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METOA BUPYCHO MUMUKPUN
B OHKOAOI'MI N ITEPCITIEKTVBBI
ET'O PA3BUTUS

R.N. Mustafin
Bashkir State Medical University, Ufa, Russia

The Method of Viral Mimicry in Oncology
and Prospects for its Improvement

Pesome

KneTkn 3n10Ka4ecTBEeHHbIX HOBOOGPa30BaHUI XapaKTepU3yIOTCA 3BOIOLMEN KIOHOB, YCTOMYMBLIX K NPYMEHAEMbIM NPOTUBOOMYXO/IEBbIM Mpena-
paTaM U YKJIOHEHMeM OT BO3/eiCTBMA UMMYHHON cMCTeMbl. B CBA3M C 3TUM NepcneKTUBHLIM U MHOroO6eLaloL M HanpaB/ieHneM B COBPEMEHHOM
OHKO/I0TUMN ABNAGTCA CTUMY/ALMA UMMYHHOIO OTBETa NPOTMB HOBOO6Pa30BaHWiA. [laHHbIN cnocob MoXeT 6biTb MCMO/Ib30BaH B KOMGUHALIMK C ApY-
TYIMU MPOTMBOOMYXO/IEBLIMU MPernapaTaMm 1 CaMoCTOsATe/IbHO. KneTKu onyxosieli BblpabaTbiBatoT KOHTPO/bHble Toukn CTLA4 (CTLA4 — cytotox-
ic T-lymphocyte protein 4) u PD-1 (programmed cell death), nogaenstowme akTMBHOCTb T-IMMPOLMTOB M BbIPAGOTKY MMM MPOTUBOOMYXO/EBbIX
LIMTOKMHOB. B KAMHMKe npuMeHsatoTcsa aHTuTena npotus CTLA4, PD-1 1 PD-L1, MOHOTepanua KOTOpbIMU MoBbilaeT 3Gp¢$eKTUBHOCTL NpUMeHAeMoN
XUMMOTEPanuu, HO 3HaUYNTE/IbHO YCyry6ifeT pasBuUTME HeXenaTe/lbHbIX PeakLui, 4TO OrpaHMyMBaeT NX HasHavyeHue. MoHoTepanua aHTu-PD/PD-
L1 nokasana HM3Kyt0 3pPEeKTUBHOCTb U TaKKe BbICOKMI PUCK OC/IOKHEHWI CO CTOPOHBI IEFKMX, MeYeHWN U WMTOBUAHON Xenesbl. B cBA3M € 3TUM He-
obxos1Ma pa3paboTKa HOBbIX CMOCOBOB MMMYHOTepanuK onyxosei. Hambosiee nepcneKkTVBeH B JaHHOM OTHOLUEHUWU METO/, BUPYCHOW MAMUKPUK,
Korja B KayecTBe Tpurrepa AnA BbIpaboTkM MHTepdepoHa 1 akTuBaLumn T-Knanepos cnyxat gsyLenodeyrsie PHK, o6pa3oBaHHble U3 TpaHCKpPUNTOB
peTpo3neMeHTOB. /INA UCKYCCTBEHHOM aKTUBaLM PETPO3/IEMEHTOB UCMO/b3YIOT MHrMbuTopsl [IHK-MeTuATpaHCcdepas, AealieTnaas u METUATPaHC-
¢depa3s ructoHoB. [0CKO/IbKY peTpo3/1eMeHTbl pacrnofiaraloTCA B MHTPOHaX FeHOB, BUPYCHas MUMUKPUA MOXeT BbiTb CMO/b30BaHa B CM/1alicOCOM-
HOV TapreTHo Tepanuu. Heo6XxoAMMO OTMETUTb, YTO TPaHCMO30HbI CNyXaT ApaliBepaMu KaHLeporeHesa, No3TOMYy, MOMUMO MX UCKYCCTBEHHOM
aKTMBaL MK, B OHKO/IOF MM UCMO/b3YIOTCA METO/bI Caii/IeHCUMHIa PeTPO3/1eMEHTOB C MOMOLLbIO MHIMEUTOPOB 06paTHON TpaHCcKpunTassl. [puMeHeHne
ANA 3TOro HecrneLMdUYecKUx MeTUATpaHchepas n MHTMEUTOPOB AeMeTW/Ia3 FMCTOHOB MOXET NPUBECTU K MO/AABAEHNIO SKCMPECCUM APYTUX FeHOB,
C BO3MOXHbIM NPOBOLMPOBaHMEM NO60YHbIX 3P PekToB. M03TOMY aHHaA MeToAVKa Hambonee nNepcrneKTUBHA C UCMONb30BaHMEM M/0B, HanpaBAa-
owmx pepMeHTbl MOANGUKALMM TMCTOHOB B JIOKYCbl Pacro/IOeHNA reHOB PeTPO3/1IeMEHTOB B reHoMe. [/l MOryT 6biTb MCMO/Ib30BaHbI TaKXKe /15
aKTVBaLMu Hanbosee 3Ha4YMMbIX PeTPO3/IEMEHTOB B PasBUTUM UMMYHHOTO NMPOTMUBOOMYXO/IEBOrO OTBETa U UCK/IOYEHUA 3KCMPEecCn 3/1eMeHTOoB,
YHaCTBYIOWMX B MHMLMALMN 1 NOAAEPXKaHUM KaHLeporeHesa. B kayecTse raos MoryT 6biTb MCMonb3oBaHbl MUKPOPHK, AnnHHbIe Hekogupytolme
PHK 1 aHTUCMbIC/10BbIE OIMFOHYKAEOTUABI.

KnroueBbie c/10Ba: anmucmbicaosbie 0/1U20HYKN1€0MUOBbI, BUPYCHasA MUMUKPUS, 3/10Ka4eCmBeHHbIe HOBOO6pa30BaHUs, KaHyepozeHe3, MukpoPHK,
pempo3aeMeHmMbl, Map2emHas mepanus, MpaHCno30Hb!
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Abstract

Malignant neoplasms cells are characterized by clonal evolution that is resistant to the applied antitumor drug and evasion from the effects of the
immune system. Therefore, a promising direction in modern oncology is the stimulation of the immune response against neoplasms. This method
can be used in combination with other anticancer drugs and alone. Tumor cells produce CTLA4 (CTLA4 — cytotoxic T-lymphocyte protein 4) and
PD-1 (programmed cell death) checkpoints that inhibit the activity of T-lymphocytes and their production of antitumor cytokines. The clinic uses
antibodies against CTLA4, PD-1 and PD-L1, monotherapy with which increases the effectiveness of the chemotherapy used, but significantly
aggravates the development of adverse reactions, which limits their use. Monotherapy with anti-PD/PD-L1 showed low efficacy and also a high
risk of pulmonary, hepatic, and thyroid complications. In this regard, it is necessary to develop new methods of tumor immunotherapy. The
most promising in this regard is the method of viral mimicry, when double-stranded RNA formed from transcripts of retroelements serve as a
trigger for the production of interferon and activation of T-killers. For artificial activation of retroelements, inhibitors of DNA methyltransferases,
deacetylases, and histone methyltransferases are used. Since retroelements are located in gene introns, viral mimicry can be used in spliceosomal
targeted therapy. Transposons serve as drivers of carcinogenesis, therefore, in addition to their artificial activation, oncology uses methods for
silencing retroelements using reverse transcriptase inhibitors. The use of non-specific methyltransferases and inhibitors of histone demethylases
for this can lead to suppression of the expression of other genes, with possible side effects. Therefore, this technique is the most promising with
the use of guides that direct histone modification enzymes to the loci of the location of retroelement genes in the genome. Guides can also
be used to activate the most significant retroelements in the development of the immune antitumor response and exclude the expression of
elements involved in the initiation and maintenance of carcinogenesis. MicroRNAs, long non-coding RNAs, and antisense oligonucleotides can be
used as guides.

Key words: antisense oligonucleotides, viral mimicry, malignant neoplasms, carcinogenesis, microRNA, retroelements, targeted therapy, transposons
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Introduction NS . .
during priming or expansion and binds to one of two

One of the factors for malignant neoplasm (MN)
progression can be immune evasion by tumor cells due
to affected secretory and regulatory function of T lym-
phocytes, antigen presentation, and a change in the
production of immunosuppressive mediators. These
mechanisms can be utilized for the targeted action of
anticancer agents through their stimulation (for exam-
ple, stimulation of T cells producing cytotoxines and
interferon-y) or inhibition (inhibition of immunosup-
pressive mediators such as transforming growth factor
beta (TGF-B), tumor necrosis factor alpha (TNF-a),
interleukins IL-1, IL-6, IL-8, IL-10, colony-stimulating
factor (CSF-1), and type I interferon) [1]. MN cells
effectively suppress the immune response by activat-
ing negative regulatory pathways called “checkpoints”
Tumors use these checkpoints to evade detection by the
host’s immune system. There are known checkpoints of
programmed cell death (PD-1) and cytotoxic T-lym-
phocyte protein 4 (CTLA4) [2]. The PD-1 cell surface
receptor is expressed by T lymphocytes being activated

ligands PD-L1 or PD-L2, which are produced by normal
and tumor cells under the influence of cytokines (such
as interferon-y). When PD-L1 or PD-L2 binds with
PD-1 receptors, a signal inhibiting the T lymphocyte
activity is generated. CTLA4 also acts as a negative
regulator, which controls T cell activation due to com-
petition with co-stimulating molecule CD28 to bind
common ligands CD80 and CD86. Antibodies blocking
the PD-L1/PD-1 interaction have anticancer effect due
to activation of immune response to MN cells [3].
Antibodies to a-PD-1 (anti-PD-1), including
nivolumab, pembrolizumab, cemiplimab, sintilimab,
camrelizumab, toripalimab, tislelizumab, zimberelimab,
prolgolimab, and dostarlimab, as well as antibodies to
a-PD-L1 (anti-PD-L1) atezolizumab, durvalumab, and
avelumab have found their clinical use in the treat-
ment of hemoblastosis and solid tumors [4]. Accord-
ing to the meta-analysis data, anti-PD-1/PD-L1 can
enhance the efficacy of the conducted chemotherapy
in cancer patients when combined with CTLA4 inhibi-
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tors [5], in patients with gastric and gastroesophageal
cancer [6], stage 3/4 melanoma [7], and nasopharyngeal
carcinoma [8].

Meta-analyses of trials in cancer patients have dem-
onstrated that the PD-L1 and PD-1 inhibitors alone
or in combination with other anticancer agents can
significantly increase the risk of hepatotoxicity [9],
immune-related pneumonitis [10], thyroid dysfunc-
tion (especially, hypothyroidism) [11], and rash
(especially when anti-PD-L1 and anti-PD-1 are used
in combination) [12]. Concomitant use of anti-PD-
L1/PD-1 and BRAF and MEK inhibitors significantly
increases the risk of fever, asthenia, myalgia, arthral-
gia, hypothyroidism, liver injury (with a change in ALT
and AST levels) [7]. Therefore, combination of anti-
PD-L1/PD-1 and chemotherapy in MN can be related
to the risk of complications, which restricts their use.
At the same time, anti-PD-L1/PD-1 inhibitors alone are
not highly effective. For example, in the treatment of
nasopharyngeal carcinoma, the objective response rate
(ORR) is 19% for nivolumab, 23.3 % for JS001, 26.3 %
for pembrolizumab, 34.1 % for camrelizumab [8]. For
a-PD-1 inhibitors, ORR was 1.33 on average, regard-
less of tumor type [5]. The meta-analysis of anti-PD-
L1/PD-1 use in elderly (older than 75 years) patients
with solid tumors did not show their efficacy (except
for the treatment of melanoma) when used alone [13].
In this regard, the search for new methods of MN
immunotherapy having more specific targets involved
in carcinogenesis seems promising.

Retroelements
in the immunotherapy
of malignant neoplasms

One of the directions in anticancer therapy is the
method of viral mimicry, which triggers antiviral
response due to activation of retroelements (RE) pres-
ent in the human genome [14]. Since the formation of
5-methylcytosine is associated with heterochromatiza-
tion and transcriptional repression [15], DNA methyl-
transferase inhibitors (DMTi) can be used for this pur-
pose, which unlabel 5-methylcytosine at RE loci and
promote their expression. Consequently, this enhances
immune transmission of antiviral protection signals and
triggers cytosolic recognition of double-stranded RNA
(dsRNA) of human endogenous retroviruses (HERV)
with subsequent cell apoptosis under the action of
interferon. Mitochondrial antiviral-signaling proteins
(MAVS) and toll-like receptor 3 (TLR3) can be used as
dsRNA sensors [16]. HERV transcription products are
also recognized by T-killers that destroy MN cells [17],
which may be used for DNA vaccination based on ade-
noviral or other vectors [18].

Retroelements are mobile genetic elements (trans-
posons), specific DNA regions able to move inside
the genome. A thorough analysis of the human DNA
sequences has demonstrated that transposons constitute
the major part of nucleotide sequences in the human
genome (69%) [19]. In addition to REs, the human
genome contains DNA transposons, which are moved
using the cut-and-paste mechanism, making up to 3%
of all genome sequence. Retroelements replicate through
reverse transcription of their RNA and integration of the
cDNA into another locus. REs are subdivided into those
containing long terminal repeats (LTR) of HERV (con-
stituting 8 % of genome), and REs non-containing LTR
(more than 35% of genome): autonomous long inter-
spersed nuclear elements (LINE) and non-autonomous
short interspersed nuclear elements (SINE) [20].

Viral mimicry can be induced by 5-aza-2-deoxycyti-
dine (5-AZA) and 5-azacytidine (5AC), which were first
used in the clinical practice in 1979 for the treatment
of chronic myeloleukemia [21]. In 2015, the phenom-
enon of viral mimicry under the influence of AZA was
described in preclinical studies of breast cancer cells [22]
and colorectal cancer cells [23]. Non-nucleoside DMTi
include such epigenetic regulators as epigallocatechin,
curcumin, RG-108, isoxazoline, hydralazine, procaine,
which are reversibly binding to the catalytic domain
of DMT [24]. Clinical trials conducted in 2017 dem-
onstrated the efficacy of non-nucleoside DMTi of gua-
decitabine (SGI-110) in patients with acute myeloblas-
tic leukemia [25].

In addition to DMT], the exposure on histone-modi-
fying enzymes can be used for RE activation in viral mim-
icry. An example of this is tazemetostat, EZH inhibitor,
which is a component of the Polycomb Repressive Com-
plex 2 (PRC2), placing histone H3 lysine 27 methyla-
tion marks (H3K27me). The efficacy of tazemetostat in
clinical trials for the treatment of mesothelioma, epitheli-
oid sarcoma and large B-cell lymphoma [26] has become
the basis for the use of EZH2 inhibitors in the treat-
ment of chemotherapy-resistant breast cancer [27], as
well as prostate cancer (in combination with anti-PD-1)
[28]. The combination of DMTi and histone deacety-
lase inhibitors (HDACi ) shows the most remarkable anti-
tumor effect. In the experiment with mouse models of
non-small cell lung cancer, this method enhanced anti-
genic presentation through increased dsRNA expression,
with stimulation of type I interferon. This also included
the activation of CCL5 (a T cell chemoattractant) and
inhibition of MYC oncogene. Consequently, the tumors
became representative for the immune response, with
their infiltration by T-killers [29]. The combination of
DMTiand HDAC showed a pronounced antitumor effect
in mice with epithelial ovarian cancer, most significantly
in combination with anti-PD-1 [30].
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Figure 1. Algorithm for applying the method of viral mimicry in oncology with examples

The effect of viral mimicry may be achieved by inhi-
bition of histone methyltransferase (trimethylation of
H3K9me3, a RE repressive mark). An example of this
is the use of SENDBI histone methyltransferase inhibi-
tors in the treatment of acute myeloblastic leukemia,
which causes the formation of heterochromatin in
RE loci using KAP1 or human silencing hub complex
(HUSH) [31]. G9a histone methyltransferase inhibitors
demonstrated their efficacy against ovarian cancer cells
[32]. A promising target for viral mimicry in antican-
cer treatment is SUV39H1 histone methyltransferase,
which is recruited by FBXO44 in the RE locus [20].
Depletion of another SETDBI1 histone methyltransfer-
ase causes RE activation, inducing expression of viral
response genes and SETDB1-medicated death of acute
myeloblastic leukemia cells [33]. Figure 1 shows an
algorithm for virus-mimicking drugs in the oncology
with examples.

Role of virus-mimicking
targets in carcinogenesis

Since DMTi, HDACI, and methyltransferase inhibi-
tors used in the clinical practice and developed in viral
mimicry are not selective towards activation of spe-
cific REs, possible consequences caused by their effects
should be considered, since REs are drivers of carcino-
genesis (Figure 2). The role of abnormal activation of
LINE-1 in tumor initiation in MN is confirmed [34, 35].

In meta-analyses, reliable activation of Alu elements
[36] and LINE-1 [37] has been identified in the tissues
of various MN. In large-scale trials, RE insertions in the
genomes were demonstrated in 35% [38] to 87 % (for
certain MN types) of tumor samples with activation of
proto-oncogenes under the influence of integrated pro-
moters HERV and LINE-1 [39]. The grade of RE acti-
vation also influences the survival rate of patients with
MN, which is indicative of RE significance in tumor
progression mechanisms [40]. Therefore, it may be safer
to use the methods that affect strictly defined REs, car-
rying no potential risk of secondary tumors in humans.
This strategy may be implemented with specific guides:
synthetic oligonucleotides or non-coding RNA, that is
complementary to RE. Since most long non-coding RNA
(IncRNA) genes [41] and microRNAs [42] evolved from
transposons, an analysis of their relationships may be
promising for the development of targeted therapy for
MN using viral mimicry.

The data on the involvement of specific ncRNAs
derived from RE in carcinogenesis are in favor of the pro-
posed approach to the use of guides. LncRNA TROJAN
evolved from HERV is used in the mechanisms of triple
negative breast cancer (TNBC) progression [43]. HERVs
have proven to be sources of HCP5 [44], PRLH1 [45],
and IncMER52A [46] IncRNAs involved in carcinogen-
esis. LncRNA processing can lead to the development of
specific microRNA involved in carcinogenesis: in breast
cancer, IncRNA LOC554202 is expressed, processing in




Apxub BHyTpeHHel MeAnunHbl ® Ne 3 o 2023

AEKINU

TpaHcKpunyua
Transcription

PETPO3JIEMEHT
RETROELEMENT 7\
[ KOMBUHMPOBaHHBIE MHTMBUTOPLI J
Combined inhibitors

NHrubutopel aeauetmunas
Deacetylase inhibitors

Hecneundmieckue mnm6wropb|_]

O6partHas TpaHcKpunTasa
Reverse transcriptase

Cneunduueckne MHrMuMTOpr_}

WUrrnbutopel G9a, SENDB1, SUV39H
G9a, SENDB1, SUV39H1 inhibitors

JHAoHYKNeasa
Endonuclease

7|

nhibitors

[HK- MetuntpaHcdepasa

MeTuntpaHcdepasa M'H'GHDI
DNA Histone
methyltransferase methyltransferase

Buissazoid
2HNn23hod|)

UHCepyuu 8 Hosble JI0KYCbl 2eHOMa
insertions into new genome loci

TpaHcaayua
Translation

lMpoyeccuH2 h 4
[AsyxuenoveuHas PHK Processing leHoMHas HecmabuabHocms
double-stranded RNA Genome instability
v
mip » 5 scbch | KAHUEPOTEHE3
Antitumor effect 1 CARCINOGENESIS

Figure 2. Scheme of used variants of viral mimicry and the role of retroelements in carcinogenesis

miR-31 [47], and IncRNA H19 in miR-675 [48]; IncRNA
MIR497HG generates pri-miR-497, precursor of miR-
195 and miR-497 (binding with ribosomes and produc-
ing tumor suppressive peptide miPEP497) [49]. Accord-
ing to the literature data, 94 specific microRNA derived
from transposons take part in the development of vari-
ous MN [42].

Role of retroelements in
the spliceosome-targeted
therapy of tumors

The viral mimicry phenomenon may be used with
regard to the RE genes located in the introns, as well as
the sequences of the introns, that evolved from RE [50].
This technique is part of the spliceosome-targeted ther-
apy (STT) of tumors. Inhibition of spliceosome com-
ponents leads to defective splicing, resulting in the
formation of double-chain loops of mRNA molecules
(Figure 3) and becoming targets for the body’s antiviral
systems. The resulting interferon causes tumor cell apop-
tosis. In STT, various splicing components are affected,
including SF3B1 protein that stabilizes binding of small
nuclear RNA U2 with branch point sequence; protein
U2AFI, recognizing AG dinucleotide in 3’-splice site;
SRSF2 binding mRNA exonic splicing enhancer motifs;
ZRSR2, spliceosome components, required to recognize
3’-splice sites [51].

Since the immunogenicity of REs is the highest,
dsRNAs of SINE transcripts, which are often located in
introns, have been proposed as targets for viral mimicry
in STT [15]. The efficacy of STT was demonstrated in
the experiment on MYC-positive cells of TNBC. In this
case, dsRNAs formed from incorrectly spliced mRNA,
which were perceived by the body’s antiviral defense sys-
tems, were used as the targets. For this purpose, agents
SD6 and H3B-8800 targeted to SF3B1 spliceosome com-
ponent were used [52]. Prostate cancer cells are charac-
terized by high sensitivity to the spliceosome inhibitor
E7107, which also targets the SF3B complex [53].

It should be noted that mutations of the splicing fac-
tors or molecules affecting it can play an important role
in the MN etiopathogenesis. For example, mutations in
SF3BI, SRSF2, U2AF1, ZRSR2 genes can be associated
with acute myeloblastic leukemia, while a mutation in
the U2AFI gene is found in hairy cell leukemia [51].
Therefore, one of STT options can be based on a com-
pletely opposite principle: restoration of spliceosome
component function to eliminate the mechanisms of
tumor development. In renal cell carcinoma, microRNA
miR-30a-5p and miR-181a-5p suppress expression of
SRSF7 (serine/arginine-rich splicing factor 7). Con-
sequently, splicing of apoptosis regulators and tumor
suppressors is disrupted, which leads to carcinogen-
esis [54]. Retinoic acid-induced miR-10a and miR-10b
repress SRSF1, leading to differentiation of neuroblas-
toma cells [55].
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Figure 3. Scheme of immune response activation against the tumor using spliceosomal targeted therapy

Inhibition of retroelements
in anticancer treatment

It should be taken into account that the use of viral
mimicry in anticancer treatment can have negative
effects, since MN is characterized by abnormal activa-
tion of REs, which cause genomic instability and carci-
nogenesis. Therefore, similarly to STT, a strategy aimed
at suppressing RE expression, which is completely
opposite to viral mimicry, can be used in MN treatment
with regard to REs. Inhibition of histone demethyl-
ases (HDM) characterized by hyperexpression in MN
with loss of heterochromatin and RE activation can be
used for this purpose. A target for RE inhibition can
be HDM KDMI1A (LSD1), which suppresses HERV
expression and genes containing LTRs in their pro-
moters through demethylation of H3K9 and increased
acetylation of H3K27 and methylation of H3K4 [56].
Increased levels of HDM KDMS5A/B/C/D subfamily
members, JARID1 family, demethylating H3K4me2
and H3K4me3, are also detected in various tumor
types. Selective HDM inhibitors include CPI-455 and
1,7-naphthyridines, which are effective against chemo-
therapy-resistant MNs [57].

A specific histone methyltransferase SETDB1 (ESET,
KMT1E), acting on H3K9me3 in an HDM-independent
manner through interactions with the KRAB-containing

zinc-finger protein, could be a promising target for RE
inhibition in anticancer treatment [58]. However, the
studies show that in addition to RE splicing, SETDB1 pre-
vents functioning of transcription factors CDX2, ELF3,
HNF4G (hepatocyte nuclear factor 4 gamma), PPARG
(peroxysome proliferator-activated receptor), VDR
(vitamin D receptor). Therefore, depletion of SETDBI in
the experiment contributed to the transition of colorectal
cancer stem cells into a postmitotic state with restoration
of normal morphology and global gene expression profile
of differentiated cells [59]. Consequently, SETDBI1 acti-
vation to inhibit REs abnormally activated in tumors can
cause other pathways of carcinogenesis. It is necessary
to consider these mechanisms when developing targeted
anticancer therapy. Therefore, the effect on specific REs
that are carcinogenesis inductors using the microRNA or
IncRNA complementary to these REs as molecule guides
seems promising (Figure 4). The use of reverse transcrip-
tase as a target can be another alternative option of RE
inhibition.

Clinical studies demonstrated a significant efficacy
of nucleoside reverse transcriptase inhibitor (NRTI) in
patients with colorectal cancer. In addition to eliminat-
ing the genomic instability caused by retroelements,
NRTI induced DNA damage and antitumor interferon
response [35]. Antitumor efficacy of NRTT is determined
with regard to hormone resistance prostate cancer [34].
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In the breast cancer cell line, the use of NRTIs such as
abacavir and stavudine was shown to be associated with
a significant increase in the number and rate of cell
death and inhibition of their migration ability, especially
in combination with paclitaxel [60]. Meta-analyses also
demonstrated a reduced risk of hepatocellular carcinoma
in patients treated with NRTT tenofovir in patients with
chronic viral hepatitis B [61].

The use of non-nucleoside reverse transcriptase
inhibitors (NNRTTIs) is also promising. They include efa-
virenz, which showed its antitumor activity in pancre-
atic cancer cells [62]. NNRTI etravirine, which caused
AGR2 degradation (anterior gradient homolog 2 pro-
tein), suppressed proliferation, migration and tumor-
cell invasion in vitro. In mouse models, the combination
of paclitaxel and etravirine demonstrated more effective
inhibition of ovarian cancer progression [63]. It should
be noted that a pronounced expression of telomer-
ase reverse transcriptase was associated with a poor clin-
ical response to immune checkpoint inhibitors [64], due
to which NNRTIs can be recommended in combination
with these agents.

Antisense oligonucleotides (ASOs), RNA sequences
of 12 to 25 nucleotides long, which inhibit gene expres-
sion by binding to cellular mRNAs, as well as microR-
NAs and long non-coding RNAs, can be used as tools
for RE inhibition [65]. Since REs are key evolutionary
sources (therefore, they contain identical sequences)

of IncRNA [41] and microRNA [42] genes, the use of
these ASOs may influence REs. In addition to non-cod-
ing RNAs, the targets of ASOs are molecular members
of splicing, RNA translation, mRNA degradation, and
sequestered protein release [65]. The modern scientific
literature contains no information on the use of RE-
targeted ASOs in oncology. However, there is evidence
of the use of ASO targeting Alu in age-related macular
degeneration [66], targeting SVA (SINE-VNTR-Alu)
RE in Fukuyama muscular dystrophy [67], targeting
HERV HML-2, which participated in the pathogenesis
of amyotrophic lateral sclerosis [68].

