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Pe3ome

HECMOTPH Ha AO0CTUXeHnAa COBPeMeHHOVI KaP,Cl,VIOnOFVIVI, BBGOHEBaGMOCTb n CMepTHOCTb oT KaPAMOBaCKynﬂPHOVI natosaormme 60!1bLLIVIHCTBe CTPaH
MUpa OCTaeTCs BbICOKOW, YTO MOTMBMPYET 60/1ee WMPOKOE WCMO/b30BaHNE AOMONHUTE/bHbIX (a/bTePHATUBHBIX) MPOPUNAKTUYECKUX W ieve6-
HbIX NOAX0A40B, O4AHUM U3 KOTOprX ABNAeTCa FVIFIOKCI/ITEPBFII/IH. 3a HEeCKO/IbKO AeCFlTI/IﬂeTVII‘/’I MCMNO/QIb30BAHUA 3TOro MeToAa HakonaeH OGLUVIPHbIﬁ
06'beM MH¢OpMauMM, I'IO3BOI1H}OLLLIA171 KOHCTaTVIpOBaTb 6naronpwﬂTHoe BO3AeﬁCTBMe pa3l1M"IHbIX pe)KMMOB FMI'IOKCIATepaI'IIAI/I Ha Bblpa)KeHHOCTb
KAMHUYECKOMN KapTI/IHbI Cepﬂ,e‘-lHO-COCy,D,MCTbIX 3a60/1€BaHI/Il‘/II, 4YTO NOTeHUMaNbHO MOXeT ynquuaTb nx I'IpOFHO3. I'IpleeHeHme FMI‘IOKCVITEPaI'IVIVI
accouMMpyeTcn C ynqueHmeM Ll,VIpKaAHOFO pVITMa apTepMaanoro AaB/1eHnA, NOTOK-3aBUCUMOM Basogunsataynm, co CHMXeHmnem VIHCyIWIHOPe-
3UCTEHTHOCTH, yMeHbLIJeHVIeM XeCTKOoCTun COCyAVICTOI;I CTeHKMH, ynyqu.leHMeM PGOHOFVIVI KPOBVI, q)yHKLl,VIVI 3HAOTENINA N CUCTEMbI OKCUAa a30Ta,
CHUXEHVEM YPOBHel MPOBOCMAaANTENbHBIX U MPOTPOMOOTUYHECKUX LLUTOKUHOB. PAj aBTOPUTETHBIX SKCMEpPTOB pacCMaTpUBaAIOT FMMOKCUTepanuio
B KayecTBe AOCTyﬂHOFO n ﬂepCI‘IeKTI/IBHOFO mMeToda I'IPOd)VII]aKTI/IKI/I n nevyeHmAa cep,qequ—cocy,qMCToﬁ naTtosiornu, 3¢¢EKTVIBHO AonosHALWero
TpaAMLU/IOHHbIe HeMeJMKaMeHTO3Hble N MeJUKAaMeHTO3Hble NoAX0Abl. HakonneHHble AaHHble CBMAeTeanTByIOT o Cepbe3HbIX I'IepCI'IeKTIABaX pac—
LI.II/IpeHHOFO Msyquvm BO3MOXHOCTEMN I'IpI/IMeHEHI/Iﬂ FI/II'IOKCMTepaI'IVII/I y KapAMOﬂOFMHECKMX 60/1beIX, B TOM 4yucne B paMKax prI'IHbIX rocy,qap-
CTBEHHbIX UCccneagoBaTe/ibCKUX I'IpOFPaMM. HaCTOﬂLLWIVI 0630P noceALleH paCCMOTPeHI/II'O ¢VI3VIOI10FVN€CKVIX 3¢v¢eKTOB FVII'IOKCVITepaI'II/IVI, BO3MOX-
HOCTel ee I'IPVIMeHeHVIFI B KaP,CI,VIOnOFVI'-IeCKOVI I'IpaKTVIKe, B TOM 4Yucsie C aHa/im3aoM CO6CTBeHHbIX AaHHbIX, a TaKXXe Mep I'IPe,CI,OCTOPO)KHOCTVI I'IPVI ee
npoBesieHnu.
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nepmoHus, uwemuyeckas 60se3Hb cepoya
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Abstract
Despite the achievements of modern cardiology, the cardiovascular morbidity and mortality in most countries of the world remains high, which
motivates the wider use of additional (alternative) preventive and therapeutic approaches, one of which is hypoxytherapy. Over several decades of
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using this method, a large amount of data has been accumulated that allows us to state the beneficial effect of various hypoxytherapy regimens on the
clinical course of cardiovascular diseases and can potentially improve prognosis of them. The use of hypoxytherapy is associated with an improvement
in blood pressure circadian rhythm, flow-dependent vasodilation, an insulin resistance decrease, a vascular wall stiffness redaction, an improvement
in blood rheology, endothelial function and nitric oxide system, a decrease of proinflammatory and prothrombotic cytokines levels. A number of
modern experts consider hypoxytherapy as an affordable and perspective method of prevention and treatment of cardiovascular disease, effectively
supporting traditional non-drug and drug-based approaches. Contemporary data indicate serious future perspectives for an expanded study of the
hypoxytherapy possibilities in cardiac patients, including through the State research programmes. This review is devoted to the discussion of the
physiological effects of hypoxytherapy, the possibilities of its application in cardiological practice, including with the analysis of own data, as well as
precautions during its implementation.

