clonal process [2]. A similar
“precedent” well known in oncohematology is a
systemic AL amyloidosis, a serious disease with a
minimal clone of plasmocytes in the bone marrow,
which has extremely unfavorable prognosis in the
absence of treatment and has long been the subject
of irreconcilable differences between hematolo-
gists and nephrologists. Effective chemotherapy
regimens for AL amyloidosis, designed to eliminate
the tumor clone, have been developed and used

for a long time, including in Russia [35-38]. The
same treatment strategy should be used for non-
amyloid forms of kidney injury associated with
MG [12, 39-43]. The stereotype of treating only a
malignant clone in international practice was over-
come in stages with the accumulation of data on
the pathophysiology of MG, which is reflected in a
number of works in the first decade of the 21st cen-
tury [7, 25, 44-46]. The most significant milestone
was the famous work of N. Leung et al.,, published
in 2012 in the Blood Journal on behalf of the Inter-
national Kidney and Monoclonal Gammopathy
Research Group [1]. The title of this article, “Mono-
clonal Gammopathy of Renal Significance: When
MGUS Is No Longer Undetermined or Insignifi-
cant”, reveals significant changes in the under-
standing by the world’s leading hematologists and
nephrologists of the problem of kidney injury in
MG and the awareness of the need for treatment
of this condition. Subsequently, numerous articles
were published on this subject [47-50], the inter-
est in which, primarily from nephrologists, is due
to the possibility of effective etiotropic treatment,
minimization/elimination of the effects of nephro-
toxic M-protein, and as a result, an improvement in
the general and renal prognosis. The recognition
by foreign medical communities, including the
International Myeloma Working Group [18], of
the relationship between clone and kidney injury
(monoclonal renal gammopathy) has opened up
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the possibility of prescribing highly effective che-
motherapy to such patients. The therapeutic effect
aimed at suppressing the clone was effective both
in terms of renal outcomes and overall survival

[7,9,12-14].

Mechanisms and Structure
of Kidney Injury in MG

The mechanisms of paraprotein action on the
renal tissue and body structures are extremely
diverse and have not yet been fully elucidated [26,
51]. Due to structural features, physical and chemi-
cal properties of the paraprotein molecule itself, as
well as the action of local factors, abnormal IG and/
or LC can: 1) have a toxic effect on cells; 2) act like
antibodies in relation to various molecules; 3) acti-
vate the immune system, in particular the comple-
ment system; 4) interact with mesangiocytes and
other nephron cells and accumulate in the form

of deposits of various structures, for example in the
form of amyloid fibrils. In MGRS, the pathological
effect of monoclonal IG can be realized at the level
of any nephron compartment: glomerulus, tubules,
interstitium, blood vessels [52]. From here arises
the variety of clinical manifestations of MGRS,
which may appear as any renal parenchyma lesion
syndrome or a combination thereof (Fig. 3). Due to
the fact that the PC or B cell clone is “small” and,
as a rule, does not cause obvious symptoms associ-
ated with the tumor, patients with MGRS, who
have mainly renal manifestations, are pri-
marily nephrologist patients, complaining of
“renal” symptoms (arterial hypertension, edema,
hematuria, proteinuria, renal dysfunction, etc.).
Fig. 4 shows nephropathy variants associated with
MG, according to the Department of Nephrol-
ogy at the State Budgetary Healthcare Institution
“S.P. Botkin City Clinical Hospital” of the Moscow
Health Department and the clinic of the Research
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Figure 3. Pathomorphological variants of kidney injury due to paraprotein and their clinical manifestation
The variants of kidney injury, the relationship with monoclonal gammopathy of which does not yet have sufficient evidence, include:
glomerulonephritis associated with anti-glomerular basement membrane antibodies; membranous nephropathy, including one associated
with anti-phospholipase A2 receptor antibodies; IgA nephropathy in Sch nlein—Genoch disease associated with monoclonal IgA [2].
* Cylindrical nephropathy mainly occurs when there is excessive production of light chains in multiple myeloma and is not associated

with MGRS.

MIg — monoclonal immunoglobulin; GN — glomerulonephritis; NS — nephrotic syndrome; AKI — acute kidney injury;

CKD — chronic kidney disease.
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Institute of Nephrology at the I. P. Pavlov First Saint
Petersburg State Medical University.

Depending on the profile and academic and
research orientation of the hospital, the structure
of renal lesions associated with monoclonal gam-
mopathy may vary while the tendency towards the
dominance of AL amyloidosis remains. Accord-
ing to the multidisciplinary therapeutic hospital at
the I. M. Sechenov First Moscow State Medical Uni-
versity, E. M. Tareev Clinic of Nephrology and Inter-
nal and Occupational Diseases, 276 patients with
monoclonal gammopathy were diagnosed, 51% of
whom had AL amyloidosis [3]. Among non-amyloid
nephropathies (n = 63, 23%) at an equivalent fre-
quency of morphologically confirmed chronic glo-
merulonephritis in comparison with a sample from
the S.P. Botkin City Clinical Hospital (membrane
proliferative — 4%, focal segmental glomeruloscle-
rosis — 1%, membranous — 1%, minimal mesan-
gial changes — 1%), cryglobulinemic glomerulone-

CN3%;n=7
LCPT 1%; n=2

CN+LCPT1%;n=1

PGMID 4 %; n=3

Figure 4. The spectrum of
nephropathies associated with
monoclonal immunoglobulins

A — according to the Department of
Nephrology at the State Budgetary Healthcare
Institution S.P. Botkin City Clinical Hospital of
the Moscow Health Department, 181 patients;
B — according to the clinic of the Research
Institute of Nephrology at the I. P. Pavlov First
Saint Petersburg State Medical University,

72 patients. AL — AL amyloidosis; C3-

GN — C3-glomerulonephritis; Anti-GBM

GN — glomerulonephritis caused by anti-
glomerular basement membrane antibodies;
LHCDD — light and heavy chain deposition
disease; LCDD — light chain deposition
disease; HCDD — heavy chain deposition
disease; CryoGN — cryoglobulinemic
glomerulonephritis; [gMMD —
glomerulonephritis caused by monoclonal IgM
deposits; MN — membranous nephropathy;
PGMID — proliferative glomerulonephritis
with monoclonal immunoglobulins deposition;
LCPT — light chain proximal tubulopathy;
TMA — thrombotic microangiopathy associated
with monoclonal gammopathy; CN — cylinder
nephropathy.

LCDD8%:n=5

phritis (6%) is a more significant part, mainly in case
of HCV-associated type II cryoglobulinemia, the
smaller part is monoclonal immunoglobulin depo-
sition diseases (1%) and cylinder nephropathy (1%).

MGRS and the Structure
of the ICD

The recognition by the international community
of MGRS as a separate nosology is also reflected in
the International Classification of Diseases (ICD).
The ICD-11 project, which is available on the
official website [53] and scheduled for approval
in 2019, includes two of the most common vari-
ants for kidney injury in MG: AL amyloidosis and
monoclonal immunoglobulin deposition disease
(Randall type monoclonal immunoglobulin depo-
sition disease, MIDD). In the new version of the
ICD, MIDD is a subsection of the chapter titled
“Plasma Cell Neoplastic Diseases” (2A83.0).
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Table 2. The List of Nosologies to Include in the MGRS Group
AL amyloidosis

AH amyloidosis

Immunoglobulin light chain deposition disease

Immunoglobulin heavy chain deposition disease

Immunoglobulin heavy and light chain deposition disease

Proliferative glomerulonephritis with monoclonal immunoglobulin deposition
Immunotactoid glomerulonephritis

Monoclonal fibrillary glomerulonephritis

Crystalline podocytopathy associated with monoclonal gammopathy
C3-glomerulopathy associated with monoclonal gammopathy

Thrombotic microangiopathy associated with monoclonal gammopathy
Cryoglobulinemic glomerulonephritis as part of type I or II cryoglobulinemia
Light chain proximal tubulopathy

Crystalline histiocytosis

Tubulointerstitial nephritis associated with monoclonal gammopathy
(Cryo)crystal-globulinemic glomerulonephritis

Other forms of glomerulopathy that have been proven to be associated with monoclonal gammopathy, including
anti-GBM nephritis associated with monoclonal gammopathy and membranous nephropathy associated with
monoclonal gammopathy

Note. MGRS — monoclonal gammopathy of renal significance; anti-GBM nephritis — glomerulonephritis caused by anti-glomerular
basement membrane antibodies.

Table 3. Coding for Kidney Injury Associated with Monoclonal Gammopathy According to ICD-10
MGRS type and the code of

Nomenclature depending on the degree

Clone Type | of the clone proliferation and the code of nephrological
hematological nosology nosology
MGUS
D47.2 Monoclonal gammopathy of uncertain Non-amyloid kidney disease

significance

D89.1 Cryoglobulinemia

Plasma cell NO00-08 Glomerular disorders, including

Smoldering (indolent) myeloma

110

clone C9Q Multigle myeloma and plasma cell NO08.1 Glomerular disorders in neoplastic
malignancies diseases (MM, WM)
AL/AH amyloidosis
E85.8 Other forms of amyloidosis NO8 * Glomerular disorders in diseases
classified elsewhere
IgM-MGUS

Clone of the

DA47.2 Monoclonal gammopathy of uncertain
significance
D89.1 Cryoglobulinemia

N10-16 Renal tubulo-interstitial diseases,
including

Elr?esmacyte D89'8 Other sp ec.lhed dlsorder§ }nvolV1ng the N16* Renal tubulo-interstitial disorders in

immune mechanism, not classified elsewhere diseases classified elsewhere
Smoldering Waldenstrém macroglobulinemia
C88.0 Waldenstrém macroglobulinemia N16.1 Renal tubulo-interstitial disorders in
Monoclonal B cell lymphocytosis neoplastic diseases (leukemia, lymphoma, MM)
D 72.8 Other specified disorders of white blood cells NA7-19 Renal failure
Chronic lymphocytic leukemia
('éllymphocyte B cell non-Hodgkin lymphoma Amyloidosis
one

C91.1 Chronic lymphocytic leukemia
C82 Follicular non-Hodgkin lymphoma
C83 Diffuse non-Hodgkin lymphoma
D89.1 Cryoglobulinemia

the above codes may apply as well

NO08.4 Glomerular disorders in amyloidosis

Note: MGUS — monoclonal gammopathy of uncertain significance; MGRS — monoclonal gammopathy of renal significance;
WM — Waldenstrém macroglobulinemia; ICD — International Classification of Diseases; MM — multiple myeloma.
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The above is the basis for the recognition of MGRS
as a separate group of nosologies in the structure of
monoclonal gammopathies, as well as at the level
of management by Russian public health authori-
ties. Nosologies that are part of the MGRS group
are presented in Table 2.

Hematologists and nephrologists, the authors of
this consensus, for the period before the Russian
translation of the ICD-11 text in the Russian Fed-
eration, came to the conclusion that it was neces-
sary to use the ICD-10 codes to characterize dif-
ferent versions of the MGRS (Table 3). In case of
kidney injury associated with MG, the hematologi-
cal nosology code should be combined with the
nephrological nosology code.

A Multidisciplinary Approach
to the Diagnosis and
Treatment of MGRS

MGRS is a problem at the intersection of two spe-
cialties — hematology and nephrology, which
requires a multidisciplinary approach.

As part of the implementation of the latter, the task
of the hematologist is to verify clonality, and at the
final stage, decide on the nature of clone specific
therapy, ie. therapy aimed at controlling clone
proliferation, including methods of high-dose che-
motherapy and hematopoietic stem cell transplan-
tation. The need for the involvement of a nephrolo-
gist is due to the fact that in MGRS, a nephrotoxic
M-protein is produced, which leads to a wide vari-
ety of types of kidney injury and renal dysfunction.
The clinical and morphological pattern of MGRS
is difficult to differentiate from numerous other
abnormalities that are not associated with MG
without the use of complex phased research meth-
ods and their interpretation.

Diagnosis of MGRS

To establish the diagnosis of MGRS, it is necessary:
1) to determine the presence of a clone of the B cell
line of differentiation and 2) establish the specific-
ity of kidney injury due to exposure to a monoclo-
nal protein produced by the clone. In this regard,
diagnosis includes hematological and nephrologi-
cal research methods [2, 52]. Taking into account
the significant variety of variants of kidney injury in

MGRS; it is obvious that the morphological study
of renal tissue is a key step in the diagnosis of this
condition [54]. The result of histological examina-
tion and clinical and morphological analysis reveal
the features of MGRS in each particular case,
and also provide information, which is extremely
important for the nephrologist with respect to the
renal prognosis.

Morphological Diagnosis
of MGRS

In order to fully diagnose MGRS, a morphological
study of renal tissue should include:

1) Optical microscopy with the following stain-
ing: hematoxylin/eosin, PAS, Jones staining,
Congo red staining, Masson’s trichrome stain, stain
for elastic fibers;

2) Immunomorphological examination:
immunofluorescence (IF) or immunohistochem-
istry (IHC) to detect deposits of monoclonal IG
molecules in the renal parenchyma [panel of anti-
IgA, IgM, IgG (IgG typing), IgD, kappa, lambda,
C3, C1q antibodies]. In some cases, immunomor-
phological methods should be supplemented with
enzymatic demasking of antigen epitopes of mono-
clonal IG, which allows more efficient diagnosis of
MGRS, when routine IHC/IF examinations do not
yield results [55-57]. For the differential diagno-
sis of fibrillary glomerulonephritis, where deposits
may be congophilic, an IHC test for DNAJB9, a
protein of the chaperone family, is extremely spe-
cific for this type of glomerulonephritis [58, 59].

3) Ultrastructural examination allows to
assess the severity of injury of the kidney structures
at the submicroscopic level and the nature of the
deposits formed by the monoclonal protein (orga-
nized, unorganized). The latter is the key in the
differential diagnosis of such forms of MGRS as
immunotactoid, fibrillary, cryoglobulinemic glo-
merulonephritis, etc. Sometimes, in order to detect
a monoclonal protein, the examination can be
supplemented by ultrastructural IHC with labeled
gold nanoparticles [60, 61].

At the final stages of the morphological differential
diagnosis of MGRS with the use of omics-technol-
ogies and, in particular, proteomics in some centers
abroad, laser microdissection is used, followed by
separation of the protein components of the renal
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tissue by capillary electrophoresis and identifica-
tion of the molecular composition using MALDI-
TOF (matrix-activated laser desorption ionization
with time-of-flight analysis and visualizing mass
spectrometry) [54, 62, 63].

The above approaches to morphological diagnosis
should be carried out exclusively in a highly special-
ized and well-equipped morphological laboratory,
where all the necessary techniques will be applied
and evaluated by an experienced nephropathologist.

Hematologic Diagnosis
of MGRS

The aim of the hematological examination is to
identify paraprotein and a clone of the B cell line of
differentiation. The scope of the examination cor-
responds to that for MM, B lymphoma or Walden-
strom macroglobulinemia and is described in detail
in the relevant recommendations [17-21, 27].

For successful verification of a “small” clone, it is
important to use highly sensitive techniques that
can detect even a small clone and a small amount of
paraprotein: immunophenotyping of bone marrow,
genetic studies, immunofixation of blood serum
and urine, determination of free LC in serum by the
Freelite method or other methods that have been
proven to be comparable with Freelite. These meth-
ods are the basis not only for primary hematological
diagnosis, but also for evaluating the effectiveness
of treatment and the progression of the disease.

Treatment of MGRS

The treatment of MGRS should also be based on the
multidisciplinary approach, it should be clone-
specific and include well-known drugs and chemo-
therapy regimens used for MM, B lymphoma, CLL
and Waldenstrom macroglobulinemia [16-20, 27,

39,42, 64, 65]. Modern approaches to the etiotropic
therapy of MGH are briefly reflected in the Table 4.
The aim of treatment is to reduce the production of
pathogenic LC/IG, to reduce the deposition of para-
protein in organs and tissues, to prevent further pro-
gression of their dysfunction, as well as to prevent the
transformation of the clone into a malignant form
[11]. In addition to chemotherapy, high-dose poly-
chemotherapy with support for hematopoietic stem
cell autotransplantation (autoHSCT) should be con-
sidered as an option for the treatment of MGRS.
The tasks of comprehensive nephrological support
of therapy include a variety of measures consisting
in dose adjustment of drugs taking into account
their potential nephrotoxicity, prevention and treat-
ment of AKI exposure to specific pathogenetic
mechanisms of kidney injury (treatment of throm-
botic microangiopathy, immunocomplex organ
damage, increased clearance of IG deposits), kidney
functional evaluation over time and its correction,
assessment of the renal response, as well as the use
of extracorporeal LC elimination. The latter include
renal replacement therapy, such as hemodialysis/
hemodiafiltration with high cut-off membranes, as
well as SUPRA-HFR (haemodiafiltration with ultra-
filtrate regeneration by adsorption on resin). These
techniques make it possible to remove free LCs from
the body and reduce their toxic effect on tissues and
organs, thereby increasing the effectiveness of treat-
ment [66-68]. Also, it is important to prepare poten-
tial kidney allograft recipients and include such
patients on a waiting list. Given the high frequency of
MGRS return to the kidney transplant, the first step is
to perform clone specific therapy and consolidate the
hematological response using autoHSCT [69].
Consensus is not intended to elucidate MGRS
treatment. Issues relating to the treatment of the
discussed nosology will be described in detail fur-
ther in the form of guidelines.

Table 4. Drugs and Methods Used to Treat Clonal B Cell Line Proliferation [17]

Cytostatics (cyclophosphamide, bendamustine, chlorambucil, fludarabine, doxorubicin, vincristine, melphalan, etc.)

Corticosteroids (dexamethasone, prednisolone)

Proteasome inhibitors (bortezomib, carfilzomib, etc.)

Monoclonal antibodies (anti-CD20: rituximab, obinutuzumab, ofatumumab; anti-CD 38: daratumumab; etc.)