The design of ASOs targeting specific REs may be
based on the existing information on the use of ASOs
targeting microRNAs (which may have evolved from
REs) [42], oncogenes or oncosupressors (since they are
characterized by a close relationship with REs in oncol-
ogy [69]. For example, there are ASOs targeting exon
11 of NF2 tumor suppressor gene in type 2 neurofibro-
matosis [70], FLT3-ITD (FMS-like tyrosine kinase-3)
and microRNA miR-125b in acute myeloblastic leu-
kemia [2], microRNA miR-17 (for u-17-ON), miR-21
(for u-21-ON) and miR-155 (for p-155-ON) in lympho-
sarcoma [71], oncogenes IGF1R (insulin-like growth
factor receptor) [72], tumor suppressors Smad7 [73],
Stat3 in hepatocellular carcinoma [74], oncogene trans-
forming growth factor TGF-B2 in lung cancer [75] and
TNBC [76].
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Figure 4. Scheme of retroelement-targeted antitumor therapy
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Pesiome

JleKapCTBEHHO-UHAYLMPOBaHHas ronoBHas 6ok (/INIB) sBAsieTCs pacnpoCTpaHeHHON BTOPUYHON Ledasruei, pasBuBaloLEeiCca Y NaLuMeHToB ¢
4aCTbIMU U XPOHUYECKUMU FO/IOBHBIMU 60AMU NPU 3/10yNOTPe6AeHNM aHalbreTUYeCKMMU NpenapaTaMn U NpUBOAALLEH K 3HAYNTENbHOMY YXYA-
LIEHUIO Ka4yecTBa XM3HU naymeHToB. Tepanusa JINIB TpeGyeT BbICOKOI CTeneHW KOMMNIA@HTHOCTU B OTHOLLEHWUAX BPay-MaLMeHT 1 He BCeraa npueo-
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Abstract

Medication-overuse headache (MOH) is a highly prevalent secondary headache, developing in patients with frequent and chronic cephalalgias due to
excessive use of “acute” medications for headache, and significantly affecting patients’ quality of life. Treatment of MOH demands high compliance
physician-patient, and the result is satisfactory not in all cases. For this reason, the prophylaxis of overuse of symptomatic medications for headaches
is important. The review presents contemporary data on MOH, its treatment and prophylaxis.
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Introduction

The accessibility of medicinal products for symptom-
atic treatment of pain caused the spread of their uncon-
trolled use by patients with variously localised pains and
aches. Considering the high incidence of headaches in
the population (all types of headache: 47 %, migraines:
up to 11-20 %, tension headache: approx. 42% [1, 2]),
their significant effects for patient’s daily life as well as
emotional and individual traits of persons with primary
cephalalgia, the problem of drug-induced headache
(DIHA) is gaining in significance. Frequent uncontrolled
use of symptomatic agents for headache (HA) manage-
ment causes more frequent cephalalgia episodes, reduced
efficacy of symptomatic painkillers, and transformation
of ocassional headache into chronic headache.

In the third edition of the International Classification
of Headache Disorders [3], drug-induced headaches are
described in Section 8.2.

Diagnostic criteria
for DIHA [3]:

A. Chronic headache lasting for 15+ days per month
in a patient with previous headaches

B. Regular abuse of one or several painkillers for
symptomatic management of headaches for over three
months

C. Headache cannot be explained by any other diag-
nosis from the International Classification.

Drug abuse means taking painkillers for 10 (trip-
tanes, ergotamines, combined pain killers) or 15 (simple
painkillers and NSAIDs) days per month, depending on
teh drug.

DIHAs are classified according to abuse of certain
painkillers and can develop in case of frequent use
of any of them — ergotamines, triptanes, non-opioid
analgesics, paracetamol (acetaminophen), nonsteroidal
anti-inflammatory drugs (including aspirin), combined
painkillers. Sub-section 8.2.6. of the Classification is of
special interest; it is dedicated to abuse of several drug
classes without abuse of each of them. What is meant
here is a common clinical case when a patient alternates
several medications.

Considering that DIHA develops in the patient with
existing headache, the patient is diagnosed with both
clinical diagnosis — primary cephalalgia and DIHA.

Epidemiology

The incidence of drug-induced headaches in the pop-
ulation is 1-7 % [4, 5], teh condition prevails in women
with a ratio of 4:1 [6]. However, the incidence of DIHA
in patients with headaches, especially with chronic
migraines, is significantly higher [5].

According to international study results, DIHA is
a global issue affecting daily life of approx. 60 million
of patients, while social and economic implications
of DIHA (disability, drug therapy, medical assistance)
are three times higher than in migraines [7]. Of note,
according to the World Health Organisation, migraines
are among the top 10 conditions affecting patients life.

Etiology

DIHA usually develops as a result of progression of
frequent occasional or chronic headaches. The main
cause of DIHA is chronic migraine leading to frequent
use of symptomatic painkillers, including triptanes and
combined painkillers; however, DIHA can be caused by
other variants of frequent and chronic cephalalgia (ten-
sion headache, headache associated with vascular dis-
eases, etc.).

In 2020, Salhofer-Polanyi S, et al. published results
of a 32-year retrospective analysis of drugs abused by
787 patients of a specialised headache center, who had
DIHA. In 2004-2015, patients usually used ordinary
painkillers (54.4%) and simple painkillers (33.5 %),
triptanes (31.9%) and ergotamines (8.2%) were less
common. At the same time, 53% of patients were
diagnosed with abuse of two or more drug classes [8].
The risk of DIHA from a new class of antimigraine
agents — ditans (not registered in Russia) has also been
studied [9].

It is worth mentioning that the structure of this list
of drugs has gradually changed: ergotamines are now
used less frequently; there are more and more patients
with abuse of triptanes (also in Russia, resulting from teh
availability of cheaper generics) or of several classes of
painkillers.

NSAIDs and paracetamol are associated with a lower
risk of DIHA, whereas triptanes easily cause DIHA.
However, headaches caused by abuse of triptanes react to
therapy better and have a shorter withdrawal headache
period [8, 10, 11].

DIHA pathogenesis is still not clear. It is assumed that
a certain role is played by genetics, in particular by poly-
morphism of dopaminergic system genes (DRD4, DRD2,
COMT, SLC6A3) and genes associated with addictive
state mechanisms [12]. However, the number of study
subjects and the quality of evidence did not allow making
clear conclusion from the metaanalysis [12].

It is believed that frequent and excessive use of medi-
cations is facilitated by emotional and personal factors,

e.g. [13]:
1. Desire to reduce pain and have normal daily
activities

2. Fear/anxiety because of pain
3. Presence of withdrawal headache
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4. Comorbid depression and anxiety

5. Presence/susceptibility to addictive states.

As a result, patients start taking painkillers not only
at onset of headache, but also in advance, believing it to
be for prevention purposes.

DIHA pathophysiology is not clear. Probably, pain-
killers provide a basis for DIHA by interacting with neu-
rotransmitter systems [5]. It is assumed that excessive
use of painkillers for headaches causes dysregulation
of descending nociception inhibiting control [14,15],
impaired functional links in the brain with formation of
abnormal neuronal networks and changes in nociception
information processing [16], lower pain threshold, and
increased expression of 5HT2a serotonin receptors in
the cortex and trigeminal ganglion [11].

A major part in development of chronic pain syn-
dromes is played by central sensitisation, i.e., a long-term
(however reversible) increase in neuron irritation in the
central nociceptive structures as a result of repeated noci-
ceptive stimulation. The mechanisms of this phenom-
enon include imbalance between excitatory and inhibi-
tory neurotransmitters, neuronal and synaptic plasticity,
Central
sensitisation syndromes can also include chronic cepha-

and impaired glia-neuron connections [15].

lalgia (chronic migraine, chronic tension headache, and
DIHA) [17]. A clinical marker of central sensitisation is
dermal allodynia (dermal pain from non-pain stimuli),
observed in 50-80 % of patients with migraine and it is a
predictor of condition perpetuation [11].

Since not all patients with abuse of painkillers in
accordance with the International Classification develop
DIHA, a primary task for further studies is development
of a marker (either a biochemical or neuroimaging),
that could help in identification of patients with true
or potential DIHA [18]. Morphometric studies demon-
strated that patients with DIHA (vs. healthy subjects)
have a larger amount of cerebrum in ventral striatum
(an area participating in behavioural activities of reward
and addiction) [19] and a smaller amount in fronto-
orbital area (an area of the mesocortical-limbic system
also involved in addictive behaviour) [20]. Functional
MRI (fMRI) showed higher neuronal activity in thala-
mus [21].In magnetic resonance spectroscopy, Niddam
et al. observed several markers (N-acetyl aspartate, myo
inositol) in patients with DIHA and concluded that they
could contribute to disease development [22].

Unfortunately, currently neither structural nor bio-
chemical markers have clinical application.

Factors associated
with DIHA development

It is still not clear why DIHA develops in some
patients with primary cephalalgia and does not affect

others. Viana M, et al. [23] reported results of an exami-
nation of 318 patients with long-lasting (over 10 years)
migraines. DIHA was observed in a half of them
(162 patients); mean migraine duration was similar both
with and without DIHA. Factors associated with DIHA
development were reported both as highly expected (low
physical activity, history of depression, insomnia, brain
injury) and unexpected, e.g., marital status (DIHA was
more frequent in married and divorced persons than
in single subjects) and younger age at migraine onset.
In this study, we have not found any correlation between
DIHA and patient sex, body weight index, coffee and
alcohol consumption or smoking [23]. Also, another risk
factor is lower level of education and chronic gastrointes-
tinal conditions.

The most significant risk factor for DIHA is the fre-
quency of primary headache episodes [24]. Therefore,
there is still a point of issue: Is the frequent use of pain-
killers a cause or a consequence of headache perpetua-
tion [18, 23]? However, it has been proven that an effi-
cient therapy for DIHA is withdrawal of contributing
painkillers; therefore, their role in condition pathogen-
esis has been verified.

At the same time, discussions of the role of depres-
sion and anxiety in development of chronic cephalalgia,
particularly of DIHA [13, 25], have been observed in lit-
erature. According to COMOESTAS study results, high
levels of anxiety were found in 57.7 % and depression —
in 40 % out of 492 patients with DIHA [26]; however, no
association was observed between anxiety/depression
and number of days of headache duration. According to
Park H-K et al. [27], depression was diagnosed in 83 %
out of 229 patients with DIHA, anxiety — in 62 %.

DIHA is a biobehavioural disorder facilitated by
personal traits and behavioural patterns of patients [28,
29]. It was noted that up to 50 % of patients with DIHA
demonstrate addictive behavior, reduced or lost control
of the use of painkillers [5], i.e., they take painkillers as
a ritual [11].

Therapeutic strategy
in DIHA

For DIHA management, it is essential to create trust
relationship between the doctor and the patient and to
clearly explain to the patient the mechanism of abnor-
mal association between drug intake and increased fre-
quency of headaches.

During an information talk, it is recommended to tell
the patient about the following aspects [13]:

1. The role of excessive use of symptomatic pain-
killers in higher frequency and severity of pain
and in potential reduction in the efficacy of other
therapies.
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2. Possible DIHA development even if painkillers

are taken 2-3 times a week

3. Discussion of withdrawal headache, i.e., tempo-

rary deterioration of patient’s condition when
contributing medications are discontinued

4. Information on the maximum frequency of symp-

tomatic painkillers and inadmissibility of the use
in anticipation of headache.

The objective of DIHA treatment is reduction of the
frequency of headaches, reduction in the use of painkill-
ers, and improved therapeutic response to preventive
and symptomatic therapy. Treatment includes discon-
tinuation (single-step or gradual) of contributing drugs,
a course of preventive therapy, and arrest of withdrawal
symptoms.

Drugs can be discontinued in a single step or their
frequency can be gradually reduced. Both strategies have
advantages and disadvantages. A single-step withdrawal
is more efficient and usually causes marked withdrawal
symptoms resulting in reduced compliance. Gradual
withdrawal is easier for a patient, however, it bears a
risk of voluntary increase in the frequency of drugs and
return to the previous abuse pattern. Nielsen M, et al.
[30] evaluated results of drug discontinuation (complete
withdrawal or reduced frequency, follow-up duration:
6-12 months) in 72 patients with DIHA and concluded
that complete withdrawal from symptomatic painkillers
is most efficient. At the same time, researchers demon-
strated that the mean efficiency of the painkiller discon-
tinuation program is still low, just approx. 30% [31].
Therefore, the search for the ways to increase efficiency
has continued.

In addition to withdrawal from contributing drugs,
patients are also recommended to undergo a course
of preventive therapy with proven efficiency. A list of
drugs depends on the primary headache: topiramate,
beta-blockers, amitriptyline in migraines; antidepres-
sant drugs (primarily cyclic ones) in tension headaches
[18,32]. According to the international multicenter
analysis of DIHA register, in real life, most common are
antiepilepsy drugs (25 %), beta-blockers (13 %), tricyclic
antidepressants (12 %), botulinum toxin A (9 %), mono-
clonal anti-CGRP antibodies (7 %), calcium-channel
blockers (6 %), angiotensin II receptor blockers (2 %),
and selective serotonin reuptake inhibitors (1%) [27].
Medications with the highest level of evidence in DIHA
are topiramate and onabotulinumtoxin A [18], as well as
monoclonal anti-CGRP antibodies (fremanezumab, fre-
numab), which are new target drugs for the treatment
of episodic and chronic migraine, including with DIHA
[33]. Of note, neurometabolic drugs commonly used in
Russia are not indicated in DIHA or primary cephalalgia.

Specific time limits for preventive therapy are to be
discussed. It can start on the first day following painkiller

discontinuation or at a later date [18, 32]. Delayed ther-
apy initiation may be due to the fact that later approxi-
mately a half of patients do not need it [34]. Patient
management and support in their efforts to overcome
medication abuse are essential.

It is also recommended to arrange for detoxication
therapeutic programs [32], that include, in addition to
discontinuation or limitation of painkillers, a course of
preventive therapy, corticosteroids (prednisolone), and
fluid resuscitation [34-36]. Such programs can be organ-
ised either in outpatient or inpatient settings. A short-
term inpatient treatment is especially indicated for
patients with depression and anxiety and chronic stress
situations [8]. During first days after symptomatic drug
discontinuation, naprosine, acetaminophen, prometha-
zine, metoclopramide can be prescribed to relieve with-
drawal symptoms. There are reports of long-term efficacy
of detoxication programs when patients are followed up
for 6 months [26] and 5 years [37].

As far as non-drug non-invasive methods of chronic
headache management are concerned, most interesting
are repetitive transcranial magnetic stimulation [38],
feedback methods (computer-aided biocontrol and
mobile apps for behavior therapy) [39] and transcutane-
ous trifacial electrical stimulation — Cefaly [40].

Prognosis

Therapeutic measures in DIHA do not always ensure
long-term success. Prospective studies demonstrate
that 20-30-50 % of patients continue abusing medica-
tions [5, 23, 41]; there is also a 25-45 % probability of
DIHA recurrence in years after successful discontinua-
tion of contributing painkillers [18,42]. Usually recur-
rences develop within a year after withdrawal; in case of
a recurrence, a majority of patients continue abusing the
same medications they used before their diagnosis [43].
Another attempt to discontinue medications usually
causes a negative reaction from patients. This is another
proof of the need in long-term and regular follow-up
of patients after therapy [44]. Moreover, it is essential
to identify and correct comorbid anxiety, psychological
dependence, pain catastrophizing [11].

Prognostically favourable factors are successful
discontinuation of contributing drugs and absence of
chronic headache by the end of the first year after with-
drawal [41, 43].

DIHA prevention consists of identification of a drug
dependence risk group and face-to-face work with the
patient including educational measures [5]. It is believed
that a majority of DIHA cases can be avoided with the
help of timely preventive measures. Patients should
be advised to minimise symptomatic medications for
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headache. The national DIHA prevention program ini-
tiated in Denmark includes not only face-to-face work
with patients, but also development of awareness on
admissible use of painkillers through mass media, online
resources, pharmacies, and primary healthcare profes-
sionals [7]. In Russia, the TV slogan “headache cannot
be tolerated” should be declared incorrect, and patients
should appropriate information. Another
important prevention method is timely prescription of
a course of headache prevention with proven efficacy.

receive

Studies show that, before going to a specialised center,
just 21-38 % of patients undergo preventive therapy for
cephalalgia [8,27]; lack of preventive therapy eventually
results in chronic headaches.

Conclusion and practical
recommendations

Drug-induced headache is a common secondary
cephalalgia leading to a poorer quality of patients’ life.
DIHA therapy requires good compliance and not always
gives satisfactory results. Therefore, it is essential to pre-
vent excessively frequent use of symptomatic agents to
manage headache. The most important part of this work
is making the community aware of unfavourable conse-
quences of frequent use of painkillers. Patients should be
aware that, in accordance with international standards,
the highest frequency of symptomatic medications for
headaches is 2 days per week and that not all types of
headaches are indications for painkillers.

The objective of this publication is to inform GPs of
drug-induced headaches.
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Pesome

BeeaeHue u uenb. Mneptpodpuryeckas kapavommonatus (TKMI) xapakTepusyeTcs HaMuMeM YTO/ILEHUA CTEHKM NIeBOro enygodka (J/K), He
CBA3aHHOTO C YBE/IMYEHWEM MOCTHArpy3Ku (apTepuanbHOi rynepTeHsueil 1 CTEHO30M yCTbA aopThl). B 6onblumHcTBe cnydaes KM obycnosne-
Ha MyTalUMAMK B reHax CapKOMepHbIX 6e/IKOB 1 Hac/leyeTca No ayTOCOMHO-AOMUHAHTHOMY MexaHu3My. B page cryqaes TKMIT MoxeT 6biTb 06-
YCNI0B/IeHa HaKoM/IeHMEM B MUOKap/e TaK1X BeLlecTB, KaKk aMUIoWA, FIMKoreH v Ap. Llenbio Halweit paboTel cTano npoaHaamsnpoBaTb 0CO6eHHOCTH
AVarHoCcTUKM 1 TedeHns TKMIT B peasbHOM KAMHWUYeCKoW npakTuke. MaTepuan u MeToabl. [poBeseH peTPOCNEKTUBHBIN aHaAN3 MeAULMHCKOM
AokyMeHTauum 80 naumneHTos (56,3 % MyxuuH) ¢ TKMI, AnarHocTMpoBaHHOM B MHOrOMPOGUILHOM CTalumoHape r. Mocksbl B nepuog ¢ 2007 no
2021 rog. inarHos FTKMIM y Bcex naumeHToB 6b1/1 yCTaHOB/EH Ha OCHOBAHWU AaHHbIX 3X0KapAuorpaduun. MeauaHa (34ech 1 Aanee B CKOBKax yKasaHbl
25- 1 75-npoueHTunm) Bo3pacTa coctasuna 57 (48,5; 63) net. [IpoA0/HKUTENBHOCTb FOCIUTanM3aumm coctasuna 8 (6; 12,5) gHein. Pesyabtartsl. Mpu-
YMHOW rocNMUTaAM3aL N ABAAINCE CUHAPOM CTeHOKapAnn Y 35 %, oz 03peHne Ha OCTPbI KOPOHaPHBIN CHAPOM Y 16,3 %, napokcn3m Gubpuanaumm
npeacepaunii (®N) y 11,3 %, Apyrue HapylweHus putMa y 2,5 %, AeKOMMEeHCaLMa XPOHUYECKO cepAedHoMn HegocTaTodHocT y 11,3 %, o6Mopoku
y 7,5%, runepToHuyeckunii kpus y 3,8 %, Heo6X0AMMOCTb NpoBeAeHNA KopoHapoaHrnorpadum y 3,8 %, NOCTaHOBKM 3/1eKTPOKapANOCTUMYNATOpPa
y 2,5%, uMnnaHTauum KapanosepTepa-gepubpuanatopa y 1,2 %, MeMLMHCKOrO 0CBU/AETEIbCTBOBAHUA /1A PeLleHNsa BONpoca O roAHOCTU K BO-
MHCKOM cnyxbe y 1,2 %, ocTpoe HapylueHne MO3roBoro kposoobpalleHus y 1,2 %, runotonus y 1,2 %, nekapcteeHHas bpagukapausa y 1,2 % naum-
eHTOoB. /lo aHa/M3MpyeMol rocnuTannsaumm MHGapKT M1oKapAa B aHaMHese 6bin gnarHoctupoBaH y 15 %, apTepuanbHas runepteHsua —y 53,8 %,
XpOHUYecKas cepeyHan HeJoCTaTOYHOCTb — Y 77,6 %, XpoHMyeckas 6one3Hb novek —y 21,3 % nauyuneHtos. TonwmHa ctedku /XK 21,5 cM BbiABaeHa
y 91,2 %. CummeTpuyHasa dopma runeptpodun JIXK numena mecto y 22,1%, anukanbHas — y 5,2 %, runeptpodus nanmanapHon Meiwubl —y 1,3 %,
aCCMMETPUYHARA TUMEPTPOGUA MEXOKENYA0UKOBOM Neperopoaku — y 71,4 % naumeHTos. MocTosHHas 06CTpyKumMa BbiHOCALero Tpakta /K (OBT
J1XK) BoisiBneHa y 62,8 % (9,0 % nauueHTOB 6biaa BbINO/HEHA CeNnTaibHasA PeAyKLMA B aHaMHese), npexoaswan OBT /K — y 1,3 %, HeobCTpyKTUB-
Has TKMIM —y 35,9 %. ®pakuus sbibpoca (PB) JIXK (no Cumncony) coctasuna 63 (55-70)%, XCH co cHukeHHon ®B /XK <40 % BbiseieHa y 3,8 %,
C YMEpEeHHO CHIKeHHOM ®B JIXK (40-49 %) —y 5 %, ¢ coxpaHeHHoit OB /K — y 68,8 % nauuneHToB. Y 47,5 % 1MesIo MECTO NepesHECUCTOINYECKOe
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ABWXeHVe nepejHei CTBOPKM MUTPaNbHOro Kaanawa, y 7,14 % onvcaHo nponabupoBaHue nepegHeil CTBOPKM MUTPasibHOrO KnanaHa. MutpanbHas
peryprutauus 3apeructpuposaHa y 75 % naumentos. dubpunnauueii npeacepawii (dM) crpaganm 45 % naumentos ¢ FTKMIM: noctosiHHO $popMoii
15 %, napokcusmanbHoi 23,8 %, nepcuctupytolleit 6,2 % nauueHToOB. 3a BpeMA rocnuTasM3aLm xeay04KoBas TaxMKapAua 3apernctpupoBaHa
y 7,5 %, HapenyAoukoBas Taxukapaus —y 3,8 %. HapyieHus npoBoAMMOCTM oTMeueHbl Y 36,3 % NauueHTOB, U3 HUX aTPUOBEHTPUKYNspHas 610-
Kagay 6,3 %, 6;10kaAa npaBoit HOXKM NyyKa [Mcay 21,3 %, neBoit HOXKU —y 15 %, cHapom Bosnbdpda-TapkuHcona-Yaiita —y 1,3 %. MMnnanTauusa
3/1eKTPOKapANOCTUMYIATOPa B aHaMHe3e 6bina y 5 %, B TOM 4nc/ie B CBA3U ¢ npucTynamMu MopraHbun-dgamca-Ctokca —y 3,8 % nauymeHToB. 3a BpeMs
HabtofeHNs, MeamaHa KOToporo coctaeuia 87 (MHTepKBapTU/bHbLIN pasMax 45-131,5) mecsues, ymepsio 13,8 % naumeHtos ¢ TKMI. Y ymepumx
naLMeHTOB JOCTOBEPHO yalle BcTpeyanack OBT /XK (y yMepunx 100 %, y xuBbix 58,2 %, p = 0,006) 1 &M (y ymepiumx 72,7 %, y *mebix 40,6 %,
p=0,047). leHeTMYeCKOe TECTUPOBaHUE 1 UCKAtOYeHWe peHokonmi TKMI He 66110 NPOBeAEHO BO BpeMs roCNUTaAM3aLum 1 He 6bi10 PeKOMeHA0-
BaHO HU 0AHOMY 60/1bHOMY. 3aKAloueHue. B peasbHOM KIMHUYECKOI NpaKTUKe B 60/IbWMHCTBE C/ly4aeB NPOBOAUTCA Lb peHOTUNMYecKan Ana-
rHoctmka FKMI no AaHHbIM 3X0OKapAuorpadum, He NPOBOANTCA CKPUHUHI Ha reHeTMYecKne MyTauun N UHGUALTpaTVBHbIE 3aboneBaHNA cepAaLa,
deHoTMNNYECKN HeoTMYMMbIe OT TKMIT. Heo6x0AMMO WNPOKOe BHeApeHMe reHeTUYeCKOro TeCTUPOBAHNA U CKPUHUHIA Ha UHGUALTPaTUBHbIE 3a-
6os1eBaHNA cepALa A1 CBOEBPEMEHHOW MarHOCTUKM NaTonoruy, Tpebytoluell HasHavyeHUA crielndUYecKon naToreHeTUYECKOM Tepanuu ANs yayy-
LeHNA NPOrHO3a NaLMeHTOoB.

Knroyesbie cnoBa: ungunsmpamusHbie 3abonesaHus cepdya, 2unepmpoduyeckas KapduoMUoNamus, XpoHu4Yeckas cepdeyHas Hedocmamoy-
HOCmb, peHoKoNuUU, 2eHemuKa, BmopuyHas [KMI, amunoudos, 6onesHs ®abpu
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Abstract

Introduction and purpose. Hypertrophic cardiomyopathy (HCM) is characterized by left ventricular (LV) wall thickening not associated with increased
afterload (hypertension and aortic stenosis), is usually caused by mutations in sarcomeric protein genes, and is inherited in an autosomal dominant
manner. Unlike HCM, myocardial hypertrophy in its phenocopies is associated with the accumulation of substances such as amyloid, glycogen, etc. in
the myocardium. The aim of our work was to analyze the features of the diagnosis and course of HCM in real clinical practice. Material and methods.
A retrospective analysis of medical records of 80 patients (56.3 % of men) discharged with a diagnosis of HCM from a multidisciplinary hospital in
Moscow in the period from 2007 to 2021 was carried out. The diagnosis of HCM in all patients was established on the basis of echocardiography
data. The median age (25th and 75th percentiles are indicated in brackets) was 57 (48.5; 63) years. The duration of hospitalization was 8 (6; 12.5)
days. Results. The reason for hospitalization was angina syndrome in 35 %, suspicion of acute coronary syndrome in 16.3 %, paroxysmal atrial
fibrillation (AF) in 11.3 %, decompensation of chronic heart failure in 11.3 %, syncope in 7.5 % %, hypertensive crisis in 3.8 %, coronary angiography in
3.8 %, pacemaker implantation in 2.5 %, consultation with an arrhythmologist in 2.5 %, implantation of a cardioverter-defibrillator in 1.2 %, medical
examination to resolve the issue of fitness for military service in 1.2 %, acute cerebrovascular accident in 1.2 %, hypotension in 1.2 %, drug bradycardia
in 1.2% of patients. Before hospitalization, a history of myocardial infarction was diagnosed in 15 %, arterial hypertension — in 53.8 %, chronic
heart failure — in 77.6 %, chronic kidney disease — in 21.3 % of patients. Prior to the analyzed hospitalization, a history of myocardial infarction was
diagnosed in 15 %, arterial hypertension in 53.8 %, chronic heart failure in 77.6 %, chronic kidney disease in 21.3 % of patients. LV wall thickness
=1.5 cm was detected in 91.2 %, symmetrical form of hypertrophy — 22.1%, apical — 5.2 %, papillary muscle hypertrophy — 1.3 %, interventricular
septum — 71.4 % of patients. Permanent obstruction of the LV outflow tract (LVOTO) was detected in 62.8 % (9.0 % of patients had a history of
septal reduction), transient LVOTO — in 1.3 %, non-obstructive HCM — in 35.9 %. The ejection fraction (EF) of the LV (according to Simpson) was 63
(55-70) %, CHF with reduced LV EF <40 % was detected in 3.8 %, with a moderately reduced LV EF (40-49 %) — in 5%, with preserved LV EF —in
68.8 % of patients. Anterior systolic movement of the anterior leaflet of the mitral valve occurred in 47.5 %, prolapse of the anterior leaflet of the
mitral valve was described in 7.14 %. Mitral regurgitation was registered in 75 % of patients. 45 % of patients with HCM suffered from AF: permanent
15%, paroxysmal 23.8 %, persistent 6.2% of patients. During hospitalization, ventricular tachycardia was registered in 7.5 %, supraventricular
tachycardia — 3.8 %, conduction disturbances were noted in 36.3 % of patients, of which atrioventricular block in 6.3 %, blockade of the right bundle
branch block in 21.3 %, left bundle branch block in 15 %, and Wolff-Parkinson-White syndrome in 1.3 % . Implantation of a pacemaker in history was
in 5%, including in connection with Morgagni-Adams-Stokes attacks — in 3.8 % of patients. During a median follow-up of 87 (interquartile range
45-131.5) months, 13.8 % of patients with HCM died. In deceased patients, LVOTO was significantly more common (in the dead 100 %, in the living
58.2%, p=0.006) and AF (in the dead 72.7 %, in the living 40.6 %, p = 0.047). Genetic testing and exclusion of HCM phenocopies was not performed
during hospitalization and was not recommended for any patient. Conclusion. In real clinical practice, in most cases, only phenotypic diagnosis of
HCM is carried out according to echocardiography, and screening for genetic mutations and HCM phenocopies is not performed. It is necessary to
widely introduce genetic testing and screening for HCM phenocopies for the timely diagnosis of pathology that requires the appointment of specific
pathogenetic therapy to improve the prognosis of patients.