Key words: hypoxytherapy, cardiovascular diseases, ischemic tissue preconditioning, arterial hypertension, ischemic heart disease
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Arterial hypertesion (AH), coronary artery disease  (hypobaric, normobaric oxygenation with or without
(CAD), congestive heart failure (CHF), cerebrovascular ~ physical exercises, of various intensity and duration)
and peripheral vascular disorders are a cause of at least ~ have bee studied for decades [7-10]. Over this period,
one third of all deaths globally, and their rate in mortality ~ a lot of information has been gathered allowing to state
in developed countries is even higher [1, 2]. The lead- that HOT has a number of favourable effects, which can
ing role of these cardiovascular diseases (CVD) in the  reduce the intensity of clinical signs of CVD and has
structure of causes of deaths globally forces to constantly ~ potential for improving the CVD prognosis [11-14].
improve the methods of prevention and treatment [2,3]. A number of respectable experts see HOT as a conve-

An important achievement in cardiology and inter-  nient and promising approach to prevent and treat CVD,
nal medicine in general is the widespread understanding ~ which is an efficient addition to conservative non-drug
of the need in adherence to recommendations to change ~ and drug methods [8, 15-17]. This literature review is
the lifestyle, including low-salt healthy food, smoking  dedicated to discussion of physiological effects of HOT,
cessation and cutting down on alcohol, moderate physi-  possible use of various HOT variants in CVD, and pre-
cal exercises, reduction of overweight, good sleeping  cautions for HOT procedures.
habits and prevention of excessive emotional stress, reg-

ular monitoring and correction of blood pressure, blood PhySiC al Res ponses

sugar and lipids [3-6]. Solid achievements in cardiology to Hypoxi a

during the past two decades also include introduction of

advanced invasive and minimally invasive approaches Exposure to controlled hypoxia causes formation
(coronary revascularization, implants to control arryth-  of a complex of various physiological changes in the

mias and heart blocks, etc.), approval and wide use of  body [7, 12, 18-20]. A short period of hypoxia, espe-
statins for CVD, advances in anti-thrombotic therapy  cially intermittent, leads to development of a number
(dual anti-platelet therapy, novel oral anticoagulants),  of compensatory changes in respiratory and cardiovas-
wider use of mineralocorticoid receptor antagonists in  cular systems. They are designed to maintain sufficient
AH, use of dual neurohumoral blockade (valsartan plus  oxygenation of peripheral tissues during hypoxia and
sacubitril) and gliflozin in CHF [1, 3]. potentially have cardiovascular protective effect [7, 10].

Unfortunately, despite impressive achievements in  Respiratory changes are associated with exposure of
modern cardiology, desired reduction in CVD mortality =~ carotid chemoreceptors to hypoxia and include hyper-
and mortality has not yet been observed in a majority  ventilation, increase in the diffusive capacity of lungs
of countries all over the world [2]. Therefore, the inter-  (with an increase in the aero-hematic barrier permeabil-
est in the use of additional (alternative) preventive and ity for respiratory gases — oxygen and carbon dioxide),
therapeutic approaches has been growing; one of such  increase in respiratory minute volume and ventilatory
approaches is exposure to dosed and controlled hypoxia, = lung capacity, increase in respiratory response to physi-
commonly called hypoxytherapy (HOT). HOT variants  cal activities [7, 12, 21]. Changes in the cardiovascular
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system during hypoxia are caused by sympathic nervous
system activation and include increase in the heart rate
at rest and during physical activities, increased cardiac
output, increased endothelium-dependent and NO-
mediated vasodilation, including arteriolar and venous
vasodilation, improved endothelium function, reduced
blood viscosity, reduced blood pressure (BP), increased
hemoglobin oxygen affinity, increased expression of
hypoxia-induced factor 1-a (HIF-a) and vascular endo-
thelial growth factor (VEGF), as well as increased angio-
genesis [7, 22]. These processes are closely associated
with metabolic changes induced by short-term inter-
mittent hypoxia, including reduced appetite (caused by
a shift in hormones regulating food intake and energy
balance, including leptin, ghrelin, glucagon-like pep-
tide-1 (GLP-1), pancreatic polypeptide (PP), peptide
YY (PYY), serotonin), increased activity of glycoly-
sis enzymes and transmembrane glucose transporter
GLUT4, reduced insulin resistance, body weight loss
[11, 18, 19]. It was demonstrated that at least some of
the above favourable effects of intermittent hypoxia can
persist for 3 months after hypoxia termination [10, 21].
From the pathophysiological point of view, a number
of authors believe that HOT variants that involve pro-
cedures of 20 to 60 minutes/day in sessions of at least
5 days (preferably 10-15 days), repeated once every
3-6 months, are optimal for steady cardiovascular pro-
tection [7, 8, 16, 21].

For some pathophysiologists and clinicians, inter-
mittent hypoxia is a variant of hypoxic/ ischemic tissue
preconditioning [7, 18]. This phenomenon comprises a
set of biological reactions (changes in regulation of ion
channels, ATP-sensitive potassium channels of mito-
chondria, mitochondria membrane permeability, for-
mation of active oxygen radicals) to increase tissue
resistance to effects of hypoxia and ischemia by means
of hypoxic training [17]. Metabolic adaptation to mild
intermittent ischemic events has been studied mostly for
myocardium (and is used for its protection against isch-
emic/reperfused events during revascularisation); there
are some evidences of this phenomenon in brain tissue
as well (later it can be useful for brain protection against
ischemia) [17, 20, 22]. Interpretation of effects of HOT
as a variant of hypoxic/ischemic tissue preconditioning
seems promising for the assessment of perspective clini-
cal use of this metod, especially in cardiology and neu-
rology [8, 12, 13, 20].

Stable and long-term exposure to hypoxia (e.g., living
in high mountain regions) is associated with increased
erythropoiesis and reduced cardiac output to the level
close to the normoxia [23].