Bruton tyrosine kinase inhibitors (ibrutinib)

Immunomodulators (lenalidomide, pomalidomide, etc.)

High-dose polychemotherapy followed by autologous transplantation of hematopoietic stem cells
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Issues Considering MGRS
Treatment in the Russian
Federation

At present, in the Russian Federation, MGRS is not
considered as a nosology in practical medicine, and
such patients are formally assigned to the MGUS
group or cases of B cell proliferation without cri-
teria for initiating therapy. As a result of the con-
ventional, but now outdated notions that an exclu-
sively malignant tumor clone should be treated in
cases of MG, effective clone specific chemotherapy
(bortezomib, lenalidomide, rituximab, etc.) is pro-
vided only for patients with malignant forms of
MG: MM, lymphomas, CLL. At the same time,
MGRS patients, including AL amyloidosis, that do
not meet the formal criteria of malignancy, are not
included in the programs for providing the neces-
sary medicines (Federal Law No. 299 of August 3,
2018 “On Amending the Federal Law ‘On Funda-
mental Healthcare Principles in the Russian Fed-
eration”) and are left without the opportunity to
receive therapy that is adequate to the nature and
prognosis of the disease. Certainly, this approach to
MGRS is unacceptable. The inaccessibility of treat-
ment, primarily due to the fact that the diagnosis “is
not listed”, as well as due to a lack of understanding
of the true nature of the disease and underestima-
tion of its clinical and prognostic value, is detri-
mental to patients [70]. Patients with this disorder
should be provided with the necessary drugs and
the possibility of treatment via the high-tech fund-
ing channel, including autoHSCT.

Prerequisites for the
Establishment of an
Onconephrological Center

Renal disorders associated with MG stand at the
intersection of two specialties — hematology and
nephrology. The understanding of the urgency of
this problem in the world has led to the emergence
of a new highly specialized field — onconephrology
[71, 72]. Obviously, the diagnosis of MGRS, moni-
toring and treatment of such patients should be con-
ducted in a specialized onconephrological center.
The experience of creating and operating such
centers was implemented abroad [73]. In the Rus-
sian Federation, an onconephrological center can

be established at a multidisciplinary hospital, which
includes departments of hematology, nephrology,
renal replacement therapy, stem cell and kidney
transplantation. Another determining factor is the
availability of proper diagnostic resources, includ-
ing an immunomorphological laboratory, which
has the necessary techniques for full MGRS diagno-
sis. It should be noted that the interests of oncone-
phrology are not limited only to renal diseases asso-
ciated with MG, but include acute kidney injury
as a result of treatment of tumor processes, renal
lesions associated with solid tumors and hematopoi-
etic stem cell transplantation, secondary tumors in
patients with renal allograft, etc. [74].

Conclusion of Consensus
of Hematologists and

Nephrologists on MGRS

MGRS is not an independent renal disease, a
“chronic glomerulonephritis”, but a condition
in which kidney injury is secondary to clonal B
cell proliferation. In other words, MGRS is a pre-
cancerous disease in combination with CKD that
requires immediate treatment. The latter, however,
is not possible for patients in the Russian Federa-
tion due to the absence of MGRS diagnosis on the
list of nosologies, and therefore, the lack of assis-
tance in case of this disorder.

Within the framework of this consensus, nephrolo-
gists and hematologists of national leading clinics
came to a collective opinion on MGRS and have
submitted a number of proposals for consideration
by the professional community and public health
authorities of the Russian Federation, the imple-
mentation of which will significantly improve the
diagnosis and treatment of this category of patients.

The Final Provisions of the
Consensus are as Follows:

1. MGRS is a group of diseases in which kidney
injury occurs as a result of the pathological action of
a monoclonal protein (immunoglobulin or its frag-
ment) produced by a tumor clone of the B cell line
of differentiation. At the same time, there are no cri-
teria to start specific therapy for a lymphatic tumor.
2. MGRS is a heterogeneous group of diseases in
which the result of the action of a monoclonal
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protein on renal tissue can be different, but inevi-
tably leads to progressive renal dysfunction, up to a
complete loss of organ function and a decrease in
life expectancy.

3. Taking into account the extremely unfavorable
prognosis of renal function and life, MGRS should
be included in the register of “life-threatening and
chronic progressive (orphan) diseases that lead to
a reduction in patients’ life expectancy or disabil-
ity”, in the form of a generic name that combines a
number of separate nosologies, including AL amy-
loidosis, monoclonal deposit deposition disease,
etc. (Table 2).

4. Diagnosis of clonal proliferation in case of
MGRS requires immunophenotypic and molecu-
lar examination aimed at identifying a “small”
clone, including paraprotein in blood and urine
using immunofixation and determination of free
light chains using Freelite or other methods that
have been proven to be comparable with Freelite.
These methods should be available, first of all, in
specialized oncohematological centers, as well as in
other large hospitals in the Russian Federation, as
they are the basis not only for primary hematologi-
cal diagnosis, but also for assessing the effectiveness
of treatment and the progression of the disease.

5. Along with the identification of a tumor clone,
the diagnosis of MGRS requires a mandatory
kidney biopsy with morphological examination to
confirm a specific organ lesion. The morphologi-
cal examination of kidney bioptate should include
light-optical, immunomorphological, and ultra-
structural methods. The main feature of MGRS is a
presence of organized and/or unorganized depos-
its of monoplastic paraprotein in kidney com-
partments. The type of monoclonal paraprotein
detected in blood serum or in urine should be the
same as the type of monoclonal protein, morpho-
logically determined and causing kidney injury.

6. The diagnosis of MGRS should be discussed by
a consilium consisting of a hematologist, nephrolo-
gist and renal pathologist and should be based on
a presence of a pathogenetic relationship between
kidney injury and the existing monoclonal prolifer-
ation: a clone of a B lymphocyte / plasma cell and/
or paraprotein detected in serum/blood.

7. Any variant of MGRS requires the initiation of
clone specific treatment, the ultimate goal of which
is to preserve renal function and prevent the clone

from progressing towards the tumor process. The
nature of chemotherapy depends on the type of
clonal proliferation. Treatment should be pre-
scribed and performed on a multidisciplinary basis
in accordance with the type of clone/paraprotein
and the features of kidney injury by a hematologist
and nephrologist with similar experience.

8. The group of hematological diseases combined
by the term MGRS should be included on the list of
disorders which require prescribing expensive che-
motherapeutic drugs. Patients should receive treat-
ment via the “high technology” funding channel.
9. Consolidation of the hematological response can
be achieved by using high-dose polychemotherapy
followed by autoHSCT. Therefore it is advisable to
expand the indications for autoHSCT and include
other types of MGRS, in addition to AL amyloido-
sis, in the standards for providing this type of care.
10. For successful diagnosis, timely effective treat-
ment of MGRS and long-term monitoring of
patients with this disorder, it is advisable to open
specialized departments/centers of oncological
nephrology in institutions with proper resources
for diagnosis and treatment and qualified medical
personnel with relevant experience in oncohema-
tology and nephrology.

11. Based on the consensus provisions, it is advisable
to create national guidelines for this clinical issue.

5 The consensus participants reviewed and expressed soli-
darity on behalf of the professional communities:

On Behalf of the Association of Nephrologists
of Russia and the Scientific Society of Nephro-
logists of Russia

| Name, city | Position, place of work |

Vatazin President of the Association of Ne-
Andrey phrologists, Head of the Surgical De-
Vladimirovich  partment of Kidney Transplantation
(Moscow) of the State Budgetary Healthcare

Institution M.F. Vladimirsky Mos-
cow Regional Research and Clinical
Institute (MONIKI), Chief Exter-
nal Nephrologist of the Ministry of
Health of the Russian Federation in
the Central Federal District, Deputy
Chairman of the Relevant Commis-
sion of the Ministry of Health of the
Russian Federation in the specialty
“Nephrology”, Doctor of Medical Sci-
ences, Professor
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Anatoly
Grigorievich
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Petersburg)

Popova
Svetlana
Ivanovna
(Samara)

Prokopenko
Elena
Ivanovna
(Moscow)

Pushtov
Aleksey
Aleksandrovich
(Samara)

Rumyantsev
Aleksandr
Shalikovich
(Saint
Petersburg)

Head of the Laboratory of Clinical
Physiology of Kidneys, Research In-
stitute of Nephrology, Professor of
the Department of Nephrology and
Dialysis, Postgraduate Faculty of the
State Budgetary Educational Institu-
tion of Higher Professional Educa-
tion I. P. Pavlov First Saint Petersburg
State Medical University, Doctor of
Medical Sciences, Professor

Professor of the Department of Pro-
paedeutics of Internal Diseases with
a clinic, Deputy Director for Medical
Work of the Scientific and Clinical
Research Center of the State Budget-
ary Educational Institution of High-
er Professional Education I. P. Pavlov
First Saint Petersburg State Medical
University, Doctor of Medical Sci-
ences, Professor

Head of the Nephrology Department
(outpatient) of the Consultative Clin-
ic of the Main Building of the Sama-
ra Regional Clinical Hospital named
after V.D. Seredavin

Chairman of the Association of Ne-
phrologists of the Central Federal
District, Professor of the Department
of Transplantology, Nephrology
and Artificial Organs of the State
Budgetary Healthcare Institution
M.F. Vladimirsky Moscow Region-
al Research and Clinical Institute
(MONIKI), Doctor of Medical Sci-

€ences

Head of the Nephrology Department
of the State Health Institution Sama-
ra Regional Clinical Hospital named
after M.I. Kalinin, Chief External
Specialist in Nephrology of the Min-
istry of Health of the Russian Federa-
tion, Samara Region

Professor of the Department of Pro-
paedeutics of Internal Diseases with
the Clinic of the State Budgetary
Educational Institution of Higher
Professional Education I.P. Pavlov
First Saint Petersburg State Medical
University, Professor of the Depart-
ment of Faculty Therapy, Faculty
of Medicine, Saint Petersburg State
University, Doctor of Medical Sci-
ences, Professor

On Behalf of the National Hematology Society,

Russian Society of Oncohematologists

| Name, city |

Position, place of work

Davydkin
Igor
Leonidovich
(Samara)

Kulagin
Aleksandr
Dmitrievich
(Saint
Petersburg)

Ptushkin
Vadim
Vadimovich
(Moscow)

Rekhtina
Irina
Germanovna
(Moscow)

Smirnova
Anna
Gennadyevna
(Saint
Petersburg)
Shatokhin

Yuri Vasilievich
(Rostov-on-

Don)

Head of the Department and Clinic
of Hospital Therapy with a Course
on Outpatient Therapy and Trans-
fusiology, Vice-Rector for Scientific
and Innovative Work, Chief Exter-
nal Hematologist of the Ministry of
Health of the Samara Region, Doctor
of Medical Sciences, Professor

Professor of the Department of He-
matology, Transfusiology, Transplan-
tology, Postgraduate Faculty; Deputy
Chief Physician for Hematology, On-
cohematology and Rheumatology
of the State Budgetary Educational
Institution of Higher Professional
Education I.P. Pavlov First Saint Pe-
tersburg State Medical University,
Doctor of Medical Sciences

Deputy Chief Physician for Hematol-
ogy, Chief Hematologist of S.P. Bot-
kin City Clinical Hospital at the Mos-
cow Department of Health, Profes-
sor at the Department of Oncology,
Hematology and Radiation Therapy,
Russian National Research Medical
University named after N.I. Pirogoyv,
Doctor of Medical Sciences, Professor

Head of the Department of Chemo-
therapy of Plasma Cell Dyscrasia,
Federal State Budgetary Institution
National Medical Research Center
for Hematology of the Ministry of
Health of the Russian Federation,
Doctor of Medical Sciences

Head of the Outpatient Department
of the R.M. Gorbacheva Memorial
Institute of Pediatric Oncology, He-
matology and Transplantology, Can-
didate of Medical Sciences

Head of the Department of Hema-
tology and Transfusiology of the
Advanced Training Faculty and
Professional Retraining of Medical
Specialists with a Course on Clini-
cal Laboratory Diagnostics, Genet-
ics and Laboratory Genetics, Head
of the Hematology Department of
the FSBEI HE Rostov State Medical
University, Ministry of Health of the
Russian Federation, Head External
Hematologist of the Southern Feder-
al District, North-Caucasian Federal
District, Doctor of Medical Sciences,
Professor
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the SBEI HPE L.P. Pavlov First Saint
Petersburg State Medical University;,
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of the Ministry of Health of the Russian
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Medicine”, Doctor of Medical Sciences

Head of the Laboratory of Clinical
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search Institute of Nephrology, SBEI
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State Medical University, Candidate
of Medical Sciences

Professor, Department of Nephrology,
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A.I. Yevdokimov Moscow State Uni-
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No. 52 of Moscow, Doctor of Medical
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Head of the Morphological Depart-
ment of FSBEI HE Rostov State
Medical University of the Ministry
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Pathologist, Department of Nephro-
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Introduction

Despite significant progress in diagnosis, antibiotic
therapy, and cardiac surgery procedures for infec-
tive endocarditis (IE), the adoption of consensus
documents defining optimal patient management
approach, this disease today, in the 21st century,
is characterized by severe complications and an
unfavorable prognosis [1-6]. The in-hospital mor-
tality in IE reaches 20% [7-9], and one-year mor-
tality is 40% [10-13], which exceeds that of some
types of cancer. In such conditions, the prevention
of IE appears to be one of the most important tasks
of scientific and practical medicine. The develop-
ment and implementation of antibiotic prophylaxis
(ABP) of IE has been performed since the middle of
the 20th century. ABP affects bacteremia, which is
a key factor for the development of valvular infec-
tion in patients with an increased risk of IE, and is
indicated before invasive procedures [14-16]. Such
patients, in particular, include those with congeni-
tal heart disease and acquired valvular defects, pros-
thetic heart valves, and previous IE [15, 17, 18]. ABP
is used to prevent the first episode of IE of the native
valve and recurrent IE, as well as IE of the prosthetic
valve [10, 19]. ABP of IE is among the most com-
plex and debatable issues of all strategic aspects of
the IE management, despite the regularly updated
international guidelines of authoritative cardiac
societies [4, 16]. Largely, this is due to the relative
rarity of IE and, consequently, the absence of ran-
domized clinical trials (RCTs) on ABP [6]. Various
opinions exist regarding the identification of cat-
egories of high-risk patients subject to the prescrip-
tion of prophylactic antibiotics (AB), types of medi-
cal procedures, the regimen of ABP, etc. In addition,
approaches to ABP of IE are changed over time as
scientific data, mostly obtained from observational
studies, accumulate. Decision-making on ABP of [E
should consider such aspects as antibiotic resistance
(ABR) and side effects of ABs, including the devel-
opment of anaphylaxis [20, 21].

This review was carried out by a team of authors
with experience in managing patients with IE.
We attempted to analyze historical and current
approaches to IE ABP, including that in different
countries; to evaluate the results of the ABP guide-
lines implementation on the incidence of IE; and
to discuss the existing controversial points.

Background

In 1909, Thomas Horder suggested the etiological
role of S. viridans in the oral cavity in patients with
heart disease based on an analysis of 150 cases of
IE [22]. In 1923, T. Lewis and R. Grant [23] sug-
gested that bacteria that enter the systemic circula-
tion after dental procedures could cause 1E. A little
later, C.C. Okell and S.D. Elliot isolated S. viridans
in blood culture in 84 of 138 (61%) patients with IE
[24]. In 1941, C.B. Thomas et al. [25] reported the
first results of the prophylaxis of acute rheumatic
fever (ARF) with sulfanilamide. Researchers com-
pared the course of ARF and its outcome in groups
of patients who received and did not receive sulfa-
nilamide. Although the work is aimed to assess the
effect of prophylactic administration of sulfanil-
amide in patients with ARF, the authors describe
two cases of fatal IE in the group of patients with-
out antibiotic therapy. In the same group, two
more deaths were reported that were related to
ARF and “acute disease of unknown nature”. More-
over, there were no fatal outcomes in the group of
patients receiving sulfanilamide [25]. At the end of
the 1930s, the first guidelines on the use of various
sulfanilamides for [E ABP in patients with valvular
defects who underwent various dental interven-
tions were published [26].

In 1955, for the first time, the official guidelines
of the American Heart Association (AHA) on
ABP included recommendations for ABP of IE in
patients with predisposing cardiac diseases [14].
The guidelines refer to ABP of IE as a “good medi-
cal and dental practice”. After this, the recommen-
dations on ABP were updated nine times before
1997, and the changes mainly concerned dental
and pulmonary interventions, as well as the choice,
route of administration and dosage of AB [27].
Following the American guidelines, recommen-
dations of other scientific societies have begun to
appear in different countries [16)].

Oral Streptococci are commensal bacteria, respon-
sible for 10-30% of cases of IE depending on the
geographical location, profile of risk factors, socio-
demographic characteristics of the studied popula-
tion [3, 15, 28].

The approach to ABP of IE, developed on the basis
of observational studies and the results obtained
in animal models, is aimed at preventing the
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attachment of bacteria to the endocardium after
transient bacteremia related to invasive proce-
dures [28]. Transient bacteremia is believed to
occur in poor oral hygiene, periodontal diseases,
after dental procedures or manipulations of teeth
and gums in a person’s daily activity (e.g., brush-
ing, using of toothpicks, chewing gum, etc.) and,
in some cases, precedes the development of IE
[28-31]. Of course, bacteremia predisposing to the
development of IE can occur not only as a result of
odontogenic bloodstream infection, but also after
coronary artery bypass grafting, procedures involv-
ing skin damage, wound surface interventions,
bone marrow biopsy, some types of endoscopy, in
particular bronchoscopy, etc. [32, 33].