Key words: infiltrative heart disease, hypertrophic cardiomyopathy, chronic heart failure, phenocopies, genetics, secondary HCM, amyloidosis, Fabry
disease
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HCM — hypertrophic cardiomyopathy, LV -left ventricle, EF — ejection fraction, CHF — chronic heart failure, CHFpEF — chronic heart failure
with preserved ejection fraction, ECG — electrocardiogram, EchoCG — echocardiography, NT-proBNP — N-terminal pro brain natriuretic peptide,
hsTn — high sensitive troponin, LVH — left ventricular hypertrophy, AF — atrial fibrillation, CAG — coronary angiography, AH — arterial hypertension,

GFR — glomerular filtration rate, LVOTO — left ventricular outflow tract obstruction

Introduction

Hypertrophic cardiomyopathy (HCM) is the most
common genetic cardiovascular disease worldwide. Its
prevalence in the general population is 1 per 500 people
[1]. This heart disorder is characterized by unexplained
left ventricular hypertrophy (LVH) in the absence of
other cardiac and noncardiac conditions that could lead
to its development [1]. Hypertrophic cardiomyopathy
caused by mutations of genes encoding the sarcomere
proteins or associated to it account for more than half
of all disease case [1]. There have been 1,500 mutations
identified in at least 15 genes encoding the sarcomere
proteins [1].

One of the criteria for HCM diagnosis in adults is
increased wall thickness =15 mm in one or more LV
segments (determined by any visualization methods:
EchoCG, MRI/CT), which cannot be explained by an
increase in pressure load alone [1]. In some patients,
atypical HCM is reported, which is manifested as less
pronounced LVH, concentric LVH, apical hypertrophy,
left ventricular outflow tract obstruction with systolic
anterior motion of the anterior mitral leaflet, provided
that a high risk of sudden death persists [1]. In some
cases, it is difficult to differentiate HCM from hyperten-
sive or athlete’s heart.

Moreover, a pronounced increased LV wall thick-
ness can be observed in some infiltrative heart diseases,
which are called HCM phenocopies. They include sev-
eral disorders such as glycogen storage disorders, muco-
polysaccharidosis, amyloidosis, Fabry disease, etc. [1-3]
Hypertrophic cardiomyopathy and its phenocopies differ
both in hypertrophy pathogenesis and clinical features,
course, and prognosis, due to which both clinical and
molecular genetic diagnosis is required to establish
HCM in clinical practice.

The study is aimed at analyzing the specificity of
HCM diagnosis and course in real-life clinical practice.

Materials and methods

A prospective, cross-sectional study was performed.
The analysis included all cases of HCM diagnosis follow-
ingtheresults of electronic database of the multi-speciality

hospital for the period 2007 through 2021 and medi-
cal records of the specified 80 patients (43.7 % women,
56.3 % men) with HCM. The HCM diagnosis was estab-
lished based on echocardiographic (EchCG) data. Maxi-
mum LV wall thickness at diastole >15 mm, unexplained
by abnormal pre- and postload [4], or LV wall thickness
at diastole 213 mm in relatives of persons with HCM or
in persons with a positive genotype[5] were used as diag-
nostic criteria for HCM.

The median age in patients with HCM was 57 years
(hereinafter, an interquartile range 48.5; 63 is given
in the brackets). Among patients with HCM, men
slightly prevailed: 56.3 % (n = 45). Causes of hospital-
ization in patients with HCM were diverse, including
angina pectoris in 28 (35 %), acute coronary syndrome
in 13 (16.3 %), paroxysmal atrial fibrillation (AF) in 9
(11.3 %), decompensated chronic heart failure (CHF) in
9 (11.3 %), syncope and presyncope in 6 (7.5 %) patients
(Figure 1).

A post hoc analysis of EchoCG findings obtained by
highly qualified specialists using ultrasonic diagnostic
apparatuses of expert class. All LV measurements were
performed in accordance with the guidelines of the
American Society of Echocardiography. LV ejection
fraction (EF) was measured using the biplane method
of disks (modified Simpson method). The left ventricu-
lar outflow tract obstruction (LVOTO) was diagnosed
using the Doppler echocardiography at maximum (peak)
pressure gradient in the left ventricular outflow tract
>30 mm Hg at rest or during provocative testing. Asym-
metrical septal HCM was diagnosed at interventricular
septum (IVS) thickness 215 mm and the ratio of IVS/LV
posterior wall thickness 1.3 [1]. Apical HCM was diag-
nosed in patients with LV hypertrophy limited to left
ventricular apex [1]. Images for papillary muscle mea-
surements were obtained from the parasternal short axis
projection. The maximum diameters of the anterolateral
and posteromedial papillary muscles were measured
at the midline in the parasternal short axis view at the
end of diastole. The horizontal diameter was measured
in parallel with a line drawn between the center of the
LV cavity and the papillary muscle at the point of its
attachment to the LV wall. The vertical diameter was
measured perpendicular to the above-described line.
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angina syndrome

suspicion of ACS m——— | (.3% (13) 35% (28)
paroxysmal AF messssss————— ]].3% (9)
decompensation of CHF ~ messsssss————— | ].3% (9)
syncope, presyncope 7.5% (6)
hypertensive crisis = 3.8% (3)
carrying out CAG w3 89 (3)
consultations with an arrhythmologist === 2 59, (2)
pacemaker implantation == 25 % (2)
CVA = 12% (1)
determination of the question of fitness for.. ™ 1,2% (1)
ICD implantation ™= 1,2% (1)
hypotension = 1,2% (1)
medication bradycardia ™ 1,2% (1) 5
0 5 10 15 20 25 30 35 400

Figure 1. Reasons for hospitalization in patients with HCM

Note: ACS — acute coronary syndrome, AF — atrial fibrillation, CHF — chronic heart failure, CAG — coronary angiography, CVA — acute cerebrovascular accident,

ICD — implantable cardioverter-defibrillator

According to the Kobayashi criteria, papillary muscle
hypertrophy was defined by a diameter 211 mm of at
least one papillary muscle in the horizontal or verti-
cal direction or in both directions [5]. The pulmonary
artery systolic pressure (PASP) was estimated nonin-
vasively using transthoracic echocardiographic data on
peak tricuspid regurgitation rate, taking into account
the diameter of inferior vena cava and its collapse during
inspiration. Pulmonary hypertension was diagnosed at
values >30 mm Hg.

The analysis included all available electrocardiograms
(ECG); Cornell criteria, Sokolow-Lyon index, and elec-
trocardiographic QRS voltage were assessed. The voltage
in extremity leads <5 mm or precordial leads <10 mm
was considered low [2]. QRS complex that are ventricu-
lar in origin and artifacts were disregarded.

The glomerular filtration rate (GFR) was calculated
using the CKD-EPI formula to assess the functional
state of the kidneys. The presence and severity of pro-
teinuria were evaluated based on the urinalysis find-
ings. The data obtained in the laboratory investigations
conducted during and before the index hospitalization
were regarded. A clinical and instrumental criterion for
chronic kidney disease (CKD) was a persistent decrease
in GFR <60 mL/min/1.73 m? and/or urine mark-
ers of kidney injury for 3 months or more. The levels of
N-terminal pro brain natriuretic peptide (NT-proBNP),
serum troponin, and urinary albumin excretion were not
assessed for technical reasons.

In real-life clinical practice, no genetic testing or
exclusion of HCM phenocopies was performed in any
patient. In 2020-2022, to exclude HCM phenocopies in
55 patients with LVH (including 5 (9.1 %) of the patients
analyzed above), genetic testing was performed as part
of the research work at the Department of Propaedeutics
of Internal Medicine, Faculty of Medicine, N.I. Pirogov
Russian National Research Medical University, Ministry
of Health of the Russian Federation.

Patients’ prognosis was assessed via telephone calls
and analysis of available medical records 87 (45-131.5)
months later. The endpoint was all-cause mortality.

Statistical analysis was performed using SPSS 26 soft-
ware. Since some of the obtained data did not follow
the normal distribution law, non-parametric methods
were used. The central tendency and attribute variance
are presented as the median and the interquartile range.
Intergroup differences in two independent groups were
assessed using the Mann—Whitney test. In the qualitative
data analysis, the absolute and relative frequencies were
determined for each attribute value. When comparing
the relative frequencies of the attribute in two groups and
the correlation coeflicients, hypotheses of their equal-
ity were tested using a two-tailed statistical significance
test. The chi-square test (maximum likelihood method)
was used to compare groups by qualitative characteris-
tics. The patients’ survival rate was assessed using the
Kaplan-Meier survival curves. The level p<0.05 was con-
sidered statistically significant.
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Results

Over the period 2007 to 2021, in one of the multi-
speciality hospitals in Moscow, HCM was diag-
nosed in 80/560,901 hospitalized patients (0.0143 %;
14.3/100,000 patients/year, 1:6,993 of hospitalized
patients a year). All patients with HCM were discharged
from the Cardiology Department (Table 1).

On admission to hospital, complaints of angina
pain/heaviness in the chest in 44 (55%) patients with
HCM; dyspnea in 41 (51.3 %); weakness and/or fatigue
in 30 (37.5%); palpitation, impaired cardiac function in
25 (31.3%), fainting/presyncope in 10 (12.5%), lower
extremity edema in 7 (8.8 %) patients.

According to the patients’ medical history, 12 (15 %)
patients had previously diagnosed miocardial infarction
(MI), without significant coronary artery stenosis on cor-
onary angiography in 6 (50 %), with evidence-based coro-
nary artery stenosis in 3 (3.8%) of them; stenting of the
infarct-related artery was performed in 2 (2.5 %) of them.

43 (53.8 %) of patients had a history of arterial hyper-
tension (AH): grade 1 in 6 (7.5%), grade 2 in 9 (11.3 %),
and grade 3 in 28 (35 %) patients. On admission, arterial
hypertension was detected in 1 (1.3 %) patient.

14 (17.5%) of patients with HCM had a history of
type 2 diabetes mellitus (DM); impaired glucose toler-
ance was detected on admission in 10 (12.5 %) patients.

The diagnosis of CHF was recorded in 62 (77.6 %)
of patients with HCM: 71.1% had New-York Heart
Association (NYHA) functional class II/III; 61.8 % had
stage IIA CHF according to the Vasilenko-Strazhesko

classification. Among the signs of CHE hydrothorax
was detected in 5 (8.1 %) patients, of whom 3 (4.8 %)
had right-sided hydrothorax; 2 (3.2%) had bilateral
hydrothorax; 7 (11.3 %) had hepatomegaly; 1 (1.6 %) had
ascites.

On EchoCG, IVS thickness was 1.8 (1.4-2.3) cm;
basal IVS segment thickness was 2.06 (1.8-2.3) cmy;
LV posterior wall thickness was 1.4 (1.2-1.6) cm. IVS
and/or LV posterior wall thickness >1.5 cm was detected
in 91.2 % patients with HCM. Symmetric form of HCM
in 22.1 %, apical form in 5.2 %, papillary muscle hyper-
trophy in 1.3 %, IVS hypertrophy in 71.4% of patients.
Obstructive HCM was diagnosed in 64.1 % (latent LV
ventricular outflow tract obstruction (LVOTO) was
detected in 1.3%); nonobstructive form was diagnosed
in 35.9% of patients with HCM. A history of septal
reduction surgery was recorded in 9.0% of patients.
The median maximum pressure gradient in the left ven-
tricular outflow tract (LVOT) in patients with LVOTO
was 53 (28-105) mm Hg; the mean pressure gradient in
(LVOT) was 30 (15-49) mm Hg. The left atrium antero-
posterior diameter was 4.5 (4.0-5.2) cm; its volume was
102.5 (63-140) mL; the right atrium area was 16 (14.5-
22.5) cm?. The left ventricular end-diastolic diameter was
4.3 (4.0-4.8) cm; its end-diastolic volume was 80 (70-
100) mL. LV EF was 63 (55-70)%. Chronic heart failure
with reduced LV ejection fraction <40 % was diagnosed
in 3 (3.8 %), with moderately reduced LV EF in 4 (5%),
with preserved LV EF(CHFpEF) in 55 (68.8 %) patients
(Figure 2).

Table 1. Frequency of diagnosing HCM in a multidisciplinary hospital for the period from 2007 to 2021

Number of patients

Number of patients

o . .
% of patients diagnosed HCM diagnostic frequency/

Year treated in hospital diagnosed with HCM Wittigzll\g:;n;:sgp:z;se 100 thousand people/year
2007 20212 6 0,0297 29,70
2008 26134 5 0,0191 19,10
2009 30268 6 0,0198 19,82
2010 28855 8 0,0277 27,72
2011 30569 4 0,0131 13,09
2012 29720 5 0,0168 16,82
2013 30078 6 0,0199 19,95
2014 39735 3 0,0076 7,55
2015 42024 9 0,0214 21,42
2016 46047 4 0,0087 8,69
2017 45909 4 0,0087 8,71
2018 49604 10 0,0202 20,16
2019 47027 5 0,0106 10,63
2020 45206 3 0,0066 6,64
2021 49513 2 0,0040 4,04
2007-2021 560901 80 0,0143 14,26

Note: HCM — hypertrophic cardiomyopathy
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Figure 2. Systolic function of the left ventricle in patients with HCM

Note: LVEF — left ventricular ejection fraction

Systolic anterior motion of the mitral leaflet was
recorded in 38 (47.5%) patients. Mitral valve prolapse
was recorded in 7.14 % patients. Secondary mitral regur-
gitation was registered in 60 (75 %) patients.

EchoCG findings revealed calcinosis of cardiac struc-
tures in 13 (16.3 %) patients: only calcinosis of mitral
valve leaflets in 3 (3.8 %); only calcinosis of aortic valve
in 2 (2.5%); calcinosis of both mitral and aortic valves
in 8 (10%).

Diffuse left ventricular (LV) hypokinesis was detected
in 5 (7.2 %) patients, local hypokinesis in 5 (7.2 %); aki-
nesis was detected in 1 (1.4 %) patient (all these patients
had a history of myocardial infarction); 2 (2.9 %) patients
had LV apical dissynergy against a background of com-
plete left bundle branch block.

51.4% (37)
41.7% (30)

Signs of pulmonary hypertension were detected in
21 (35%) patients, for whom mean pulmonary arterial
pressure (MPAP) was calculated; in 20 (33.3 %) patients,
MPAP was not recorded in the EchoCG protocol.
In patients with HCM, 14 (23.3 %) had grade 1 pulmo-
nary hypertension (MPAP <50 mm Hg), 5 (8.3%) had
grade 2 PH (MPAP 50-80 mm Hg), and 2 (3.4%) had
grade 3 PH (MPAP >80 mm Hg).

Diastolic LV dysfunction was detected in 37 (51.4 %)
patients with HCM: 24 (33.3%) had relaxation disor-
der, 12 (16.7 %) had pseudonormalization, 1 (1.4 %) had
restriction; 5 (6.9 %) had normal diastolic function in
their medical records. In 30 (41.7 %) patients, diastolic
LV function was not assessed (Figure 3).

LVDD
Normal LVDF
Not evaluate

LVDF
LVDD type 1

LVDD type 2
® LVDD type 3

33.3%(24)

16.7% (12)

Figure 3. Diastolic function of the left ventricle in patients with HCM

Note: LVDD — left ventricular diastolic dysfunction, LVDF — left ventricular diastolic function




Apxub BHyTpeHHel MeAnunHbl ® Ne 3 o 2023

OPUTMHAABHBIE CTATbBU

Pericardial effusion was detected in 9 (12.5%)
patients.

The analysis of available ECG data recorded during
the last hospitalization revealed voltage signs of LVH
in 36 (48 %), low-voltage on ECG in 1 (1.3%) patient
(Figure 4). A negative T wave in precordial leads (often
in V2-V6) was recorded in 36 (48 %) patients. An abnor-
mal Q wave on ECG was recorded in 8 (10 %) patients
(all of them had a history of MI/postinfarction cardio-
sclerosis (PICS)): 4 (5%) in inferior leads, 1 (1.3%) in
lateral leads, 2 (2.5 %) in anteroseptal leads and LV apex,
1 (1.3%) in inferior and lateral leads.

Atrial fibrillation was detected in 36 (45 %) patients
with HCM: permanent AF in 12 (15 %), persistent AF in
5 (6.2 %), and paroxysmal AF in 19 (23.8 %).

During hospitalization, ventricular tachycardia was
reported in 6 (7.5%) patients: of whom, unstable ven-
tricular tachycardia was recorded during 24-hour Holter
ECG monitoring in 4 (5 %) patients and on 12-lead ECG
in 2 patients. Supraventricular tachycardia was detected
in 3 (3.8%) patients with HCM: in 2 (2.5%) during
24-hour Holter ECG monitoring, in 1 (1.3 %) on 12-lead
ECG (Figure 5).

Cardiac conduction disorders were revealed in
29 (36.3%) patients: atrioventricular (AV) blockage in
6 (6.3%) patients, including degree 1 AV blockade in

Figure 4. ECG in patients with HCM

Note: LVH — left ventricular hypertrophy

2(2.5%), degree 3 AV blockade in 3 (3.8 %); right bundle
branch block in 17 (21.3 %), left bundle branch block in
12 (15%) patients. Wolff-Parkinson-White syndrome
was detected in (1) 1.3 % patient (Figure 6). Morgagni—
Adams-Stokes attack was reported in 3 (3.8 %) patients
with HCM. 4 (5%) patients had a history of cardiac
pacemaker implantation. Implantation was caused by
degree 3 atrioventricular blockade in 3 (3.8 %) patients
after ventricular septal resection, bradycardiac perma-
nent AF in 1 (1.3 %) patient.

In patients with HCM, the glomerular filtration
rate (GFR) was 65 (56-78.8) mL/min/1.73 m2 (n=71).
Chronic kidney disease was reported in 22 (31%)
patients, provided that most of them had stages 3a and
3b (Figure 7). Proteinuria was detected in 17 (25% of
patients, n=68), proteinuria >1 g/L was detected in
3 (4.4%), and nephrotic syndrome was detected in
1 (1.5%) patient with HCM (Figure 8).

The hospitalization duration in patients with HCM
was 8 (6; 12.5) days. 87 (45-131.5; min 1, max 180)
months after discharge, 11 (13.8 %) patients died. In the
dead patients, the time from HCM diagnosis to death
was 10 (3-12, min 0, max 17) years.

dead patients were more likely to have a history of
LVOTO and AF compared to alive patients (X*=10.09;
p=0.006 and X*=3.96; p=0.047, respectively) (Figure 9, 10).

= normalvoltage = lowvoltage ~ voltage signsof LVH
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Figure 5. Arrhythmias in patients with HCM

Note: Afib — atrial fibrillation, SVT — supraventricular tachycardia, VT — ventricular tachycardia
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Figure 6. Conduction disorders in patients with HCM
Note: RBBB — right bundle branch block, LBBB — left bundle branch block, AV — atrioventricular, WPW — Wolff-Parkinson-White Syndrome
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Figure 7. CKD in patients with HCM
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Figure 8. Proteinuria in patients with HCM
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Figure 9. Kaplan-Meier curve of the proportion of patients after septal reduction therapy, with or without left ventricular
obstruction among 80 patients with hypertrophic cardiomyopathy (HCM).

10 —L. NoAfib
L Afib
08
E—
§ 08
-
=
wn
04
02
00

0 2 4 6 8 10 12 14

Following time (year)

Figure 10. Kaplan-Meier curve of the proportion of patients with or without Afib among 80 patients with hypertrophic
cardiomyopathy (HCM).

Note: Afib — atrial fibrillation
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Table 2. Comparison of characteristics in deceased and surviving patients with HCM

| Paameter | Deceased (n=11) | _Alive(n=69) | p |

Proteinuria, g/| 0.26 (0.00-2.00) 0.09 (0.00-3.0) 0.29
Presence of LVOT obstruction, % 100 58.2 0.006
LV wall thickness, mm 19.5 (17.8-24.3) 20.9 (18-23.7) 0.37
Presence of Afib, % 72.7 40.6 0.047
Arterial hypertension, % 36.4 56.5 0.22
GFR ml/min/1.73 m2 96(60-104) 64.5 (56-76) 0.087
Diabetes 36.4 58 0.39
LA diameter (mm) 49.4 (45-52) 45 (40-51.4) 0.23
LA volume (ml) 99 (81.5-202) 105 (60-140) 0.83
LV EDD (mm) 41 (39-51) 43.3 (40-47.6) 0.9
LV EDV (ml) 94.5 (80-126) 80 (68-97) 0.27

Note: LVOT — left ventricular outflow tract, LV — left ventricle, Afib — atrial fibrillation, GFR — glomerular filtration rate, LA — left atrium, EDD — end-diastolic diameter, EDV —
end-diastolic volume
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Figure 11. Kaplan-Meier curve of the proportion of patients with different classes of CHF or without it among 80 patients
with hypertrophic cardiomyopathy (HCM) (p=0.073)

Note: HF — heart failure
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Age, sex, severity, and form of LVH, LVEE, LV end-
diastolic diameter and volume, LV diastolic function, left
atrial dimension and volume, degree of proteinuria, GFR,
NYHA functional class of CHE, CHF stage (according to
the Vasilenko-Strazhesko classification), history of arte-
rial hypertension, myocardial infarction, and diabetes
mellitus in dead and alive patients were not significantly
different (Table 2, Figure 11).

Fifty-five patients with LVH (5 (9.1 %) of the above-
analyzed patients) underwent genetic testing to rule out
HCM phenocopies. Of them, sarcomere protein gene
mutations (true HCM) were found in 12 (21.8 %) patients,
a transthyretin gene mutation (ATTR amyloidosis) was
revealed in 1(1.8 %) patient.

Discussion

According to the published data, cases of HCM were
diagnosed in 122 countries. Approximately 20 million
people worldwide have this disorder, which is much
greater than the previously estimated number of patients.
HCM is not diagnosed in about 90 % of cases [1].

Over the period 2007 to 2021, in the multi-spe-
ciality hospital, the HCM detection rate was 14.26 per
100,000 patient-years. There is no similar statistical
information on the website of the Federal State Statis-
tics Service of the Russian Federation or in the available
literature. In the period 1984 to 2016, the detection rate
of HCM in the Rochester Epidemiology Project (Min-
nesota, USA) was 8.0/100,000person-years [6]. The dif-
ferences may be due to the small sample size of the study
and the inclusion of only hospitalized patients. Taking
into account the HCM prevalence in the general popula-
tion, which is 1 per 500 people, a lot of HCM cases are
not diagnosed in real-life clinical practice [1].

A distinctive feature of HCM is heterogeneity of clin-
ical manifestations, ranging from asymptomatic course
to severe CHF and sudden cardiac death. Typical mor-
phological signs of HCM include hypertrophy, cardio-
myocyte damage, and cardiac fibrosis [1]. This disorder
is characterized by disturbed myocardial calcium metab-
olism, inefficient energy use, and microvascular dysfunc-
tion. According to the data obtained in this study and
published in literature, it is accompanied by impaired
local and reduced global contractility, LV diastolic dys-
function, cardiac valve insufficiency, rhythm and con-
tractility disorders, CHF (in 77.6 %, including CHFpEF
in 68.8 % patients) [1,5].

In the guidelines of the European Society of Cardi-
ology, the NT-proBNP, BNP assay is recommended as
a mandatory criterion for the CHFpEF diagnosis (until
2021 and CHFpEF). This recommendation is not always
followed in general clinical practice, and therefore this
index was not evaluated in the patients with HCM in

this study. According to the results of some authors, NT-
proBNP, BNP level, high-sensitivity troponin can help
differentiate HCM from its phenocopies and even dis-
tinguish phenocopies from each other. Liu H. et al. dem-
onstrated that a significantly greater level of NT-proBNP
[5,803.5 (2,533-13,969) vs. 1,513 (656-3,516), p=0.001)]
and troponin T [91.9 (53.85-223.45) vs. 17.3 (11.9-45.3),
p=0.001] in patients with cardiac amyloidosis compared
to the patients with HCM. By contrast with HCM, the
diagnosis of cardiac amyloidosis can be ruled out at
normal values of NT-proBNP. None of the patients with
cardiac AL amyloidosis had NT-proBNP <55 pmol/L.
Hu K. et al. found that the levels of high sensitive tro-
ponin (hsTn) and NT-proBNP were much greater in
the cardiac amyloidosis group [median: hsTn 98 pg/mL,
NT-proBNP 4,110 pg/mL] than in the group of Fried-
rich’s ataxia [hsTn 14 pg/mL, NT- proBNP 40 pg/mL]
and in the Fabry disease group [hsTn 18 pg/mL, NT-
proBNP 131 pg/mL, P<0.001 in both groups]. hsTn
>60 pg/mL (sensitivity 0.79, specificity 0.93) and NT-
proBNP >1,000 pg/mL (sensitivity 0.91, specificity 0.93)
allowed differentiating cardiac amyloidosis from Fried-
rich’s ataxia and Fabry disease [7,8]. For this reason, a
large-scale implementation of the test for these biomark-
ers in patients with left ventricular hypertrophy and
especially with HCM.

In HCM, AF is the most frequent persistent arrhyth-
mia. Its prevalence depends on the disease severity and
makes up from 22 % in patients with HCM to 32 % in
patients with HCM waiting for implantation of cardio-
verter defibrillator and electric cardiac pacemaker [9].
In this study, a greater incidence of AF was found in
patients with HCM: in 45 % of cases. Cardiac conduc-
tion disorders were detected in every third patient; in
9% of patients, cardiac conduction disorders occurred
after IVS resection. Such frequency is comparable with
the frequency of AF and cardiac conduction disorders
in patients with amyloidosis found in one of the studies
[2]. It is likely that the group of patients with HCM was
heterogeneous, the diagnosis was generally established
based on EchoCG data, and its phenocopies (e.g., cardiac
amyloidosis) were not ruled out. According to the results
of previous studies, the frequency of hereditary ATTR
amyloidosis in patients with diagnosed HCM 1is 5% and
reach 7.6 % at the age of 55 years and older [3]. In the
recent study in the cohort of Afro-Caribbean patients
with unexplained LV hypertrophy, cardiac amyloidosis
was found in 33.9 % of patients [10].