Available hypoxia variants used in clinical settings,
including intermittent variants of exposure to normo-

baric and hypobaric dosed hypoxia as well as physical
activities during controlled hypoxia lead to similar posi-
tive respiratory, cardiovascular and metabolic changes;
and it is assumed that their intensity can be higher in
hypobaric HOT as compared to normobaric conditions
and in HOT with physical activities as compared to HOT
without any exercises [19, 23]. Favourable HOT-associ-
ated effects can be used for CVD both for prevention and
treatment [9, 14, 21, 24].

Clinical Effects of HOT

HOT is promoted as a method of alternative medi-
cine, the advantage of which adds to the possibilities of
conventional methods of CVD prevention and treatment
[22, 24]. Two HOT variants are worth noting — these
are procedures with exposure to various types of dosed
hypoxia and physical activities during controlled
hypoxia. Both these variants demonstrate a number
of positive effects for cardiovascular system and CVD
pathophysiology. Let’s discuss the possibilities of both
these variants of HOT in CVD.

Exposure to dosed hypoxia. The assumption of pos-
sible favourable effect of oxygen-deficient air inhalation
on CVD is based on the information from epidemiologi-
cal studies comparing cardiovascular characteristics of
those living in high mountain regions and flat-bottom
land. The information in such analyses is often ambigu-
ous because of significant diversity of the studied popu-
lations in ethnicity, race, gender, physical activity and
diet. At the same time, the largest and most respected
epidemiological papers evidence reduction in the cardio-
vascular risk in people living in high mountain regions
vs. those living in flat-bottom land. A series of papers
by Faeh D. et al. (2009, 2016) assessed the impact of the
altitude above sea level on CVD first in 1.64 million, then
in 4.2 million of people from various regions in Germany
and Switzerland (using the Swiss National Cohort Study
Group register) [25,26]. Results of such large studies quite
definitely demonstrated (1) marked favourable effect of
living in mountain regions on the risk and progression
of CAD; (2) independent protective effect of being born
in a high mountain region regarding the risk of CAD;
(3) linear dependence of the cardiovascular mortality on
the increase of the altitude above sea level. Similar evi-
dence of positive effects of living in a mountain region
on the cardiovascular risk was observed in other popula-
tion studies (Ezzati M. et al., 2012), where analysis was
performed by such respected epidemiological sources
in the USA as the National Center for Health Statistics,
he National Elevation Dataset and the U.S. Census Esti-
mates [27]. The paper by Winkelmayer W.C. et al. (2012)
which analysed a US dialysis population also showed
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a significantly lower rate of myocardial infarction, cere-
bral strokes and cardiovascular complications among
people living in mountains as compared to people living
in flat regions [28].

These promising information from epidemiological
registers was used to plan a number of studies where
exposure to dosed hypoxia was used for prevention and
therapy in various categories of people — healthy people
and CVD patients [29-34]. Vedam H. et al. (2009) evalu-
ated the cardiovascular effects of hypoxia with controlled
reduction in oxygen saturation to 80 % for 20 minutes
in a group of healthy male volunteers [29]. The authors
proved that inhalation of an oxygen-deficient air mix
results in endothelium-dependent and NO-mediated
arterial vasodilation with increased blood flow in skel-
etal muscles. Leuenberger U.A., et al. (2008) created
hypobaric hypoxia conditions in a group of healthy male
volunteers; these conditions were similar to those at an
altitude of 2438-4877 m above sea level during 20 min-
utes [30]. They demonstrated that this hypoxia regimen
is associated with increased NO production in venous
endothelium of skeleton muscles and development of
marked hypoxia-induced vasodilation in this blood flow.
Another study by Tremblay J.C., et al. (2020) confirmed
favourable effects of hypobaric hypoxia on endothe-
lial function in healthy males, including after induced
increased in circulating plasma during this study [31].

Cardiovascular effects of HOT were assessed in a
number of studies in patients with various CVD. Patients
with stage 1 AH demonstrated favourable clinical and
pathophysiological effects from 20-day use of intermit-
tent normobaric HOT, presenting as BP reduction and
increased NO production [32]. It is worth mentioning
that the achieved BP reduction was maintained for over
3 months in 28 out of 33 studied patients. A double-blind
study by Burtscher M., et al. (2004) assessed effects of
3-week intermittent HOT (with inspired oxygen frac-
tion (FiO,) = 0.10-0.14) in 16 males aged 50-70 years,
including 8 post-infarct patients and the other 8 patients
who did not have myocardial infarction [33]. The authors
demonstrated that the use of HOT was associated with
improved aerobic capacity and improved tolerance to
physical activities in elderly people, both post-infarction
patients and those who did not have myocardial infarc-
tion. According to another report by del Pilar Valle M.,
et al. (2006), intermittent hypobaric HOT in patients
with severe chronic coronary disorders was associated
with marked improvement in miocardial perfusion [34].
The authors used this information to conclude that this
method can be a useful addition to conventional man-
agement of patients with chronic CAD.

A lot of studies with various HOT variants in CVD
(mostly intermittent normobaric HOT) were published

in Russian sources [8, 20, 24, 35]. These papers are based
on relatively small cohorts of patients with CVD and
generally positive HOT effects and good tolerability.
At the same time, patients with arterial hypertension and
chronic CAD demonstrated favourable effects of HOT
on BP and NO-dependent vasodilation of arterial and
venous blood flows. Besides, there were positive effects
of HOT on insulin resistance, pro-inflammatory and
prothrombotic cytokines, as well as clinical parameters
(better physical activity tolerability, reduction in angina
functional class) [8, 20, 24, 35].