For more than 50 years, ABP has been adminis-
tered orally to patients at risk of IE before a variety
of dental interventions. Significant changes in ABP
of IE occurred over the past 10-12 years, and their
main feature was a significant limitation of indica-
tions for the use of AB for the prevention of IE [34].
In 2007-2009, a number of associations, includ-
ing the European Society of Cardiology (ESC),
the American College of Cardiology (ACC), AHA,
and the UK National Institute for Health and Care
Excellence (NICE), issued recommendations that
limit the use of ABP to some extent [27, 35, 36].

In Europe and the USA, relative ABP restrictions
have been introduced for patients at the highest
risk of IE (e.g., previous IE, congenital heart dis-
ease (CHD), history of rheumatic endocarditis and
selected recipients for heart transplantation) before
invasive dental procedures [10, 37]. In the UK,
in 2008, the NICE recommendations offered to
abandon IE prophylaxis completely (a total restric-
tion of ABP). However, later, in July 2016, NICE
experts softened this statement [38].

The idea of a relative or total restriction of ABP was
based on three factors. Firstly, the characteristic fea-
ture of modern medicine is the increasing commit-
ment to evidence-based practice, which means that
the recommendations are based on the results of
thoroughly designed RCTs. However, in the near
future, RCTs that objectively evaluate the effective-
ness of ABP of IE are not expected. Secondly, the rel-
ative importance of dental procedures as almost the
only source of bacteremia and the immediate cause
of IE is questionable, especially in comparison with
other “portals of entry” or transient bacteremia that

occurs in everyday life [29-31, 39]. Thirdly, in mod-
erate-risk groups (in England, high-risk), the general
harm from the use of AB (in particular, anaphylac-
tic reactions and ABR) served as a strong argument
against the use of ABP. The NICE Guideline Com-
mittee also considered that ABP was not economi-
cally viable due to a lack of evidence of its effective-
ness and supposed high risks associated with the
occurrence and treatment of anaphylaxis [15, 31].
When discussing one of the most important argu-
ments against the widespread use of AB, ABR, it
should be noted that the gap between the devel-
opment of new drugs and the constant variability
of bacterial strains has widened recently [40-42].
Under the influence of drugs, a whole range of
counteracting microbial mechanisms that can
reduce or completely neutralize the effectiveness of
AB are activated [40-42]. ABR, which is inherent
in many pathogens for almost any AB and com-
plicates the management of patients with infec-
tive diseases, including IE [21], is partly due to the
unjustified frequent administration of antibacterial
agents in clinical practice.

Current National and
International Guidelines for
the Prevention of Infective
Endocarditis

1. Recommendations of the European Society

of Cardiology, 2015

The published 2015 ESC recommendations [37,

43] regarding IE ABP were developed taking into

account the experience described in the previous

guideline [36] and the results of the implementa-
tion of strict ABP restrictions in the 2008 NICE

guideline [44].

The 2015 ESC recommendations support the prin-

ciple of prescribing ABP to patients with a high risk

of IE for the following reasons:

* uncertainty remains regarding IE risk assess-
ments;

* worse prognosis of [E in high-risk patients, espe-
cially in patients with endocarditis, prosthetic
heart valve (PHV);

* the number of patients with a high risk of IE is
much smaller than patients with an intermediate
risk, which generally reduces the potential harm
of the adverse effects of ABP.
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Table 1. Recommended regimens of antibiotic prophylaxis in high-risk patients before high-risk dental procedures

Single dose 30-60 minutes before the procedure

Situation Antibiotic
Adults | Children
No allergy to penicillin Amoxicillin
or ampicillin or ampicillin® 2gperosorlV o gyl ptor s i 1Y
Allergy to penicillin Clindamycin 600 mg per os or IV 20 mg per os or IV

or ampicillin

Notes: * — as an alternative, cephalexin 2 g IV in adults or 50 mg/kg IV in children; cefazolin 1 g IV in adults or 50 mg/kg IV in children.
Cephalosporins should not be prescribed to patients with anaphylactic reactions, angioedema or urticaria after penicillin or ampicillin use due

to their cross-sensitivity. Adapted from G. Habib et al. [37].

According to the ESC 2015 recommendations,
patients with the highest risk of IE are represented
by three categories:

1. Patients with a prosthetic heart valve or pros-
thetic material used in cardiac valve repair. This
group also includes patients, transcatheter-im-
planted prostheses and homografts.

2. Patients with previous IE.

3. Patients with untreated cyanotic congenital
heart disease (CHD) and those with CHD who
have postoperative palliative shunts, conduits or
other prostheses

The Task Force recommends prophylaxis for the
first 6 months after the procedure without residual
defects until complete endothelialization of the
prosthetic material.
Patients with an intermediate or high risk of
IE should be advised to follow dental and skin
hygiene measures. These general hygiene mea-
sures are applicable to patients and healthcare
workers and are ideal for the general population,
given the fact that IE may develop without cardiac
risk factors [37].
ABP is recommended for all patients undergo-
ing “risk procedures”, which includes manipula-
tions the gingival or periapical region of the teeth
(including plaque removal and procedures in the
root canal), or perforation of the oral mucosa.
The Task Force believes that due to lack of data,
there are no contraindications to installing implants
for all persons at risk of IE. There is also no con-
vincing evidence that bacteremia that occurs after
procedures on the respiratory, gastrointestinal and
genitourinary tracts, including vaginal delivery or
cesarean section, after dermatological or musculo-
skeletal manipulations, can lead to IE. Therefore, in
these cases, ABP is not required.

Thus, ABP is indicated only for patients with the

highest risk of IE who are subject to high-risk

dental procedures [37]. Table 1 presents the main
regimens of ABP recommended before dental
procedures. It is not recommended to use fluo-
roquinolones and glycopeptide AB due to their
unproven effectiveness and the possible develop-
ment of ABR [37].

Systematic ABP is not recommended when per-
forming non-dental interventions. ABP of IE is
necessary if invasive procedures are performed
during the treatment of infections. For example,
patients who are at high risk of IE due to exist-
ing cardiac disease and need an invasive respira-
tory tract procedure (in particular, drainage of an
abscess) should receive antibacterial drugs. The
recommendations indicate, as examples, systemic
or local infections of the gastrointestinal tract,
genitourinary system, dermatological and muscu-
loskeletal infections for the selection of adequate
AB in high-risk patients to prevent IE [37].

2. The Russian Society of Cardiology
endorses the 2015 ESC recommendations [45],
which were translated and published in a timely
manner [43].

3. NICE Recommendations, 2008 (updated
in 2015-2016)

UK Guidelines for IE prevention dated 2008 were
slightly updated in 2015-2016 [44]. In particu-
lar, the following phrase was added: “Antibiotic
prophylaxis against infective endocarditis is not
routinely recommended”. The addition of “rou-
tinely” emphasizes the standard advice from the
NICE committee to healthcare providers: “Doc-
tors and dentists should offer the most appropri-
ate treatment options, in consultation with the
patient and/or their carer or guardian. In doing
so, they should take account the recommenda-
tions in this guideline, and the values and prefer-
ences of patients, and apply their clinical judg-
ment” [44].
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4. American Heart Association /| American
College of Cardiology Guidelines, 2014

AHA/ACC recommendations for the prevention of
IE were published in the Guidelines for the Man-
agement of Patients with Valvular Heart Disease
in 2014 [10], a year before the publication of the
“IE in Adults: Diagnosis, Antimicrobial Therapy
and Treatment of Complications” guideline [19].
They emphasize that at present, ABP is indicated
only for patients with the highest risk of an adverse
outcome in the event of IE (Table. 2, [6, 10, 37, 46,
47]). We would like to emphasize the exact word-
ing for the characteristics of patients with indica-
tions for ABP: “for patients with the highest risk of
[E adverse outcome before dental procedures” [10],
since in the literature they are often limited to the
term “high risk”. This wording is also available in

the 2015 ESC recommendations [37] on the list of
cardiac conditions associated with the “highest risk
of IE".

It was noted that when using artificial material to
repair a valve defect (with the exception of surgi-
cally created palliative systemic pulmonary shunts
or conduits), such as annuloplasty, implantation of
neochords, Amplatzer devices, clips (MitraClips),
only a few cases of infection of such materials were
observed [10]. Given the low level of frequency
and lack of information, there is no convincing
evidence that there is a need for IE ABP in such
patients, if there is no other high risk of intracar-
diac infection.

The American guideline notes that the incidence
rate of IE is significantly higher in patients who
underwent heart transplantation than in the

Table 2. Comparison of the main statements of the guidelines of the American Heart Association | American
College of Cardiology 2014 and the European Society of Cardiology 2015 on the use of antibiotic prophylaxis of

infective endocarditis.

Procedures AHA/ACC, 2014 Class, ESC, 2015 e
LE LE
Dental 1. Patients with PHV ITa, B 1. Patients with any PHV, including IIa, C
procedures 2. Patients with history of IE. those placed using transcatheter
that involve 3. Recipients of a donor heart due to procedure, or persons who have used
manipulating  structural changes in the valvular any artificial material for the heart
gum tissue, apparatus valve repair
the periapical 3. Patients with CHD, including: 2. Patients with history of IE.
region of a. Non-operated cyanotic CHD, 3. Patients with CHD, including:
the teeth or including those with palliative shunts a. Any type of cyanotic CHD;
perforation and conduits; b. Any type of CHD reconstructed
of the oral b. Fully restored CHD using artificial using artificial material placed
mucosa materials or devices installed by using cardiac surgery procedure
cardiac surgery or catheter method for or percutaneous techniques up to
6 months after the procedure; or 6 months after the procedure or
c. Reconstructed CHD with residual during lifetime if residual shunts or
defects in place or adjacent to the site valve regurgitation persist.
of an artificial flap or device
Vaginal 1. Patients with PHV or artificial ITa,C  Not recommended: “During IIL, C
Delivery™* material used to repair a heart valve childbirth, the indications for ABP

2. Patients with unoperated or
palliatively corrected cyanotic CHD,
including surgically performed
palliative shunts and conduits

are contradictory and, given the

lack of convincing evidence that IE
is associated with childbirth via the
vaginal delivery or cesarean section,
prophylaxis is not recommended. It is
important that non-specific hygiene
and aseptic measures be taken to
prevent IE

Notes: ¥ — Recommendations of the American College of Cardiology / American Heart Association (ACC/AHA) 2014 on the management
of patients with valvular heart disease; § — Recommendations for the management of patients with infective endocarditis (IE) of the European
Society of Cardiology (ESC) 2015.*— ACC/AHA 2008 Guidelines for the management of adult patients with CHD;*— 2018 ESC Guidelines
for the treatment of cardiovascular diseases during pregnancy; § — Prevention of IE during vaginal delivery is controversial and is not
included as evidence in the 2014 ACC/AHA Valvular Heart Discase Guidelines and the main recommendations of the ESC 2015; LE — level of
evidence; PHV — prosthetic heart valve; CHD — a congenital heart disease. Modified from T.J. Cahill et al. (2017) [6].
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general population. The highest risk of IE exists
during the first 6 months after surgery due to the
endothelium injury, intensive immunosuppressive
therapy, endomyocardial biopsy, and frequent cen-
tral venous catheter placement. The importance
of oral hygiene to reduce the sources of bacterial
dissemination is also emphasized. In this regard, a
follow-up by a professional dentist and the use of
appropriate facilities (manual, electric, ultrasonic;
dental floss and other dental plaque devices) are
recommended. There is no evidence of the useful-
ness of IE ABP when performing procedures on
the gastrointestinal or genitourinary tract in the
absence of established enterococcal infection [10].
5. Japanese Circulation Society Recommen-
dations, 2019

When developing the Japanese Circulation Society
(JCS) guidelines for the prevention and treatment
of IE, the experts also relied on the experience of
implementing the guidelines of other scientific
societies [48], which is reflected in the recommen-
dations, rationale and references. The presented
statements (the latest available guidelines) recom-
mend the ABP use for patients with high-risk of
IE, including those at highest and moderate risk
(Table. 3, [48]).

In addition, there was a graduation in the need for
AB for the prevention of IE, depending on the type
and place of the invasive treatment and diagnostic

procedures from “highly recommended” to “not rec-
ommended”. In our opinion, the 2019 JCS guide-
lines deserve close attention and the study of the
possibility of their application in individual clinical
situations. In real practice, IE develops not only in
patients with previous cardiac disorder of the high-
est risk and only after dental procedures, but also
in patients undergoing other invasive procedures
(tonsillectomy, adenoidectomy, transurethral resec-
tion of the prostate, etc.) [48]. Therefore, it is rea-
sonable to discuss the prescription of AB to patients
who, for example, have a moderate risk of IE and
have undergone invasive diagnostic and treatment
interventions on an infected organ or tissue.

Assessment of the Effective-
ness of the 2007-2009

Recommendations

Today, only data that evaluate the effectiveness of
recommendations published in 2007-2009 have
been obtained. It should be noted that the inter-
pretation of data on changes in the incidence of IE
under conditions of relative or absolute limitations
of ABP is quite difficult [49]. The obtained contra-
dictory results can be due to not only and not so
much by the policy of limiting the ABP of IE, as by
heterogeneous methodological approaches when
conducting research.

Table 3. The risk of infective endocarditis in adults according to underlying heart disease, recommendations of
antibiotic prophylaxis during dental and oral surgical procedures.

Risk of IE Class of LE
recommend.
1. Highest risk: high incidence rate, complications and mortality in IE
+ Patients after implantation of PHV (bioprosthesis / mechanical valve)
* Patients with history of IE
* Patients with complex, “cyanotic” CHD (one ventricle, complete transposition B

of large arteries, Fallot’s tetrad)

+ Patients undergoing shunting between systemic and pulmonary circulation

2. Moderate risk: lower levels of complications and mortality, despite the high incidence of IE

* Most CHD *
* Acquired heart valve diseases

. . . . ITa C
* Hypertrophic cardiomyopathy with obstruction
+ Mitral valve prolapse with regurgitation
+ Patients with intracardiac devices (CP, ICD)
. . ITb C
+ Patients with a long-term central venous catheter
Notes: * — except a simple atrial septal defect (such as ostium secundum); $ — in mitral valve stenosis without regurgitation, the risk of infective

endocarditis (IE) is low. LE — level of evidence; CHD — congenital heart disease; CP — cardiac pacemaker; ICD — implanted cardioverter

defibrillator. Adapted from S. Nakatani et al. (2019) [48].
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Some surveys have studied the effect of limiting oral
ABP on the incidence rate of IE. In France, where
ABP was limited to high-risk patients, the incidence
rate of IE over three years of study (in 1991, 1999,
and 2008) remained steady, amounting to 35, 33,
and 32 cases per 1 million people, respectively. This
suggested that there was no significant change in
the incidence of IE after the implementation of
limited oral ABP [50, 51].

Analysis of the incidence rate of streptococcal
[E (Viridans group), conducted before and after
changes to the 2007 ACC/AHA guidelines based
on data of the Rochester Epidemiology Project
(Rochester, USA), D.C. DeSimone et al. [52, 53],
did not reveal increase in [E incidence. On the con-
trary, there was a decrease in the incidence of IE
from the level of 3.6 cases per 100 thousand people
in the period 1999-2002 to 1.5 cases per 100 thou-
sand in the period 2011-2013.

In turn, the results of three national epidemiologi-
cal studies in the United States, United Kingdom
and Canada provided a matter for reasonable con-
cern. S. Pant et al. [54] found a significant increase
in the incidence rate of streptococcal IE, although
there was no significant increase in overall hos-
pital admission rate or cases of staphylococcal IE.
In calculating the incidence rate of IE, this study
included cases caused by streptococci of all groups,
without defining of the Viridans group spp. In addi-
tion, no information was provided on changes in
the number of AB prescribed by doctors, which
would make it possible to assess the effect of the
recommended limitations of ABP on the incidence
rate of IE more accurately. The authors themselves
are not sure what a reason of the rise in the IE cases:
improving the coding of the disease in accordance
with the International Classification of Diseases or
a real increase in the incidence rate [54].

In the UK, where national guidelines recom-
mended to avoid the use of any type of AB for the
prevention of IE in 2008 [35, 44], there was no
increase in IE incidence rate in early studies [55].
However, in 2015, M.J. Dayer et al. [56] published
an extended analysis of the diagnoses established
upon discharge from the Hospital of the National
Health Service before April 2013. After the intro-
duction of NICE guidelines, the number of ABP
prescriptions dropped sharply, from 10.9 thou-
sand/month to 2,236 thousand/month. Along

with this, there was a significant increase (above
the predicted trend) in the number of IE cases —
by 0.11 cases per 1 million people/month (or by an
additional 35 cases in England), which coincided
with the implementation of new recommenda-
tions [56].

The systematic review and meta-analysis of
research results performed by T. Cahill et al. are of
undeniable interest [15]. They directly or indirectly
studied the clinical experience of the use of ABP
in patients at risk of IE development and under-
going dental procedures. In all countries where
ABP is recommended to the categories of patients
with the highest risk of IE, there was no signifi-
cant increase in the incidence rate of IE, although
some studies showed an increase in streptococcal
endocarditis [15].

In 2019, another study was published, which
assessed the impact of the 2007 AHA revised
guidelines on prescribing ABP among groups of
patients with moderate/high risk of IE and deter-
mined significant changes in its incidence rate
after the implementation of these recommenda-
tions [57]. The study included data from adults
of moderate/high risk of IE, divided into two age
groups: 18-64 years old and >65 years old. Among
people aged over 65 in the groups of high and
moderate risk, there was an increase in the quar-
terly level of the number of new cases of IE: from
336 to 1,915 new cases per 1 million people at the
highest risk of IE and from 180 to 440 per 1 mil-
lion in patients with moderate risk. The most sig-
nificant increase in new cases of IE was noted in
the second half of 2010, that is, more than 3 years
after the publication of recommendations for the
prevention of IE.