A meta-analysis by Liu Q. et al. demonstrated that
in patients with HCM, NYHA functional class, AF, and
LVOT obstruction were significant prognostic factors of
cardiovascular death [11]. Moreover, NYHA class III/IV
was the most important risk factor for cardiovascular
mortality and the strongest prognostic factor for overall
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mortality. In this study, dead patients with HCM were
significantly more likely to have LVOTO (p=0.006) and
AF (p=0.047); there were differences in NYHA functional
class between dead and alive patients; however, they were
not statistically significant (p=0.073). This may be due
to a small sample size and heterogeneity of the patient
cohort in the study, possible presence of hypertensive
patients in patients with established HCM diagnosis, as
well as specificity of CHFpEF diagnosis in the absence of
biomarker detection (BNP, NT-proBNP).

The survival rate of patients after the surgery aimed
at reducing the pressure gradient in LVOT (myectomy,
alcohol septal ablation) is lower than in patients without
surgery and without obstruction. This may be explained
by the greater severity of clinical symptoms and presence
of higher CHF FC in patients requiring myectomy [11]
This is consistent with the results of this study.

The frequency of patients with a history of myo-
cardial infarction in the study was much greater than
in the Taiwan study (15% and 3 %), [12]and the fre-
quency of patients with myocardial infarction without
significant coronary stenoses was similar to the results
of Puwanant S. et al. study (7.5 % and 9 %, respectively)
[13]. In addition to coronary atherosclerosis, microvas-
cular dysfunction, intramural coronary stenosis and
endothelial dysfunction may contribute to the devel-
opment of ischemia and/or myocardial infarction in
HCM. In HCM phenocopies, especially in cardiac amy-
loidosis, ECG changes or local contractility abnormali-
ties on echoCG may mimic the clinical presentation of
MI and be due to amyloid deposition in the LV wall or
coronary arteries [2,3].

In the study, half of the patients with HCM had a his-
tory of arterial hypertension (AH), 35 % had a history of
grade 3 AH. The result obtained in the study does not
differ from those in the previous studies [14]. Although
these two disease areas can be comorbid, genetic test-
ing is required in patients with AH to confirm HCM in
order to rule out hypertensive heart disease as the cause
of LVH.

Low (even normal) voltage of QRS complexes
observed in some patients with HCM are a manifestation
of mass-voltage dissociation. This may be one of signs of
HCM phenocopies and require screening to reveal the
causes of HCM (genetic test, biopsy, etc.).

In this study, 30 % of patients with HCM had a car-
bohydrate metabolism disorder (17.5% had DM). This
is twice as high as in the general population and simi-
lar to the DM frequency in the cohort of patients with
HCM in Taiwan [12]. DM may be a cause of micro-
vascular dysfunction and MI without significant coro-
nary stenosis in the patients with HCM. Patients with
HCM and DM have a higher cardiovascular risk. They
have higher FC and more pronounced heart failure due

to LV diastolic dysfunction. It is interesting that the
clinical presentation of diabetic cardiomyopathy can
develop in the patients with DM, manifesting as LVH,
diastolic dysfunction, left atrial dilation [15]. LVH
caused by DM is aggravated by AH and renal dysfunc-
tion [15]. In patients with LVH and DM, especially in
the presence of AH, renal dysfunction, genetic testing
is required to confirm HCM and perform differential
diagnosis with diabetic cardiomyopathy.

In this study, kidney disease was found in every third
patient with HCM; however, it was not pronounced in
most patients. Proteinuria detected in the urinalysis
was mainly mild; no tests for albuminuria or daily pro-
teinuria/albuminuria were conducted. It is generally
acknowledged that in patients with such cardiovascu-
lar diseases (CVD) as coronary heart disease (CHD)
and chronic heart failure (CHF) CKD is a significant
risk factor associated with adverse outcomes. However,
the significance of CKD in HCM is still unclear [16].
On the one hand, CKD is closely related to the progres-
sion of LVH and cardiac fibrosis. On the other hand, LV
hypertrophy and diastolic dysfunction may promote a
decrease in GFR and development of renal dysfunction
in patients with HCM [16]. Screening of urinary albu-
min excretion, including daily albuminuria, is required
for timely diagnosis of renal disorders in patients with
HCM. It is notable that pronounced LVH in combination
with renal disorders can be considered as “a red flag” of
systemic amyloidosis and other infiltrative heart diseases
[2,3], requiring screening for HCM phenocopies.

According to the genetic testing in patients with
HCM, sarcomere protein gene mutations were detected
in 21.8 % of patients, while a transthyretin gene muta-
tion (hereditary ATTR amyloidosis was diagnosed) was
revealed in 1.8 %. Clinicians should be suspicious of this
disease and perform screening to rule it out in patients
with HCM who have the mentioned “red flag” symptoms
[16].

Study restrictions

Due to the retrospective design of the study, different
causes and timing of hospitalization, different clinical
manifestations and applied medical and economic stan-
dards of patient management, not all of the tests required
for patients with HCM according to the current guide-
lines were conducted; genetic testing and exclusion of
HCM phenocopies were not performed either.

Conclusion

In real-life clinical practice, HCM is probably diag-
nosed less frequently than it occurs. Moreover, overdi-
agnosis of HCM in patients with arterial hypertension
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and diabetes mellitus, as well as underdiagnosis of
HCM phenocopies cannot be excluded. All patients
with HCM require EchoCG according to up-to-date
protocols, including the assessment of diastolic func-
tion, mass index, cardiac strain, pulmonary hyperten-
sion, etc., evaluation of troponin and NTproBNP levels,
genetic testing, as well as other tests to exclude pheno-
copies. Considerable achievements and wide availability
of genetic testing facilitate the detection of sarcomere
mutations that cause HCM, as well as the diagnosis of
other genetic diseases that can mimic HCM. Visualiza-
tion techniques are not always reliable when it comes to
differentiation of these conditions. Although HCM phe-
nocopies are relatively rare, it is extremely important to
distinguish these conditions at an early stage, since their
natural course, treatment and prognosis are significantly
different from those in HCM with sarcomere mutations.
In this study, sarcomere protein gene mutations were
found in each fifth patient, while a transthyretin gene
mutation (ATTR amyloidosis) was revealed in 2% of
patients with pronounced LVH. This confirms the need
for wide implementation of genetic testing, screening for
HCM phenocopies and their inclusion in the Program
on State Guarantees in the Russian Federation for timely
use of specific pathogenetic therapy and improvement of
patients’ prognosis.
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Ultrasound Score of Liver Steatosis Severity
in the Diagnosis of Peripheral Arterial
Atherosclerosis in Patients with Nonalcoholic
Fatty Liver Disease

Pestome

HeankoronbHas xwvpoas 6onesHb nedeqn (HAXBI) ABaseTCA WMPOKO pacrpoCTpaHeHHbIM 3a60/1eBaHMEM, TECHO aCCOLMMPOBAHHBIM C OXUpe-
HMeM 1 MeTabo/IMYeCKUMN HapyLieHNAMU. B AnarHoCTVKe Hea/IkorobHOM XM1POBOW 60/1e3HM neYeHn 60/bLIoe BHAMaHWE Y/eNAeTCA HeMHBa3MB-
HbIM MHCTPYMeHTanbHbIM MapkepaM. Lienbio HacTosLero ncciefoBaHns 6b110 M3yyeHre B3aMMOCBA3MN 3HaYeHWUI YIbTPa3BYKOBOM LLKa/bl CTeaTo3a
Hamaguchi ¢ pacnpocTpaHeHHOCTbIO aTepockneposa nepudepryecknx apTepuil, a TaKxe OLeHKa guarHocTuyeckol LeHHoctn Hamaguchi score
B OTHOLWEHNWN Ha/IMYMA CTEHO30B COHHbIX apTepUi U apTepuil HMKHMUX KOHeYHoCTen. MaTepuanbl  MeToabl. Bcem yyacTHMKaM nposogunu ay-
N/IeKCHOe CKaHWPOBaHWe apTepuii KapoTUAHOro GacceliHa U apTepuil HMKHUX KOHeYHOCTel, abAoMMHaIbHOe YNbTPa3ByKOBOE MCC/eA0BaHMe.
PesynbTatbl. B nccnegoBaHum npuHAno yvactue 175 nauneHTos, cpeamn HUX 72 Myx4duHbl 1 103 eHWwuHbl. MeanaHa Bo3pacTta NauneHToB COCTaBu-
na 50 net. CoyeTaHHbI aTePOCK/IEPO3 COHHBIX APTEPUIA M apTePUIl HUKHUX KOHEYHOCTEN BbisiB/ieH Y 76 (43,4 %) nauneHToB. MeAnaHa BblpaxeH-
HOCTW CcTeaTo3a neyeHn no wkane Hamaguchi coctaBuna 2 6anna. B rpynne naumeHToB € cO4eTaHHbIM aTEPOCK/IEPO30OM COHHbIX apTepUii 1 apTepuii
HUXKHUX KOHEYHOCTE 6blIM OTMeYeHbl 40CTOBEPHO 60/1ee BbiCOKME 3HaveHns Hamaguchi score (p=0,026). Mo AaHHbIM 0MUCTUYECKOTO perpeccu-
OHHOrO aHanu3a yBenuyeHune 6anna no wkane Hamaguchi Ha ogHY eAUHMLLY acCOLMMPOBANOCh C yBEIMYEHNEM OTHOCUTE/IbHOIrO PUCKA BbIAB/IEHUA
COYETaHHOro aTepOCK/Iepo3a AByX 6acceiiHOB (COHHbIE apTEpUM 1 apTEPUM HKHUX KoHeuHocTel) B 1,192 pasa (95 % AU 1,023-1,387). Mo gaHHbIM
ROC-aHanun3a yBesmyeHmne 3HaveHnin wkansl Hamaguchi 6osiee 2 6217108 N03BO/IAN0 ANArHOCTMPOBATh COYETaHHble CTEHO3bl KAPOTUAHbIX apTepuit
1 apTepUI HUXKHUX KOHEYHOCTEN C YyBCTBUTENBHOCTbIO 52,6 % 1 cneymduyHocTbio 63,6 % (AUC=0,596; p:0,024). 3akoyeHue. Y NauneHToB C He-
a/IKOr0/IbHOW KMPOBOW 60/1€3HbI0 NeYeHN 3HaYeHUs Wkanbl Hamaguchi 6osee 2 6ann0B NO3BO/IAET AMArHOCTUPOBaTb COYETaHHbIe CTEHO3bI Kapo-
TUAHBIX apTEPUI1 U apTePUIN HUIKHUX KOHEYHOCTeW C YyBCTBUTENBHOCTLIO 52,6 % 1 cneymduyHocTbio 63,6 %.
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Abstract

Non-alcoholic fatty liver disease (NAFLD) is a widespread disease closely associated with obesity and metabolic disorders. Noninvasive instrumental
markers are of great importance in the diagnosis of NAFLD. The aim of the present investigation was to study the correlation of Hamaguchi score with
the prevalence of peripheral arterial atherosclerosis and to evaluate the diagnostic value of Hamaguchi score in relation to the presence of carotid
and lower limb arterial stenoses. Materials and Methods. All the participants underwent duplex scanning of the arteries of the carotid basin and the
arteries of the lower extremities, and abdominal ultrasound examination. Results. The study involved 175 patients, including 72 men and 103 women.
Median age of the patients was 50 years. Combined atherosclerosis of carotid arteries and the arteries of the lower extremities was detected in 76
(43,4 %) patients. Median severity of hepatic steatosis according to Hamaguchi score was 2 points. Significantly higher Hamaguchi score values
(p=0,026) were observed in the group of patients with combined atherosclerosis of carotid arteries and lower limb arteries. According to logistic
regression analysis, a one unit increase in Hamaguchi score was associated with a 1,192-fold (95 % CI 1,023-1,387) increase in the relative risk of finding
combined atherosclerosis of two basins (carotid and lower extremity arteries). According to ROC-analysis, increasing Hamaguchi score>2 points
allowed to diagnose combined stenoses of carotid and lower limb arteries with sensitivity of 52,6 % and specificity of 63,6 % (AUC=0,596; p=0,024).
Conclusion. In patients with NAFLD the Hamaguchi score>2 made it possible to diagnose combined stenoses of the carotid and lower extremity
arteries with a sensitivity of 52,6 % and specificity of 63,6 %.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a
common disease which is closely associated with obe-
sity and metabolic disorders [1-3]. However, this con-
dition can be observed also in persons with normal
body weight: in general, approximately 40 % of NAFLD
patients have normal body mass index [4]. This fact is
important to understand the significance of this dis-
ease. Results of recent metaanlyses show a high risk
of fatal and non-fatal cardiovascular events (myocar-
dial infarction, stroke, revascularisation) in groups
of NAFLD patients, irrespective of the presence or
absence of metabolic syndrome and obesity [5, 6]. It is
important to note that cardiovascular diseases were the
main cause of deaths in NAFLD patients (38 % of all
causes) in the studies conducted in the USA, Europe
and Asia [7, 8].

In NAFLD diagnosis, a greater emphasis is put on
noninvasive laboratory and instrumental markers (in
particular, on fatty liver index (FLI), hepatic steatosis

index (HSI), Hamaguchi score). Often these parameters
are used as a means to search for correlations between
NAFLD and cardiovascular diseases. Biyao Zou et al.
(2021) noted a higher incidence of atrial fibrillation,
coronary heart disease (CHD), stroke, cardiac failure,
and also statistically higher cardiovascular death rates
(10.42 per 1000 person years, 95% CI 10.15-10.70 vs.
5.18 per 1000 person years, 95% CI 5.04-5.32) in
patients with FLI > 60 vs. patients with FLI < 60 [8].
A study by Chenxi Wang et al. (2021) demonstrated
that an increase in HSI by one quartile was associ-
ated with 1.16-fold increase in the odd ratio (OR) to
diagnose carotid atherosclerosis (95% CI 1.114-1.207)
[9]. A number of researchers noted a close correlation
between endothelial dysfunction markers, in particular
vascular endothelial growth factor, and HSI values [10].
Also a correlation between impaired lipid metabolism
and ultrasound steatometry indices was established:
Daniele Pastori et al. (2018) found that Hamaguchi
score (semi-quantitative ultrasound hepatic steatosis
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scale) statistically correlated with the remnant choles-
terol concentration [11].

Literature data analysis demonstrates that noninva-
sive steatosis markers can be an efficient tool for car-
diovascular risk stratification and search for associa-
tions with cardiovascular complications. The objective
of this study was to analyse the correlation between
Hamaguchi ultrasound steatosis score and the inci-
dence of peripheral arterial atherosclerosis; and to
evaluate the diagnostic value of Hamaguchi score in
relation to carotid steatosis and arterial steatosis of
lower limbs.

Materials and methods

The study enrolled 175 patients (72 male subjects and
103 female subjects) with ultrasound verified NAFLD.
Median age was 50 (44.0; 56.0) years old.

All subjects signed a voluntary informed consent
form. Subjects with the following conditions were
excluded from the study: acute cardiovascular event
(acute coronary acute cerebrovascular
event, transient ischaemic attack), stage C4-C5 chronic

syndrome,

kidney disease (CKD), malignancies, hepatic cirrhosis,
viral hepatitis. The study protocol was approved by the
Local Ethics Committee (Meeting Minutes No. 10 dated
27 October 2018).

NAFLD was diagnosed using the generally accepted
criteria: excessive fatty deposits in the liver found during
ultrasound examination; no history of chronic consump-
tion of toxic doses of alcohol [12].

All subjects underwent a duplex ultrasonography
screening of carotid system arteries and lower limb
arteries. For a full report on peripheral artery ultra-
sound examination, please see our previous articles
[13]. Percentage of artery stenosis was measured pla-
nimetrically in B mode using the vessel cross section
diameter and haemodynamic criteria. Stenosis was mea-
sured under the ECST (The European Carotid Surgery
Trial) method. = 50 % carotid stenosis was diagnosed
if the following criteria were met: peak systolic velocity
(PSV) > 125 cm/s; the ratio of internal carotid artery
(ICA) PSV and the common carotid artery PSV > 4; ICA
end-diastolic velocity > 40 cm/s [14,15]. = 50 % lower
limb artery stenosis was diagnosed if the following cri-
teria were met: an increase in PSV up to 200-400 cm/s;
spectral dilatation in the stenotic area; biphasic blood
flow [16].

Abdominal ultrasound was performed using Canon
Aplio 400 (Japan); a 2.5-5 MHz curved transducer was
used. The standard ultrasound signs of hepatic ste-
atosis were evaluated: increased hepatic tissue echo-
genicity; intrahepatic vessel blurring; and echo signal
fading. Hepatic steatosis intensity was evaluated with a

semi-quantitative method developed by Hamaguchi M.
(2007), according to which each of the above steatosis
parameters was scored as follows: liver brightness —
0 to 3 points; echo signal fading — 0 to 2 points; vessel
blurring — 0 to 1 point [17]. The highest score was six
points.

All subjects underwent laboratory tests for total cho-
lesterol, high density and low density lipoprotein cho-
lesterol, triglycerides, creatinine level, and glomerular
filtration rate was calculated using the CKD-EPI formula
(2011).

All subjects were interviewed; their standard anthro-
pometric parameters (height, wight, body mass index
(BMI), and waist circumference) were measured. The
obesity type (metabolically healthy/unhealthy pheno-
type) was determined separately [18,19].

The characteristics of subjects is presented in Table 1.

The data were analysed using MedCalc (ver-
sion 20.110) and IBM SPSS Statistics (version 18). Quali-
tative variables were described with absolute and rela-
tive frequency (percents). Quantitative variables were
described with the median (Me), and the interquartile
interval [25th percentile; 75th percentile] was stated.
Spearman analysis was used in order to identify correla-
tions bewteen parameters; and a the coefficient of rank
correlation was calculated. The value of the coefficient of
correlation was interpreted as follows: r > 0.7 — strong
correlation between parameters; 0.3 < r < 0.7 — mod-
erate correlation between parameters; r < 0.3 — weak
correlation between parameters [20]. The relevance
of differences between the groups was evaluated using
Mann-Whitney test. Differences were statistically sig-
nificant if the relevance threshold was 0.05. Variables
interdependence was evaluated using logistic regression.
ROC-analysis was performed in order to identify the
thresholds of test parameters and to determine sensitiv-
ity and specificity.

Results

A majority of patients had various cardiovascular
risks. Over a half of all patients had abdominal obesity;
one out of five patients (21.7 %) was a smoker. A combi-
nation of carotid atherosclerosis and arterial atheroscle-
rosis of lower limbs was observed in 76 (43.4 %) patients.
The median Hamaguchi score for hepatic steatosis inten-
sity was 2 points (refere to Table 1).

The correlation analysis demonstrated a positive
correlation between Hamaguchi score and triglycerides
concentration (r=0.317; p=0,0001) and weak negative
correlation with high density lipoprotein concentration
(r=-0.191; p=0.012).

The group of patients with a combination of carotid
atherosclerosis and arterial atherosclerosis of lower limbs
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demonstrated a higher Hamaguchi score vs. patients
without peripherial atherosclerosis (median Hamagu-
chi score is 3.0 (0,0; 4.0) points and 1.0 (0.0; 4.0) point,
respectively, p=0.026).

In order to identify the potential diagnostic value and
optimal Hamaguchi score thresholds for forecasting a
combination of carotid stenosis and arterial stenosis of
lower limbs, logistic regression analysis and ROC analy-
sis were performed (Table 2, Figure 1).

The logistic regression analysis showed that an
increase in Hamaguchi score by one point was associated

Table 1. Characteristics of patients included in the study

with 1.192-fold increase in the relative risk of a com-
bined atherosclerosis of both areas (carotid arteries and
lower limb arteries) (95% CI 1.023-1.387).

According to ROC-analysis, an increase in Hamagu-
chi score by > 2 points made it possible to diagnose a
combination of carotid stenosis and arterial stenosis of
lower limbs with the sensitivity of 52.6 % and specificity
of 63.6% (AUC=0.596; p=0.024).

In the comparative analysis of Hamaguchi score for
men and women, men had statistically higher score vs.
women (median score value: 3.0 (1.0; 4.0) points and

TMoxasarens/ Ha].II/I.EHTbI / My>xamHbI/ JKenumyupr/
Indicator Patients Men Women
(n=175) (n=72) (n=103)
Age, years, Me (IQR) 50,0 (44,05 56,0) 47,5 (44,05 55,0) 51,0 (45,0; 56,0)
28,1 25,5
) . s s
BMI, kg/m?, Me (IQR) 26,8 (23,4; 30,5) (25,7 31,2) (22,3; 29,4)
Obesity: 48 (27,4 %) 25 (34,7 %) 23(22,3%)
Metabolically healthy phenotype 8 (4,57 %) 3 (4,17 %) 5 (4,85 %)
Metabolically unhealthy phenotype 40 (22,9 %) 22 (31,4 %) 18 (17,5 %)

C 96,0 81,0
Waist circumference, cm, Me (IQR) 84 (77; 98) (85,05 104) (76,05 91,0)
Abdominal obesity, n (%) 98 (56 %) 49 (68,1 %) 49 (47,6 %)
Smoking, n (%) 38 (21,7 %) 23 (31,9%) 15 (14,6 %)
Coronary artery disease, n (%) 4 (2,28 %) 4 (5,55 %) 0
Arterial hypertension, n (%) 62 (35,4 %) 36 (50,0 %) 26 (25,2 %)
Type 2 diabetes mellitus, n (%) 3 (1,71 %) 2 (2,78 %) 1 (0,97 %)

Carotid atherosclerosis, n (%)/

Maximum stenosis of the carotid arteries, %, Me (IQR)

Carotid artery stenoses =50 %, n (%)
Atherosclerosis of lower limb arteries, n (%)
Lower limb arterial stenoses >50 %, n (%)

Combination of atherosclerosis of carotid arteries
and lower extremity arteries, n (%)

Total cholesterol, mmol/l, Me (IQR)
LDL cholesterol, mmol/l, Me (IQR)

HDL cholesterol, mmol/l, Me (IQR)

Triglycerides, mmol/l, Me (IQR)
Creatinine, pmol/l

pGFR, ml/min/1,73 m? to CKD-EPI (2011)
Hamaguchi score, Me (IQR)

121 (69,1%)
24,0 (0,0; 30,0)
5 (2,86%)
96 (54,8 %)
1(0,57%)

76 (43,4 %)

5,91 (5,03; 6,58)
3,71 (2,94; 4,55)

1,40 (1,16; 1,63)

1,16 (0,80; 1,70)
89,7 (73,5;103;6)
76,0 (63; 91)
2,0 (0,0; 4,0)

57 (79,2%)
26,0 (20,0; 33,8)
3 (4,16 %)
54 (75,0 %)
1(1,39%)

46 (63,9 %)

5,74 (4,70; 6,50)
3,48 (2,89; 4,36)

1,19
(1,01; 1,40)

1,30 (0,90; 2,10)

95,8 (81,7 110)

78,0 (67,2; 95,3)
3,0 (1,0; 4,0)

64 (62,1%)
20,0 (0,0; 25,0)
2(1,94%)
42 (40,8%)

0

30 (29,1 %)

6,06 (5,23; 6,62)
3,94 (3,14; 4,59)

1,53
(1,35; 1,72)

1,1 (0,80; 1,50)

85,1 (68,9; 100)

70,0 (60,0; 89,0)
1,0 (0,0; 4,0)

Note: Me — median; IQR — interquartile range; TCH — total cholesterol; TG — triglycerides; HDL — high-density lipoprotein cholesterol; LDL — low-density lipoprotein cholesterol;
¢GFR — calculated glomerular filtration rate

Table 2. Data from the logistic regression analysis

ioni 95% CI EXP(B)
B RMSE Wald DF Significance Exp (B)
level Lower Upper
HamaScore 0,175 0,077568 5,104 1 0,024 1,192 1,023 1,387
Constant -0,652 0,232698 7,841 1 0,005 0,521

IIpumeuanme: RMSE — cpennexsagparuynas omunbka; DF — degrees of freedom
Note: RMSE — Root Mean Square Error; CI — confidence interval
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1.0 (0.0; 4.0) points, respectively, p=0.003). However,
ROC-analysis results for the assessment of diagnostic
value of Hamaguchi score in forecasting a combination
of carotid stenosis and arterial atherosclerosis of lower
limbs performed separately for men and women did not
reveal any statistical significance (Figure 2A-B).

Hamaguchi score
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Figure 1. Results of the ROC analysis for the Hamaguchi
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Discussion

Correlation between NAFLD and cardiovascular dis-
eases is one of the most actively studied areas of medi-
cine [21]. NAFLD deaths are caused mostly by cardio-
vascular events rather than by hepatic outcomes. Also,
NAFLD and CVD share a lot of pathogenic mechanisms:
system inflammation, insulin resistance, endothelial dys-
function, intestinal dysbiosis [22, 23].

In our study, steatometry Hamaguchi score demon-
strated diagnostic value in relation to carotid athero-
sclerosis and arterial atherosclerosis of lower limbs in
patients with NAFLD. Despite the low sensitivity and
specificity, we managed to demonstrate for the first time
that this ultrasound scale can be a useful tool for the
assessment of hepatic steatosis severity and a predictor
of a combination of carotid atherosclerosis and arterial
atherosclerosis of lower limbs.

In this article, we noted the correlation between
Hamaguchi score and lipid metabolism parameters. The
available data correlate with the results of previous stud-
ies. Sookoian S et al. (2008) demonstrated that carotid
atherosclerosis is observed statistically more frequent in
patients with NAFLD and noted the correlation between
the carotid Intima-media thickness and alanine amino-
transferase and gamma-glutamyl transpeptidase levels
[24]. The results of a metaanalysis by Tang ASP et al.
(2022) showed that the presence of NAFLD increases
the chances of carotid atherosclerosis by 3.2 times
(95% CI 2.37-4.32; p<0.0001), while the risk of stroke
increases 1.88-fold (95% CI 1.23-2.88; p=0.02) [25].
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Figure 2. ROC analysis results for the Hamaguchi scale in men (A) and women (B)
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A number of studies discuss the correlation between
noninvasive markers of hepatic steatosis (in particu-
lar, Liver Fat Score (LFS)) and carotid atherosclerosis
prevalence, correlations between steatometry indices
(Hamaguchi score) and insuline resistance biomarkers
(HOMA index) [26, 27].