Numerous studies led by Prof. G. A. Ignatenko are
dedicated to the use of normobaric hypoxytherapy as a
part of therapy and prevention of arterial hypertension,
chronic heart disease, microvascular angina, metabolic
syndrome, ischemic pre-conditioning, etc. [24, 36, 37].
Hypoxytherapy addition to a comprehensive therapeu-
tic program for young patients with genetically induced
hypertension vs. patients who were treated only with
medications allowed reducing the number of complaints
(headache, palpitation, irregular heart rate), the rate
of uncomplicated and complicated hypertensic crises,
extrasystolic arrhythmia and paroxysmal atrial fibrilla-
tion, daily average systolic and diastolic blood pressure
(BP), total peripheral vascular resistance. Reduction in
night-peacker circadian variability with a correspond-
ing increase in the dipper type makes it possible to bring
daily pressure fluctuations to physiological values and to
minimise night risks associated with cardiac and cerebral
blood flow disorders [37]. High efficiency of hypoxyther-
apy was observed in comorbidities (cardiac pathology
and bronchopulmonary, endocrine, renal, prostate gland
diseases, etc.). The results of the use of hypoxytherapy
in cardiopulmonary disorders observed by the authors
make it possible to treat hypoxytherapy as a universal
pathogenic therapy which can optimise coronary blood
flow, reduce manifestations of bronchial obstruction,
cardiac and respiratory insufficiency and improve physi-
cal activity tolerability [38]. Hypoxytherapy, a non-drug
component of a long-term comprehensive treatment
program, can help in improving some parameters that
characterise the quality of life (physical functioning, via-
bility, social functioning, role emotional functioning) to
the level of healthy people [39].

Physical Activities During Controlled Hypoxia.
A combination of dosed physical activity with exposure
to hypoxia leads to the development of marked compen-
satory arterial vasodilation aimed at maintenance of suf-
ficient oxygen supply to skeletal muscles during oxyhe-
moglobin deficiency in blood [23, 41]. Physical activities
themselves are a potent factor affecting metabolism [16,
40, 41]. During hypoxia, physical activities are associ-
ated with reduced oxygen supply to skeletal muscles and
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increased oxygen demand, resulting in marked reduction
of partial oxygen pressure in mitochondria of engaged
muscles [42]. In turn, it is associated with increased NO
production by vascular endothelial cells and compensa-
tory vasodilation mobilisation [9, 40, 42]. This process
underlines potential vaso- and cardioprotection by load
HOT in CVD prevention and treatment.

Cardiovascular effects of a combination of physical
activity and hypoxia were studied both in healthy volun-
teers and patients with CVD. The population of healthy
female volunteers studied by Jung K., et al. (2020)
demonstrated that pilates during hypobaric hypoxia
(FiO, = 0.145) vs. normoxia was associated with devel-
opment of more marked metabolic response (carbon
dioxide excretion, carbohydrates oxidation) and more
significant vasodilation [43]. Similarly, in the study
by Katayama K., et al. (2013), physical activity during
hypoxia (FiO, = 0.12) in healthy male subjects resulted
in more marked endothelium-dependent vasodilation as
compared to similar activities during normoxia [44].

There are numerous reports where load HOT was
used in post-menopausal women (Nishiwaki M., et
al. (2011), hypobaric hypoxia similar to an altitude of
approx. 2000 m above sea level [45]), elderly men (Park
H., et al. (2019), normobaric hypoxia, FiO, = 0.145 [46]),
obese women (Jung K., et al. (2020), hypobaric hypoxia
[47]), in sportsmen (Zembron-Lacny A., et al. (2020),
intermittent hypoxia for 6 days at FiO, = 0.135-0.12 in
combination with intensive physical activities [48]).
These and some other similar papers (Wee J., et al. (2015)
demonstrated that physical activities in combination
with HOT are associated with vasodilation, BP reduc-
tion, improved functioning of vegetative nervous system,
blood rheology, functions of endothelium, lipid profile
and glucose tolerability, as well as reduced levels of pro-
inflammatory mediators; and all these valuable biologi-
cal effects were much more marked compared to absence
of hypoxia [15].

Effects of load HOT on cardiovascular parameters
were studied also in persons with CVD. Muangritdech
N., et al. (2020), who analysed the results of the use of
intermittent normobaric hypoxia (FiO, = 0.14) in com-
bination with dosed physical load in patients with AH
and found out that this method results in marked reduc-
tion of arterial hypertension, presumably due to such
favourable metabolic effects as increased NO metabolite
levels and increased HIF-a production [17]. Significant
contribution to the study of effects of HOT in patients
with CVD was made by outstanding Russian special-
ists, in particular by the study team led by Academician
O. V. Korkushko [49]. These studies demonstrated that,
in elderly persons with CAD, intermittent normobaric
hypoxia in combination with dosed physical activities

resulted in reduction in angina intensity; according to the
authors, this positive effect is due to an improved function
of coronary artery endothelium, normalised miocardial
microcirculation and optimised oxygen consumption by
myocardium. In a series of papers dedicated to HOT and
in an analysis summarising data from numerous sources
published over the last 50 years, T. V. Serebrovskaya et al.
(2014, 2016) defend for a good reason the viewpoint that
load HOT can be a very useful therapy complementing
modern treatments of most common CVD, including
AH, CAD and CHF [8, 35].