A similar rise in new cases of IE was also observed
among patients aged 18-64: the most significant
change was recorded in the second quarter of
2010 in both groups (of moderate and high risk):
from 1,061 to 1,754 in the high-risk group and from
308 to 423 cases per 1 million in the moderate-risk
group [57]. The authors suggest that such a time
difference (about 3 years), along with an increase
in the incidence rate of [E in both risk groups, is not
associated with a change in the principles of ABP
described in the 2007 AHA guidelines.

All these data are obtained during observational
studies and cannot be used to establish a relationship
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between the limitation of ABP and the incidence
rate of IE reliably. Many studies contain method-
ological inaccuracies, for example, the inclusion of
implantable cardiac devices and related complica-
tions in recent years, although this factor has been
corrected in some works. Despite the long-term
controversy and problems with the data obtained
from observational studies, it is rather difficult to
conduct RCTs due to the high costs, the complex-
ity of the logistics and ethical debate whether there
is a real balance to perform a placebo-controlled
study. Nevertheless, a more extensive evidence
base is required with respect to the justification of
the implementation of national and international
recommendations on ABP of IE.

It is worth discussing a parameter that determines
the attitude to the prescription of ABP: an assess-
ment of the risk group of IE. There are two groups
of patients in the 2015 ESC Guidelines with the
highest and intermediate risk of IE [37], who are
advised to comply with dental and skin hygiene
measures. In the highest-risk patients, ABP should
be considered during high-risk procedures. On the
other hand, there are certain groups of patients in
whom IE develops much more often than in the
general population. For example, among patients
undergoing dialysis, the incidence rate of IE is
17 times higher than in the general population
[58], and in intravenous drug addicts it is approxi-
mately 100 times higher [59]. IE often develops in
older people [60], people suffering from diabetes
mellitus [61], cancer [62] and other disorders. Is it
possible to ignore patients without cardiac diseases
of the highest risk and undergoing various diag-
nostic and treatment procedures, while the inci-
dence rate of IE in this group is tens to hundreds of
times higher than that in the general population?
In conclusion, we would like to cite the very rea-
sonable argument made by F. van den Brink et al.,
published in November 2019 in the Annals of Car-
diothoracic Surgery [63]. “And so, we have arrived
at 2019. Guidelines on chemoprophylaxis for IE
are just as strict as they were when we designed
them between 2007-2009. In the meantime, we
have seen a rise in IE in almost all studies. What
we have not seen an improvement in survival of
patients suffering from the devastating disease.
Still, despite an increasing number of studies that
show not only an increase in IE incidence, but also

a relationship between stricter IE chemoprophy-
laxis and an increase in preventable IE, we still con-
sider the evidence not to be enough to change the
guidelines back to what they were. Another thing
that we have also not witnessed is patients suffering
from chemoprophylaxis with lethal consequence
[64]. In short, we do very little harm in giving
patients chemoprophylaxis and we probably do a
lot of good in giving patients chemoprophylaxis to
prevent IE from rearing its ugly head” [63].

F. van den Brink et al. [63] believe that physicians
now have “a rare opportunity to conduct an almost
worldwide study in restoring the principles of ABP,
as it was before 2007, and then analyze what hap-
pens with the incidence of IE”.

Conclusions

1. Considering the severity and unfavorable prog-
nosis of 1E, it is advisable to conduct ABP before
invasive procedures in order to prevent endocardi-
tis and its relapses.

2. Based on the accumulated evidence, ABP of IE
should be used in patients at the highest risk of IE,
who are undergoing high-risk dental procedures.
The decision on its use in other patients and for
non-dental interventions is taken by a special-
ist depending on the individual clinical situation
and taking into account the degree of risk, the
individual characteristics of the patient and other
circumstances.

3. In patients with intermediate and high risk of IE,
the compliance with dental and skin hygiene mea-
sures detailed in national and international recom-
mendations is of great importance.

4. When assessing the risk of IE or selecting the
scheme/regimen of ABP, a physician should rely
on the recommendations of the relevant sections of
international/national consensus documents.

5. In IE prevention, interdisciplinary interaction of
specialists (cardiologists, cardiac surgeons, dentists,
etc.) is important, as well as informing high-risk
patients about the need for ABP during invasive
procedures.

6. Further studies are needed to evaluate the impact
of the ABP of IE implementation on the incidence
rate of new cases or recurrent IE, as well as possible
changes in the microbiological spectrum of the
main causative agents of the disease.
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Abstract

The objective: to study features of the clinical course of coronary heart disease (CHD) concomitant with asthma (BA).
The materials and methods: 180 patients were enrolled, 90 of them suffered from both CHD and BA (the first group),
and 90 had CHD only (the second group). The examination included complaint collection, studying medical history,
medical examination, percussion, auscultation, blood pressure (BP) measurement using Korotkoff method twice a day
(in the morning and in the evening), heart rate (HR) measurement, 24-hour ECG monitoring, and echocardiography.
Besides, standard biochemical analysis, including total cholesterol and low-density lipoprotein cholesterol, was
performed. The results. The shortness of breath was the main complaint among 86 (95.5%) patients with both CHD
and asthma; moreover, shortness of breath combined with palpitations in 73.8% of cases, and with angina pectoris only
in 20% of cases. There was a significant difference between systolic and diastolic blood pressure; BP values were higher
in CHD concomitant with asthma. The signs of left ventricular hypertrophy were revealed in the first group, these signs
significantly differed from the ones in the second group. 24-hour ECG monitoring showed that myocardial ischemia was
more frequent in the group, which consisted of patients with CHD. Besides, duration of ischemic depression per day was
longer in this group. The conclusion. According to our findings, bronchial asthma occurs among patients with coronary
heart disease in 16.6% of cases. A distinctive feature of bronchial asthma concomitant with coronary heart disease
is that a patient often complaints to shortness of breath and palpitations, increase in blood pressure and heart rate,
which indirectly indicates the activation of rennin-angiotensin-aldosterone and sympathoadrenal systems. It requires
the inclusion of appropriate drug groups in the treatment of patients.
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The study of various diseases in their combined
course has been very relevant in the clinical treat-
ment of internal diseases in recent years [1].

It is quite obvious that for the successful treatment
of a comorbid patient, physicians should have
an idea of the main reasons for the development of
combined pathologies, which, according to some
authors, can be divided into internal and external
ones. Internal causes include similar etiopathogen-
esis of a number of diseases, one disease being a risk
factor for another one, as well as widely discussed
genetic disposition. Similar lifestyle and behav-
ioral characteristics, the environment, the patient’s
microbiome, which is being actively investigated,
and drug interactions should be classified as exter-
nal causes.

Based World Health Organization (WHO) data on
noncommunicable diseases of the 21st century,
most deaths in economically developed countries
will be associated primarily with cardiovascular
diseases. However, it is also noted that the leading
and competing reasons will include oncological
diseases, pathologies associated with disorders of
carbohydrate metabolism, and, of course, broncho-
pulmonary diseases [2, 3].

At present, the course of coronary heart disease
(CHD) in patients with chronic obstructive pulmo-
nary disease has been studied quite well [4, 5].

At the same time, there is evidence that the preva-
lence of CHD in patients with bronchial asthma
(BA) is higher than in the general population.
Therefore, it is of interest to study the characteristics
of the course of coronary heart disease in patients
with BA, as well as to find any common pathogenic
mechanisms. Currently, patients with BA mainly
use inhaled glucocorticoids, which excludes a dis-
tinct probability of atherosclerosis developing in
the setting of BA, which can be associated with side
effects of drugs [5]. Mechanisms of coronary heart
disease developing in connection with BA are not
well understood. CHD and BA that are developing
in the same patient are likely to have pathogenic
relations at a certain stage, although the relation-
ship of these diseases at the level of risk factors is
hardly in evidence. However, there is some evi-
dence that BA and CHD have common develop-
ment factors, as well as overlapping pathogenesis
pathways [6-9)].

Among the features of the clinical course of coro-
nary heart disease in patients with BA, a significant
number of atypical forms of myocardial infarction
development [7, 10, 11], as well as of low-symptom
and painless forms of chronic CHD (40.7-66.7%
of cases) can be distinguished [11]. It is critically
important that in up to 75% of cases, patients with
BA die from CHD and not from complications of
pulmonary disease [6-9]. Moreover, patients with
BA may have no history of cardiovascular diseases,
but an asymptomatic or atypical CHD is a common
cause of sudden death [10, 11]. The definition of
the following separate phenotype is justified: when
bronchial asthma and cardiovascular diseases in
one patient have characteristic features that have
an effect on the development, prognosis and out-
come of both diseases [5].

As early as the 1970s, scientists have proved the
development of heart rhythm disorders in patients
with chronic bronchopulmonary pathology. The
most important factors that can cause arrhythmias
related with BA include hypoxemia and related
acid-alkaline and electrolyte imbalance, pulmo-
nary hypertension and chronic cor pulmonale, as
well as concomitant CHD [1, 10, 12].

Thus, the study of the course of coronary heart dis-
ease in patients with BA is important today.

In this regard, the aim of this research was to study
the features of the clinical course of CHD concomi-
tant with BA.

Materials and Methods

The study included the analysis of the outpatient
medical records of patients who received treat-
ment at local clinic No. 3 of the city of Arzamas
in the Nizhny Novgorod Region and were diag-
nosed with CHD, namely stable coronary heart
disease (SCHD) of functional class (FC) II and
III. Out of 2,150 people who met the criteria for
enrollment, 358 subjects, i. e. 16.6%, had bronchial
asthma as a concomitant disease.

One hundred and eighty subjects underwent fur-
ther analysis; 90 of them had a combination of
CHD and BA (group 1), and the other 90 had CHD
without BA (group 2). Aretrospective study was con-
ducted; patients were selected by free conversion
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Table 1. The distribution of patients by gender and age

Group 1 Group 2
(CHD and BA) (CHD without BA) P
(n=90) (n=90)
Male, n (%) 33 (36) 38 (43) 0.8
Female, n (%) 57 (64) 52 (57) 0.6
Age, M+SD, y.o. 62.5+7.2 59.748.2 0.07
Note: CHD — coronary heart disease, BA — bronchial asthma
Table 2. The characteristics of the studied groups
Group 1 Group 2
Parameter (CHD and BA) (CHD without BA)

(n=90) (n=90)
CHD duration, years 7.2[6.9; 81] 8.2 [8.0; 8.5]
BA duration, years 11.7[9.2;13.1] -
History of smoking, n (%) 26 (28.8) 24 (26.6)
Functional class of CHD
11FC, n (%) 25 (28.8) 29 (32.2)
[T FC, n (%) 65 (72.2) 61 (68.8)
History of MI, n (%) 11 (12.2) 14 (15.5)
AH, st. Tor IL, n (%) 82 (91.1) 72 (80)
Functional class of CHF, n (%)
I 22 (24.4) 18 (20)
II 68 (75.5) 72 (80)
DM, n (%) 18 (20) 16 (17.7)
Mild BA n (%) 24 (26.6) -
Moderate BA, n (%) 66 (73.4) -
BA combined, n (%) 90 (100) -
RF, n (%)
1st Degree 28 (31.1) -
2nd Degree 62 (68.8) -

Note: CHD — coronary heart disease, BA — bronchial asthma, SCHD — stable coronary heart disease, FC — functional class,
MI — myocardial infarction, CHF — chronical heart failure, DM — diabetes mellitus, RF — respiratory failure

method, outpatient records of the patients of local
clinic No. 3 were analyzed.

Table 1 shows the distribution of patients in groups
by gender and age.-

Table 2 presents the characteristics of the patients.-
Concomitant pathology in the group of patients
with CHD and BA was represented by arterial
hypertension of stage 1-2 (82; 90%) and type II dia-
betes mellitus (18; 20%). In group 2, arterial hyper-
tension of stage 1-2 (72; 80%) and type II diabetes
mellitus (16; 17.7%) were also found.

There were no significant differences in the dura-
tion of CHD course in patients with BA. In the stud-
ied patients, CHD developed alongside existing BA.

All patients underwent general clinical examina-
tion that included data acquisition (complaints),
studying case history, examination, percussion
and auscultation, blood pressure (BP) measure-
ment according to Korotkoff method twice a day
in the morning and evening for one month, which
was recorded by patients in an observation diary,
heart rate (HR) measurement, 24-hour ECG moni-
toring (24ECG), transthoracic echocardiography
(EchoCG). Standard blood biochemistry was also
performed, with determination of total cholesterol
and low-density lipoprotein cholesterol.

Patients were diagnosed with coronary heart dis-
ease based on anamnesis, clinical data, functional
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diagnostic methods according to the Federal Clini-
cal Recommendations (2016); diagnosis was con-
firmed with selective coronary angiography in
68% of patients. Patients were diagnosed with BA
based on anamnesis, clinical data, and functional
diagnostic methods in accordance with the Fed-
eral Clinical Recommendations for the Diagnosis
and Treatment of Bronchial Asthma 2016; Clinical
Recommendations 2019 were taken into account
when analyzing the data [12]. To assess the severity
of BA, the recommendations described in “Global
Initiative for Asthma” International Program
(GINA, 2018) [5] were used. In accordance with
the recommendations for mild persistent BA, all
patients received inhaled glucocorticoids, for mod-
erate BA — combined therapy with betaZ2-agonist
and inhaled glucocorticoid. All patients with CHD
received antiplatelet agents and statins. As anti-
anginal treatment, patients with CHD and BA
received calcium antagonist verapamil. The aver-
age daily dose was 193.3 + 10.2 mg per day. Vera-
pamil was prescribed earlier as patients were prone
to tachycardia. The drug does not cause bronchial
obstructive syndrome, and CHF signs in patients
with SCHD did not exceed stage I-IIA. Patients
with no BA received a beta-blocker (bisoprolol).
Patients with arterial hypertension also received thi-
azide diuretics and renin-angiotensin-aldosterone
system blockers (angiotensin-converting enzyme
inhibitor or angiotensin II receptor blocker).-

Statistical data processing was carried out using the
following software packages: IBM SPSS Statistics
24 (IBM), STATISTICA 10.0 for Windows (Stat-
Soft), and Microsoft Office Excel 2016 (Microsoft).
Difference was considered statistically reliable at
significance level p<0.05. The normality of the dis-
tribution of the analyzed characteristics was evalu-
ated with the help of Scheffe’s test, as well as on the
basis of descriptive statistics analysis: coefficient
of variation, average value and median, skewness
and kurtosis normality test. Characteristics close to
normal distribution were described by mean values,
standard deviations (M+sd, where M is mean value,
sd is standard deviation). Distributions of quantita-
tive data, different from normal distribution, were
described using median and interquartile range as
25% and 75% percentiles, i. e. the upper boundary
of the 1st and lower boundary of the 4th quartile

(Me [25p; T5p]). Qualitative data were summa-
rized by calculating the proportion of observations
(as percent) of a particular category in the study
sample. The comparison of two samples in the
analysis of variables measured using interval scales
and having a normal distribution was carried out
using parametric Student t-test for independent
groups and non-parametric Mann-Whitney U
test. To study the relationships between random
variables, correlation analysis was used with the
calculation of nonparametric Spearman correla-
tion coefficient with obligatory visual control of
scatterplots and removal of outliers. Difference was
considered statistically reliable at significance level
p<0.05. Values of p less than 0.001 were indicated
as p<0.001. The study was carried out in accor-
dance with Good Clinical Practice standards and
principles of the Declaration of Helsinki. The study
protocol was approved by the Ethics Committee.
Prior to enrollment, all participants gave their writ-
ten informed consent.

Results and Discussion

It was found that the main complaint in the
group of CHD with BA was shortness of breath —
86 (95.5%) patients; in 73.8% of cases shortness of
breath was combined with palpitations, and only in
20% of cases — with chest pains. All patients com-
plained of coughing. In the group of CHD with-
out BA, patients most often complained of chest
pains — 56 (50.4%), shortness of breath occurred
in 51 (45.9%) patients.

Blood pressure in all patients included in the study
was measured in the morning and in the eve-
ning, at the same time, for one month, on both
hands, according to Korotkoff method. According
to the analysis results in the group with CHD and
BA, systolic blood pressure (SBP) in the daytime
was 165.34 [112.4; 176.3] mm Hg (p = 0.004), dia-
stolic blood pressure (DBP) was 95.21 [86.3; 102.1]
mm Hg (p = 0.001). In the group with CHD and
with no BA, SBP in the daytime was 155.3 [132.4;
173.6] mm Hg (p = 0.003), and DBP was 82.7
[74.3;93.21]) mm Hg (p = 0.002). In the evening,
SBP in the group with CHD and BA was 160.7
[109.2; 169.1] mm Hg (p = 0.002), and DBP was
90.9 [82.7; 103.5] mm Hg (p = 0.001). In the
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group with CHD and with no BA, SBP in the eve-
ning was on average 152.8 [129.9; 171.2] mm Hg
(p = 0.012), and DBP was 78.4 [69.8; 91.31] mm
Hg (p = 0.014). There was a significant difference
in SBP and DBP between the groups in both morn-
ing and evening time (p<0.05).

Thus, despite the fact that there were no signifi-
cant differences in the number of patients with AH
between the groups, significantly higher blood pres-
sure was observed in patients with BA and CHD.
According to the literature, patients with BA and
AH are characterized by poor adherence to treat-
ment with antihypertensive drugs, as they focus on
pulmonary disease [3]. In addition, the achieve-
ment of the target BP level in cases of BA is more
difficult, since BA itself, especially its exacerbation,
as well as drugs used for treatment, can contribute
to arterial hypertension [3]. Steady rise in systemic
blood pressure related to BA leads to postcapillary

Table 3. The EchoCG parameters in groups of patients

pulmonary hypertension, interstitial edema and
pneumosclerosis with the formation of irreversible
components of bronchial obstruction [6, 11]. There
is evidence that BA can accelerate the rate of AH
development, as well as the degree of left ventricu-
lar hypertrophy [6].

A comparative analysis of echocardiographic find-
ings 1s shown in Table 3.