Conclusion

For NAFLD patients, Hamaguchi score of > 2 points
allows diagnosing a combination of carotid stenosis and
arterial stenosis of lower limbs with the sensitivity of
52.6 % and specificity of 63.6 %. Evaluation of hepatic ste-
atosis using Hamaguchi method can be used as a screen-
ing for peripheral atherosclerosis in high-risk patients.
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Hepatopulmonary Syndrome
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Prevalence, Clinical Significance,
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Pesiome

lenaTony/IbMOHaNbHbIN CUHAPOM ABNAETCA TAXE/NLIM OC/IOXKHEHNEM XPOHUYECKMX 3a60/1eBaHUI NeYeH, 3HaUNTe/IbHO CHUXKAIOWMUM KayecTBO
1 NPOAOC/IKNTENBHOCTb U3HM NaLMEeHTOB, MaTOreHeTUYeCKNM NPOAB/NEHNEM KOTOPOro ABAAETCA FMMMNOKCeMUA 1 BHYTPUNErOYHbIe BasoannaTta-
umn. Mo AaHHBIM HEKOTOPbIX aBTOPOB OH BbiABAAETCA Yy 35 % nauneHTOB C TePMUHaNbHOW CTaauell nopaxeHua neveHn. OCHOBHOE KAWUHMYe-
CKOe NposB/ieHne renaTo-My/1bMOHaNbHOrO CMHAPOMa — NPOrpPecCcUpyHoLLas OAbllKa C BO3MOXHbBIM BO3HUKHOBEHWEM NNATUMHO3 U OPTOAEKCUN.
OpHaKo, ero AMarHoOCTUKa Bbi3blBaeT TPYAHOCTU, TaK KaK «30/10TON CTaHAapT» — TpaHCTOpaKa/bHaA 3XOoKapAnorpadua ¢ BHyTPMBEHHbLIM BBe-
/leH1eM KOHTPacTHOro rnpenapata — WHBa3MBHasA npouesypa, Tpebytolas cneyndpruyeckoro oCHaleHNA U He NoaYyHMBLIAA WWPOKOro pacrpo-
CTpaHeHUs B e4ebHbIX yupexaeHnsax Poccuiickoin deaepauun. B kauecTse JONOAHUTENBHOrO METOAA NCMO/b3YeTCA GpU3MKa/bHBIN OCMOTP, NpU
KOTOPOM MOTYT BbIABAATLCA TeN€AHTMOIKTa3MM, LNMaHO3, M3MeHeHWe NasblLieB PyK Mo Tuny «6apabaHHbIX Nanoyek», a HorTel No TUMy «4acoBbIX
CTeKON», O/{HaKO 3TN NPOAB/IEHUA He 061a4at0T BbICOKOW CrelndUYHOCTLIO. B CBA3M € 3TUM HEO6XOAMMO NPOAO/KATL Aa/IbHENLWNI MOUCK Maslo-
MHBa3MBHbIX, NPUMEHMMBIX B PYTUHHOM NpaKTUKe ANarHOCTUYeCKUX MeTOA0B 1 NabopaTopHbIXx MapKképoB. B 3ToM 0630pe npescTaBneHbl AaHHble
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COBpEMEHHbIX AaHHbIX N HAKOM/ZIEHHOr O onbITa A4/1A 6onee PaHHeI‘/‘I BePVIq)VIKaLU/IVI AVarHosa u, COOTBETCTBEHHO, NpUMeHeHNA OMTMMA/IbHOW TaKTU-
K BeJeHnA naunmeHToB C AaHHOﬁ natonorunei. OCHOBHbIM 3¢¢eKTMBHbIM MeTO/OM IeHeHnA renaTony/1bMoOHa/lbHOro CMUHApoMa B HaCTOﬂLLWIﬁ MO-
MEHT ABNAeTCA nepecajika ne4eHu, NoO3TOMy ero paHHee BbiAB/IeHME MNO3BO/IAET CBOEBPEMEHHO HanpaBuUTb NalneHTa B LLeHTP TpaHCNaHTa/lorum
ANA BKAOYEHUA B INCT OXUAaHUA, Ha3sHA4YuB nNpu H€06XOAMMOCTVI ANNTENIbHYO KNnciopojoTepanuto, 4To 3Ha4MMO rnpoaaeBaeT XXU3Hb NalneHToB
W yny4ilaeT ee Ka4ecTBo.

KnroyeBbie c10Ba: 2enamonynbMoHanbHbIG CUHOPOM, YUPPO3 NEYEHU, 2UNOKCEMUS, Ba300uAamayuu, 0blwKa, OpMOoJeKCUs, NAAMUNHO3
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ABTOpbI 3aABAAOT, YTO AaHHan paboTa, eé TeMa, NPeAMET 1 COZEPKaHMe He 3aTPar1BaloT KOHKYPUPYHOLMX UHTEPECoB

M cTOYHMKM pUHaHCMpoBaHUSA
ABTOpr 3aABAAIOT 06 OTCYTCTBUN ¢MHaHCVIPOBaHVI$| npu nposejeHnn nccnegosaHna

CraTbsa nonyveHa 13.01.2023 r.
MpuHaTa k ny6avkauymmn 09.03.2023 r.
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Abstract

Hepatopulmonary syndrome is a severe complication of chronic liver diseases, significantly reducing the quality and duration of patient’s lives, the
pathogenetic manifestation of which is hypoxemia and intrapulmonary vasodilation. The disease is widespread enough: according to some authors, up to
35 % of patients with the terminal stage of liver damage suffer from this syndrome. The main clinical manifestation is progressive dyspnea with possible
occurrence of platypnea and orthodexia. Diagnosis is difficult, since the “gold standard” — transthoracic echocardiography with intravenous injection
of contrast agent — is an invasive procedure requiring specific equipment, that's why it is poorly used in medical institutions of the Russian Federation.
Physical examination is used as an additional method, in which we see dyspnea, cyanosis, spider nevi, digital clubbing, but these manifestations are not
highly specific. Therefore, there is an urgent need for minimally invasive, widespread diagnostic methods and clinical markers that can provide early
verification of the diagnosis. This review presents data on the prevalence, pathogenesis, clinical presentation, diagnosis and treatment of this syndrome.
The aim of this review is to structure the current data and the accumulated experience for an earlier verification of the diagnosis and accordingly, to
apply the optimal management tactics for patients with this pathology. Liver transplantation is currently the main effective method of treatment.
Patients with hepatopulmonary syndrome who underwent liver transplantation have been proven to have better survival rate.
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Conflict of interests
The authors declare no conflict of interests

Sources of funding

The authors declare no funding for this study
Article received on 13.01.2023

Accepted for publication on 09.03.2023

For citation: Tsymbal A.S., Karnaushkina M.A., Arisheva O.S. et al. Hepatopulmonary Syndrome in Patients with Liver Cirrhosis: Prevalence, Clinical
Significance, Clinical Features, Therapeutic Approaches. The Russian Archives of Internal Medicine. 2023; 13(3): 203-212. DOI: 10.20514/2226-6704-
2023-13-3-203-212. EDN: NZBGNM

A-a gradient — alveolar-arterial gradient, CO — carbon monoxide, DL, _diffusing capacity of the lungs for carbon monoxide, eNOS — endothelial nitric
oxide synthase, ET-1 — endothelin 1, ETB — endothelin receptor type B, NO — nitrogen oxide, PaO, — partial pressure of arterial oxygen, Sat O, — oxygen
saturation, TIPS — transjugular intrahepatic portosystemic shunt, VEGF — vascular endothelial growth factor, HPS — hepatopulmonary syndrome, chest
CT — chest computed tomography, LT — liver transplantation, TNF-a — tumor necrosis factor alpha, EchoCG — echocardiography

Introduction

Hepatopulmonary syndrome (HPS) is a serious com-
plication of liver disease, which is characterized by a triad
of signs: cirrhosis and/or portal hypertension, arterial
deoxygenation and intrapulmonary vascular dilatation.
According to the published studies, this syndrome can
worsen prognosis in patients with chronic liver disease
in the presence of hepatic impairment. In a multivariate
analysis with a statistical correction for the influence of
such factors as severity of liver cirrhosis, age, gender, it
was found that HPS is an independent factor of increased
mortality [1-3].

In 1884, Fluckiger first published a clinical case
report, describing a woman with liver cirrhosis, cyanosis,

and drumstick fingers. Later, in 1977, the term “hepa-
topulmonary syndrome” was introduced by Kennedy
and Knudson to describe these clinical symptoms of
this condition. The postmortem morphological studies
in these patients revealed dilation of pulmonary vessels
and significant peripheral dilatation of pulmonary arter-
ies at precapillary and capillary levels, without any other
changes in the pulmonary parenchyma [4]. Prior to 1988,
HPS was treated only with non-surgical methods, the
efficacy of which was quite low [5]. For a long time, hep-
atopulmonary syndrome had been considered a contra-
indication for liver transplantation (LT); however, after
numerous studies the situation changed radically: it was
noted that transplantation could reverse hypoxemia and
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contribute to a significant increase in survival. In combi-
nation with the absence of effective medical treatment,
this discovery made LT the main method of HPS treat-
ment [5].

This article describes a systematic analysis of studies
on the relationship of clinical, laboratory, and instru-
mental markers with the clinical presentation, severity,
and prognosis of HPS, and discussed possible directions
for further work in this area.

The study was aimed at developing a list of the most
significant clinical markers for early diagnosis verifica-
tion and treatment initiation in real-life clinical practice
based on the published data on prevalence, pathogen-
esis, clinical, laboratory and instrumental data on HPS
in patients with liver cirrhosis.

Materials and methods

During the study, the search and analysis of
articles published over the period: January 2017 to
August 2022 was performed in the database PubMed
(https://pubmed.ncbi.nlm.nih.gov/). The search query

Records identified through PubMed
database searching
(https://pubmed.ncbi.nlm.nih.gov/)
january 2017 r. - august 2022 . (n=255)

included the words “hepatopulmonary” and derivatives,
“syndrome” and derivatives, “cirrhosis” and derivatives,
“hypoxemia” and derivatives, “vasodilatation” and deriv-
atives, “orthodeoxia” and derivatives, “platypnea” and
derivatives, “treatment” and derivatives, “liver transplan-
tation” and derivatives, “diffusing capacity” and deriva-
tives, “cardiac involvement” and derivatives. To narrow
the search, articles containing the word “children” and
its variations were excluded. Therefore, the search algo-
rithm was as follows: “liver cirrhosis” OR “prevalence”
OR “diagnosis” OR “vasodilation” OR “clinical features”
OR “orthodeoxia” OR “platypnea” OR “treatment” OR
“liver transplantation” OR “pulmonary dysfunction” OR
“diffusing capacity” OR “cardiac involvement” OR “myo-
cardial function” AND “hepatopulmonary syndrome.”

When using the described search algorithm, 255 arti-
cles were initially selected. Further, 47 articles including
studies in patients under 18 years of age were excluded.
Then, another 130 publications were excluded as they did
not fully meet the purpose of this study (articles dwelt on
the surgical treatment of HPS rather than its diagnosis;
moreover, they mainly studied portal hypertension, not
HPS). The reduced list included 78 articles.

A4

Detailed evaluation of the full-text articles
(n=78)

> Records excluded due to inconsistency with the aim of the study:
 the articles were devoted to the surgical treatment of GPS
* not diagnosis, its main focus of study was portal hypertension,
not hepatopulmonary syndrome
(n=177")

Articles excluded due to :
5| * examination of unsuitable groups of patients

ESTIMATION [— SCREENING 1 SEARCH

v

Articles included in the systematic review
(n=23)

ENABLED

* Dby the lack of data necessary to achieve the purpose of this study
the

« absence of a statistically significant association of GPS with severe
liver disease

(n=55)

Figure 1. Schematic representation of the selection process for publications on hepatopulmonary syndrome in patients

with liver cirrhosis
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After a careful analysis of publications, the articles
that either referred to the examination of patients with
liver disease without cirrhosis or did not contain patient
examination data essential for the purpose of this study
were additionally excluded. Single clinical case reports
were also excluded, since the patient data contained
therein were sparse. The studies where the relationship
between HPS and severe liver disease was statistically
insignificant (p>0.05) were also excluded. Therefore, at
the last stage of the literature analysis, another 55 publica-
tions were excluded from the 78 articles. After the search,
a list of 23 publications was formed, which demonstrated
a clear association between HPS with worsened quality
of life and increased mortality, the importance of early
screening and search for new study methods to improve
survival and prognosis of patients with HPS (Figure 1).

Diagnosis and criteria

Hepatopulmonary syndrome is defined as hypoxemia
caused by dilation of pulmonary vessels and formation
of vascular shunts in patients with liver disease with or
without portal hypertension [6]. Table 1 shows the crite-
ria for HPS diagnosis.

The conducted studies revealed a correlation between
HPS severity and severity of liver disease, assessed by the
MELD (Model for End-Stage Liver Disease) scale [4],
which is used to calculate the survival prognosis for
patients with end-stage liver failure.

Table2showsthe HPS classification,based ontheevalu-
ation of the severity of pulmonary gas exchange disorder,

characterized by a decrease in arterial blood oxygen
levels [6].

The given table shows that the HPS severity depends
on the level of partial oxygen pressure in arterial blood,
with alveolar-arterial gradient exceeding 15 mm Hg,
which is one of the most sensitive markers for early arte-
rial hypoxia detection.

Prevalence

According to the study data, HPS is found in 5 %-35 %
of patients with end-stage liver disease. This data varia-
tion is likely due to the use of different diagnostic criteria
for diagnosis [8,9]. For example, according to American
scientists, HPS was revealed on contrast Echo-CG in 38 %
of patients with chronic liver disease, but only 17.5% of
these patients were diagnosed with hypoxemia [30]. The
frequency of HPS detection was the highest when using
the alveolar-arterial gradient (A-a gradient) as a more
sensitive marker of hypoxemia, as well as screening of
asymptomatic patients with liver cirrhosis [10].

Pathogenesis

The HPS pathogenesis is not fully understood, since
the literature contains contradictory data. This syndrome
is most often associated with severe liver cirrhosis which
is accompanied by portal hypertension syndrome; How-
ever, it can also occur in patients with other disease areas:
non-cirrhotic portal fibrosis (idiopathic portal hyperten-
sion) and extrahepatic portal vein obstruction [11, 12].

Table 1. Diagnostic criteria for hepatopulmonary syndrome (with changes) [6, 7]

Parameter |

Definition

Oxygenation
Pulmonary vasodilation

Liver disease

Cirrhosis and/or liver failure

Pa0, <80 mmHg or PA-a,0, > 15 mmHg; > 20 mmHg for patients aged > 64 years old
Positive CEE or 9mTcMAA, showing the presence of a shunt >6 %

Note: CEE — contrast-enhanced echocardiography, PaO, — arterial oxygen tension, PA-a,0, — alveolar-arterial oxygen tension difference, 9mTcMAA — perfusion lung

scanningusing technetium-99m-labelled macroaggregated albumin

Table 2. Grading of severity of hepatopulmonary syndrome [6]

Stage | PA—a,Oz, mmHg PaOz, mmHg
Mild >15 >80
Moderate =15 > 60 <80
Severe >15 > 50 <60
Very severe =15 <300 0n100% O,

Note: PaO, — arterial oxygen tension, PA-a,0, — alveolar-arterial oxygen tension difference
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The general information on HPS pathogenesis can
be obtained in animal experiments. The most frequently
used method was ligation of the common bile duct in
rats, which caused secondary biliary cirrhosis in these
rats and resulted in decreased blood oxygenation and
intrapulmonary vasodilation [13]. The studies on experi-
mental models demonstrated that the key cause of HPS
formation is capillary dilation and formation of intrapul-
monary shunts, leading to decreased blood oxygenation
due to violation of ventilation/perfusion relationship and
increased alveolar-arterial gradient. The study authors
stated predominant dilation of pulmonary pre-capillary
and capillary vessels up to 15-100 um (normal diameter
of these vessels varies from 8 to 15 um), increase in their
number and dilation of pleural capillaries [14].

The studies revealed a decrease in the lung diffusion
capacity (DL_,) in patients with HPS and normal ven-
tilatory lung capacity. This decrease can be explained
by the development of a pulmonary shunt and thicken-
ing of alveolar-capillary membrane against endotheli-
itis [7, 15-16]. Occurrence of the latter is related to activa-
tion of endothelin synthesis produced by cholangiocytes
in the liver. These findings are confirmed on experimen-
tal rat models. Zhang J et al. have found that proliferating
cholangiocytes produce endothelin-1 (ET-1), activating
the pulmonary endothelin receptor-B (ETB), which, in
its turn, mediates activation of endothelial NO synthase
(eNOS), a NO precursor that leads to vascular endothe-
lial inflammation [17-20]. In clinical studies in patients
with HPS conducted in 1997-1998, Rolla G et al. noted
an increased content of NO in the exhaled air, attribut-
ing it to the increased NO production by the pulmonary
vascular endothelium. After liver transplantation, the
level of exhaled NO level normalized [21, 22], which also
confirms the role of endotheliitis in the HPS formation.

In HPS, the loss of pulmonary capillary tone and
inhibition of pulmonary vasoconstrictors such as endo-
thelin-1, serotonin, angiotensin II, histamine, prosta-
glandin and increased nitric oxide (NO) production
are considered to be the main cause of pre-capillary
and capillary vasodilation [16]. Moreover, according to
the studies, carbon monoxide (CO) and tumor necrosis
factor alpha (TNF-a) are among the mediators that cause
pulmonary vasodilation [17, 18]. Rabiller A. (2002),
Sztrymf B. (2005), Zhang H.Y. (2007) et al. considered
the theory of bacterial translocation of intestinal flora
from patients with portal hypertension, which leads to
macrophage infiltration of lung parenchyma as another
mechanism of pulmonary vasodilation. This hypothesis
is supported by the positive effect of norfloxacin treat-
ment in the experimental rat model of cirrhosis [23-25].

Thereis another hypothesis that hypoxemia in patients
with HPS may be related to thickening of the alveolar-
capillary membrane due to collagen accumulation during

chronic inflammatory process caused by endotheliitis
and against the background of bacterial translocation of
intestinal flora [26-28].

Clinical presentation

The main clinical sign of HPS is progressing dyspnea.
This was supported by the data from a multicenter study
conducted by Michael B. Fallon and Michael J. Krowka
in the USA in 2008. The researchers found that the inci-
dence of dyspnea in patients with HPS is 1.65 greater than
in patients without this syndrome [2]. A specific feature
of dyspnea in HPS is the occurrence of platypnea and
orthodexia, which are highly specific, but not pathogno-
monic signs. Platypnea is dyspnea that increases when
moving the patient to an upright position, while ortho-
dexia is a decrease in partial oxygen pressure by more
than 4 mm Hg and/or a decrease in oxygen saturation
by more than 5% when the patient is upright [29]. It is
considered that the cause of their development is inten-
sification of ventilation-perfusion mismatch follow-
ing a change in the body position due to an increase in
the pulmonary shunt effect [30].

It should be noted that HPS can have an asymptom-
atic course, especially in patients with mild hypoxia.
Observations show that dyspnea is more frequent in
patients with a decrease in PaO, of less than 70 mm Hg,
which can explain late detection of this syndrome [31].

Physical examination of a patient with HPS may
reveal telangiectasia, cyanosis, drumstick fingers and
watch-glass nails [32]. In patients with chronic liver dis-
ease and telangiectasia, the prevalence of HPS is greater
than in the patients without this symptom [33].

Therefore, all patients with chronic liver disease com-
plaining of dyspnea should be screened for HPS.

Methods of intrapulmonary
vasodilation diagnosis

Contrast-enhanced transthoracic echocardiography
with foamed saline is considered as the gold standard of
intrapulmonary vasodilation diagnosis. The advantage
of this method is low invasiveness and sufficient sensi-
tivity. Common normal saline is shaken to form micro-
bubbles >10 pum; after that it is injected into a peripheral
vein of the arm during a four-chamber transthoracic
Echo-CG to assess whether the foamy liquid enters the
left heart. The size of pulmonary capillaries normally
varies in the range 8 to 15 pm, therefore microbubbles
cannot pass. However, in the presence of a dilated vas-
cular bed and/or arteriovenous shunting, microbubbles
are not captured by the lungs and reach the left heart
within 3-6 cardiac cycles after their first appearance in
the right atrium [34].
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Although contrast-enhanced transesophageal Echo-
CG is amore sensitive method of intrapulmonary vasodi-
lation determination, it is not recommended for patients
with cirrhosis because of a potential risk of damage to
varicose esophageal veins [35, 36].

Another instrumental method for hepatopulmo-
nary syndrome diagnosis is radioisotope scanning with
macroaggregated albumin. In the presence of intrapul-
monary vasodilation, technetium-labeled albumin par-
ticles can reach extrapulmonary sites and are found in
the brain, kidneys, and other organs. Cerebral tissue
absorption is considered abnormal if it is 26 % [3]. The
advantage of this method is the quantitative assessment
of intrapulmonary vasodilation, as well as its high speci-
ficity. Its main disadvantage is the impossibility of dif-
ferential diagnosis of intracardiac and intrapulmonary
shunting, as well as its lower sensitivity [37].

Additional study methods

The most common methods that are used to rule
out concomitant pulmonary diseases are chest X-ray
and chest computed tomography (chest CT). There are
no convincing data on the use of these methods directly
for diagnosis of HPS [6,38]. According to the retro-
spective study conducted by Yingming Amy Chen et
al. in Canada in 2016, chest CT cannot be used for HPS
diagnosis, since it can only find systemic vasodilation.
The authors believe that bilateral nodular or reticular
changes in the basal areas of the lungs caused by dila-
tion of the peripheral pulmonary arteries in the lower
lobes can still be detected on chest X-ray in patients
with chronic liver disease. These data can be confirmed
by chest CT: patients with chronic liver disease show an
increase in the ratio of segmental arterial diameter to
segmental bronchial diameter >2 with normal size of
the central pulmonary arteries. However, this sign may
be seen in patients with and without HPS, for example
in case of pulmonary artery thromboembolia develop-
ment. The conducted study shows that signs of systemic
vasodilation in liver disease can be revealed by chest
CT; however, these radiological signs do not have a sig-
nificant role in the HPS diagnosis [39]. Only two small-
scale studies have been found, according to which dila-
tion of the basilar pulmonary arteries is more frequently
detected in patients with HPS compared to the patients
with cirrhosis but without this syndrome [40-41].

Angiopulmonography is also rarely used for HPS
diagnosis. This is due to the invasiveness of this method
and its low sensitivity for intrapulmonary dilation detec-
tion. It is indicated in patients with severe hypoxemia
and a low response to 100 % oxygen inhalation, as well
as to make a decision on embolization of arteriovenous
shunt [42].

In patients with HPS, impairment of external respi-
ratory function can be manifested as a decrease in vital
capacity and forced expiratory volume in 1 second (FEV )
[2, 43].

The test for diffusing capacity of the lungs
for carbon monoxide (DL ), which is often decreased
in patients with HPS, is a more sensitive functional
method of pulmonary function testing in such patients
[2,43]. Based on the data from the study conducted by
Moon-Seung Park and Min-Ho Lee in South Korea in
2012, diffusion defects are more common in patients
with progressive liver disease and correlate with liver
severity. The authors clearly demonstrated that mini-
mal changes in spirometry parameters in the form of
a mild decrease in total lung capacity in patients with
HPS was associated with is a decrease in pulmonary dif-
fusion capacity. Therefore, changes in DL_  may be an
important diagnostic marker to predict hepatopulmo-
nary syndrome development in patients with chronic
liver disease [44].

The data from the study conducted by Z. Alipour et al.
in 2020 to compare lung scintigraphy with technetium-
99m human serum albumin and contrast-enhanced
Echo-CG can be interesting. The obtained data showed
that following lung scintigraphy findings, HPS was
detected in 13 patients (48.1 %), compared to 5 (18.51 %)
patients who were diagnosed using contrast-enhanced
Echo-CG [45].

In 2022, A. Singhai et al. proposed the use of the
6-minute walk test as the screening method to reveal the
risk of HPS development in patients with chronic liver
diseases. The patients were asked to walk at their own
tempo; the pulse oximetry was conducted at the begin-
ning and at the end of the test. The test was positive at
SpO2 <94 % or a decrease in SpO2 by 23 % of baseline.
The study included 100 patients: 21 (21 %) patients were
diagnosed with HPS based on the detected intrapulmo-
nary shunts by contrast-enhanced transthoracic Echo-
CG and arterial hypoxemia by arterial blood gas test. The
6-minute walk test was positive in 20 (95.23 %) patients
with hepatopulmonary syndrome. The authors have
demonstrated that the 6-minute walk test is an important
instrument of this syndrome screening, having sensitiv-
ity of 95.24 % and specificity of 92.41 % [46].

Treatment

According to the published data, liver transplanta-
tion is the only effective method of HPS treatment that
is available nowadays. In patients with HPS after liver
transplantation, the five-year survival rate is 76 %-88 %,
the ten-year survival rate is 64% [47,48]. In patients
without liver transplantation, the five-year survival rate
is 5%-12%. There is evidence of improved blood gas
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parameters (an increase in PaO2, a decrease in A-a gra-
dient) 6-12 months after liver transplantation in patients
with HPS [49,50]. Moreover, in patients who were on
continuous oxygen therapy, the need for it often sig-
nificantly decreases or disappears completely after liver
transplantation [51].

Another method of surgical treatment for HPS can
be transjugular intrahepatic portosystemic shunt (TIPS),
which reduces hypoxemia due to reduced severity of
portal hypertension. However, currently there are not
enough studies, meeting the requirements of evidence-
based medicine to form a final opinion on the effective-
ness of this method in patients with HPS [52, 53]. The
same could be said about embolization of arteriovenous
shunts [42], which is associated with better oxygenation
after embolization of arteriovenous malformation by
placing the spiral into the feeding artery proximal to the
malformation [54].

In patients with HPS, long-term oxygen therapy is
recommended for severe hypoxemia; however, but no
sufficient data on the effect of oxygen therapy on sur-
vival rate and disease prognosis could be found. There
are two clinical case reports published in 2007 by Japa-
nese researches describing liver function improvement
following long-term oxygen therapy [45].

Currently available non-surgical methods of treat-
ment for HPS are also low effective or poorly studied.
The majority of these studies were conducted on animals
[55-60].

During the literature search, 13 articles on non-sur-
gical methods of HPS treatment in humans have been
found. In these studies, the main purposes of treatment
were NO-mediated pulmonary vasodilation and angio-
genesis induction by proinflammatory cytokines. The
most well-studied substance is pentoxifylline, a TNF-a
inhibitor that reduces NO production by inhibiting
eNOS. However, the results of its use in patients with HPS
are contradictory [61]. Gupta LB et al. (2008) have found
that pentoxifylline 400 mg three times daily improved
oxygenation and reduced the level of TNF-a in 9 patients
with HPS [62]. However, the results of another group of
researchers demonstrated the absence of a significant
therapeutic effect in patients with the studied syndrome
and significant gastrointestinal side effects [63].

Garlic in the treatment of HPS has been shown to
have unexpected efficacy (although it has not been
tested on animals, and its true mechanism of action is
not understood). A comparative study to assess garlic
oil capsules versus placebo with a total sample size of
41 patients with HPS, and another non-controlled study
involving 15 patients demonstrated favorable results with
improved oxygenation and other symptoms [64, 65].

When injected intravenously, methylene blue, which
is an oxidant limiting NO-mediated vasodilation by

blocking stimulation of soluble guanylate cyclase by NO,
reduced intrapulmonary shunting and improved oxy-
genation in experimental models and in a few patients
with HPS [55, 56].

Indometacin (a cyclooxygenase inhibitor) was
found to have a positive effect, which was considered
to be due to a decrease in the synthesis of vasodilator
eicosanoids that can impair gas exchange [66]. Accord-
ing to H. Silva et al., mycophenolate mofetil (an immu-
nosuppressant) was also demonstrated to be effective
in HPS treatment. However, neither indometacin nor
mycophenolate have been studied in large randomized
clinical trials [67].

There have been no data obtained on the efficacy of
octreotide (somatostatin analog) in patients with liver
cirrhosis [68], norfloxacin (antibiotic) [57], N-nitro-
L-arginine methyl ester (NO synthesis inhibitor) [69],
almitrine bismesylate (analeptic) [70], paroxetine (anti-
depressant) [71] in patients with HPS.

It should be noted that experimental studies have
demonstrated the efficacy of norfloxacin in the treatment
of HPS in rats [25]. This may be explained by the fact
that the HPS rate model is significantly different from
HPS with liver cirrhosis in humans. In the experimen-
tal model, the liver damage was caused by ligation of the
bile ducts, whereas in the patient with HPS, the causes of
liver cirrhosis are multiple [57].