Precautions for HOT

For HOT, there are some evidence of a certain favour-
able potential for the clinical manifestation and course
of CVD [29, 31, 33-35, 63]. The two recent decades are
remarkable for active studies of the therapeutic effects
of HOT, which allowed confirming a number of useful
pathophysiological and clinical characteristics of this
method and its good tolerability. However, the develop-
ment of HOT is hindered by the lack of standardisation
of the equipment used and hypoxia regimens; therefore,
it is not possible to conduct large multicenter studies
under an advanced protocol (preferably randomised
controlled studies) and this method cannot be added to
the Russian and international guidelines for the manage-
ment of CVD [8, 9, 22].

HOT procedures in persons with CVD require cer-
tain precautions [9]. Experts claim that persons under-
going HOT should have stable CVD, without exacerba-
tions and decompensation, because otherwise clinical
signs of CVD can increase even in dosed and controlled
hypoxia [8, 9]. According to some authors, before HOT
a number of tests should be conducted with dosed
physical activity with normoxia in order to assess HOT
safety [8, 9]. It is essential to keep taking all medications
prescribed by the attending physician during HOT,
especially statins and antithrombotic agents, without
any breaks. During therapy with HOT, it is advised to
avoid such potentially unfavourable factors as physi-
cal overwork, dehydration, marked changes in the diet
and temperature regimen (including overheating, e.g.,
baths, or hypothermia, e.g., cold training); it is also
important to reduce emotional stress (at home, at work,
including stress from smoking cessation, etc.). For an
optimal result, it is useful to create positive motivation
for the patient and their relatives for HOT, to explain
positive effects of the procedure and precautions and
make sure they comply with a course of at least 5 days
long [50]. A decision to initiate HOT should be taken by
the doctor; the room where the procedure is performed
should be equipped with a CVD first aid kit.
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Conclusion

HOT including procedures with exposure to dosed
intermittent hypoxia ans physical activities during con-
trolled hypoxia are characterised by the development of
various favourable pathophysiological and clinical effects
in chronic CVD and can be a valuable component of a
comprehensive therapy. Positive effects of HOT dem-
onstrated in healthy subjects and CVD patients include
improved circadian AH rhythm and flow-associated
vasodilation, reduced insulin resistance, reduced vascu-
lar wall rigidity, improved blood rheology, endothelial
and NO system function, reduced levels of pro-inflam-
matory and prothrombotic cytokines. This information
shows sound perspectives of a deeper study of HOT
capabilities in CVD patients, including during large state
research programs.
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Pesiome

B 0630pe npescTaBneHa MHpopMaLMA Mo aHaNU3Y Hay4YHO-UCCe0BaTe/IbCKUX CBE/JeHUN B OTE@HECTBEHHbIX U MeX/AYHapO/AHbIX NCTOYHMKaX nTepa-
TYpbl 0 paKTOpax pucka u briomapkepax pasBuTHA Heb1aronpUATHBIX CEPAEYHO-COCYANCTbIX COBLITUI Y NaLMeHTOB C XPOHMYeCKO 60/1e3HbI0 MoYeK
1 OCTPbIM MOBpeX/eHneM nouek. MiccnepgoBaHna 6MOMapKkepoB UMeIOT BaXKHOe 3HayeHue, 0CO6eHHO Ha paHHUX CTaAWAX XPOHUYeCKoN 6onesHn
royek, Korga npopunakTmyeckue n se4yebHole MeponpuaTua paboTatoT 6osee 3pPeKTUBHO. B 0630pe paccMaTpuBatoTCs Takue NpeAnKTOpbI cepaey-
HO-COCYAMNCTbIX COBbITUI NMPU XPOHUYECKOI 60/1€3HM MOYEK KaK B1IOMapKepbl: OKUCANTENbHOTO CTpecca (MasioHOBbIN AVanbAerua, UWeMUYeCcKU-Mo-
ANGULMPOBaHHBIA anbByMUH; CYnepoKcny AUCMyTasa), BocnaneHus (MHTepaenkuH-6, MHTep/IeiknH-18), 0CTPOro NoBpexeHus noyek (Mosnekyna
NOBPEeX/AEHUA NOYeK 1; HEMTPOPU/IbHBIN KeNaTUHA3a-aCCOLMMPOBAHHbIN INMOKaNNH), KapAnocneumbnyeckme 6MoMapKepsbl (BbICOKOUYBCTBUATE Ib-
HbIA TPOMOHMH) U LIMPKY/IMPYHOLYME MUKPOPUGOHYKAEMHOBbIE KUCIOTHE: 133a 1 21, @ TakKe 06CYKAAIOTCA NEPCMEKTUBbI Aa/IbHENLIErO U3yHYeHUs
6riomapkepoB. OT/Ae/IbHbIV aKLEHT cAenaH Ha Heo6X0AMMOCTU YCTaHOB/NIEHUA MOPOrOBbIX 3HAYEHWI 418 Pa3NINYHbIX 61OMapKepPOB NpY XPOHUYECKOA
60/1€3H1 MOYeK B 3aBUCMMOCTU OT CTeNeHU CHUKEHUA GYHKLIMK NMoYeK, HTO NO3BONUT 3GPEKTUBHO NCMO/Ib30BaThb 3TU NOKa3aTe M B KNMHUYECKOW
NpaKTUKe cepAevHO-COCYANCTbIX 3a60/1eBaHUIA, MOCKO/IbKY 06bl4Hble pedepeHCHble 3HaUYeHUs, UCMOob3yeMble B 06Lel nonyaauum, 6yAyT Bbille Npu
3aboneBaHuAX noyek. B HacTosAllee BpeMsA N3BECTHbI pedepeHCHble 3HaUeHUA AN1A TPOMOHMHA U HAaTPUIYPETUYECKUX NENTUAOB, KOTOPbIE B NMOMY -
LMK C XPOHMYECKOM 60/1€3HM MOYEK He 0CTaTOYHO U3YUeHbl, MO CPaBHEHMIO C 0bLiel nonyaaLmen.
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Abstract