In the group with CHD and BA, signs of LV hyper-
trophywere found. Left ventricular myocardial mass
index (LVMI) in women of the CHD+BA group
was 142.7 +12.6 g/m2, of the CHD group — 118.3
+ 9.2 g/m2 (p = 0.024); in men of the CHD+BA
group — 162.6 + 7.4 g/m2, of the CHD group —
148.34 + 11.1 g/m2 (p = 0.046). It can be assumed
that not only cardiac, but also pulmonary pathol-
ogy has an effect on the development of myocar-
dial hypertrophy in patients with CHD combined
with BA [11].

Group 1 Group 2
Parameter (CHD and BA) (CHD without BA) P
(n=90) (n=90)
LV ESD, cm 441(3.2;41] 3.6[2.9;5.3] p=0.008
LV EDD, cm 5.6[4.3;6.8] 4.2(2.7,6.4] p=0.012
LV ESV, ml 63 [58.21; 67.3] 60 [53.31; 64.2] p=0.017
LV EDV, ml 121 [112; 139] 111 [103; 131] p=0.022
SV, ml 57 [54; 65] 52 [49; 59] p=0.023
EF, % 58 [53; 64] 61 [56; 70] p=0.008
LVPWd, cm 1.3 [1.1;1.6] 1.0 [0.8; 1.3] p=0.003
IVSTd, cm 1.3 [1.1; 1.6] 1410.9; 1.4] p=0.004
LVM, g 2511220; 312] 2451220, 260] p=0.003
WMSI 1.2 [14; 1.3] 1.0 [1.0; 1.3] p=0.03
LA, cm 3.85(3.7,4.2] 3.67[3.5;4.3] p=0.006
E/ALV 0.62[0.4; 0.8] 0.84[0.4;0.9] p=0.09
LVDF, ms 218 [120; 224] 215 [208; 225] p=0.02
RA, cm 3.7[3.5;4.2] 3.3[3.0; 3.7] p=0.003
LRV, cm 6.68 [4.8; 8.0] 5.8 3.7, 18] p=0.009
SRV, cm 4.6(2.9;6.8] 41[3.3;6.2] p=0.084
RVWT, cm 0.5[0.5;0.7] 0.410.3; 0.5] p=0.003
mPAP, mm Hg 24.1119.4; 30.0] 20.3 [17.3; 27.6] p=0.001
E/ARV 0.4710.28; 0.74] 0.51[0.42; 0.83] p=0.029

Note: CHD — coronary heart disease, BA — bronchial asthma, LV ESD — left ventricular end systolic dimension, LV EDD — left ventricular
end diastolic dimension, LV ESV — left ventricular end systolic volume, LV EDV — left ventricular end diastolic volume, SV — stroke volume,
EF — ejection fraction, LVPWd — left ventricular posterior wall thickness, IVSTd — interventricular septum thickness, LVM — left ventricular
mass, WMSI — wall motion score index, LA — left atrium, E/A LV — peak early diastolic LV filling velocity / peak atrial filling velocity ratio,
LVDF — left ventricular diastolic filling, RA — right atrium, L RV — right ventricle mid-diameter, S RV — right ventricle basal diameter, RV

T — right ventricular wall thickness, mPAP — mean pulmonary arterial pressure, E/A RV — peak early diastolic RV filling velocity / peak atrial
filling velocity ratio
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The evaluation of right heart parameters is of
great importance for patients with CHD and
BA. A statistically significant difference in the
size of right atrium (RA) was revealed in patients
of the CHD+BA group compared with the group
with CHD but without BA (p = 0.003). Dimen-
sions of RA and right ventricle (RV) in both
groups were within the normal range. This sug-
gests that patients still have no dilatation and no
right heart hypertrophy. This is probably because
the study included patients with non-severe bron-
chial asthma, and there were no patients with
fixed bronchial obstruction, which could lead to
the development of chronic cor pulmonale.
According to 24ECG results, it was found that
the number of myocardial ischemia episodes
in the group with CHD but without BA was
greater than in the CHD+BA group (p = 0.003)
(Table 4).

The duration of ischemic depression per 24 hours
in the group with CHD but without BA was also
longer than in the CHD+BA group (p = 0.03).
According to A.L. Vertkin et al. (2015), episodes
of myocardial ischemia are revealed in 0.5-1.9%
of apparently healthy individuals. The interpreta-
tion of ischemia in patients with BA is complicated
because degenerative myocardial changes related
to pulmonary hypertension and hypoxemia can

Table 4. The 24ECG parameters in groups of patients

be found not only in the right but also in the left
ventricle [1].

In the CHD+BA group, in comparison with the
CHD group without BA, average daily HR was sig-
nificantly higher (p = 0.008), as well as average HR
during daytime (p = 0.004) and during nighttime
(p=10.007) (Table 5).

Increased heart rate in patients with BA is prob-
ably not associated with beta2-agonists, since
most patients with BA (92%) received a combina-
tion drug with a selective beta2-agonist vilanterol,
which has no adverse effect on cardiovascular
system [13].

Accordingto 24ECG results in the CHD+BA group,
a greater number of extrasystoles of different types
were recorded in comparison with the patients
with CHD but without BA. However, there was no
significant difference in the number of supraven-
tricular extrasystoles (217.12 [212; 223] extrasys-
toles in the CHD+BA group; 205.08 [202; 208]
extrasystoles in the CHD group, p = 0.07). Ven-
tricular extrasystoles associated with CHD and BA
were recorded statistically more frequently — 78.6
[68.9; 80.2] than related to CHD without BA —
58.4[56.2; 62.2], p = 0.007. Results of 24ECG are
comparable with patients’ complaints of palpita-
tions, which were more common in CHD with BA.
One of the triggers of arrthythmias in patients with

Group 1 G(lé)ll_;fl))z
Parameter (CHD and BA) . s}
(n = 90) without BA)
(n=90)
The number of episodes of ischemic ) )
ST-segment depression/24 hours D [4.4;5.2] 814.9;94] 0.005
The mean duration of ischemic
ST-segment depression/24 hours, min 202 [1.02; 5.18] 5060.9; 0] 0.0
Maximal ST-segment depression, mm 1.59 [1.03; 1.9] 1.8 [1.04; 2.02] 0.03
Note: 24ECG — 24-hour ECG monitoring, CHD — coronary heart disease, BA — bronchial asthma
Table 5. Heart rate values in groups of patients
Group 1 Group 2
Parameter (CHD and BA) (CHD without BA) p
(n=90) (n=90)
Average daily HR, bpm 82.2 [80.5; 84.2] 73.6 [70; 78] 0.008
Average HR during daytime, bpm 78.4[76.8; 80] 65.4[62.4; 14.7] 0.004
Average HR during nighttime, bpm 74.6 [74.0; 78] 67.4[64.2;72.8] 0.007

Note: HR — heart rate, CHD — coronary heart disease, BA — bronchial asthma
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CHD and BA is hypoxia and the intake of several
bronchodilators, namely beta2-agonists, espe-
cially short-acting ones [11]. In addition, during
this study, patients with CHD but without BA
took beta-blockers that reduce ectopic myocardial
activity [14].

The study of lipid metabolism revealed that in
patients with CHD combined with BA, higher
total cholesterol (TC) was observed in com-
parison with the CHD group without BA (5.8 +
0.13 mmol/L and 5.2 + 0.24 mmol/L, p = 0.013).
The level of triglycerides (TG) in the CHD+BA
group was 1.4 + 0.04 mmol/L, and in the CHD
group without BA — 1.4 + 0.06 (p = 0.022). Low-
density lipoprotein cholesterol (LDL-C) in group
1 was 1.4 + 0.01 mmol/L, and in group 2 —
0.99 + 0.03 mmol/L (p = 0.014); high-density lipo-
protein cholesterol (HDL-C) in the CHD+BA group
was 0.7 £ 0.04 mmol/L, and in the CHD group
without BA — 0.9 £ 0.06 (p = 0.034). Patients with
BA were characterized by poor adherence to lipid-
lowering treatment, as they focus on pulmonary
disease. According to the literature, a more aggres-
sive course of atherosclerosis is discussed in pres-
ence of BA due to the prolonged circulation of pro-
inflammatory cytokines in the blood which induce
inflammatory process in plaques, their growth and
damage [3].

Conclusion

According to this study, BA occurs in patients with
CHD in 16.6% of cases. According to the literature,
the incidence of CHD combined with BA is 6.8-
34.3% [1].

Our study allowed finding a number of charac-
teristic features of the course of CHD in patients
with BA. First, patients quite often complain of
shortness of breath and palpitations and rarely
of typical angina pain. This is because shortness
of breath related to CHD and BA will prevail in
the clinical evidence and will be of mixed nature.
A physician should figure out the leading cause
of dyspnea — whether it is cardiac or pulmonary.
This is necessary for the choice of drug therapy.
It is impossible to answer this question during rou-
tine examination. A number of diagnostic tests are
required, in particular a cardiopulmonary stress

test, which is very informative and safe for this cat-
egory of patients.

Secondly, patients with CHD and BA have
increased BP and HR, which indirectly indicates
the activation of renin-angiotensin-aldosterone
and sympathoadrenal systems and requires appro-
priate groups of drugs in the treatment of such
patients. Objective hypersympathicotonia related
to BA is also confirmed by the results of 24ECG,
which reveal different types of arrhythmias in
patients; they may be caused by the state of chronic
hypoxia, or by certain medications for the treat-
ment of BA itself. In our opinion, studying the
possibility of using highly selective beta blockers
for concomitant BA is very promising.

Thus, the issues of pathogenic mechanisms, clini-
cal and functional features of the course of CHD
concomitant with BA, and the choice of optimal
treatment for this category of patients require
further study, and we will continue this study in
future.
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Abstract

Objective: acomprehensive study of the prevalence and structure of risk factors (RF) for cardiovascular diseases (CVD), daily
changes in central aortic pressure and arterial stiffness in healthy women of different age groups. Materials and methods:
the study involved 161 women aged 18 to 65 years with one or more CVD RFs. All volunteers filled in a questionnaire
and underwent daily monitoring of blood pressure with determination of arterial stiffness and daily changes in central
aortic pressure, determination of carotid-femoral pulse wave velocity and vascular stiffness using volume sphygmography.
Results: the patients were divided into 3 groups: group 1: 52 women of young age from 18 to 30 years (23.8 + 5.3 years);
group 2: 54 women from 31 years to menopause (41+ 5.9 years); group 3: 55 women in the postmenopausal period (55.4 +
5.8 years). High prevalence of modifiable CVD RFs was revealed among women of different ages: smoking, non-compliance
with dietary recommendations, lack of physical activity. Obstetric and gynecological disorders prevailed in younger age
groups. In group 1, the studied indicators corresponded to normal across most parameters. Significant differences in central
and peripheral pressure, arterial stiffness parameters, with the exception of carotid-femoral pulse wave velocity (cfPRV),
were revealed in group 2 in comparison with young women. A comparative analysis of groups 2 and 3 showed a significant
deterioration in the parameters characterizing the degree of arterial stiffness, the contribution of the reflected wave and
the associated dysfunction of the left ventricle. Conclusion: a comprehensive examination of arterial stiffness allows to
identify subclinical changes in the vascular wall and evaluate their progression in women of different age groups.
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Introduction

Despite the improvement of diagnostic and treat-
ment methods, CVDs still lead in the structure of
morbidity and mortality. In recent years, CV mor-
tality among women from has increased in Euro-
pean countries, and has become 9% higher than
that among men. In this regard, the interest of
researchers in the problem of women’s health is
growing, and multicenter studies are being con-
ducted, research centers are being set up, and the
list of special female CVD RFs is being studied and
expanded. In various countries, recommendations
are being developed on the prognosis and preven-
tion of CVD in women with a history of obstetric
and gynecological abnormalities [1, 2].

In our country, smoking among women is on the
rise. The development of endothelial dysfunction
in women smokers leads to an increase in arte-
rial stiffness, and with the onset of menopause,
this process is only gaining momentum [3]. The
SAPALDIA study [4] and The Anglo-Cardiff Col-
laborative Trial [5] identify smoking as a predictor
of increased arterial stiffness. According to the Rot-
terdam study, the consumption of fruits and veg-
etables, adequate physical activity and the avoid-
ing of smoking contribute to the improvement of
vascular stiffness [6]. Similarly, moderate alcohol
consumption among women leads to a decrease
in pulse wave velocity (PWV) [7]. The presence of
occupational hazards, including night shift work,
has a much greater detrimental effect on women
than on men. The results of a large prospective
study conducted among nurses (Gu F. et al., 2015)
indicate that night shift work for 5 years or more
contributed to a significant increase in the risk of
death for cardiac reasons [8]. Obstetric and gyne-
cological abnormalities are of great importance
as CVD RFs. Hypertensive disorders during preg-
nancy (HDP) contribute to the development of
vascular and metabolic disorders [2], increase the
stiffness of the vascular wall, namely the augmen-
tation index (Al) [9], predisposing women to the
development of CVD. The negative detrimental
effect of estrogen deficiency during menopause on
vascular function, which is associated with a risk of
CVD, has been proven. Arterial stiffness is signifi-
cantly higher in women with early, including surgi-
cal, menopause [10]. For young women, metabolic

syndrome (MS) poses a greater threat to reproduc-
tive health, and when menopause occurs, it causes
CVD. The development of MS and diabetes melli-
tus (DM) leads to a progressive deterioration in vas-
cular function. Postpartum and menopausal MS
are of particular importance. Many studies show a
direct correlation of gestational diabetes with the
development of CVD and their fatal complications,
which is partially mediated by an increased risk of
type 2 diabetes in future [11].

The aim of this study is a comprehensive study of
the prevalence and structure of CVD RFs, the daily
changes in central aortic pressure and arterial stiff-
ness in healthy women of different age groups.

Materials and Methods

The study protocol was approved by the Ethics
Committee of the A.I. Yevdokimov Moscow State
University of Medicine and Dentistry (A.I. Yevdo-
kimov MSMDU). Prior to enrollment in the study,
all participants gave written informed consent.

A cross-sectional comparative study was con-
ducted in which 161 women aged 18 to 65 years
with one or more CVD RFs with various medical
specialties took part. All the patients were divided
into 3 groups: group 1: 52 women of young age
from 18 to 30 years (23.8 £ 5.3 years); group 2:
54 women from 31 years to menopause (41 +
5.9 years); group 3: 54 women in natural or sur-
gical menopause (55.4 + 5.8 years). The women
did not receive treatment during the examination
period. All volunteers underwent clinical exami-
nation, measurement of anthropometric indices,
survey, blood pressure daily monitoring (BPDM)
with determination of arterial stiffness and daily
changes in central aortic pressure, determination
of carotid-femoral PWV (cfPWYV) and vascular stiff-
ness by volume sphygmography.

The survey was performed using a questionnaire
specially developed for the purpose of scientific
research and improving the quality of the collec-
tion of anamnesis history taking into account lit-
erature data (“National Recommendations for
Cardiovascular Prevention” Russian Society of
Cardiology, 2011; European Guidelines for the
Prevention of Cardiovascular Diseases in Clinical
Practice, European Society of Cardiology, 2016).
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This questionnaire was used in the project “Three
ages of women” [12]. The questions on the ques-
tionnaire are aimed at identifying complaints,
CVD REFs, the presence of chronic diseases and the
features of obstetric and gynecological history.
During anthropometry, height, weight, waist cir-
cumference (WC) and hip circumference (HC)
were measured, body mass index (BMI) was calcu-
lated using the Ketle formula (BMI = body weight
(kg) / height (m)?).

The cfPWV was determined non-invasively by the
Doppler method from the carotid to the femoral
artery using the Pulse Trace PWV ultrasound Dop-
pler device (Micro Medical, UK). The distance trav-
eled by the pulse wave was determined between
the points of application of the sensors above the
carotid and femoral arteries and multiplied by a
factor of 0.8.

Volumetric sphygmography was used to study arte-
rial stiffness using a sphygmomanometer and a
VaSera VS-1500N sphygmograph (Fukuda Denshi,
Japan).

BPDM was performed using the blood pressure
(BP) daily monitoring system with the BPLab ®
oscillometric method using the Vasotens technol-
ogy (Petr Telegin Ltd., Nizhny Novgorod).

Statistical Methods

For statistical processing, the statistical package Sta-
tistica for Windows 10.0 was used. To check for the
normality of distributions, the Shapiro—Wilk test
was used (to assess the possibility of using parametric
or nonparametric criteria for comparing the groups
under consideration; this criterion was chosen for
checking for normality because it has the greatest
power). A comparative analysis of quantitative vari-
ables was carried out using the Student’s parametric
T-test for dependent populations (according to the
results of the previous test for normality, the distri-
bution of parameters in the groups did not differ
from the normal one; the choice of this criterion
was determined by its greatest power for the groups
under consideration). A comparative analysis of
qualitative categorical variables was carried out
using contingency tables with the chi-square (x?)
test. The differences were considered significant at p
< 0.05. The data are presented as M £ SD, where M
is the mean value, and SD is the standard deviation.

Results

A comparative analysis revealed a significant dif-
ference in the social status, level of employment
and education of the women in group 1 compared
to the other two groups (p < 0.01), while no differ-
ences were seen between groups 2 and 3. Group
1 was mainly composed of full-time and evening
students at the A.I. Yevdokimov MSMDU. Women
with secondary vocational education were predom-
inant in groups 2 (74%) and 3 (56.4%), most of
them worked as nurses. The analysis of social status
revealed a significant predominance of 40 women
(716.9%) who were never married in group 1, while
there were predominantly married women in
groups 2 and 3.

Most of the patients assessed their health as satis-
factory or good, with a significant predominance of
positive characteristics in group 1 (p < 0.01).

The general characteristics of the groups accord-
ing to the presence of CVD REF, the characteris-
tics of obstetric and gynecological history and the
results of the comparative analysis are presented in
Table 1.