Sorafenib (an antitumor agent) can become a prom-
ising option: in experimental models it improved oxy-
genation by reducing VEGH-mediated angiogenesis
(VEGH, vascular endothelial growth factor) and sup-
pressing eNOS activation by inhibiting tyrosine kinase
receptor [58,59].

Another medicinal product that requires further
study may be rosuvastatin. In 2015, Ching-Chih Chang
et al. came to the view that it reduces A-a gradient,
hypoxemia, intrapulmonary shunts, and VEGF and
TNF-a plasma levels in experimental rat models, which
may allow its use in the treatment of HPS [60]. However,
it should be noted that there are currently insufficient
data on the complete safety of this medicinal product in
patients with liver cirrhosis.

Conclusion

Based on the analysis of the data published from Jan-
uary 2017 to August 2022, the following conclusions may
be made.

Hepatopulmonary syndrome is a common and severe
complication of chronic liver disease, which can worsen
patients” quality of life and increase mortality rates.

Currently, there are clear criteria for HPS diagnosis;
however, their use in routine practice is still difficult due
to its invasiveness, inaccessibility, and high cost.
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According to the published data, if hepatopulmonary
syndrome is suspected in a patient with liver cirrhosis,
hypoxemia assessment may be recommended, starting
with oxygen saturation evaluation by pulseoximetry in a
sitting or lying position [10, 72]. However, the evidence
base of these recommendations was insufficient, and the
patient should undergo further examination in the spe-
cialized center.

The available data on the role of respiratory function,
diffusing capacity of the lungs, lung scintigraphy, Echo-
CG with targeted examination of right heart function,
6-minute walk test in the diagnosis of HPS are scattered
and insufficiently systematize.

It is necessary to continue the search for new meth-
ods of HPS diagnosis and to develop doctor-support pro-
grams (algorithms) for its early detection. This approach
will improve the prognosis in patients with chronic liver
disease and allow general practitioners to carry out their
screening in order to identify and timely refer such
patients to a liver transplantation center.
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Pesiome

AKTyanbHOCTb. XpoHuyeckas o6CTpyKTuBHas 60/1e3Hb nerkux (XOBJT) aBnseTcs 04HOM 13 Hanboee 3HaUMMBbIX PECrIMPaTOPHbIX MaToNOMMiA, YTO
CBA3aHO C ee BbICOKOW PacnpOCTPaHEHHOCTLIO U BAUAHMEM Ha NMPOrHo3. YacToTa 060CTpeHUii U KOMOPOUAHOCTE — BaXHble GaKTOopbI, BAVAOLLME
Ha TeyeHne XOBJl. CunTaeTcs, YTO JIOKa/NbHOE U CUCTEMHOE BOCMAa/sieHMe MOTYT /ieaTb B OCHOBe reteporeHHoro Tedenusa XOBJ1. B 3Toi cBA3m
OL|eHKa aKTVBHOCTU I0Ka/IbHOrO BOCMAa/IEHNSA B AbIXaTe/IbHbIX MYTAX MOXeT 6bITb NonesHa Ans oleHKN TedeHna XOBJ1. Llenb. M3yuntb Monekynsap-
Hble MexaHu3Mbl XOB/1 1 ouleHNTb 61MOMapKepbl BOCMaseHnA B KOHAEHCaTe BblblxaeMoro Bo3zyxa y nauneHtos ¢ XOBbJI ¢ yacTbiMm o60CcTpeHnamMm
B COYeTaHuM C nepudepuyecknuM atepockneposoM. Matepuanel u Metozpl. [poseseH 61oMHPOPMaLMOHHBIV aHanM3 AaHHbIX M3 Gene Expression
Ompnibus (GEO) ¢ uenblo N3y4eHus reHHOW OHTOIOrMK AnddepeHLManbHo SKCrpeccpyeMbix reHos npu XOBJ1. [lanee npoBejeHO UcCieAoBaHMe
MPOBOCNANNTENbHBIX LUTOKMHOB MHTepaeiikuHa — 1 6eta (interleukin (IL)-1B) v ¢akTopa Hekposa omyxonm anbga (tumor necrosis factor alpha
(TNFa)) B KOHAEHCaTe BbigbixaeMoro Bo3ayxa (KBB) y nauyueHTos ¢ XOBJI ¢ YacTbiMu 060CTpeHnaMU 6€3 COMnyTCTBYIOLWMX aTEPOCKIEPOTUYECKUX
CepAeYHO-COCYANCTbIX 3abosieBaHnit (ACC3) 1 y nauueHToB ¢ XOBJ1 ¢ YacTbiMU 060CTPEHUAMU U OBANTEPUPYIOLLMM aTEPOCK/IEPO30OM apTepuii
HWKHUX KoHeuHocTelt (OAAHK) B cpaBHeHWM CO 340pOBbIM KOHTpO/ieM. PesysbTathl. [uddepeHLnansHo SKCNpeccpyeMble reHbl BOBNEYEHbI
B 61010rMYeCKI1e NPOLLECChI U CUTHA/bHbIE MYTW Mo KMOTCKOM 3HUMKAONeAnm reHos 1 reHomoB (Kyoto Encyclopedia of Genes and Genomes, KEGG
MyTH), CBA3aHHbIE C UMMYHHbBIM OTBETOM, KOTOPbIE MOTYT CBA3bIBaTb pasBuUTMe v nporpeccuposatne XOBJ1 n aTepockneposa. Y naumeHtos ¢ XOBJ
B COMETaHWM C aTepOCK/IepO30M HabtoAaNC 6o/ee Bbicokme 3HaveHus IL-1B u TNFa B KBB, no cpaeHeHuto ¢ koHTposem (p <0,001). Y nauveHTos
¢ XOB/J1 c yactbiMn o6octpennamun n OAAHK 6bian o6HapyxeHbl Hanbonee Bbicokue ypoBHu IL-1B8 1 TNFa B KBB B cpaBHeHUM ¢ naumeHTamm 6es
ACC3 (p=0,0038 1 p=0,0005 cooTBeTCTBEHHO). BbiBOA. Y nauueHToB ¢ XOBJ1 ¢ yacTbiMu o6ocTpernamu 1 OAAHK nosbiweHbl yposHu TNFa 1 IL1B
B KBB, 4TO MOXeT cBUAETEIbCTBOBATL O HA/IMYMU /IOKA/IbHOTO BOCMANeHUA B AbIXaTe/IbHbIX MyTAX, BbIPaXeHHOCTb KOTOPOro CBA3aHa C KNMHUYECKUM
TeyeHnem XOBJI.
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Abstract

Background. Chronic obstructive pulmonary disease (COPD) is one of the most significant diseases due to its high prevalence and impact on prog-
nosis. The frequency of exacerbations and comorbidity are important factors influencing the course of COPD. It is believed that local and systemic
inflammation may underlie this heterogeneous course of COPD. In this regard, assessment of local inflammation activity in the respiratory tract may
be useful to assess the course of COPD. Aim. To study molecular mechanisms of COPD and assess inflammation biomarkers in the exhaled breath
condensate (EBC) in patients with COPD with the phenotype of frequent exacerbations combined with peripheral atherosclerosis. Materials and
Methods. Bioinformatic analysis of data from Gene Expression Omnibus (GEO) was performed to examine gene ontology of differentially expressed
genes in COPD. Proinflammatory cytokines interleukin-1 beta (IL-1B) and tumor necrosis factor alpha (TNFa) in EBC in COPD patients without
concomitant atherosclerotic cardiovascular disease (ASCVD) in the stable course phase, in patients with COPD with the phenotype of frequent ex-
acerbations and peripheral artery disease (PAD) compared with healthy controls were examined. Results. Differentially expressed genes are involved
in biological processes and signaling pathways according to the Kyoto Encyclopedia of Genes and Genomes (KEGG pathway) associated with the
immune response that may link the development and progression of COPD and atherosclerosis. Patients with COPD combined with atherosclerosis
had higher values of IL-1B and TNFa in EBC compared with controls (p <0.001). COPD patients with frequent exacerbations and PAD had the highest
levels of IL-1B and TNFa in EBC compared with patients without ASCVD (p=0.0038 and p=0.0005, respectively). Conclusion. TNFo and IL1-B levels in
EBC are elevated in COPD patients with frequent exacerbations and PAD, which may indicate the presence of local inflammation in the airways, the
severity of which is associated with the clinical course of COPD.
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Introduction
of COPD and obliterating atherosclerosis of lower limb

The topicality of the problem of a combination of
chronic obstructive pulmonary disease (COPD) and ath-
erosclerotic cardiovascular diseases (ACVD) is caused by
their high medical and social significance and economic
burden both for patients and their families and for the
healthcare in general. These diseases have high incidence
and are among main causes of permanent disability and
death [1]. Both conditions have several common risk
factors, e.g., smoking and ageing, and are associated with
a higher risk of unfavourable outcome. Therefore, it is
essential to search for new diagnostic tools which will
increase the efficiency of early diagnosis and manage-
ment of such patients. Recently, the clinical significance

arteries (LLAOA) is of interest, since the patients with
these diseases can have a higher mortality and morbidity
risks. Studies show that patients with COPD and LLAOA
are at a considerably higher risk of death compared to
patients with any one of these conditions. It is assumed
that a higher mortality risk is caused by general factors
and the impact of these conditions on the cardiovascular
system. Patients with COPD and LLAOA are also at a
higher risk of hospitalisation and have lower quality of
life. Understanding the clinical significance of both these
conditions and their common risk factors is essential for
development of an efficient management strategy and
improved treatment [2]. It is worth mentioning that very
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often GPs downplay the problem of COPD and LLAOA
comorbidity and rather target other atherosclerosis loca-
tions, such as coronary heart disease.

The pathogenesis of atherosclerosis and COPD
includes an array of various mechanisms with sophisti-
cated regulation paths [3-5]. In the pathogenesis of both
COPD and atherosclerosis, an important role is played
by inflammation, the analysis of biomarkers of which is
described in numerous papers [6]. COPD is known to
affect smokers and is characterised by progressive dis-
ease caused by chronic airways inflammation. Various
immune cells, such as macrophages and neutrophils,
contribute to inflammation. They express an aray of
chemokines and inflammatory cytokines that facilitate
recruitment of new cells and make inflammation even
worse [6]. In addition to a local bronchial inflammation,
inflammation in COPD has also a system component
underlying comorbid associations with other diseases,
such as atherosclerosis [7]. The growing number of evi-
dences contribute to the understanding that vascular
wall inflammation is significant for atherogenesis. Endo-
thelial cells, a monolayer of arterial walls, have a number
of functions; they ensure a barrier and regulate vascular
hemodynamics and other cells behaviour in vascular wall
and blood flow [8,9]. Endothelial dysfunction is believed
to be a key early event in atherogenesis [10]. Systemic
inflammation commonly observed in COPD facilitates
endothelial dysfunction, cell recruitment from the blood
flow to the vascular wall, and atherosclerosis progres-
sion. Smoking-associated oxidative stress is another sig-
nificant factor contributing to atherosclerosis in COPD
[11]. Macrophages which differentiate in the vascular
walls from recruited monocytes and macrophage pro-
genitor cells in tissues participate in the intake of low-
density lipoproteins (LDLPs), thus giving rise to in foam
cells[12]. Macrophages in an atherosclerosis plaque have
different polarisation, they are also of pro-inflammatory
phenotype which is known to produce pro-inflammatory
cytokines that facilitate inflammation [13].

Taking into account the role of airways inflamma-
tion in COPD, the information on the evaluation of
inflammation markers in expired breath condensate
(EBC) [14]can be of interest. Expired air is known to be
saturated with evaporated water, which can condensate
when cooled. Despite the fact that condensate consists
primarily of evaporated water, it also contains aerosols of
various particles from the lower respiratory tract. Thus,
a local bronchial inflammation in COPD is a source of
inflammatory agents in EBC. Inflammation biomarkers
found in EBC can be clinically significant as they reflect
local processes in bronchi and are a valuable source of
diagnostic information [15].

EBC is a biological material obtained with the use of
non-invasive methods, which contains a lot of various

biomolecules, including cytokines, that can give an idea
of the pathophysiology of airways inflammation [16].
EBC biomarkers were proposed as sensitive and specific
indicators of pulmonary inflammation and oxidative
stress and they can provide important information on
the pathogenesis and clinical course of COPD. Also, such
pro-inflammatory cytokines as tumour necrosis factor-a
(TNFa) and interleukin (IL)-1pP, were found in EBC
of patients with COPD and can be associated with the
nature of COPD [14]. It is assumed that the local inflam-
mation intensity can be associated with systemic inflam-
mation and development of comorbidities [6]. COPD
exacerbations are caused by inflammation intensification
and are an important COPD-affecting factor.

Thus, molecular mechanisms underlying COPD
development and progression, as well as mechanisms
that bind COPD and LLAOA are of huge research and
clinical interest.

The objective of this study is to evaluate inflamma-
tion biomarkers in EBC of patients with frequent COPD
and LLAOA.

Materials and Methods

Identification of molecular mechanisms

of COPD pathogenesis

We analysed the GSE5058 data set, which includes
the data on the gene expression levels in bronchial epi-
thelium samples of patients with COPD received from
The Gene Expression Omnibus (GEO), The National
Center for Biotechnology Information (NCBI), by fiber-
optic bronchoscopy from 12 healthy non-smokers and
6 smokers with COPD [17]. The data were obtained
using GPL570 [HG-U133_Plus_2] Affymetrix Human
Genome U133 Plus 2.0 Array. The data were normalised
using Mas5 normalisation. GEO is an international open
repository archiving and circulating data on microchips,
next generation sequencing and other forms of high-
performance functional genomics data provided by
the research community [18].

Differentially expressed genes were evaluated with the
help of a bioinformatic analysis in experimental groups
using limma package in Bioconductor, R (v. 4.0.2) [19].
For analysis, data were normalised including log2 trans-
formation and quantile normalisation. In order to adjust
the level of statistical significance for multiple compari-
sons, the algorithm by Benjamini & Hochberg (false
discovery rate, FDR) was used. The conditions for the
screening of differentially expressed genes were the abso-
lute value of logFC >1 and p value of FDR < 5 %.

Protein-protein interactions (PPIs) of protein prod-
ucts of common differentially expressed genes were eval-
uated using an online tool, Search Tool for the Retrieval
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of Interacting Genes database (STRING) [20]. Cor-
relations bewteen differentially expressed genes were
analysed using Cytoscape Network Analyzer plug-in
module [21]. Also, gene clusters in the PPI network
were searched for using Molecular Complex Detection,
MCODE v. 2.0.2 [22].

The most important genes in the network were
identified using cytoHubba app in Cytoscape (v. 3.9.1)
[23]. Cytoscape cytoHubba plug-in was used for node
ranking in the network by their network properties.
Main proteins were analysed, predicted, and visual-
ised in molecular PPI networks using Maximal Clique
Centrality (MCC) algorithm. Biological processes Gene
Ontology (GO) and KEGG paths for the key genes in
teh network were identified with the help of GEO2En-
richr [24], ShinyGO v0.741 [25] and g:Profiler; [26]
gene ontology (GO) was analysed in accordance with
their biological processes obtained from THE GENE
ONTOLOGY RESOURCE [27]; signal paths were iden-
tified according to KEGG (Kyoto Encyclopedia of Genes
and Genomes) [28,29] and Reactome database [30]; and
their functional enrichment and visualisation were per-
formed in Weishengxin. The p value of < 0.05 adjusted
using the algorithm by Benjamini & Hochberg was set
as a threshold for identification of biological processes
and paths.

Clinical characteristics of study subjects

The following groups wer formed in accordance with
the study objective: 20 patients with frequent COPD
without ACVD (males, mean age: 60.55 (95% CI 57.21;
63.89) ears); 20 patients with frequent COPD and
LLAOA (males, mean age: 63.9 (95% CI 61.54; 66.26)
years; and controls: 20 healthy subjects (males, mean age:
62.85 (95% CI 61.6; 64.1) years).

All subjects provided their informed consent for
participation and met inclusion criteria (no exclusion
criteria).

Inclusion criteria for group 1 (patients with COPD
without ACVD):

1. Inactive COPD
2. No clinical manifestations of ACVD

Inclusion criteria for group 2 (patients with COPD

and LLAOA):
1. Inactive COPD
2. Clinical manifestations of LLAOA

Inclusion criteria for controls (healthy subjects):
1. Absence of broncho-obstructive diseases
2. No clinical manifestations of ACVD
Exclusion criteria:

Acute infectious diseases
Acute coronary heart disease (CHD)
Renal and hepatic insufficiency

L

Tumours

5. Mental disorders

6. Constant administration of anti-inflammatory agents,
system glucocorticosteroids

7. Bronchial asthma

COPD was diagnosed on the basis of clinical data,
medical history, and spirometery results using Global
Initiative for Chronic Obstructive Lung Disease
(GOLD) [31] criteria. Disease exacerbation was assessed
using the criteria developed by N. R. Anthonisen.[32]
In accordance with the clinical recommendations for
the management of chronic obstructive pulmonary dis-
ease approved by the Scientific and Practical Board at
the Ministry of Health of the Russian Federation, fre-
quent exacerbations occur at least twice a year. Patients
enrolled in this study had 3 and more exacerbation a
year. LLAOA was stage IIB according to the classifica-
tion developed by A. V. Pokrovskiy-Fontaine and was
diagnosed on the basis of clinical and ultrasound results
in accordance with the National Recommendations for
the Diagnosis and Management of Lower Limb Arterial
Diseases [33].

Dyspnea was evaluated using mMRC scale (modi-
fied Medical Research Council Dyspnea Scale); comor-
bidities were evaluated with Charlson comorbidity index
[34]. Also, the BODE index was calculated which is a
multiple index comprising the following parameters:
B — body mass index; O — obstruction; D — dyspnea;
E — exercise tolerance [35].

Clinical characteristics of patients enrolled in the
study are presented in Table 1.

EBC sampling

EBC was sampled using a portable R-Tube device
(Respiratory Research, USA) in accordance with the
manufacturer’s method. Examination was perform
before noon after a thorough mouth rinse with distilled
water. EBC was sampled for 10 minutes using an RTube
colled to -20°C. Collected samples were placed into poly-
propylene tubes, frozen, and stored in a freezer at -80°C
until analysis.

Enzyme-linked immunosorbent assay

TNFa and IL-1p levels in EBC were measured using
appropriate ELISA kits. Cytokine concentrations were
used with Cloud-Clone Corp. kits (USA). High Sensitive
ELISA Kit for TNFa and ELISA Kit for IL-1p had sensi-
tivity of 0.52 pg/mL and 0.49 pg/mL, respectively.

Statistical data processing

Statistical data processing was performed using Med-
Calc (v. 20.1.4) and R packages (v. 4.2.2). Categorical
data were compared between subgroups using chi square
and continuous variables with the help of Student t-test
or Mann-Whitney-Wilcoxon test, ANOVA or ANOVA
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Table 1. Characteristics of comparison groups

Parameter Control group Patients w::lsl CC‘(,)II)) D without Patients with COPD and
(n=20) (az20) PAD (n=20) P
p'?=0,1877
Age, years 62,85 (95% V1 61,6; 64,1) 60,55 (95% V1 57,21; 63,89) 63,9 (95 % 1M1 61,54; 66,26) p’=0,4344
>?=0,1033
P >
Smokers 0 100 % 100 % -
Pack-years index 0 35,8 (95% JIV 31,09; 40,51) 39,2 (95 % I 35,4; 43) p=0,0861
p'2<0,001
0y .
FEV , % predicted 98,38 (9594’35;/[ o782 44,96 (95% JIV 36,97 52,96) 44,21 (95% JIM 38,28; 50,15) P13 <0,001
’ p** =0,4516
Crapus XOBJI/ COPD stage - 2,85 (95 % JIV1 2,54; 3,16) 3,0 (95 % JIV1 2,66; 3,34) p=0,4528
p'2<0,001
Dyspnea, MRC 0,65 (95% 111 0,27; 1,03) 2,85 (95% IV 2,47; 3,23) 3,15 (95% V1 2,77; 3,53) p"*<0,001
>?=0,1339
p >
p'?=0,0231
0, .
Body mass index, kg/m? 26,04 (9;7/)0/;[)14 25,04 28,15 (95 % 1M 26,32; 29,98) 26,93 (95% V1 25,44; 28,42) p**=0,2706
’ p** =0,2706
p'2<0,001
Charlson Comorbidity Index 1,45 (95% JIV 0,8; 2,1) 4,6 (95% IV 3,87; 5,33) 7,4 (95% IV 6,37; 8,43) P <0,001
»3<0,001
p~ <0,
p*2=0,593
Arterial hypertension 9 (45 %) 11 (55 %) 19 (95 %) pH*<0,001
p** =0,0027
Coronary artery disease 0 0 20 (100 %) -
Chronic heart failure 0 3 (15%) 10 (50 %) p**<0,001
p'?=0,6142
Total cholesterol, mmol/l 4,68 (95% 11V 4,47; 4,89) 4,83 (95 % M 4,27; 5,39) 6,27 (95% 1M 5,81; 6,72) p*?<0,001
2,3
p3<0,001
p"*=0,5054
LDL, mmol/l 2,7 (95% IV 2,47; 2,93) 2,85 (95% 1111 2,49; 3,21) 3,96 (95% IV 3,61; 4,31) p"*<0,001
P <0,001
p'?=0,0427
Blood glucose, mmol/l 4,43 (95% 1111 4,165 4,7) 5,02 (95 % 1M1 4,59; 5,45) 6,14 (95% 111 5,38; 6,9) p"*<0,001
p3=0,0093

Kruskal-Wallis test after evaluation of criteria for teh use
of parametric tests. Differences were statistically signifi-
cant at p < 0.05. Data were presented with 95% confi-
dence interval (CI) of the mean.

Ethical approval

The clinical part of the study was conducted in
accordance with the ethical principles of the Good
Clinical Practice, Declaration of Helsinki, medical reg-
ulations of the Russian Federation and was approved
by the Local Ethics Committee at the Federal State
Budgetary Educational Institution of Higher Educa-
tion Ryazan State Medical University of the Ministry of
Health of Russia. All patients received detailed infor-
mation on participation in the study and consented to
take part in the study.

Results

Identification of differentially expressed genes

and analysis of their gene ontology

The biological information analysis made it possi-
ble to identify 1355 differentially expressed genes with
higher expression and 370 differentially expressed genes
with lower expression (Fig. 1).

The obtained differentially expressed genes with up-
regulation were used to plot a protein-protein interac-
tions network where MCODE plug-in was used to iden-
tify 35 clusters. Further analysis was performed using
the most significant cluster from the common sub-
network with MCODE value of 16.857 and 36 nodes
(Fig. 2). cytoHubba plug-in was used to identify the
following gene concentrators (puc. 3) in the selected
cluster.
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Figure 1. Volcano plot characterizing differentially expressed genes
Note: The colored dots in the graph indicate genes that show differential expression with | log2 FC |> 1 and p <0.05, while the black dots do not meet these criteria. Red dots indicate
differentially expressed genes with up-regulation and are displayed on the right side of the graph, and green dots indicate differentially expressed genes with down-regulation (they
are displayed on the opposite side)

Figure 2. Cluster 1 identified in a network of protein-protein interactions derived from differentially expressed genes in COPD
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Figure 3. The most important genes identified in the PPI
network using the MCC algorithm in CytoHubba

Note: The hub genes are ranked as follows: the most important genes are
highlighted in red, the least important genes are highlighted in orange, and the
least important genes are highlighted in yellow

The analysis of the functional enrichment in bio-
logical processes of identified gene concentrators in
the modules was related primarily with the immune
system (Fig. 4).

The analysis of the functional enrichment of these
gene concentrators in KEGG paths was related primarily
to the following: TLR receptor signal paths (hsa04620);
TNF (hsa04668) signal path; interaction between cyto-
kines and receptors (hsa04060) and between lipid signal
path and atherosclerosis (hsa05417), characterising the
presence of common molecular links of COPD with

comorbidities (Fig. 4). Molecular functions of gene
concentrators were related to cytokine activity, whereas
functional gene enrichment in cell components was
associated with cell plasma membrane.

Thus, the obtained data allowed identifying objectives
for further experimental studies. It was found out that
airway inflammation in COPD is characterised by innate
immune system involvement with the help of cytokines,
e.g., IL-1p and TNFa.

Results of EBC cytokine analysis

Study results demonstrated that COPD patients
had higher IL-1p and TNFa levels in EBC vs. controls
(p < 0.001). At the same time, the group of COPD
patients with frequent exacerbations and LLAOA dem-
onstrated higher TNFa levels vs. both controls and teh
group of COPD patients without ACVD (Fig. 5).

EBC IL-1 levels demonstrated moderate correlation
with the rate of exacerbations (r=0.612 (95% CI 0.453;
0.733), p < 0.0001) and FEV1 values vs. expected values
(r=-0.650 (95% CI -0.761; -0.503), p <0.0001) and high
correlation with BODE index (r=0.711 (95% CI 0.582;
0.805), p < 0.0001). EBC TNFa levels had moderate cor-
relation with the rate of exacerbations (r=0.557 (95 % CI
0.384;0.692, p < 0.0001), FEV1 values vs. expected values
(r=-0.646 (95% CI -0.758; -0.497), p < 0.0001) and high
correlation with BODE index (r=0.757 (95% CI 0.645;
0.838), p <0.0001).
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Leukocyte activation -

Inflammatory response

External side of plasma membrane -
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Lipid and atherosclerosis -
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Figure 4. Biological Processes (BP), KEGG Pathways (KEGG), Cellular Components (CC), and Molecular Functions (MF)
in which Hub genes are involved. The data are ranked by Fold Enrichment values
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Figure 5. Plot of changes in TNFa and IL-1 levels in the EBC in the comparison groups.

Note: A — cytokine levels in the control group; B — cytokine levels in the group of COPD patients with frequent exacerbations without ASCVD; C -cytokine levels in the group of

COPD patients with frequent exacerbations and PAD

Therefore, analysis of inflammation biomarkers in
EBC showed that COPD is characterised with a marked
local inflammation; COPD patients with LLAOA have
higher inflammation biomarker levels, which can be
related to the intensity of a system inflammation and
more severe disease.

Discussion

In this study, we performed a biological informa-
tion analysis of the data obtained from GEO, which
allowed identifying signal paths involving differentially
expressed genes with higher expression to airway epi-
thelium in COPD patients vs. controls (non-smokers).
Taking into account these data, we evaluated proinflam-
matory biomarkers in EBC of patients with heteroge-
neous COPD. The study enrolled patients with COPD
without any clinically manifested ACVDs. Controls were
subjects without COPD and LLAOA. The data for both
groups were compared to the data on healthy volun-
teers without COPD and clinically manifested ACVDs,
who did not smoke and were of a similar age to that of
the study patients. COPD patients and controls had an
expired breath condensate sample taken using RTube in
accordance with the manufacturer’s protocol for proin-
flammatory cytokine evaluation using ELISA.

It was found out that differentially expressed genes
from bronchi endothelium in COPD were related to the
innate immune system, namely to TLR, TNF signal paths,
interaction with cytokines, such as IL-1p. COPD patients
demonstrated higher TNFa and IL-1p levels in EBC vs.
controls, potentially showing a local inflammation in
COPD. At the same time, COPD patients with LLAOA
had higher TNFa and IL-1p levels vs. both controls and
COPD patients without ACVD. These data demonstrate

that a local bronchial inflammation is involved in COPD
pathogenesis and its clinically heterogeneous progression.