Based on domestic and international literature the review refers to the analysis of the research data on risk factors and biomarkers for the development
of adverse cardiovascular events in patients with chronic kidney disease and acute kidney injury. Biomarker studies are important, especially in the early
stages of chronic kidney disease, that is, in patients with creatinine clearance above 60 ml/min/1.73 m2, when preventive and therapeutic measures
work more effectively. Among the potential predictors of adverse cardiovascular events, the biomarkers related to the following pathological processes

*Konrakrsr: Jllonmnia AnekcaniposHa KambimiHnkoBa, e-mail: kamyshnikova@bsu.edu.ru
*Contacts: Lyudmila A. Kamyshnikova, e-mail: kamyshnikova@bsu.edu.ru
ORCID ID: https://orcid.org/0000-0002-6129-0625

253



254

REVIEW ARTICLES The Russian Archives of Internal Medicine ® Ne 4 e 2023

(conditions) should be noted: oxidative stress (malondialdehyde, ischemic-modified albumin; superoxide dismutase), inflammation (interleukin-6,
interleukin-18), acute kidney injury (kidney injury molecule 1; neutrophil gelatinase-associated lipocalin), cardiospecific biomarkers (highly sensitive
troponin) and circulating microribonucleic acids (specific miRNA-133a, miRNA-21), as well as the prospects for further study of some biomarkers
in cardionephrology are discussed. A separate emphasis is placed on the need to establish threshold values for various molecules in chronic kidney
disease, depending on the degree of decline in kidney function, which will allow these indicators to be effectively used in clinical practice as diagnostic
and prognostic biomarkers for cardiovascular diseases, since their usual reference values are used in the general population, will be higher in kidney
disease. Currently, only for troponin and natriuretic peptides, certain reference values are established, which are less clear-cut in the population with
chronic kidney disease than in the general population, and for all other biomarkers, cut-off values are not yet known.

Key words: chronic kidney disease, acute kidney injury, predictors, cardiovascular system, biomarkers
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AVP — arginine-vasopressin, hsTnT — highly sensitive troponin T, LVH — left ventricular hypertrophy, CAD — coronary artery disease, IL — interleukin,
KIM-1 — kidney injury molecule 1, MMP — matrix metalloproteinase, microRNA — microribonucleic acid, MPO — myeloperoxidase, NUP — natriuretic
peptides, AMI — acute myocardial infarction, AKI — acute kidney injury, GFR — glomerular filtration rate, HF — heart failure, SOD — superoxide
dismutase, CRP — C-reactive protein, CVD — cardiovascular diseases, CVE — cardiovascular events, CKD — chronic kidney disease, Gal 3 — galectin 3,

NGAL — neutrophil gelatinase-associated lipocalin

Introduction

Chronic kidney disease (CKD) is an independent risk
factor of cardiovascular diseases (CVD) affecting the
overall and cardiovascular mortality [1, 2]. CVD are one
of the main causes of morbidity and mortality in patients
with CKD [3]. In patients on chronic dialysis the level of
cardiovascular mortality is 10-20-fold higher than in the
general population [4, 5].

Timely CVD diagnosis and treatment will improve
CKD outcomes and the patient’s quality of life, leading to
decreased number of hospitalizations and consumption
of medical resources. Overall, this will result in general
direct and indirect treatment cost reduction [6]. Lately
more and more cardionephrology investigators actively
study various biomarkers of cardiovascular lesions both
as CVD risk factors in patients with CKD and as a target
for early detection and prevention of life-threatening
conditions [4, 7, 8].

Cardiovascular risk factors

The causes of significant increase in the number of
cardiovascular events (CVE) in CKD progression are still
analyzed; however, it is considered that they are related
to the complex mode of action of traditional and non-
traditional CVD risk factors.

Traditional risk factors are well-known and widely
presented both in the general population and the CKD
population. They have been studied and identified in
a well-known Framingham study, including the age,
male sex, hypertension, diabetes mellitus, hyperlipid-
emia, family history, and smoking [7]. In later studies

the following CVD factors and mechanisms typical for
CKD have been added: inflammation, oxidative stress,
impaired metabolism in uremic cells, malnutrition,
hyperhomocystinemia, hyperuricemia, increased leptin
levels, carnitine deficiency, vascular calcification, hyper-
triglyceridemia, anemia, endothelial dysfunction, quick
changes of the circulatory volume and electrolytes on
dialysis, impaired blood coagulation, immunosuppres-
sive treatment after renal transplant, sympathetic hyper-
activity, cardiac microvascular diseases, high levels of
final glycolysis products, impaired nitrogen oxide bal-
ance, left ventricular hypertrophy (LVH) [4, 7-9].

Tawfik A.M. et al. (2022) describe not only tradi-
tional risk factors associated with CKD progression,
but also divide them into several categories: inflamma-
tion, oxidative stress, anemia, uremia, endothelial dys-
function, impaired calcium-phosphorus metabolism
and secondary hyperparathyroidism, etc. [7]; specific
molecules participating in the pathogenesis of CVD in
CKD may be analyzed as biomarkers in each of those
categories.