More than half of the patients had various com-
plaints with significance predominance of mem-
bers of group 3 (postmenopausal women). A high
percentage of occupational hazards in groups
is noteworthy, namely night shift work, which
undoubtedly increases the risk of CVD in women.
Among the patients, a large number of women
smokers were identified and most of all (50%)
in group 1, which was mainly composed of stu-
dents. However, women of groups 2 and 3 showed
a great commitment to smoking. Most of the
patients do not follow a diet and do not consume
the recommended 400 grams of fruits and veg-
etables per day. Only a few recognize themselves
as physically inactive. Most women claim regular
exercise and walking. Despite this, more than a
quarter of women lead a predominantly seden-
tary lifestyle, and half of them have complaints
during exercise. Women with moderate exercise
at least for 150 min/week or with intense exer-
cise at least for 75 min/week, or with a combina-
tion thereof with equivalent load were considered
physically active. A sedentary lifestyle is a variant
of a lifestyle with lack of physical activity: work in
a sitting position combined with inactive leisure
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time. There are complaints of shortness of breath
and palpitations during physical exertion, includ-
ing among women in group 1 (50%). It should be
noted that there was no significant difference in
the frequency of complaints during exercise in
groups 2 and 3.

Analysis of the obstetric and gynecological his-
tory showed a high frequency of pregnancy
pathologies. HDP, edema and proteinuria of
pregnant women occupy leading positions.

A significantly greater number of pregnancy
pathologies were detected in groups 1 and 2.
In group 1, 100% of women giving birth had
pregnancy pathologies, of which 2/3 noted an
increase in blood pressure during pregnancy.
More than half of women who had a pregnancy
had an abortion. About half of the women of
group 2 underwent gynecological operations.
Surgical menopause was noted in 12 (21.8%)
women of group 3.

Table 1. General characteristics of groups according to CVD RFEs and obstetric and gynecological history

Groups Group 1 Group 2 Group 3
n 52 54 55

Mean age (M + SD) 25.8+5.3 4M+59 55.4+5.8
Complaints, abs (%) 29 (55.8) * 37(69.5) * 49 (89)
Family history of CVD, abs (%) 37(7111) 35 (64.8) 38 (69)
Occupational hazards, abs (%) 14 (26.9) * 31 (57.4) 22 (40)
Smoking, abs (%) 26 (50) 23 (42.6) 21 (38.2)
Daily smoking, abs (% of smokers) 18 (69.2) 20 (86.9) 19 (90.5)
Secondhand smoke, abs (% of smokers) 10 (19.2) 2 (3.7) 1(1.8)
Duration of smoking more than 10 years, abs (% of smokers) 6 (23) ** 20 (87) 19 (90.5)
Desire to quit smoking, abs (% smokers) 17 (65.3) 15 (65.2) 15 (71.4)
Alcohol consumption, abs (%) 38 (23.0) 47 (87) 44 (80)
Dieting, abs (%) 14 (26.9) 14 (25.9) 18 (32.7)
Eating less than 400g of fruits and vegetables per day, abs (%) 41 (78.8) 44 (81.5) 39 (70.9)
Salt consumption over 5 g/day, abs (%) 7(13.5) 12 (22.2) 10 (18.2)
Physically inactive, abs (%) 2(3.8) * 8 (14.8) T(12.7)
Sedentary lifestyle 17(32.7) * 14 (25.9) 20 (36.4)
Exercise Complaints, abs (%) 26 (50) ** 37 (68.5) 35 (63.6)
Mean age of menarche (M + SD) 12.56 + 0.96 12.78 + 1.87 12.78 £ 1.42
Menstrual irregularities, abs (%) 20 (38.5) 21 (38.9) 15 (27.3)
History of pregnancy, abs (%) 9 (17.3) ** 48 (88.8) ** 52 (94.5)
Number of women giving birth, abs (%) 7(13.5) 43 (89.6) 51 (98)
Pregnancy pathologies, abs (% giving birth) 7(100) * 37 (86) * 32 (62.9)
HDP abs (% giving birth) 5 (71.4) 17 (45.9) 12 (37.5)
Edema during pregnancy, abs (% giving birth) 3(42.8) 26 (70.3) 16 (50)
Proteinuria during pregnancy, abs (% giving birth) 3(42.8) 9 (24.3) 7(21.9)
Anemia during pregnancy, abs (% giving birth) 3(42.8) 16 (43.2) 4 (12.5)
Caesarean section, abs (% giving birth) 4 (5741) 9 (20.9) T (13.7)
Abortion, abs (% of pregnancies) 5(55.6) ** 26 (54.2) 36 (69.2)
Miscarriages, abs (% of pregnancies) 1(114) ** 10 (20.8) 13 (25)
Fetal macrosomia, abs (% of pregnancies) 0(0) * 7(16.3) 9 (17.6)
Gynecological surgery, abs (%) 10 (19.2) ** 24 (44.4) 33 (60)

Note: * — Significant difference (p < 0,01) with the parameters in group 2

** — Significant difference (p < 0.05) with the parameters in group 2

* — Significant difference (p < 0,01) with the parameters in group 3
** — Significant difference (p < 0.05) with the parameters in group 3




Apxub BHyTpeHHEe MeAnumHbL ® No 2 o 2020

OPUTMHAABHBIE CTATbBU

Table 2. Anthropometric data

All examined Group 1 Group 2 Group 3
n 52 54 55
Height (M + SD), cm 164.9+5.9 166.3 £ 6.2 ** 163.9 £ 5.5 164.6 £ 6
Body weight (M + SD), kg 1.3 +14.7 60.5£8.5* 5.6 £15.5 13+£129
BMI (M + SD), kg/m? 26.3 £5.68 217 +3.3* 28.2+6.3 286+44
WC (M + SD), cm 84.3 +15.7 M+82* 88.4+15.9 92.8 £12.6
HC (M £ SD), cm 103.8 £9.2 9713+£6.6 106.5+9.4 106.7 £ 8.5
WC/HC (M + SD) 0.8+012 0.73 +0.06 0.83+041 0.86 £ 013

Note: * — Significant difference (p < 0,01) with the parameters of group 2
** — Significant difference (p < 0.05) with the parameters of group 2
* — Significant difference (p < 0,01) with the parameters of group 3

Table 3. Parameters of daily monitoring of central aortic pressure and peripheral blood pressure in groups

(M + SD) Groups: Group 1 Group 2 Group 3
Mean SBP (mm Hg) 110.3 £ 8 ** 120.4 £11.9 122.8 £ 131
Mean DBP (mm Hg) 69.2 £5.5* 76.5+£79 78.2+83
Mean BP (mm Hg) 83.71+6.2* 93+8.9 96.3 +10.1
Mean PBP (mm Hg) 41.2+547 44+ 8.7 44.6+8.5
SBP variability (mm Hg) 125+ 27* 156.5+5 16.5+£3.9
DBP variability (mm Hg) 10.4 +£ 2.3 *** 125+ 3.6 117+3
MBP variability (mmHg) 109 £ 2.3 ** 134+ 3.8 129+ 3.3
PBP variability (mm Hg) 92+£21%* 11.3+£3.5 11.8 £ 3.8
Mean SBPao (mmHg) 1004 +£72* 111.8 £ 10.7 1151+ 12.3
Mean DBPao (mmHg) M1+6.3" 794 +£841 80.5+8.7
SBPao variability (mmHg) 11+£2.5* 13.8 +4.3 13.7£3.4
DBPao variability (mmHg) 10.7 £ 2.3 *** 12.8 £3.6 11.8+3
PBPao variability (mmHg) 6.7+15* 8.4+25 9+27
SBPao DND (%) 11.2+£54*% 13.2£6.6 10.5£8.5
DBPao DND (%) 169+ 74 18.6 £ 74 15.8 £ 7.8
DPI day (mmHg/min) 88.9£17.2*% 102.2 + 16.6 93.5+19.2
DPI night (mmHg/min) 62 +10.9 ** 1.4+13 01+13.4
DPI variability 226+4.8* 237+6.6° 206£5
Alao (%) 0.7+74* 124+ 75 13.6 £9.1
Alao to heart rate 75 (%) 1.9+6.8* 151 £ 8.8 177+ 713
PPA (%) 139.5+6.2* 133.6+6.6* 128.3£5.8
PPA to heart rate 75 (%) 140 £ 51 1321+ 3.5 1291 +15.7
ED (ms) 319.2 +22.2* 3339+ 271° 356.2 £ 28.7
ED to heart rate 75 (ms) 316.71+13.4* 336.9 £12.5 339.8 +17.4
SEVR (%) 123.5+119° 1214+ 9.7 % 114.6 £ 17
SEVR to heart rate 75 (%) 122.2 £ 11.8 123.6 £ 11.7 120.7 + 10
Alao variability (%) 1M1+£24% 13.8 £ 3.7 149 +4
PPA variability (%) 11.9+2.2 11.2+27% 10+ 2.8

Note: * — Significant difference (p < 0,01) with the parameters of group 2
** — Significant difference (p < 0.05) with the parameters of group 2

* — Significant difference (p < 0,01) with the parameters of group 3

** — Significant difference (p < 0.05) with the parameters of group 3

SBP — systolic blood pressure, DBP — diastolic blood pressure, MBP — mean hemodynamic blood pressure, PBP — pulse blood pressure,

SBPao — central (aortic) systolic pressure, DBPao — central (aortic) diastolic pressure, DND — degree of nighttime decrease
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Table 4. Arterial stiffness parameters by groups

(M+ SD) Groups: Group 1 Group 2 Group 3
Doppler ultrasound
cfPWV T£2.5 10.8 £4 119+44
Volumetric sphygmography

R CAVI 575+05* 6.57£0.87 7.65+0.9
L CAVI 5.81+0.6* 6.65+0.8~ 64 +1

R Al 079x01* 1.01£0.27 1.09+0.2
PEP 96.9 + 21 956+ 159~ 103.4 £ 13.5
ET 3077 +16.2*° 308.3+£18.6° 3204 +21.2

BPDM with an oscillometric method
and using Vasotens Technology

PWVao (m/s) 570£0.70* 8.05+13" 975 141
PWVao (m/s) MBP100 HR 60 81+1* 99+15% 10.5 £ 1.3
Alx (%) -511+£10.6* -23.2+10.77 -11.8+8.4
AIXT5 (%) -497+12.5* -252+83" -15.8+£99
ASI (mm Hg) 126.7+12.2* 134+ 1557 143 +20.4
RWTT (ms) 153 £ 127 * 129.6 £ 11.9 7~ 124.9 £ 10.5
RWTT (ms) MBP 100 HR 60 170.2 £+ 14.4* 1441 +£16.2 7% 1374 £12
dp/dt max ao (mm Hg) 5561 £125.7~ 543.5+12167 480.4 £ 96.2
dPdt variability 163.6 £ 37.8 ** 185.3 £ 68.6 ** 157.5+£554
RWTT variability 223+49* 18.8+£4.6 18.3£4.6
PWVao variability 09+0.2* 11+0.3 11+0.2
CAVlao variability 14£04* 1.8+0.57 245+0.5
IE variability 0.1+0.03* 0.1+ 0.03 0.1+0.03

Note: * — Significant difference (p < 0,01) with the parameters of group 2

** — Significant difference (p < 0.05) with the parameters of group 2
* — Significant difference (p < 0,01) with the parameters of group 3
** _Significant difference (p < 0.05) with the parameters of group 3

The data obtained indicate a high prevalence of
various CVD RFs among women who are medical
workers. In a comparative analysis, the frequency
of such RFs as smoking, alcohol consumption,
non-compliance with dietary recommendations
is comparable in all groups, regardless of age and
reproductive status. The frequency of obstetric and
gynecological pathologies was significantly higher
in younger age groups.

A comparative analysis of anthropometric data
showed the presence of significant differences
between group 1 and the older groups in the pres-
ence of general and abdominal obesity, while
there were no significant differences between the
groups. More than half of women of groups 2 and
3 are obese or overweight. Half of women of group
3 and more than a third of women of group 2 have
an abdominal type of obesity (Table 2).

During analysis of the results of the study of daily
monitoring of central aortic pressure and periph-
eral blood pressure, significant differences were
revealed when comparing the parameters of
women of group 1 with older groups without a sig-
nificant difference between the latter. Based on the
results presented in Table 3, parameters of vascular
stiffness in young women of group 1 are normal,
despite the presence of a significant number of CVD
RFs. However, an insufficient degree of nighttime
decrease in blood pressure was found in a quarter
of the patients of group 1, and the rate of morn-
ing BP rise was exceeded in 60%. An analysis of the
morning changes and daily profile of BP showed
the absence of significant differences between
group 1 and groups 2 and 3, with the exception
of parameters of the degree of nighttime decrease
in aortic pressure. Most of the studied parameters
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of daily monitoring of central aortic pressure and
peripheral BP in women of groups 2 and 3 did
not differ significantly, despite the development of
menopause in group 3.

At the same time, it seems important to analyze
parameters that have a significant difference in
groups 2 and 3, as potentially significant initial
markers of the development of arterial stiffness.
A significant difference was seen between the vari-
ability of the double product index (DPI), the pulse
pressure amplification index (PPA) and its variabil-
ity, the subendocardial viability ratio (SEVR), and
the length of the left ventricular (LV) ejection dura-
tion (ED). An increase in arterial stiffness in group
3 is evidenced by a decrease in SEVR, PPA and
PPA variability, as well as an increase in ED, which
leads to a decrease in LV systolic function due to a
decrease in coronary blood flow and an increase in
afterload (Table 3).

When analyzing arterial stiffness in groups 1
and 2, significant differences were revealed for all
the studied parameters except for cfPWV and the
preejection period (PEP). In groups 2 and 3, sig-
nificant differences were seen between the cardio-
ankle vascular index (CAVI) and the augmentation
index (Al), determined by the volume sphygmog-
raphy method, as well as the average daily rate
of the pulse wave velocity in the aorta (PWVao),
variability of PWVao, Al, and Al reduced to heart
rate = 75 bpm (Aix75). At the same time cfPWV
did not show a significant difference in the groups.
It is necessary to pay attention to such parame-
ters as the preejection period (PEP), ejection time
(ET), the arterial stiffness index (ASI), the reflected
wave transit time (RWTT), the maximum rate of
increase in blood pressure in the aorta (dp/dt max
a0), the variability of these parameters and the vari-
ability of CAVI in the aorta (CAVIao), which also
showed a significant difference in groups 2 and 3.
These indicators reflect the dynamic load on the
walls of the great vessels during the passage of the
pulse wave, the degree of arterial stiffness and the
associated impaired LV function (Table 4).

Discussion

The large number of smoking female medical
workers revealed is consistent with the data of
various studies, despite the special role of doctors

in promoting a healthy lifestyle. According to the
extensive Champlain Nurses’ Study, smoking is
particularly prevalent among nurses [13]. As the
age increases, the prevalence of smoking among
women decreases, and BMI increases [14]. Accord-
ing to the results of our study, there is no significant
difference in BMI between middle-aged and older
women, regardless of the reproductive function.
The prevalence of traditional CVD RFs among
women and men was estimated in a national mul-
ticenter population ESSE-RF study [15]. Compared
with the results of that study, we found a higher
level of physical activity among the women sur-
veyed, lower consumption of salt, but insufficient
consumption of fruits and vegetables.

According to the results of the analysis of the health
status of pregnant women in the Russian Fed-
eration over 16 years of follow-up, anemia leads
among pregnancy pathologies (32.6%), and the
frequency of edema, proteinuria, and HDP pro-
gressively decreases to 10% [16]. On the contrary,
our study revealed the highest frequency of HDP,
proteinuria, and edema during pregnancy. The
frequency of anemia during pregnancy among the
examined women of a younger age was 43%.

The revealed significant differences between post-
menopausal women and women with preserved
reproductive function in CAVI, aortic pulse wave
velocity (PWVao), augmentation index obtained by
volume sphygmography and in the analysis of the
central pulse wave are consistent with the results
of many studies [17-20]. At the same time, cfPWYV,
the comprehensively studied parameter with the
proven predictive ability in our study, was not sig-
nificant, which may be due to its dependence on
BP and heart rate during the study, which corre-
sponded to normal values in our work.

Less studied parameters, which demonstrated sig-
nificant differences between women with pre-
served reproductive function and postmenopausal
women, are of greater interest. The preejection
period and ejection time of the left ventricle, deter-
mined by two methods, reflect the systolic func-
tion of the left ventricle [21]. An increase in arterial
stifiness index (ASI) in the postmenopausal group
is associated with a risk of developing subclinical
coronary atherosclerosis and has proven prognos-
tic value in the development of coronary heart dis-
ease [22]. The reflected wave transit time RWTT
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determines the contribution of the reflected wave
to the formation of pulse pressure and the cre-
ation of LV afterload, decreases with age concur-
rently with the rise of PWVao, which corresponds
to the results of the study [22]. The rate of increase
in blood pressure in the aorta (dp/dt max ao) is a
complex parameter that depends on the totality of
the functions of the main and peripheral arteries,
which makes it possible to track changes in LV con-
tractility under inotropic effects [23]. The suben-
docardial viability ratio (SEVR) reflects the balance
between coronary perfusion and LV afterload [24].
A decrease in SEVR in menopausal women indi-
cates an imbalance and the likely development of
systolic dysfunction.

In general, the above parameters are of great
applied significance for determining the state
of the cardiovascular system (CVS) in practically
healthy women in relation to CVD identified in said
women. These parameters reflect the development
of early, preclinical changes and their progres-
sion with age, and also determine the beginning
of primary and secondary CVD prevention. The
objective need to expand these studies primarily in
young and middle-aged groups should be noted.

Conclusions

1. High prevalence of CVD RFs among women of
various age was revealed. The most common RFs
are modifiable: smoking, non-compliance with
dietary recommendations and lack of physical
activity. Attention should be paid to the high fre-
quency of obstetric and gynecological pathologies,
as CVD RFs that are specific to women in younger
age groups.