The data in this study improve the understanding of
the role of inflammation in comorbid COPD progres-
sion. Previous studies demonstrated that COPD is asso-
ciated with a higher risk of peripheral arterial diseases
and mortality [36,37]. At the same time, immune biolog-
ical processes and signal paths can connect the develop-
ment and progression of COPD and atherosclerosis [38].

COPD is known to be a disease underlied by a chronic
inflammation in airways associated with long-term
exposure to tobacco smoke components. This inflamma-
tion involves numerous cells which express various cyto-
kines. Inflammation in COPD has local and systemic
components characterised by an increase in cytokine
levels, including TNFa and IL-1f, which are associated
with the disease severity [39, 40]. Inflammation intensity
and cytokine production are higher in COPD exacerba-
tions that are a significant clinical characteristic of the
disease. It was demonstrated that COPD exacerbations
caused a significant rise in IL-1p and TNFa levels in EBC
vs. stable COPD [41]. A systemic inflammation and cir-
culating cytokines are an important link between COPD
and atherosclerosis, including LLAOA. At the same time,
high cytokine levels can be potential biomarkers for fore-
casting atherosclerosis progression [42]. Recent studies
demonstrated an association between COPD exacerba-
tions and a higher risk of cardiovascular events. Preven-
tion of exacerbations can reduce the risk of cardiovas-
cular catastrophes at a later stage [43, 44]. Of note, even
one moderate exacerbation in a COPD patient with a
number of symptoms increases the riks of exacerbations
and death within next three years [45].

IL-1f is an important cytokine of the innate immune
system and is an important inflammation biomarker.
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A growing number of proofs improves the understand-
ing of the importance of this cytokine in COPD [46].
Besides, IL-1P is involved in atherosclerosis pathogen-
esis, as demonstrated in clinical studies of Canakinumab
CANTOS (Canakinumab Antiinflammatory Throm-
bosis Outcome Study) [47]. IL-1p is produced by vari-
ous cell types, including monocytes, macrophages and
endothelial cells, in response to various stimuli, such as
bacterial and viral infections, oxidative lipoproteins, and
local hemodynamics disorders. It was demonstrated that
IL-1p facilitates atherogenesis via a number of mecha-
nisms, including pro-inflammatory gene induction,
stimulation of reactive forms of oxygen and endothelial
cell activation. IL-1P can activate and recruit immune
cells in the inflammation site, including monocytes and
T-cells, which contribute to atherosclerosis plaques [48].
There are evidences that IL-1P stimulates production of
other pro-inflammatory cytokines, such as TNF-a and
interleukin-6 (IL-6), which can boost the inflammatory
response. In addition to its pro-inflammatory effect,
IL-1P can directly facilitate atherosclerosis plaque devel-
opment. Studies demonstrated that IL-1p can stimulate
expression of adhesion molecules on endothelial cells,
facilitating adhesion and migration of monocytes to the
subendothelial space [49, 50].

TNFa is another pro-inflammatory cytokine with
an array of functions and it demonstrates involvement
in pathogenesis of various diseases. TNFa levels can be
associated with muscle weakness caused by sarcopenia
and cachexia in COPD patients [51]. TNFa is a cytokine
which plays an important role in atherogenesis [52].

Therefore, a systemic inflammation is a significant
factor contributing to atherosclerosis in COPD patients.
At the same time, a high rate of exacerbations can be
associated with an increase in the local and systemic
inflammation in COPD, a mechanism of disease progres-
sion and a cardiovascular comorbidity [6].

A clinical assessment of inflammation biomarkers,
such as IL-1p and TNFa, in COPD is possible with the
use of available methods, including measurements of
serum, induced sputum and EBC levels. Recently EBC
has been of interest as a non-invasive tool for measur-
ing biomarkers reflecting the course of chronic respira-
tory diseases [14]. Literature data show that EBC, which
is mostly water from the expired air, contains a large
number of dissolved substances, including numerous
biologically active organic substances [16]. It was dem-
onstrated that EBC can be used to diagnose and monitor
the course of bronchial asthma and COPD [53, 54]. Our
data demonstrated that EBC tests can be used to monitor
COPD progression. A high frequency of COPD exacer-
bations is associated with a more severe local inflamma-
tion, biomarkers of which can be found in EBC. Over-
all, these studies show that EBC cytokine levels can be a

useful biomarker of COPD severity; they can be used to
monitor therapeutic interventions and manage patients
with severe disease.

It is worth mentioning that this study has a number
of limitations associated with a small sample size and
participation of male patients only. Besides, this study
did not include an analysis of other factors facilitating
production of pro-inflammatory cytokines. On the other
hand, this study emphasises the significance of inflam-
mation in COPD and LLAOA comorbidity. For better
understanding of comorbid relations, further studies
are required which will include a more detailed multi-
variate analysis of clinical data making it possible to take
into account the multifactor nature of pro-inflammatory
cytokines. Perspective areas of future studies are analysis
of inflammation biomarkers taking into account clini-
cal heterogeneity of COPD, identification of comorbid
relations between various inflammation endotypes in
COPD.

Therefore, our results add to the data obtained during
previous studies which demonstrated the role of a
COPD-associated system inflammation in comorbid ath-
erosclerosis. Our study provides an insight into the diag-
nostic value of biomarkers in expired breath condensate
in order to assess COPD comorbidity. These results have
high clinical value since they allow suggesting that system
inflammation diagnosis and correction can be an impor-
tant strategy for prevention and management of LLAOA
progression in COPD patients. A comprehensive clinical
and immunological assessment of COPD with an early
identification of inflammation biomarkers and the use
of adequate therapeutic strategies can be a perspective
objective for disease improvement and forecast.

Conclusions

Therefore, IL-1p and TNFa levels were elevated in
EBC of COPD patients; COPD with LLAOA was asso-
ciated with a higher level of pro-inflammatory cyto-
kines, thus evidencing the intensity of a local bronchial
inflammation in COPD and comorbidity. The obtained
data demonstrate the significant role of an inflammation
in COPD and LLAOA comorbidity. It necessitates an
increase in the quality of COPD exacerbation diagnostics
and analysis of their clinical and immunological charac-
teristics in COPD monitoring. Identification of immune
biomarkers in expired breath condensate is an efficient
non-invasive clinical tool for COPD monitoring.
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Case of Gastroesophageal Reflux Disease
Resulted in Secondary Esophageal Spasm

Pesiome

FacTpossodareansHas pedtokcHas 601e3Hb — 3TO WMPOKO pacnpoCcTpaH@HHOe XPOHUYecKoe 3ab0/ieBaHme, XxapaKkTepu3ytoleecs 3abpocoMm B nu-
LLeBO/, XeNYA04HOrO UV 1yO/ieHa/IbHOr O COZEPXMMOro. I30¢parocnasm v axanasusa KapAuu ABAAIOTCA HeJ0CTaTOYHO U3yYeHHbIMY 3aboneBaHNAMMY,
CBA3aHHBIMU C HapyLUeHNeM HepBHO-MbILEYHON NepeAayn UMMy/ibca U AUCKOOPAMHALME MOTOPUKM NULLEBOAA, NPOABAAIOWMMUCA 3arpyAVHHO
60/1bt0 M AncParmeir. B ctaTbe NpescTaB/eH KAVHUYECKUIA ClyYalt MOIOAOrO NaLMeHTa ¢ racTpoasodareasnbHol ped/ItoKCHOM 601€3HbI0 U aHaMHe-
30M HETUMUYHBIX 3arpyAVHHbIX 60/1eid, Tpebytowmnx AnddepeHLMansHOro AnarHosa Mexy BapuaHTaMy HapyLleHHOV MOTOPUKM NULLEBOAA.
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Abstract

Gastroesophageal reflux disease is a widespread chronic disease in which stomach or duodenal contents rise up into the esophagus. Esophageal
spasm and achalasia cardia are poorly studied disorders associated with impaired neuromuscular impulse transmission and motor discoordination of
the esophagus, manifested by chest pain and dysphagia. The article presents a clinical case of a young patient with gastroesophageal reflux disease
and a history of atypical chest pain requiring differential diagnosis between variants of impaired esophageal motility.
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PA3BBOP KAMHMYECKUX CAVIAEB

GERD — gastroesophageal reflux disease, DES — diftusive esophagism, PPIs — proton pump inhibitors, MAFLD — matabolism-associated fatty liver
disease, NAFLD — non-alcoholic fatty liver disease, LES — lower esophageal sphincter, RS — radiographic contrast study, UDCA — ursodeoxycholic acid,
EGDS — esophagogastroduodenoscopy, DCI — distal contractile integral, IRP — integrated relaxation pressure

Gastroesophageal reflux disease (GERD) is a chronic
recurrent disease caused by impaired motor-evacuation
function of gastroesophageal organs and characterised
by recurrent reflux of gastric and sometimes duodenal
contents into the esophagus. In Russia, the incidence of
GERD in adults varies from 11.3 to 23.6% [1]. GERD-
associated factors are the age of over 50 years and smok-
ing, and the main comorbidity is obesity. A typical set of
symptoms includes hearburn, belch, regurgitation, ody-
nophagia. Symptoms worsen in prone position and when
by bending over.

Esophagism is a gastric disease caused by spastic con-
traction of the gastric wall without cardia opening dis-
orders following a gulp [2]. Esophagism pathogenesis in
unknown; it is assumed that the disorder is caused by
defective neurotransmission. Russian and foreign litera-
ture sources have no references to any clinical, labora-
tory, and instrumental signs of esophagism which can
reliably confirm or invalidate the diagnosis. Depending
on the causes, esophagism can be primary (caused by
organic changes in the nervous system) and secondary
(caused by GERD, gastroesophageal hernia, esophagitis);
in terms of the involvement pattern — segmental or dif-
fusive (DES) [2].

Esophageal achalasia (idiopathic esophageal dilata-
tion, cardiospasm) is an idiopathic neuromuscular dis-
ease, manifestations of which include functional disor-
ders of cardia patency due to incoordination between
gulping, reflex opening of the lower esophageal sphinc-
ter (LES), and motor and tonic activity of smooth gastric
muscles [3]. The main symptoms of the disease are pro-
gressive dysphagia, regurgitation and retrosternal pain
caused by incomplete esophagus evacuation and chronic
esophagitis.

Case Study

Patient D., 33 years old at first visit in October 2019.

Complaints: Pain in xiphoid appendix area, espe-
cially in prone position and when the patient eats crude
vegetable fibers (hard apples, cabbage, beetroot) and
drinks water. The pain worsens during speaking.

Medical history:

o According to the patient, the onset of the disease
was in 2013 (when he was 27 years old), when
the above complaints appeared for the first time.
At that time the patient had his first esophagogas-
troduodenoscopy (EGDS), and reflux esophagitis

was diagnosed. He had several courses of proton
pump inhibitor (PPI) therapy (various doses and
regimens of omeprazole, rabeprazole, esomepra-
zole) and promotility agents (domperidone, ito-
prid, trimebutine, various duration) without any
marked effect. At the same time, the patient fol-
lowed all non-drug recommendations for GERD
patients.

o In 2016, the patient underwent a 24-hour pH
monitoring and gastric manometry; all results
were normal. Also, he had cardia dilatation with-
out any clinical effect. The patient denied dyspha-
gia and regurgitation both before and after dilata-
tion.

o Over the period from 2016 to 2018, several ex-
aminations recommended by cardiologist and
neurologist did not resolve the pain the patient
suffered from.

o In 2018, when there was no effect from conserva-
tive therapy, the patient was recommended to un-
dergo gullet bougienage, but he refused because of
possible complications.

o Before visiting MedElite Medical Center (MedEl-
ite-Pro LLC) in October 2019, the patient took
PPIs and promotility agents from time to time
without prescription and without any clinical ef-
fect; he underwent several esophagogastroduode-
noscopy (EGDS) procedures, that revealed cardia
insufficiency; peptic esophagitis; esophagus ero-
sions and superficial gastritis (twice); duodeno-
gastric reflux (from time to time).

o In February 2019, the patient underwent first-line
eradicative anti-helicobacter therapy without any
clinical changes during and after therapy.

Life history: Occasional smoking up to 2009 (4 years
before complaints appeared), alcohol consumption —
non-toxic doses no more than three times a year. No aller-
gic background. In 2012, the patient had antiviral therapy
for chronic hepatitis C with direct-acting antiviral drugs,
and sustained virological response was achieved; hepatic
fibrosis stage FO as demonstrated by transient elastom-
etry (2017). Familial history: his mother has type 2 dia-
betes mellitus, chronic thyroid gland disorder.

Physical examination: Satisfactory condition. The
patient is emotionally stable, cooperative, has regu-
lar normosthenic constitution with moderately devel-
oped subcutaneous fat and muscles; BMI: 25.2 kg/m?,
abdominal circumference: 90 cm. The skin has physi-
ological shade and is moderately moist; hand skin is dry.
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The oral cavity is restored to health; the tongue is moist,
with white coat Respiratory system: the chest is symmet-
ric and is evenly engaged in respiration; no abnormali-
ties by palpation; clear pulmonary tones by percussion;
auscultatory vesicular respiration in all chest sections;
without stridor. Cardiovascular system: regular cardiac
rhythm; clear heart tones without any murmur or dia-
stolic shock; heart rate (HR) is 72 bpm, blood pressure
(BP) is 122/77 mm HG on both arms. Abdomen: evenly
engaged in respiration; soft, painless. The liver is within
the costal arch and is not enlarged by percussion. Chole-
cystic symptoms are negative. Peritoneal signs are nega-
tive. Kidney punch is negative on both sides. Peripheral
oedema is not observed. Bowel and bladder habits are
normal.

Preliminary diagnosis: gastroesophageal reflux dis-
ease — endoesophagitis, a history of erosive esopha-
gitis. A history of duodenogastric reflux. H.pylori-
associated chronic superficial gastritis, condition after
first-line eradicative therapy (February 2019). Esopha-
geal achalasia?

Examination results:

» Complete blood count and blood chemistry: un-
remarkable.

o EGDS revealed cardia insufficiency, peptic esoph-
agitis (biopsy was performed in order to exclude
Barrett’s esophagus, and the histology report
demonstrated the presence of esophagitis without
any signs of metaplasia), superficial gastritis, duo-
denitis, duodenogastric bile reflux; rapid urease
test for H.pylori came positive, pH 7 (Fig. 1).

o Abdomen US examination revealed focal masses
in right lobe of liver with signs of haemangiomas
and regular echo structure in remaining liver par-
enchymatous tissue with even contours. Also, the

examination revealed deformed gall bladder with-
out signs of cholestasis and biliary hypertension,
with signs of pancreatic lipomatosis. No sono-
graphic signs of portal hypertension and changes
in spleen.

High-resolution gastric manometry showed rest-
ing pressure in lower esophageal sphincter (LES)
of 10-12 mm Hg (normal value: 10-45 mm Hg).
No hiatal hernia was found. Diagnosis accord-
ing to The Chicago Classification of Esopha-
geal Motility Disorders, v. 3 (2015): Inefficient
esophageal motility: esophagogastric junction is
unobstructed; IRP (integrated relaxation pres-
sure) is < 15 mm Hg; over 50 % of contractions
are ineflicient; DCI (distal contractile integral) is
<450 mm Hg x cm (Fig. 2).

Barium esophagography revealed signs of gas-
troesophageal reflux, cardia insufficiency, peptic
esophagitis, duodenogastric reflux.

24-hour esophagus pH-impedancemetry at the
level of 5 cm above LES revealed 7 acidic refluxes
(normal value: < 50) with the total duration of
8 min (normal value: < 60). Acidic refluxes, ver-
tical position (daytime): 7, horizontal position
(during sleep): 0. Chemical clearance lasted for
1 minute (normal value: < 3 minutes). Duration
of pH < 4.0 episodes during the day was 0.6 %
(normal value: < 4.5 %). De Meester score was 2.19
(normal value: < 14.72). Impedancemetry signal
analysis results: low acidity refluxes during the
day was 20 (normal value: < 21), alkaline refluxes
during the day was 32 (normally, they should be
absent). At the same time, over 60 % of the time,
gastric pH was over 4.0, therefore, hypoacidic gas-
tritis was suspected; signs of duodenogastric reflux
were recorded from 6.00 am to 8.00 am (Fig. 3).

Figure 1. Cardiac sphincter on endoscopy: insufficiency on direct and retroversion examination (marked with white arrows).
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Figure 2. Esophageal manometry. The red frame highlights the absence of esophageal contraction in swallow phase;
DClI is 31 mm Hg, with the normal range of 450-8000 mm Hg. The white frame highlights the LES pressure at rest,

equal to 12 mm Hg with the normal range of 10-45 mm Hg.
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Figure 3. The result of 24-hours pH-impedancemetry. The red arrows indicate acid refluxes into the esophagus. The green

arrow indicates alkaline duodeno-gastric reflux
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Based on the results, the following diagnosis was
made: gastroesophageal reflux disease — endoesopha-
gitis, a history of erosive esophagitis. Duodenogastric
reflux. Secondary diffusive esophagism. H.pylori-associ-
ated chronic superficial gastritis. Condition after erad-
icative therapy — first-line A and first-line B, both were
ineffective. Hepatic haemangiomas.

Recommended therapy: Calcium channel blockers
nifedipine with gradual dose titration to 10 mg 3 times
per day — continuously; esophagus protective agent
(sodium hyaluronate + chondroitin sodium sulfate),
1 sachet 3 times per day; PPI and ursodeoxycholic acid
(UDCA), standard regimen — 1 month.

One and a half month after nifedipine therapy initia-
tion, the patient noted reduction in pain intensity. With
regular drug administration his condition remained
stable; from time to time the patient had dull pain which
did not affect the quality of his life. Five months later, the
patient discontinued nifedipine (since the drug was not
available on the market), and his condition deteriorated
significantly in just two weeks: intense pain resumed
and the patient started coughing. The patient was exam-
ined by a GP and underwent chest X-ray, the results of
which excluded respiratory disorders. Nifedipine ther-
apy resumption with titration to previous doses (30 mg
daily) resulted in gradual improvement in the patient’s
condition over a month: cough resolved quickly, pain
became less frequent and less intense. As of March 2022,
the patient has been taking nifedipine regularly, 1 sachet
of esophagus protective agent 1-3 times per day (in
courses), PPI — standard regime (Rabeprazole 10 mg
or Dexlansoprazole 30 mg once daily for 2-4 weeks).
The patient undergoes annual follow-up endoscopy
and histological examination, that demonstrate endo-
esophagitis without any negative trend. In March 2022,
overweight was diagnosed: the patient gained 5 kg over
3 years (BMI: 26.9 kg/m2), his abdominal circumfer-
ence reached 95 cm. According to the patient, it was a
result of reduced physical activity during the COVID-
19 pandemic and restrictions. In March 2022, an ultra-
sound follow-up examination of hepatic haemangiomas
revealed newly diagnosed hepatic steatosis. The patient
underwent transient elastometry and steatometry using
FibroScan: METAVIR fibrosis stage FO and NAS ste-
atosis stage S3. Matabolism-associated (non-alcoholic)
fatty liver disease (MAFLD/NAFLD) was diagnosed.
The patient was recommended to do more physical exer-
cises; UDCA 14.6 mg/kg and vitamin E were added to
the therapy.

Discussion

Epidemiological data cannot provide deep insight into
the actual incidence of esophageal dyskinesia because of

under-diagnosis due to unclear oligosymptomatic course
of disease and resulting late diagnosis with low body
weight and malnutrition. Besides, quite often dyskinesias
are confused with GERD. The incidence rises with age;
middle-aged and elderly women are more susceptible to
the disease. The incidence of a combination of GERD and
esophageal dyskinesia is unknown due to a limited stud-
ies. It is known that in patients with confirmed GERD
with resistance to PPI therapy, the incidence of impaired
esophageal motility is up to 75 % [4].

In our case study, at the onset of disease in a 27-year-
old patient, retrosternal pain was thought to be a symp-
tom of peptic esophagitis revealed during EGRS. It is
worth mentioning that the patient denies heartburn,
dysphagia; however, the character of pain, i.e., worsen-
ing with meals, drinks, in prone position, are typical of
esophagus pathologies. Standard GERD therapy regimen
did not have any effect, and diagnostic search contin-
ued; cardiac and neurological disorders were excluded.
Esophageal achalasia was suspected despite the absence
of dysphagia observed in 99 % of patients with esopha-
geal achalasia [3]. Gastric manometry did not reveal any
signs of esophageal achalasia: the integrated LES relax-
ation pressure was not increased (IRP > 15 mm Hg) and
there were no contraction disorders present. According
to clinical recommendations on esophageal achalasia,
conservative therapy with calcium channel blockers or
nitrates can have some effect in this pathology; how-
ever, it is just a temporary measure, while the primary
management of esophageal achalasia is cardia dilatation,
which is effective in 60-85% [3]. Nevertheless, instead
of further diagnostic search and selection of alternative
conservative therapy, the patient underwent cardia dila-
tation which did not have any positive effect. It is worth
noting that at this stage the therapy with calcium channel
blockers or nitrates was not considered.

During his first visit to the clinic in 2019, the patient
underwent a comprehensive examination of esophagus
(including EGDS, esophagography, pH-impedanceme-
try, manometry), and the results came controversial.

EGDS, which is not a method of choice for esopha-
geal dyskinesia diagnosis, is important to exclude organic
disorders. In this case study, EGDS did not reveal any
abnormalities which could be a sign of esophageal dyski-
nesia (dilated esophageal lumen, constrained endoscope
passage, cardia obstruction, etc.). Cardia insufficiency,
peptic esophagitis, superficial gastritis, duodenitis, and
duodenogastric bile reflux were observed.

Esophagography confirmed gastroesophageal reflux,
peptic esophagitis, and duodenogastric reflux. There were
no typical signs of DES, however, this diagnosis cannot
be ruled out: according to literature, abnormalities are
observed only in 60 % of patients, while pathognomonic
changes (“corkscrew” or “string of beads” esophagus) is
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reported in less than 5% of cases [5]. Radiographic evi-
dences of esophageal achalasia (cardia spasm and dilated
esophagus) were not observed.

Manometry revealed inefficient esophageal motil-
ity: hypokinetic dyskinesia with clinical signs of regur-
gitation, dysphagia, feeling of weight in epigastrium.
The patient denied these symptoms, his only complaint
(retrosternal pain) was typical of hyperkinetic forms,
since it is caused by spastic muscle contractions. It is
worth mentioning that gastric manometry is a golden
standard in esophageal dyskinesia diagnosis; however,
The Chicago Classification of Esophageal Motility Dis-
orders (v. 3, 2015) used at that time is useful to diagnose
primary motility disorders, whereas secondary changes
have no clear validated criteria. The report on The Chi-
cago Classification of Esophageal Motility Disorders
(v. 4, 2021) emphasises the role of manometry in differ-
entiation between disorders which allow making a final
diagnosis (for instance, achalasia) and other phenomena
that are insignificant for the diagnosis and that require
clinical interpretation [6]. In this case study, manom-
etry allowed ruling out achalasia, a mandatory criteria
of which is increased integrated LES relaxation pressure
(IRP) of over 15 mm Hg.

24-hour esophagus pH-impedancemetry demon-
strated normal acidic refluxes and time when pH was
below 4; however, there were 32 alkaline refluxes, which
correlated with EGDS results of duodenogastric bile
reflux.

It is worth mentioning that during EGDS procedures
the patient did not have any pain, and it can be an indirect

evidence of neuroreflex nature of esophageal spasm and
can explain the absence of typical abnormalities observed
during manometry. The same situation was observed
during the initial examination in 2016: the patient did
not have any pain during pH-impedancemetry and
manometry.

To sum up the instrumental assessment results, it is
worth noting that, despite their specificity, the existing
diagnostic methods are not always useful for correct
diagnosis, since there are no validated diagnostic criteria
for any type of esophageal dyskinesia [6]. These methods
are auxiliary; diagnosis requires comparative analysis of
results of the mentioned instrumental assessments with
clinical manifestations [6].

Table 1 presents primary clinical and instrumental
characteristics of the patient as well as DES and esoph-
ageal achalasia criteria which were used in differential
diagnosis [2, 3].

It seems to be possible to develop a practical algo-
rithm for diagnostic search in patients with non-car-
diac retrosternal pain. The primary method should be
EGDS (if there are no contraindications) as it is highly
informative and can help in ruling out organic disorders:
esophageal cancer and cardiac cancer, gastroesophageal
hernia, esophagitis, esophageal strictures. If the diag-
nosis is clear, therapy should follow the current recom-
mendations; if no effect is observed or if information is
limited, barium esophagography should be performed.
The diagnostic search algorithm in case of non-cardiac
retrosternal pain proposed by the authors is presented
in Figure 4.

Table 1. Differential diagnosis of the patient based on the criteria for diffuse esophagospasm and achalasia cardia

Feature Case Diffuse Achala}sia
esophagospasm cardia

Pain ++ ++ + (60 %)
Dysphagia - + ++ (99 %)
Regurgitation - +- (seldom) +
Weight loss - + (Late stages) + (Late stages)
Uncoordinated peristalsis, rosary symptom (X-ray) - + -
Normal patency of the lower esophageal sphincter (X-ray) + +
Spasm of the cardia, expansion of the esophagus (X-ray) - - +
Expansion of the esophagus, tightly closed cardia (endoscopy) - - +
An increase in the total relaxation pressure of the lower esophageal ) ) o
sphincter >15 mm Hg. (high-resolution manometry)
Spasmodic contractions (high-resolution manometry) - +- +
Number of acid refluxes above normal (pH monitoring) - +-
The effect of a calcium channel blocker ++ ++ +

The effect of PPI

Note: X-ray — X-ray with barium contrast; PPI — proton pump inhibitors
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N

« elicitation of the cause: cancer, esophagitis, mucosal defects, achalasia, strictures, hiatal
endo hernia (HH)
* elicitation of the cause: HH, neoplasm, achalasia, strictures, membranes, diverticula,
Xor constriction, outer compression
* confirming the presence and determination of the type of gastroesophageal reflux (acid,
ph-m alkaline)
h * elicitation of the cause: HH, esophagospasm, achalasia
rm
\/ * in the absence of reliable criteria for a diagnosis treatment ex juvantibus with calcium
treat channel blockers / nitrates

Figure 4. Diagnostic search algorithm in the presence of non-cardiac retrosternal pain.
Note: Endo — endoscopy; X-r — X-ray with barium contrast; pH-m — pH-monitoring; hrm — high-resolution manometry; treat — treatment

In this case study, this is efficient calcium channel
blocker therapy that allowed confirming hyperkinetic eso-
phageal dyskinesia — diffusive esophagism with GERD.

It is worth mentioning that at the onset of disease in
2013 and when the patient came to the clinic in 2019, he
did not have any metabolic disorders; however, in March
2022 overweight and NAFLD were observed; these are
frequent comorbidities of GERD with understudied
relations [7, 8]. A number of studies are dedicated to
the correlation between these disorders; in a majority
of cases, the question is an increased risk of GERD in
patients with fatty liver disease [7, 8], the pathologic rela-
tion between which is caused by overweight. In this case
study, GERD developed well before, when the patient
was a young man, while metabolic disorders appeared
later and might have been triggered by forced limitation
of physical activity.