Biomarkers of cardiovascular
diseases in chronic kidney
disease

It is well-known that approximately 10 % of adults in
the general population suffer from some form of CKD,
and up to 50 % of them die from CVD not reaching final
CKD stage, the necessity of detecting CVD biomarkers in
CKD is quite understandable [3, 4] (Table 1). The com-
plexity of biomarker tests lies in their reference values,
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Table 1. Some biomarkers of cardiovascular disease in kidney disease

| I'pynna mapkepos/ Markers group |

Buomapkepsi/ Biomarkers

Oxidative stress biomarkers

Superoxide dismutase

Myeloperoxidase

Ischemic modified albumin
Malondialdehyde
Asymmetric dimethylarginine
Glycolysis end products

Biomarkers of acute kidney injury

KIM-1 (Kidney injury molecule-1)

NGAL (Neutrophil gelatinase—associated lipocalin)

Cardiospecific biomarkers

Neurohormones

High-sensitive troponin

Natriuretic peptides

Endothelin
Arginine-Vasopressin

Inflammation biomarkers

C-reactive protein

Interleukin-1 (IL-1)
Interleukin-6 (IL-6)
Interleukin-18 (IL-18)

Biomarkers of mineral metabolism disorders

Osteoprotegerin

Fetuin-A

Fibroblast growth factor-23
Vitamin D

Parathyroid hormone

Biomarkers associated with the matrix

Microribonucleic acids (microRNA)

Galectin 3

MicroRNA-133a

MicroRNA-21

Biomarkers of endothelial dysfunction
Biomarkers of hypoxia

Matrix metalloproteinase (MMP-2, MMP-9)
Hypoxia-inducible factor 1 (HIF-1a)

Endogenous erythropoietin (EPO)

accounting for the fact that the concentration depends
on the excretory and metabolic renal function. Higher
target levels are used currently — these have a diagnostic
and prognostic value for the CKD population [7, 8].

Below are the data on CVD biomarkers in CKD
divided into groups based on the pathogenesis.

Oxidative stress biomarkers

Due to the fact that oxidative stress plays one of the
dominating roles in the pathogenesis of atherosclero-
sis, it is important to analyze biomarkers which could
become CVE predictors in patients with CKD. The fol-
lowing biomarkers are the ones studied most exten-
sively: myeloperoxidase, malondialdehyde, asymmetric
dimethylarginine, as well as other molecules of lipid or
protein peroxidation [10].

Myeloperoxidase (MPO) is the main source of oxi-
dative stress. Uncontrollable MPO hyperexpression
is related to negative cardiovascular outcomes and
increased cardiovascular mortality risks [10, 11].

Protection from increased oxidative stress has sev-
eral barrier lines, the first of which being superoxide
dismutase (SOD). SOD is the most effective intracellular
enzyme available for analysis as a biomarker [12]. Some
data have been discovered about the potential role of

SOD in the development of vascular calcification, which
is deleterious to the cardiovascular system and pro-
motes CKD progression [13]. However, separate studies
aimed at analyzing SOD levels as a biomarker were not
arranged in patients with CVD and CKD. The ischemia-
modified albumin (IMA) is also one of the newer CVE
biomarkers associated with ischemic conditions and
enhanced oxidative stress. The biomarker is very well-
studied in CVD [14]; its levels have been analyzed in
single studies in CKD [15]. CKD enhances the oxidative
stress; besides, hemodialysis additionally promotes its
increase. Authors demonstrate IMA levels increasing as
the glomerular filtration rate (GFR) drops and conclude
that this biomarker is suitable to determine oxidative
stress in CKD [15].

Acute kidney injury
biomarkers

Studies of acute kidney injury (AKI) biomarkers in
CVD are currently studied extensively. The neutrophil
gelatinase-associated lipocalin (NGAL) and the kidney
injury molecule 1 (KIM-1) are one of the most analyzed
AKI biomarkers which can potentially participate in
the pathogenesis of CKD and prediction of cardiovascu-
lar events (CVE).
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It is known that NGAL values are increased in athero-
sclerotic plaques, while its expression increases in isch-
emic, hypoxic conditions, and in myocardial infarction.
The NGAL level is regulated by the vascular inflamma-
tion response to ischemia [16]. The association between
NGAL and coronary artery diseases has been studied
lately. The article of Freitas I.A. et al. (2020) analyzes
8 new prediction biomarkers in patients with athero-
sclerotic coronary artery disease. The main results con-
firmed that increased NGAL levels were associated with
the better prognosis after cardiac arrest and concomitant
kidney damage [17]. Some data demonstrate that NGAL
may be a new biomarker that can help to stratify the risk
in patients with coronary artery disease [18]. It should
be noted that this biomarker monitoring may be signifi-
cantly important for early disease diagnosis and course
not only in CKD patients, but also in those with the
cardiorenal syndrome, heart failure, cardiopulmonary
bypass, and cardiothoracic surgeries [19].

In CKD patients, increased plasma NGAL levels
may also be an independent predictor of future CVE
[20]. It should be noted that elevated urine NGAL levels
increase the rate of ischemic atherosclerotic events in
patients with CKD and does not depend on GFR, albu-
minuria, and concomitant diseases [21].

KIM-1 is released with ischemic and toxic effects of
causative agents on proximal kidney tubules. The stud-
ies show that elevated KIM-1 urine levels may be associ-
ated with increased risks of the coronary artery disease
(CAD), heart failure (HF), and all-cause mortality in
CKD patients. New data are expected regarding the use
of this molecule as a potential biomarker of cardiovas-
cular events [22]. Feldreich T. et al. (2019) analyzed the
group of patients with terminal renal failure and detected
that plasma KIM-1 was a biomarker of coronary calcifi-
cation, increasing the CVD mortality risk [23].