2. In women below the age of 30 with CVD RFs,
arterial stiffness, central and peripheral blood
pressure correspond to normal values across most
parameters.

3. Significant changes in the studied parameters
(with the exception of cfPWV and PEP) in the anal-
ysis of arterial stiffness, in comparison with women
aged under 30, are already observed in group 2,
despite their age and preservation of reproductive
function, which indicates the need to start imple-
menting preventive measures at this stage.

4.In the group of postmenopausal women, changes
in arterial stiffness were detected, which mark the

end of the reproductive period and the develop-
ment of menopausal changes in CVS.
Comprehensive examination, including BPDM
with determination of arterial stiffness and daily
changes in central aortic pressure, determination
of vascular stiffness by volume sphygmography,
allows to detect subclinical changes in the vascu-
lar wall and evaluate their progression in women of
different age groups.

Further studies are needed to determine the rela-
tionships between individual CVD RFs and their
most frequent combinations with arterial stiffness
in women.
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Liver Cirrhosis as the Qutcome of
Non-Alcoholic Fatty Liver Disease
Associated with PNPLAJ3 Gene
RS738409 Polymorphism

Abstract

Relevance. Non-alcoholic fatty liver disease is the most common hepatic disorder in the world. Despite the fact that, in

general, this disease has a favorable prognosis and asymptomatic course, in some cases, it can develop as non-alcoholic
steatohepatitis, and in some patients the development of liver cirrhosis and hepatocellular carcinoma is possible.
Growing number of foreign studies demonstrate the association of genetic factors and the progression of non-alcoholic
fatty liver disease. However, there is scarce information about this association in the Russian Federation. Objective:
To assess the prevalence of the variants of patatin-like phospholipase domain-containing 3 gene in patients with liver
cirrhosis as the outcome of non-alcoholic fatty liver disease in the population of RF as well as the effect of mutation on
the disease course. Materials and methods. Patients were divided into three groups. Group | included 30 patients with
liver cirrhosis as the outcome of non-alcoholic fatty liver disease. Group Il included 46 patients with non-alcoholic fatty
liver disease at non-cirrhotic stage. Group Il included 25 healthy volunteers. A retrospective analysis of these patients’
medical records was performed. For patients of groups | and Il, the results of blood biochemistry, coagulogram, and
abdominal ultrasound were obtained from medical records. Shear wave liver elastography was additionally performed
using Aixplorer MultiWave ultrasound system (SuperSonic Imagine, USA). Alleles of patatin-like phospholipase
domain-containing 3 gene were determined using polymerase chain reaction via terminal restriction fragment length
polymorphism. Results. In this study we obtained significant associations between non-alcoholic fatty liver disease
and mutations in patatin-like phospholipase domain-containing 3 gene (HR-2.171; 95% Cl: 1.131-4.170; x?= 6.730769;
p = 0.00948); between cirrhosis and the mutations in the PNPLA3 gene (HR-4.011; 95% Cl: 1.558-10.324; p = 0.0003).
The relationship between the frequency of GG genotype of the PNPLA3 gene with an increase in the liver fibrosis stage
was shown for the population of the RF. Conclusion. rs738409 polymorphism of patatin-like phospholipase domain-
containing 3 gene is a factor of the progression of non-alcoholic fatty liver disease to advanced stages of fibrosis and the
development of liver cirrhosis. Determination of the polymorphism in patients with NAFLD in the population of the RF
may be useful for defining groups at high risk of disease progression.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is an
urgent problem facing present-day gastroenterol-
ogy, since despite the fact that this disease, in gen-
eral, has a favorable course without complications,
some patients may develop non-alcoholic steato-
hepatitis (NASH), and subsequently, liver cirrhosis.
In addition, there are reports that NAFLD can lead
to the development of hepatocellular carcinoma
(HCC) [4].

Prevalence of NAFLD is reported to be 20-30% in
Western countries and 5-18% in Asia [5]. In 2015,
a study conducted by V.T. Ivashkin in the Russian
Federation demonstrated that the incidence of this
disease among outpatients in 16 regions of the
country was 37.3% [2]. It should be noted that in
2007 this figure was lower and stood at 27% [1].
The most aggressive course has been reported in
patients with type 2 diabetes mellitus (DM), high
body mass index (BMI), obesity of abdominal type
and signs of liver inflammation according to histo-
logical tests [6-8]. In addition, genetic factors also
play a role [9]. In particular, several foreign studies
revealed that polymorphism of patatin-like phos-
pholipase domain-containing 3 gene (PNPLA3)
rs(38409 makes a significant contribution to the
development and progression of NAFLD [10-14].
PNPLA3 gene is located on chromosome 22 and
encodes adiponutrin. This protein consists of
481 amino acids, is expressed most in hepatic stel-
late cells, hepatocytes and retinal cells, and belongs
to the family of patatin-like phospholipases. Adi-
ponutrin exhibits triglyceride hydrolase activity,
lysophosphatidic acid acyltransferase activity, and

retinol palmitate esterase activity. Replacing iso-
leucine with methionine in the 148th position of
the amino acid sequence leads to the loss of these
functions and the accumulation of triglycerides
and retinol-palmitate in the liver [15, 16].

Romeo S. et al. was the first to notice the
PNPLA3 148M polymorphism in 2008. Using
the method of genome-wide association study, the
authors revealed a higher susceptibility to NAFLD
and a higher level of alanine aminotransferase
(ALT) in carriers of mutations (G allele) [10]. These
results were repeatedly confirmed in other stud-
ies [11-13]. Moreover, a number of studies showed
that homozygous carriers of G allele demonstrated
more significant histopathological changes in the
liver tissue [11, 13]. Moreover, in 2010, Valenti et
al. analyzed the results of polymerase chain reac-
tion (PCR) in 591 patients with NAFLD confirmed
by histological tests and revealed that NASH and
advanced liver fibrosis are more often observed in
homozygous carriers of G allele in comparison with
heterozygous ones and with homozygous carriers
of C allele. This association was observed irrespec-
tive of metabolic syndrome [11]. In addition, an
association was found between the mutation and
increased risk of HCC. In 2014, results of a meta-
analysis of 24 studies were published. This analysis
was conducted in order to assess the relationship
between polymorphism of PNPLA3 1148M and
severity of liver fibrosis, risk of HCC and prog-
nosis in patients with HCC with underlying liver
diseases of various etiologies. The authors found
a statistically significant relationship between
PNPLA3 I148M polymorphism and advanced liver
fibrosis with underlying NAFLD (OR 1.23, 95% CI
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1.10-1.37), as well as in the course of analysis of the
association of this polymorphism and increased risk
of HCC with underlying NAFLD (OR 1.67,95% CI
1.27-2.21) [17].

Despite the fact that researchers around the world
proved the relationship between the development
and progression of NAFLD and PNPLA3 1148M
polymorphism, this association is understudied in
the Russian Federation. Only in 2018, results of
the first study was published. The study included
35 patients and its goal was to study the effect of
PNPLA3 [148M polymorphism on the progression
of NAFLD [3]. According to the author of this study,
only G-allele carriers had a high stage of fibrosis,
Le. stage 3 according to liver elastography, and
patients with stage 2 were heterozygous in 70%.
However, patients with cirrhosis were not enrolled
in this study. Moreover, the results of genetic test-
ing showed only CC (no mutation) and CG geno-
types in study participants.

The objective of this research was to assess the
prevalence of PNPLA3 gene variants in patients
with liver cirrhosis as the outcome of NAFLD and
the effect of mutations on the course of this disease
as illustrated by the population of the RF.

Materials and Methods

To achieve this goal, a retrospective analysis of case
histories was performed for the patients of the State
Budgetary Institution of Healthcare “Buyanov
City Clinical Hospital of the Moscow Healthcare
Department” (Buyanov State Clinical Hospital),
Federal State Budgetary Healthcare Institution
“Central Clinical Hospital of the Russian Academy
of Sciences” (Central Clinical Hospital of the Rus-
sian Academy of Sciences), Federal State Autono-
mous Fducational Institution of Higher Educa-
tion “Pirogov Russian National Research Medical
University” of the Ministry of Health of the Russian
Federation (Pirogov Research Medical University),
Loginov Moscow Clinical Research Center of the
Moscow Healthcare Department (Loginov Clini-
cal Research Center) treated in these institutions
in 2007-2019 in order to select participants. Inclu-
sion criteria were: age over 18 years; no mental dis-
orders; signed informed consent; for group 111, BMI
less than 25 kg/m?; for groups I and II, BMI more

than 25 kg/m?; liver damage (signs of cirrhosis and
signs of chronic liver disease at non-cirrhotic stage,
respectively). Exclusion criteria were: type 1 diabe-
tes, viral hepatitis, storage diseases, alcohol abuse,
autoimmune liver diseases, contact with other hep-
atotoxic substances; additional exclusion criteria
for group III were NAFLD, type 2 diabetes, meta-
bolic syndrome. 101 patients were included and
divided into 3 groups: group I — patients with liver
cirrhosis (n = 30), group I — patients with NAFLD
at non-cirrhotic stage (n = 46), group III — healthy
volunteers (n = 25). All study participants gave
written informed consent. The study was approved
by the Ethics Committee of the Pirogov Research
Medical University of the Ministry of Health of
Russia.

Initial diagnoses of NAFLD and cirrhosis were
made based on the results of abdominal ultrasound
(US) and laboratory tests. Subsequently, in order to
confirm liver cirrhosis for group I and to exclude
it for group II, shear-wave liver elastography was
performed using Aixplorer MultiWave ultrasound
system (SuperSonic Imagine, USA).

In order to determine variants of PNPLA3 gene,
DNA was extracted from peripheral blood WBC
using AmpliPrime DNA-sorb-B commercial kit
(InterLabService, Russia, No. K-1-2-100). Analy-
sis of p.I148M mutation in the PNPLA3 gene
(rs738409) was performed using polymerase chain
reaction (PCR) by terminal restriction fragment
length polymorphism (TRFLP) analysis of PCR
products. The fragment of PNPLA3 gene, 333 bps
in length, was amplified using a pair of prim-
ers (forward primer: 5-TGGGCCTGAAGTCC-
GAGGGT-3’; reverse primer: 5’- CCGACACCAGT-
GCCCTGCAG-3') on a Tertsik PCR thermocycler
(DNA-Technology, Russia). PCR mixture: 9uL
ddH20, 5puL 5x PCR buffer, 2.5 L. 25 mM MgCl2,
2.5 pL 25mM dNTP Mix, 1.5 pL (10pkmol/pL)
of each primer, 0.3 pL (5 e.a.) Taq polymerase,
and 3 ul. DNA. PCR conditions: 95°C — 5 min,
94°C — 305,66°C — 305, 712°C — 40 s, 37 cycles,
72°C — 5 min.

Obtained PCR products were subjected to enzy-
matic treatment with BstF5 I restrictase (SibEn-
zyme, Russia) at a temperature of 65°C for
10-12 hours. The products were subjected to elec-
trophoretic separation in 40% polyacrylamide
gel. Genotype test for patients was carried out in
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accordance with the following principle: CC geno-
type — 300, 133 bps, CG genotype — 333, 200,
133 bps, GG genotype — 333 bps. The results of
TRFLP analysis are shown in Figure 1.

Statistical analysis was performed using STATIS-
TICA 10 software (StatSoft.Inc., 2010). Since the
distribution of the results differed from normal dis-
tribution, nonparametric statistics methods were
used. Median (Me) and interquartile range (IQR)
(Q1-Q3) were used to describe the data. When com-
paring nominal values, contingency tables were
used followed by calculation of Fisher, x* Pearson,
Yates's correction for x? Pearson correlation criteria.
Relative risk (RR) and its boundaries in the form of
a 95% confidence interval (95% CI) were addition-
ally calculated. Results were considered statistically
significant with p<0.05.

Results and Discussion

Among the participants with NAFLD at non-cir-
rhotic stage and liver cirrhosis, the same percent-
age of men and women was observed, 27% and
3%, respectively. In the group of healthy volun-
teers, there were 12 women and 13 men. Median
age of group I was 64.0 years (IQR 55; 68), of group
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IT — 58.5 years (IQR 51; 65), of group III — 21 year
(IQR 20; 24). Liver elastography was performed
for 26 patients in group I. This study was not con-
ducted for 2 patients in this group due to severe
ascites, and for 2 patients due to a high degree of
obesity. Median liver elasticity was 18.95 (IQR 15.1;
25.1) kPa. According to the results of liver elastog-
raphy, 10 participants in group II had no liver fibro-
sis, and 8 participants had liver fibrosis of F1 stage,
17 participants — of F2, 11 participants — of F3.
Median liver elasticity was 7.8 kPa (IQR 5.8; 9.1).
Figure 1 shows the distribution of PNPLA3 gene
variants in patients enrolled in the study.

As shown in Figure 2, CG genotype was most often
observed in patients with liver cirrhosis, CC geno-
type was found in patients with NAFLD at non-cir-
rhotic stage and healthy volunteers. These results
are consistent with published data [12].
Subsequently, the relationship between NAFLD
and mutation (G allele) was analyzed. For this
purpose, patients of groups I and II were nomi-
nally combined and compared with the group of
healthy volunteers. This analysis revealed a statis-
tically significant relationship between NAFLD
and the mutation (OR-2.171; 95% CI: 1.131-4.170;
X*=6.730769; p=0.00948).

— —

GG GG

CG
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Figure 2. Distribution of PNPLA3 gene variants among study participants

Table 1. Prevalence of PNPLA3 genotypes in patients with NAFLD at various stages of fibrosis

tage of fibrosis FO F1 F2 F3 F4 ) p (for the
Genotype (n=10) (n=8) (n=17) (n=11) (n=26) X trend)
CcC 8 5 8 3 3
GG 1 2 6 6 21 22.623 <0.01
CG 1 1 3 2 2

In addition, results of further analysis showed a sta-
tistically significant relationship between liver cir-
rhosis and mutations in PNPLA3 gene in patients
with NAFLD (OR-4.011;95% CI: 1.558-10.324,; p=
0.0003).

The next step was to analyze the prevalence of
genotypes of PNPLA3 gene in patients with differ-
ent stages of fibrosis with underlying NAFLD. The
results are shown in Table 1.

As shown in Table 1, patients with NAFLD demon-
strated increasing incidence of GG genotype with
increasing liver fibrosis stage, and, on the contrary,
decreasing incidence of CC genotype. These results
were statistically significant.

To illustrate the results obtained, here is the clini-
cal case of a patient with liver cirrhosis as the out-
come of NAFLD and a positive result for PNPLA3
15738409 gene polymorphism (GG genotype).

Clinical Case

Patient R., 61 years, was treated in the Gastroenter-
ology Department of Buyanov City Clinical Hos-
pital of the Moscow Healthcare Department from

November 20 to November 30, 2018. He com-
plained of pain in the upper abdomen, discomfort
in the right hypochondrium, weakness. According
to the data provided by medical records, the patient
was diagnosed with liver cirrhosis for the first time
in 2011. Subsequently, every year he underwent
routine inpatient treatment for this disease. The
patient had the abovementioned complaints for
a month and it was the reason for hospitalization.
According to the examination, laboratory tests and
instrumental examination, the diagnosis was: Liver
cirrhosis as the outcome of NAFLD, Child-Pugh
class B (7 points). MELD score =10. Portal hyper-
tension: esophageal varices grade 1 according to N.
Soehendra, K. Binmoeller; splenomegaly; ascites.
Liver cell failure: coagulopathy; persistent hepatic
encephalopathy, stage I; hypoalbuminemia. Axial
hiatal hernia. Erosive esophagitis. Impaired glu-
cose tolerance. Benign prostatic hyperplasia.”
Drug treatment during hospitalization: omepra-
zole 20 mg 2 times a day; lactulose 10 mL 3 times
a day; anaprilin 5 mg 3 times a day; verospiron
25 mg in the morning; L-ornithine-L-aspartate 3 g
3 times a day. On November 30, 2018 the patient
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was discharged with improvement; it was recom-
mended to continue taking the following drugs:
omeprazole 20 mg 2 times a day; lactulose 10 mL
3 times a day, anaprilin 5 mg 3 times a day, verospi-
ron 25 mg in the morning.

At the time of inclusion visit, the patient com-
plained of general weakness and periodic insom-
nia. Results of physical examination showed a
slightly enlarged abdomen due to excessive sub-
cutaneous fat. Liver does not protrude below the
costal margin; the margin is dense on palpation,
rounded, smooth, spleen is not palpable. Height
172 cm, weight 86 kg, BMI 29 kg/m?. Signs of
hepatic encephalopathy, stage 1. The Connect-the-
Numbers Test was completed in 68 seconds. The
patient denied alcohol abuse. Results of AUDIT
(Alcohol Use Disorders Identification Test) ques-
tionnaire — 2 points, CAGE (Cut down, Annoyed,
Guilty, Eye-opener) — 0 points, alcohol/non-alco-
hol index — 4.24.

Results of laboratory tests and instrumental exami-
nation (extract from Buyanov City Clinical Hospi-
tal from 11/30/2018):

1) blood biochemistry: AST — 34 1U/L, ALT —
37 1U/L, y-GT — 38 IU/L, ALP — 170 TU/L,
total cholesterol — 5.04 mmol/L, albumin —
33 g/L, total bilirubin — 26.5 pmol/L, glucose —
5.7 mmol/L, creatinine — 83 pmol/L, GFR ac-
cording to CKD-EPI — 92 mL/min/1.73 m?
sodium — 142 mmol/L, iron — 13 pmol/L;

2) serological test: HBsAg — negative, anti-
HCV — negative; 3) complete blood count:
platelets — 212x103/pL, WBC — 4.2x109/L,
RBC — 4.44x106/pL, mean cell volume — 92 fL,
hemoglobin — 153 g/L;

4) coagulogram: Quick’s value — 98%, INR —
1.21;

5) Abdominal ultrasound: Diffuse changes in liver
and pancreas. Signs of portal hypertension: mild
splenomegaly (spleen dimensions 124 x 58 mm),
portal vein dilated to 16 mm

6) Esophagogastroduodenoscopy: Conclusion: Hi-
atus hernia. Erosive esophagitis. Esophageal varices
grade I (convoluted venous trunks with varicose
nodes up to 5 mm in size in the middle and lower
third of esophagus).