Conclusion

Esophageal achalasia and diffusive esophagism are
diagnosed relatively rarely and are understudied condi-
tions. Retrosternal pain requires differential diagnosis to
rule out myocardial or musculoskeletal disorders; how-
ever, a correct diagnosis is not an easy task even when
extra-oesophageal pathology has been ruled out. Highly
specific modern methods for esophagus pathology diag-
nosis can return controversial results that do not corre-
late with one another nor match clinical manifestations.
This case study of a young patient with a long-lasting his-
tory of resistant retrosternal pain emphasises the need in
a comprehensive examination and assessment of clini-
cal and instrumental results for practical purposes, as

well as development of more clear criteria for scientific
confirmation or exclusion of these diagnoses. Also, the
relationship between esophagus involvement and meta-
bolic disorders, specifically NAFLD, is of practical and
scientific significance.
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Diagnosis and Prevention of Scabies in Low
Mobility Patients with Cognitive Impairment

Pesiome

YecoTka npescTaBnfeT coboil MHPEKUMOHHOe KOXHOe 3aboneBaHuve, Bbi3biBaeMoe CrelMdUYHLIM ANA YenoBeKa 3KTonapasutom Sarcoptes
scabiei var. hominis. HecMoTps Ha BCECTOPOHHIOI0 M3YYEHHOCTb YeCOTKM, MpobieMa ee CBOEBPEMEHHOM ANArHOCTUKN Y MallOMOBU/IbHBIX NaLy-
€HTOB C Ofpe/e/IeHHbIMU HEBPOIOTMYECKMMU U KOTHUTMBHBIMU HapyLLIEHWAMM OCTaeTCA aKTya/lbHOW BO BceM Mupe. OlHOBpeMeHHOe Ha3Haye-
Hye 60/1bIIOro KoAMYeCcTBa IeKapCTBEHHbIX NpenapaToB MasoMO6UbHLIM NaLMeHTaM MOXeT MacKMPOBaThb KAMHWYECKME NPOABNEHUA YeCOTKM
1 OLIMBOYHO OTHOCUTb 3Y/, K MPOAB/GHNAM KOXHbIX a/1/IEPFrUYECKUX PeaKLMil UK MHBIX 4epMaTo30B. ABTOPbI Habaoganmn nauveHTa K., KOTOpbIi
Haxoguacsa B PIBY «PLUIMH» ®MBA Poccnm ¢ 14.11.2022 no 15.11.2022. KamHunyecknit gnarHos npu noctynaeHdnu: 169.3. NMocneactema nHdpapkTa
Mosra. OcHoBHoe 3aboneBaHMe: paHHNI BOCCTAaHOBUTE/IbHbIV NepUo/ UILEMUYECKOTrO MHCYIbTa B 6acceliHe IeBOV CpeAHe MO3roBoi apTepum ot
09.08.2022, atepoTpoMboTuyeckuin noaTun no kputepmam TOAST. NpaBocTopoHHWIA remunapes. [py6as adasma. HapyleHne GyHKLK Ta30BbIX
opraHos. LLIkana peabuanTaumoHHon MaplpyTusaummn 5 6aanos. PoHoBble 3a60eBaHUA: rMnepToHMYecKkas 6os1e3Hb |l cTagnm 3 cTeneHn, KoH-
TPO/MpyeMasi, PUCK CEpPAEYHO-COCYAUCTbIX OC/IOMHEHU — 4 (O4eHb BbICOKUM). LieneBoe 3HaueHne apTepuanbHoro Aaenenuns MeHee 135/85 Mm
PT. cT. OKK/I03UA NI€BOV NepesHeN MO3roBoii apTepum, CPeAHelN MO3roBoi apTepun. TOKCUKO-anepruieckuil 4epMaTuUT (NeKapcTBeHHbIil) B pase
obocTpeHna. Ha ocHOBaHUM KOMMN/EKCa KAMHUYECKMX AaHHBIX U 1abopaTopHOro obHapyxeHus Bo3byanTens nauneHTy K. 6bia noctaeneH gua-
rHo3: B86 — yecoTka. HecMoTpA Ha TO, YTO NaLMEHT HaXOAW/CA NOJ MeANLIMHCKMM HabloAeHNeM Ha 0roCnMTaNbHOM 3Tane, YecoTKa He 6bina
CBOEBPEMEHHO nmarHocTupoBaHa. [103/HAA AMarHOCTUKa YeCOTKM BeJeT K pacnpocTpaHeHuWto 3a601eBaHNA U NOAJEPXKaHWIO HebnaronpuaTHoOM
3MMAEMUONOTNYECKOW CUTYaLUN.
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Abstract

Scabies is an infectious skin disease caused by the human-specific ectoparasite Sarcoptes scabiei var. hominis. Despite the comprehensive study of
scabies, the problem of its timely diagnosis in low-mobility patients with neurological and cognitive impairments remains relevant all over the world.
Simultaneous administration of a large number of medications to patients with limited mobility may mask the clinical manifestations of scabies and
mistakenly attribute itching to manifestations of skin allergic reactions or other dermatoses. The authors observed patient K., who was admitted in
FCBRN of FMBA of Russia from 14.11.2022 to 15.11.2022. Clinical diagnosis upon admission: 169.3. The consequences of a stroke. Early recovery period
of ischemic stroke in the basin of the left middle cerebral artery from 09.08.2022, atherothrombotic subtype according to TOAST criteria. Right-sided
hemiparesis. Gross aphasia. Violation of the pelvic organs function. RMS 5. Comorbid diseases: arterial hypertension, controlled, the risk of CVE 4
(very high). The target blood pressure is less than 135/85 mmHg. Occlusion of the left anterior cerebral artery, middle cerebral artery. Toxic-allergic
dermatitis (medicinal) in the acute phase. Based on a set of clinical data and laboratory detection of the pathogen, patient K. was diagnosed with
B86 — scabies. Even though the patient was under medical supervision at the ambulatory step, scabies was not diagnosed timely. Late diagnosis of
scabies leads to the spread of the disease and an unfavorable epidemiological situation.

Key words: scabies, patients with limited mobility, cognitive impairment, itching, diagnosis of scabies
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BP — blood pressure; ALT — alanine aminotransferase; AST — aspartate amino transferase; HMF — higher mental functions; DS BCA — duplex
ultrasonography screening of brachiocephalic arteries; CHD- coronary heart disease; BMI — body mass index; chest CT — chest computer tomography;
CPK — creatine phosphokinase; LV — left ventricle; HDLPs — high-density lipoproteins; LDLPs — low-density lipoproteins; ARU — anaesthesiology and
reanimation unit, AMI — acute myocardial infarction; ACE — acute cerebrovascular event; PTPS — postthrombophlebitic syndrome; EMS- emergency
medical service; CVCs — cardiovascular complications; LVEF — left ventricular ejection fraction; CCCH — Central City Clinical hospital; RR — respiratory

rate; HR — heart rate; RRS — rehabilitation routing scale

Relevance

Scabies is a contagious skin disease caused by
human-specific ectoparasite Sarcoptes scabiei var.
hominis. According to the World Health Organisation
(WHO), over 200 million of people all over the globe
have scabies at the same time [1]. Outbreaks often
occur in closed, mostly overcrowded closed institutions
[2]. Despite the extensive studies of scabies, the issue of
its timely diagnosis in handicapped patients with cer-
tain neurological and cognitive disorders is still a burn-
ing problem globally [3]. There are several causes for
this. On the one hand, clinical manifestations of scabies
in this group of patients can be unrepresentative; on
the other hand, they can be interpreted as symptoms
of other skin diseases. In some neurological disor-
ders, collection of complaints and history is practically
impossible, especially if the patient does not have any
close relatives who care for them constantly. Prescrip-
tion of a number of drugs to handicapped patients can
obscure clinical signs of scabies, and intense itching can
be interpreted as a sign of skin allergies or other derma-
toses. Delayed diagnosis of scabies causes spread of the
disease and contributes to an unfavourable epidemio-
logical situation.

CASE STUDY

Patient K., 47 years old, was hospitalised to the inpa-
tient unit for the rehabilitation of patients with CNS
dysfunctions of the Federal State Budgetary Institu-
tion Federal Centre for Brain and Neurotechnology at
the Federal Medical and Biological Agency of Russia
from 14 November 2022 to 15 November 2022. Clini-
cal diagnosis upon admission: 169.3. Cerebrovascular
accident complications. Primary disease: early period
of recovery after ishemic stroke in the left medial cere-
bral artery area dated 09 August 2022, atherothrombotic
subtype (TOAST categories). Right-sided hemiparesis.
Severe aphasia. Pelvic organs dysfunction. Rehabilita-
tion routing scale (RRS): 5 points. Background diseases:
controlled stage III hypertensive disease, 3rd degree;
risk of cardiovascular complications (CVCs): 4 (very
high). Target blood pressure (BP) is below 135/85 mm
Hg. Occlusive disease of the left anterior cerebral artery,
medial cerebral artery. Comorbidities: coronary heart
disease (CHD), postinfarction cardiosclerosis. Chronic
cardiac failure with interim left ventricular ejection frac-
tion (LVEF 42 %), stage IIA, functional class III. Throm-
bosed postinfarction aneurysm of the left ventricular
apex. 50 % stenosis of the right carotid artery. Acute toxic
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allergic dermatitis (drug-induced). Suprapubic urinary
catheter user from 12 August 2022. Postthrombophle-
bitic syndrome (PTPS).

Complaints upon admission: collection of com-
plaints and history is challenging due to speech disor-
ders. According to the relatives, the patient has speech
disorders, weak right limbs, especially the arm, impaired
pelvic organ functions, itching, and skin rash all over
the body.

Medical History

According to the medical records and relatives,
on 10 August 2022, the patient was found lying on the
floor. The emergency medical service (EMS) team trans-
ported him to the Reutovo Central City Clinical Hospi-
tal (CCCH); brain CT confirmed ishemic stroke in the
left medial cerebral artery (MCA) area. The patient was
transferred to the Federal Centre for Brain and Neuro-
technology on 10 August 2022 for the treatment in the
anaesthesiology and reanimation unit (ARU). Examina-
tions: chest computer tomography (chest CT) — bilateral
minor hydrothorax; lower limb vein duplex ultrasonog-
raphy screening — superficial vein thrombosis of the
right shank; duplex ultrasonography screening of bra-
chiocephalic arteries (DS BCA) — obliterating athero-
sclerosis; echocardiography — delated left heart cham-
bers; LVEF 47 %; thrombosed postinfarction aneurysm
of the left ventricular (LV) apex. The patient underwent a
rehabilitation course at the same institution. Discharged
on 14 September 2022 with positive changes.

While in the inpatient unit, in September 2022 the
patient developed an unspecified toxic allergic reaction;
according to the relatives, the patient was consulted by
a dermatologist, who recommended skin care; however,
the condition did not improve.

Since the patient had rehabilitation potential, the
Clinical Screening Committee at the Federal State Bud-
getary Institution Federal Centre for Brain and Neuro-
technology at the Federal Medical and Biological Agency
of Russia decided to hospitalise the patient for rehabilita-
tion on the account of the Federal Compulsory Medical
Insurance Fund (FCMIF).

Life History

According to the relatives, the patient had the follow-
ing conditions: acute myocardial infarction (AMI) —
March 2020 (no document were presented), previous
acute cerebrovascular accidents (ACE) — denied. His-
tory of surgeries: coronary stenting in March-April 2020
(according to the relatives); trocar cystostomy dated
12 August 2022. History of hypertensive disease. Con-
stantly taken medications: apixaban 2.5 mg twice daily;

enalapril 10 mg twice daily; cetirizine 10 mg/day; for
outward application: clobetasol, emulsion with vitamin
E, urea, vitamin A, ceramides. Disability: no; changes in
the place of residence: no; bad habits: no.

Epidemiological history. Prior contagious diseases
(including TB and TB contacts, infectious hepatitis,
STDs — gonorrhea, syphilis, HIV infection) — denied
(according to the relatives). The patient did not travel
abroad during the past 6 months. The patient did not
contact infectious persons and persons with fever, or per-
sons who came from areas with high rates of COVID-19
morbidity.

History of allergies: unspecified toxic allergic reac-
tion, possibly drug-induced (statins, rivaroxaban).

Pre-hospitalisation instrumental examinations are
presented in Table 1.

Physical Examination
Results upon Admission

Visual examination: overall condition is satisfactory.
Height: 186 cm. Weight: 70 kg. Body mass index (BMI):
20.23 mg/m?Body temperature: 36.6°C. Visible mucosa
and skin are of normal colour. Widespread rash on limbs,
body. Head lice, scabies: absent.

Respiratory organs. The patient breathes naturally.

The chest is hypersthenic.

Respiratory rate (RR) is 17/min. SpO, = 99 %. By aus-
cultation, the lung respiration is harsh, even in all sec-
tions, without wheeze.

Blood circulation organs. Muffled heart tones,
regular rhythm. No heart murmurs. Heart rate
(HR) = Ps = 78 bpm. BP: 130/80 mm Hg.

Digestive system. Oral feeding. Th tongue is pink, no
plaques. Abdomen is soft, painless. Peritoneal signs are
negative. Vermicular movements: observed. No physical
signs of liver enlargement; spleen is not palpable. Bowel
movements are controlled, regular.

Urinary system. Kidney punch is negative on both
sides. Cytostome-assisted urination (according to the
relatives, cytostome was replaced on 08 November 2022).
By percussion, the fundus of bladder does not protrude
over the lap. Diuresis is adequate.

Neurologic State

Cerebral symptoms. Clear consciousness. Contact
is challenging due to speech and cognitive disorders.
No cerebral symptoms (no complaints of headache,
nausea, vomiting).

Higher mental functions. Mixed aphasia with domi-
nating severe motor component. A detailed examination
of the higher mental functions (HMFs) is challenging
due to speech disorders.
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Table 1. Instrumental studies at the prehospital stage

| Laboratory and instrumental studies

Results

Computed tomography of the chest organs

10.08.2022

Ultrasound of the veins of the lower extremities

09.11.2022

Electrocardiography 08.11.2022

Echocardiography
10.08.2022
insignificant hydropericardium
General blood test hemoglobin 145 g/1
08.11.2022 hematocrit 44.2%

Biochemical blood analysis
24.11.2022

without focal or infiltrative pathology

no signs of thrombosis

sinus rhythm, heart rate 100 per minute, horizontal position of the electrical axis of the heart.
Hypertrophy of the left ventricle (LV) QS V1-M3, cicatricial changes of the myocardium

without acute focal pathology

LV cavity expansion, HLV, EF 42 %, LV apical akinesis with transition to the septum, apical
aneurysm with thinning of the walls and the presence of a blood clot in the cavity 19*16 mm,

erythrocytes 4.9x10'/1
platelets 303x10°/1
leukocytes 8.9x10°/1
ESR 16 mm/hour

ALT 20.0 E/L

AST 24.0 E/I

total bilirubin 13.6 mmol/l
glucose 5.01 mmol/l
creatinine 68.0 mmol/l
urea 6.1 mmol/l
potassium 4.3 mmol/l

cholesterol 6.03 mmol/l

Lipid profile
24.10.2022

General urine analysis
02.11.2022 reaction pH 7.0
protein is absent

glucose is absent

leukocytes are absent
erythrocytes are absent

relative density 1011

bacteria are detected in the field of vision

Infectious serology
10.08.2022

antibodies to Treponema pallidum (Treponema pallidum) total (screening) — negative
antibodies to hepatitis C virus (Hepatitis C virus) — negative

antibodies to human immunodeficiency virus (HIV types 1/2) and antigen p24 — negative
HBs-hepatitis B virus antigen (qualitative) — negative

PCR examination 11.11.2022

coronavirus, RNA (SARS-CoV-2, PCR) quality. — not detected

coronaviruses similar to SARS-CoV RNA (SARS-CoV, PCR) quality. — not detected

Note: PCR — polymerase chain reaction, ESR — erythrocyte sedimentation rate, RNA — ribonucleic acid, HLV — hypertrophy of the left ventricle, EF — ejection fraction,

LV — left ventricle, HIV — human immunodeficiency virus

The meningeal syndrome is not observed. Small men-
ingeal signs, neck stiffness, Kernig’s symptom and Brudz-
inski’s reflex are not observed. Photophobia: no.

Sensory system. A detailed assessment of sensory dis-
orders is challenging due to aphasia. Peripheral nerve
stretch symptoms (Lasegue’s sign, Neri’s sign, Wasser-
mann’s test, Mazkewitch’s test) are negative.

Coordination system. Static ataxia is not observed.
Not observed in Romberg’s position. Coordination tests
(finger-to-nose test, heel-shin test, pointing test, diad-
ochocinesia test) with the right arm are not possible due
to paresis; the patient does not do the tests with his leg
as he does not understand the instructions. The gait is
paretic; the patient can walk on his own with a cane. The
patient’s walking pace is decreased.

Vegetative system. Dermographism is red. Pilomotor
reflex is preserved. Claude Bernard-Horner syndrome is
negative.

Examinations in inpatient settings. Taking into
account that patient K. had unspecified toxic allergic
reaction (according to his relatives), upon admission the
attending physician scheduled a consultation by a STD
and skin specialist.

Consultation by STD and skin specialist dated
14 November 2022. Status localis: the pathologic pro-
cess of the skin is widespread; the rash presents as fol-
licular papules on the interdigital spaces of the hands, on
the skin of radiocarpal and elbow joints, armpits, outer
abdomen, chest, outer and posterior thigh surface, in
pubic region (Figure 1).
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On hands, papules are paired (Figure 2). The patient
presents with multiple excoriations, haemorrhagic
scabs (Figures 3, 4). Hair and nails are normal. Skin
scraping for itch mite: itch mite confirmed by labora-
tory tests (Figure 5). A set of clinical and laboratory

data on the causative agent helped make a diagnosis:
B86 — scabies.

Figure 2. Paired follicular papules on the skin in the
interdigital spaces of the left hand. The red circle indicates
the place from which the scraping on Sarcoptes scabiei var
was taken. hominis

Rehabilitation-limiting factors: suprapubic urinary
catheter, scabies. Rehabilitation potential: moderate. The
rehabilitation target was not achieved due to an early dis-
charge of the patient for outpatient management.

Pursuant to SanPiN (Sanitary Regulations and
Norms) 3.3686-21, Sanitary and Epidemiological
Requirements for the Prevention of Infectious Diseases,
in order to prevent an outbreak and spread of infectious
diseases in Moscow region, sanitary and antiepidemic
(preventive) measures were taken in accordance with the
sanitary regulations.

The infectious case of the patient K. was notified by
phone within 2 hours; the territorial body in charge of
the federal state sanitary and epidemiological monitor-
ing at the patient’s place of residence was urgently noti-
fied in writing within 12 hours. The infectious case was
recorded in the infectious disease log.

Pursuant to the Industry Standard “Patient Manage-
ment Protocol. Scabies” approved by Order of the Min-
istry of Health of the Russian Federation No. 162 dated
24 April 2003, all contacts were examined. Contacts of
the patient were subject to epidemiological follow-up.

Disinfection was conducted to ensure the break of
the infection mechanism and to stop the epidemiologi-
cal process: current and final disinfection, disinvasion,
disinfestation.

Figure 3. The skin pathological process on the
outer surface of the abdomen is widespread, rashes
are represented by follicular papules, excoriation,
hemorrhagic crusts
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Current disinfection was performed in the presence
of the patient K. as soon as his disease was confirmed.
Current desinfection was performed by the patient’s
carers once they had been briefed by a medical profes-
sional. Current desinfection of the environment was
performed over the period from the patient K’s admis-
sion and up to his discharge by the staff of Federal State
Budgetary Institution Federal Centre for Brain and
Neurotechnology at the Federal Medical and Biological
Agency of Russia. Final disinfection was performed after
the patient had been isolated at home in accordance with
the legislation of the Russian Federation.

Recommendations
upon discharge:

1. A diet limiting the intake of easily digested
carbohydrates, animal fats. Water intake schedule.
Reduction of daily salt intake to 3 g. Reduction
carbohydrate intake. Low-cholesterol diet. Nutritious
diet (increased intake of seasonal fruits and
vegetables).

2. BP, HR monitoring, self-assessment diary (morn-
ing, evening), diuresis monitoring. Antihypertensive
therapy: Enalapril 5 mg twice daily (morning/eve-
ning). Bisoprolol 2.5 mg in the morning. Spironolac-
tone 25 mg in the morning. Follow-up by cardiologist
at the place of residence.

3. Anticoagulant therapy: Apixaban 2.5 mg twice daily.

4. Lipid-lowering therapy: Atorvastatin 40 mg once
daily in the evening. Blood biochemistry (alanine
aminotransferase (ALT), aspartate amino transferase
(AST), creatine phosphokinase (CPK), cholesterol,

Figure 4. The skin pathological
process on the lower
extremities is widespread,
rashes are represented by
follicular papules, excoriation

Figure 5. Scabies mite eggs at various stages of
development (white arrows) scraped from the skin in
the interdigital space between the thumb and forefinger
of the left hand. The location of the scraping is indicated
in Figure 2

high-density lipoproteins (HDLPs), low-density lipo-
proteins (LDLPs), triglycerides) in a month; once
every 3-6 months.

. Recommendations by the STD and skin specialist:

prior to treatment initiation, the patient should take
a warm shower using soap, trying to steam out the
skin as much as possible in order to enhance medica-
tion penetration, and dry the skin with a towel.
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Day 1: 200 mL of benzyl benzoate emulsion 20 %
should be thoroughly rubbed in the skin of arms/hands,
then of the body and legs, including feet, toes, and exter-
nal sex organs. Do not wash hands for 3 hours after the
procedure; rub in the medication on hands every time
you wash your hands. Put on clean underwear and
change your bedding.

Days 2 and 3: do not apply ointment, do not wash
youself, do not change underwear and bedding.

Day 4: take a shower in the morning using soap, dry
yourself with a towel, then thoroughly rub 200 mL of
benzyl benzoate emulsion 20 % in the skin of arms/hands,
then of the body and legs, including feet, toes, and exter-
nal sex organs. Put on clean underwear and change your
bedding.

Day 5: wash the remaining medication away with
warm water and soap; do not rub your skin. Change
underwear and bedding.

The healing (repeated scraping) should be checked by
the STD and skin specialist at the patient’s place of resi-
dence on day 3 and 10 after therapy completion.

Discussion

The presented case study demonstrates the peculiari-
ties of the somatic and mental health of the patient that
resulted in delayed diagnosis of scabies. It is obvious that
primary healthcare professionals should be made aware
of possible skin conditions in handicapped persons in
order to improve the routing of patients and provide for
timely preventive measures.

The intensive scabies morbidity in the Russian Fed-
eration in 2011 was 45.9 cases per 100,000 people
[4]. In 2017, scabies morbidity was 15.5 cases per
100,000 people; while in 2018 it was 15.0 cases [5]. The
actual scabies morbidity might be higher, since diagnosis
errors alter the statistics, and late diagnosis causes delays
in antiepidemic measures in the focal areas.

In 2011-2014 in the Russian Federation, the scabies
morbidity in the age group of 40+ years old demon-
strated an almost 2-fold increase [6]. There is no infor-
mation on scabies morbidity in handicapped patients
with cognitive disorders in the Russian Federation. Both
Russian [7] and foreign authors [8, 9] point out delayed
scabies diagnosis in elderly patients with cognitive dis-
orders. One of the main reasons for long-term immo-
bilisation of patients is cerebrovascular disorders; also,
patients have comorbidities which interfere with timely
diagnosis of other pathologies. Impaired social function-
ing aggravates the course of scabies, contributes to its
late diagnosis, especially in multiple comorbidities and
abnormal clinical progression. Delayed scabies diagno-
sis in handicapped patients with cognitive disorders is
caused by a number of factors: challenging collection

of complaints and history, atypical clinical progression,
diagnosis errors and inattention by medical profession-
als, impaired social functioning, social factors, including
lower material welfare and poor personal hygiene to a
number of reasons, e.g., handicapped status. Despite the
fact that the patient K. was followed up at the pre-hos-
pital stage, scabies was not timely diagnosed. According
to current observations, a visiting GP (general practitio-
ner) follows up 350-400 handicapped patients, while a
nurse follows up 150-200 such patients. On the average,
a GP visits a handicapped patient four times a year, while
nursing staff — 12 times a year. It is recommended to
visit post-ACE patients more frequently. On the aver-
age, a GP examines a handicapped patient twice a quar-
ter [10]. A retrospective analysis of 2803 medical records
of patients who died in a multidisciplinary inpatient
clinic in Moscow in 2011-2012, including 10 % of long-
term handicapped patients, demonstrates that every fifth
handicapped patient is examined by a GP once every
2-4 months, 27 % of patients are examined more rarely.
33 % patients were examined by a GP once every month;
and the example of the patient [11] shows that this is not
enough.

We can assume that the patient got infected in Sep-
tember 2022, when first itching rash appeared; however,
scabies was diagnosed as late as on 14 November 2022.
Cassell J.A. et al. conducted a prospective study to iden-
tify scabies in ten care homes accomodating 430 persons.
Median age was 86.9 (interquartile range: 81.5-92.3)
years; 76 % were women; 68 % of patients had dementia.
All patients had various comorbidities: cancer, diabe-
tes mellitus, impaired nutrition, use of corticosteroids.
Confirmed, possible or potential scabies was diagnosed
in 27 % of examined patients. The highest morbidity was
recorded in the age group of 90-94 years old (30 %).
31 patients with confirmed scabies did not complain of
itching, rash or scratching; 24 of them had dementia.
Researchers concluded that dementa (odd ratio 2.37,
95% confidence interval 1.38-4.07) is a risk factor for
scabies in care homes. The staff failed to see skin mani-
festations in 12 patients who were later diagnosed with
scabies. Median time from infection to confirmed diag-
nosis was 22 (interquartile range, 7.5-186) days [12].
In order to standartise the diagnostics of scabies, in
2020 the Alliance for the Control of Scabies (IACS)
suggested scabies diagnosis criteria which inclide three
levels of diagnostic accuracy: confirmed scabies with
visualisation of itch mite or its products (level A), clini-
cal scabies (level B), and suspected scabies (level C) [13].
However, these criteria are not designed for the diagno-
sis of atypical scabies, crusted scabies, scabies in persons
with compromised immunity, scabies in elderly persons,
scabies in persons with cognitive disorders, and scabies
in bed-bound patients. New, more accurate and simple
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diagnostic methods and criteria for Sarcoptes scabiei var.
hominis are required. Prevention of scabies in handi-
capped persons with cognitive disorders has huge social
significance; the primary task is to break path of infec-
tion transmission from contagious patients to healthy
individual. This problem can be resolved easier with the
participation of patient’s relatives and coordination of
medical and non-medical efforts. A contagious person
can spread the disease even in the absence of any symp-
toms. The probability of disease transmission is the high-
est in direct and close skin-to-skin contact, i.e., among
family members. Contacts are recommended to undergo
preventive therapy simultaneously with the patient in
order to minimise the risk of re-infection [4, 14]. In some
endemic heavily populated islands (Fiji), positive expe-
rience with the use of Ivermectin for mass therapy and
prevention of scabies was described [15, 16]. Literature
sources describe development of scabies vaccines [17].
In the Russian Federation, prevention of scabies is per-
formed in accordance with SanPiN 3.3686-21, Sanitary
and Epidemiological Requirements for the Prevention of
Infectious Diseases: contacts are treated in their house-
holds and organised groups with a 2-week follow up and
two examinations (when the disease is diagnosed and in
two weeks).

Conclusion

Challenges with collection of complaints and history,
abnormal clinical progression, multiple comorbidities,
and slow augmentation of symptoms in handicapped
persons with cognitive disorders hinder early scabies
diagnosis and facilitate the spread of this contagious skin
disease. In order to prevent outbreaks of scabies, rigor-
ous observation of all sanitary rules and regulations of
the Russian Federation is essential. Medical profession-
als should be more vigilant about patients with impaired
social functioning in order to prevent diagnostic errors.
Special attention should be paid to the hygiene of skin
and cutaneous appendages, a set of additional measures
for improvement of the quality of life and prevention of
complications.
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