Moreover, we performed additional tests:
1) results of laboratory blood tests: AMA — <1:40,
ANA — <1:40, ANCA — <1:40, SMA — <1:40,

ceruloplasmin — 42 mg/dL, ferritin — 40 pg/L,
iron — 18 pmol/L; 2) liver elastography — 22.5 kPa
(F4 METAVIR); 3) PCR diagnostics: PNPLA3, GG
genotype.

This clinical case includes the results of examination
of a patient with a comprehensive clinical picture
of liver cirrhosis. We excluded alcoholic, viral, auto-
immune etiology of liver damage, as well as stor-
age diseases (hemochromatosis, Wilson's disease),
so, we suggested that NAFLD caused liver cirrhosis
in this patient. Analysis of the clinical and labora-
tory picture revealed mild signs of MS: the patient
has impaired glucose tolerance, BMI corresponds
to overweight stage. At the same time, according
to the results of PCR diagnostics, the patient is
homozygous for G allele of PNPLA3 gene. In our
opinion, this clinical case demonstrates the cirrho-
genic potential of PNPLA3 gene polymorphism
and emphasizes the importance of its detection in
patients with NAFLD in order to predict the risk of
an aggressive course of this disease.

Conclusion

There are many foreign studies proving the rela-
tionship of PNPLA3 1148M gene polymorphism
with the development and progression of NAFLD
[11-15, 18]. However, information on this associa-
tion is limited in the Russian Federation [19]. This
paper is the first study of the prevalence of various
PNPLA3 gene genotypes in patients with liver cir-
rhosis as the outcome of NAFLD; more frequent
disease progression in homozygous carriers of G
allele was demonstrated in the case of the popula-
tion of the RFE. In general, the results of our work
confirm the results obtained by foreign researchers.
Detection of PNPLA3 1148M gene polymorphism
in patients with NAFLD in the population of the
RF may be useful for defining high-risk groups for
disease progression.
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Abstract

Rationale. Osteoarthrosis is a chronic non-communicable disease that is observed in more than 10-20% of the world
population, and has a leading position in the frequency of patients’ disability. In recent years, the development of
hypertension, atherosclerosis, as well as cardiovascular complications, has often been reported with underlying
progressive osteoarthrosis. The role of matrix metalloproteinases in the course of atherosclerosis in patients with
osteoarthrosis is not well understood. Objective. To determine the effect of genetic polymorphism of the genes
of matrix metalloproteinases (MMPs) -2 (rs2285053), -3 (rs3025058) and -13 (rs2252070) on the development of
coronary artery atherosclerosis in patients with primary polyosteoarthrosis. Methods. Gene polymorphisms of matrix
metalloproteinase-2 (rs2285053), -3 (rs3025058) and -13 (rs2252070) and their relationship with the development of
atherosclerosis in patients with osteoarthrosis were defined. Results. The study of the polymorphism (rs2252070 T/C)
of the MMP-13 gene revealed that the carriage of the homozygous T allele of MMP-13 gene polymorphism was 1.76-
fold higher in the group of patients without verified coronary artery atherosclerosis when compared with the group of
patients with verified coronary artery atherosclerosis. Therefore, this genotype variant can be positioned as a protective
one in relation to the development of atherosclerosis of coronary arteries. The heterozygous variant of T/C genotype
was more common in the group of patients with verified coronary artery atherosclerosis — 59.1%. Calculation of odds
ratio shows that the possibility of coronary artery atherosclerosis in patients with this genotype is 2.7-fold higher than
in patients with a homozygous variant. Conclusion. Taking into account the results obtained, the heterozygous variant
of rs2252070 T/C of matrix metalloproteinase-13 increases the odds of developing coronary artery atherosclerosis in
patients with osteoarthrosis.
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Introduction Materials and Methods
Knee and/or hip osteoarthrosis was ranked first — Study design:

in the nosological structure of rheumatic diseases
in 2018; its prevalence among all residents of
Russia that are 18 years and older was 13% [1].
OA occupies a leading position among diseases
that most often lead to the disability of patients.
2],

lesions, as well as cardiovascular complications

Currently, hypertension atherosclerotic
frequently develop in the setting of progressive
osteoarthrosis. Genetic predisposition and epi-
genetic variants with their mutual influence can
provoke the development of OA [3] and cardio-
vascular diseases [4] that often interfere and can
be considered as comorbid pathology. This fact is
defining for a more severe course of pathologi-
cal processes [5]. Family history of OA can be the
result of the pathological cartilage structure due
to a mutation of type II collagen gene CLOL2A1
(localized on chromosome 12); this mutation can
lead to the development of cartilage dysplasia
and more severe variants of OA [6]. In present-
day literature, there are not enough studies of the
role of gene polymorphisms of matrix metallo-
proteinases in the development of OA. In the case
of MMP-31171 5A / 6A polymorphism, allele 64,
according to published data, can provoke reduced
enzyme synthesis. Therefore, in the presence of
variant 54, a larger amount of MMP-3 is formed,
which can trigger the rupture of an atheroscle-
rotic plaque [7, 8]. The role of matrix metallopro-
teinases in the development and progression of
atherosclerosis in patients with osteoarthrosis is
an urgent problem, but it has not been studied
enough.

Objective: to determine the effect of genetic
polymorphism  of  matrix  metalloprotein-
(rs2285053), -3 (rs3025058), -13
(rs2252070) genes on the development of coro-

ase-2 and

nary artery atherosclerosis in patients with primary
polyosteoarthrosis.

This study enrolled 90 patients diagnosed with pri-
mary polyosteoarthrosis (OA). Patients were treated
at the Regional Clinical Hospital and at the Clini-
cal Medical Center, Chita, from November 2017 to
October 2019. Laboratory tests were conducted at
the Laboratory of Experimental and Clinical Bio-
chemistry and Immunology, Research Institute of
Molecular Medicine, Chita State Medical Academy.

Inclusion criteria

1. Primary polyosteoarthrosis with damage to three
or more groups of joints. Diagnosis was verified
based on the clinical classification criteria of the
American College of Rheumatology (ACR) tak-
ing into account X-ray criteria of Kellgren and
Lawrence system [9)].

2. The age of subjects ranges from 35 to 55 years.

[€\

. Body mass index (BMI) was under 30 kg/m?

4. History of blood pressure (BP) not higher than
179/109 mm Hg with achieved target BP level
controlled with antihypertensive drugs (angio-
tensin-converting enzyme inhibitors (ACElIs),
angiotensin II receptor blockers, diuretics, beta-
blockers).

The study had the following exclusion criteria:

1. Refusal of the patient to participate in this study
2. Secondary osteoarthrosis

3. Systemic connective tissue diseases

4. Oncological diseases

5. Chronic and acute blood diseases

6. Endocrine diseases

7. Pregnancy and lactation

8. Women in menopause (including surgical)

Description of healthcare intervention:

Molecular genetic analysis was performed using
DNA samples extracted from whole blood WBC.
Extraction was carried out using a set of reagents for
genotyping of polymorphic markers by Real-Time
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Table 1. Polymorphic genetic variants analyzed in the studied patients

| Gene | Chromosomal localization Single-nucleotide polymorphism
MMP-3 ng&;g?g ﬁif 153025058
MMP-5 GRCL38 35114 225070

PCR (OOO Test-Gene, Russia) according to the
manufacturer’s recommendations. Expected and
observed studies of genotype frequencies were cal-
culated in order to determine compliance with the
Hardy-Weinberg equilibrium.

Further analysis included studying association of
risk factors, medical history, echocardiography
(ECHO-CG), coronary anatomy (according to
the results of coronary angiography), lipid profile,
and OA characteristics with individual gene poly-
morphisms. Then, intergenic interactions were
analyzed.

Analysis by subgroups:

The patients were divided into 2 groups. Group 1
included 44 patients (mean age 48.79 + 5.01 years)
with primary OA and verified coronary artery ath-
erosclerosis (CA) confirmed by coronary angiog-
raphy. Group 2 included 46 patients (mean age
44.32 + 5.4 years) with primary OA and no athero-
sclerotic changes in vessels according to Doppler
ultrasound of brachiocephalic arteries, vessels of
lower extremities, no clinical or medical history of
coronary heart disease (CHD).

For all study participants, genotypes of MMP-2,
MMP-35, MMP-13 were defined (Table 1).

Ethical review:

All patients signed an informed consent to partici-
pate in this study.

This study was approved by the Local Ethics Com-
mittee of Chita State Medical Academy of the Min-
istry of Health of the Russian Federation (No. 86
dated November 1, 2017).

Statistical data analysis:

Microsoft Excel 2016 and Statistica, version 10.0
(StatSoft) were used for statistical data process-
ing. Yates's correction for continuity of Pearson’s
csquare (c?) was used to compare discrete values,

as well as to calculate the correspondence of the
observed frequency distributions of genotypes the-
oretically expected according to the Hardy Wein-
berg law. Since the distribution of signs differed
from normal distribution, nonparametric statistics
methods were used. To compare the two groups,
Mann-Whitney U test with Bonferroni correction
was used. Differences were considered as statisti-
cally significant at p <0.05.

Association assessment was calculated in terms of
OR (odds ratio) and RR (relative risk) values indi-
cating 95% confidence interval (CI).

Results

Distribution of genotype frequency in the groups
of patients was found to correspond to the Hardy
Weinberg continuum.

Genetic test revealed that carriage of a homozy-
gous C allele of polymorphism (rs2285055 C/T)
of MMP-2 gene in groups of patients with verified
coronary artery atherosclerosis was observed in
17.27% (Table 2).

Analysis of baseline data in study groups showed
no difference between the genotypes. Homozy-
gous T/T variant of MMP-2 gene was not found.

A comparative study of the frequencies of geno-
types of MMP-3 polymorphic loci demonstrated
that the carriage of homozygous T allele of
(rs3025058 T/C) of MMP-3 gene polymorphism
and of heterozygous variant of T/C genotype was
almost equally distributed in the groups of patients
with and without verified coronary artery athero-
sclerosis (Table 3). Homozygous C/C variant of
MMP-3 gene was not found in any of the studied
groups. Analysis of baseline data in study groups
showed no difference between the genotypes.
There were no statistically significant differences in
the prevalence of alleles and genotypes in the stud-
ied groups.
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Table 2. Distribution of allele frequency and genotypes of MMP 2 rs2285053 C/T gene polymorphism

in patients with OA

Genotypes, n (%):
Groups of RR (95% CI) 2lp Alleles 2l
patients
cc | cr | T c | T
Group | 34
et R(Izizi72)3 10 0 @ 10
(058382 227 Prn (88.6) (11.4) Prn
OR =1.49 0.56 0.58
Group IT 14 8 14
(n=16) 52(6956) (55 43 0 (84.8) (15.2)

RR — risk of coronary artery atherosclerosis in the presence of the studied genetic marker in comparison with the group without coronary
artery atherosclerosis; 95% CI — confidence interval; OR — odds ratio whether coronary artery atherosclerosis will develop upon detection

of this genetic marker or no coronary artery damage will develop

Note: P-value for the difference is < 0.05, OR — odds ratio, RR — relative risk, CI — confident interval

Table 3. Distribution of allele frequency and genotypes of MMP-3 152285053 C/T gene polymorphism

in patients with OA

Genotypes, n (%),
Groups of RR (95% CI) 2/ p Alleles /o
patients
T | TC | ccC T | ¢
Group I 26
v 1%(129:)1 18 0 70 18
044236 (79.54) (20.46)
OR =1.02 pl-1T pI-11
0.87 0.87
Group 1 27
(n=46) (58.69) 19 0 73 19
RR=0.99 (41.31) (79.34) (20.66)
OR=0.98

RR — risk of coronary artery atherosclerosis in the presence of the studied genetic marker in comparison with the group without coronary
artery atherosclerosis; 95% CI — confidence interval; OR — odds ratio whether coronary artery atherosclerosis will develop upon detection

of this genetic marker or no coronary artery damage will develop

Note: P-value for the difference is < 0.05, OR — odds ratio, RR — relative risk, CI — confident interval

Studying the polymorphism (52252070 T/C) of
MMP-15 gene revealed that the carriage of homo-
zygous T variant of MMP-13 gene polymorphism
was 1.9 times higher in patients without verified
coronary artery atherosclerosis compared with the
group of patients with severe CA where the preva-
lence of this genotype amounted to only 31.8%
(p = 0.031) (Table 4). Heterozygous variant of
T/C genotype was more common in patients with
verified coronary artery atherosclerosis — 59.1%,
which is 1.7 times more often than in the group
without coronary artery atherosclerosis (p = 0.036).
Calculation of the odds ratio for MMP-13 geno-
type showed that carriage of MMP-13 TC genotype
(C195% 1.15-6.36) increases the risk of CA devel-
opment by 2.7 times.

Discussion

The studies proved the great role of the metal-
loproteinase component in the degradation of
extracellular matrix and, as a result, in the patho-
genesis of various CVDs (atherosclerosis, restenosis,
cardiomyopathy, myocardial infarction, chronic
heart failure, aortic aneurysm) [4, 7]. It was found
that the intensity of immune reactivity is a genetic
component, and single nucleotide polymorphisms
(SNPs) in the sense parts of genes that are respon-
sible for the synthesis of the interleukin component
of inflammation and MMP often have an effect on
the following: stability of tertiary protein structures,
variants of binding of protein components to the
substrate. In accordance with the changes occurred,
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Table 4. Distribution of allele frequency and genotypes of MMP-13 152285053 C/T gene polymorphism

in patients with OA

Groups of patients
Genotypes and alleles, Group I Group II 2/
n (%), (n=44) (n=46) X/ Prn
RR (95% CI)
14
(31.81)
T RR=0.58 26 (56.52) 0.031
(0,15-0.85)
OR =0.36
26
(59.1)
TC RR =1.65 16 (34.78) 0.036
(1.29-1.42)
OR=2.7
4
(9.09) 4
cC RR =1.02 (87) 0.76
(0.26-4.48) :
OR=1.05
T 54 68
61.36 73.9
( ) (73.9) o
c 34 24
(38.64) (26.1)

Note: RR — risk of coronary artery atherosclerosis in the presence of the studied genetic marker in comparison with the group without
coronary artery atherosclerosis; 95% CI — confidence interval; OR — odds ratio whether coronary artery atherosclerosis will develop
upon detection of this genetic marker or no coronary artery damage will develop. P-value for the difference is <0.05, OR — odds ratio,

RR — relative risk, CI — confident interval

functional activity of synthesized proteins becomes
unstable. Genetic polymorphism can have a neutral
effect, and can also severely disrupt the functional
characteristics of the synthesized protein prod-
uct. This fact means that genetic polymorphisms
under certain conditions predispose or prevent a
number of pathologies [7]. At present, the study of
genetic polymorphisms predisposing to the occur-
rence of various diseases is ongoing. Researchers
proved that MMPs expressed in myocardium could
participate in the degradation of cardiac extracel-
lular matrix that becomes an important factor in
the processes of myocardial remodeling [7]. It was
found that MMPs in heart tissues are synthesized
by fibroblast-like cells and cardiomyocytes mainly
in an inactive state; their expression and degree of
activity increase during the course of pathological
processes in myocardium [10].

Ifthere are no pathological processes, alarge number
of MMPs (including -2, -3, -13) are synthesized in the
joint tissue in small quantities; at the same time the
level of MMP component increases rapidly during

the course of inflammatory processes. During OA
pathogenesis, proinflammatory cytokines (TNF-a
and IL-1B) can bind to complementary chondrocyte
receptors and cause activation of signaling path-
ways followed by hyperactivation of the expression
of matrix metalloproteinases [3]. The most intense
synthesis of MMP-13 takes place in chondrocytes.
MMP-13 plays a major role in the degradation
of cartilage tissue, since a large number of cata-
bolic reactions increases its activity. In addition,
the study of atherosclerotic plaques allowed the
detailed study of two polymorphic variants in the
promoter of the gene that encodes this substrate.
These polymorphisms include the insertion of
additional adenine residue -291 (11A/12A), as well
as the transition of -77G/A in the regulatory ele-
ment of the promoter (rs17860525). According to
the data [3], the presence of estrogen receptors of
a certain type increased the expression of all of the
listed polymorphic variants of MMP-13, which may
be related to joint dysfunction leading to the devel-
opment of OA in menopausal women.
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In our study, analysis of baseline data in the study
groups revealed no statistically significant dif-
ferences in the prevalence of alleles and geno-
types of MMP-2 (152285055 C/T) and MMP-3
(rs3025058 T/C). At the same time, a significant
increase in the carriage of the homozygous T allele
variant of MMP-13 polymorphism (152252070 T/C)
was found in the group of patients with primary
OA without verified atherosclerotic lesions, while
there were significantly more carriers of the het-
erozygous variant of the studied MMP-13 polymor-
phism in the group of patients with primary OA
with hemodynamically significant coronary artery
atherosclerosis.

Conclusions

Thus, in patients with primary osteoarthrosis in
combination with hemodynamically significant
coronary artery atherosclerosis, the carriage of
homozygous T polymorphism of MMP-13 gene
(rs2252070) is most likely protective, while the
heterozygous variant of MMP-13 polymorphism
(152252070 T/C) increases the risk of develop-
ing hemodynamically significant atherosclerotic
lesions of coronary arteries in patients with osteo-
arthritis by 2.7 times. These data can be used to
reach a firmer consensus in terms of additional
testing of patients with primary polyosteoarthro-
sis for the presence of hemodynamically signifi-
cant coronary artery atherosclerosis, which is very
important for successful treatment of this category
of patients.
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