Cardiospecific biomarkers

The highly sensitive troponin T (hsTnT) has turned
out to be the best biomarker for cardiovascular outcome
prediction and acute CVE biomarker in the group of
patients with CKD [24]. The authors of the meta-anal-
ysis (2022) concluded that increased troponin levels
were associated with severe diffuse CAD in dialysis and
pre-dialysis patients [25]. In their study Ledwoch J. et al.
(2022) detected weak negative correlation between the
estimated glomerular filtration rate (eGFR) and hsTnT
(Pearson r = -0.16; p<0.001), with eGFR being the only
variable to be independently associated with hsTnT [24].
Authors defined the threshold hsTnT value of 40 ng/L
for acute HF in patients with eGFR >45 mL/min/1.73 m?
(sensitivity 73 %, specificity 71%) and 55 ng/L with
eGFR <45 mL/min/1.73 m? (sensitivity 63 %, specificity

62%). The prognostic hsTnT accuracy in patients hos-
pitalized with acute HF was lower in patients with the
decreased renal function regarding the 30-day mortality
[24]. Thus, threshold hsTnT values used to predict acute
HF in patients with decreased eGFR require further
studies in real clinical practice.

Some data demonstrate various threshold tropo-
nin levels in acute myocardial infarction (AMI) among
patients with CKD versus the general population.
According to Russian clinical cardiology guidelines [26],
a 10-fold troponin increase with its increasing trend are
used for AIM diagnosis in Russian medical institutions.
The recent meta-analysis of Kampmann et al. (2022) dis-
cusses threshold troponin levels in patients with AIM
and impaired renal function, proposing the following
values for AIM diagnosis in CKD — 42 ng/L for troponin
I, 48 ng/L for troponin T. For patients on dialysis, the tro-
ponin T threshold is significantly higher (over 239 ng/L).
Specific troponin I levels for dialysis patients have not
been established yet due to missing study results [27].

Neurohormones

B-type brain natriuretic peptide (BNP) and its N-ter-
minal fragment (NT-proBNP) are well-known indica-
tors of decompensated HF, which may also be used in
CVD diagnosis and prediction in patients with CKD.
However, their common standard reference values used
in the general population increase in CKD [16]. This is
related to decreased clearance of natriuretic peptides in
CKD, which should be accounted for in patients with
creatinine clearance below 60 mL/min/1.73 m?. Studies
among dialysis patients have confirmed the prognos-
tic NT-proBNP value regarding the lower survival and
increased cardiovascular mortality risks [28].

Arginine-vasopressin (AVP) is an antidiuretic and
vasoconstrictive peptide hormone released in response
to hyperosmolality and hypovolemia. Key AVP functions
include water reabsorption in kidney tubules, increased
peripheral vascular resistance, and subsequent blood
pressure increase [29]. Due to poor stability and short
AVP half-elimination for diagnostic purposes, copeptin
(C-terminal provasopressin fragment, CT-proAVP) has
been introduced into clinical practice as a robust AVP
equivalent [30]. The literature contains evidence of AVP
increase in patients with HF [29]. Among patients with
HF with preserved ejection fraction (HFpEF), AVP was
independently associated with left ventricular hypertro-
phy (LVH) and higher mortality risk or recurrent HF-
related hospitalizations. Copeptin has also been con-
firmed to be a significant predictor of poor prognosis in
the HF population [30].

Circulating plasma levels of endothelin-1 and related
peptides formed during endothelin-1 synthesis have
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been studied widely as potential CVE risk biomarkers.
Jankowich M. (2020) describes the association of endo-
thelin-1 with aging and CKD, as well as the association
between endothelin-1 levels and cardiac remodeling signs,
including increased left atrial diameter and increased left
ventricular mass [31]. Some data confirm increased endo-
thelin-1 levels as eGFR decreases in CKD stages 1-4 [32].

Inflammatory biomarkers

Accounting for the importance of inflammation as a
factor affecting the development of atherosclerosis, indi-
vidual inflammatory biomarkers for CVE prediction have
been studied in CKD patients in a large number of studies.

C-reactive protein (CRP) is the most well-known and
widely used biomarker of acute-phase systemic inflam-
mation in the general population and CKD patients.
Tawfik A.M. et al. (2022) [7] discovered inverse corre-
lation between creatinine clearance and highly sensitive
CRP (p = 0.0174). Increased highly sensitive CRP levels
were detected not only in patients on hemodialysis, but
also in elderly patients with CKD [7].

Interleukin 6 (IL-6) is a protein/inflammation bio-
marker produced in the liver; it is a potential predic-
tor of all-cause or CVD mortality in the population of
CKD patients with various renal injury stages [33]. The
STABILITY study included 14,611 patients with known
baseline IL-6 levels. During the follow-up, CVE devel-
oped in 1,459 people (10.0%). Higher IL-6 levels were
independently associated with the CVE risk (p<0.001)
in CKD. Elevated IL-6 levels (22.0 vs. <2.0 ng/L) was
associated with increased CVE risk both with pre-
served renal function and in CKD of various stages:
2.9% events/year with preserved renal function (GFR
>90 mL/min/1.73 m?) [risk ratio (RR), 1.35; 95% con-
fidence interval (CI), 1.02-1.78], 3.3 % with mild CKD
(GFR 60-90 mL/min/1.73 m?) [RR, 1.57; 95% CI,
1.35-1.83], 5.0 % with moderate or severe CKD (GFR
<60 mL/min/1.73 m?) [RR, 1.60; 95% CI, 1.28-1.99]).
In patients with chronic coronary syndrome, higher
IL-6 levels were associated with the CVE risk in all CKD
groups. The authors concluded that IL-6 and CKD stage
could be the predictors for the administration of anti-
inflammatory treatment in patients with the chronic cor-
onary syndrome [33]. Russian investigators also detected
inverse correlation between IL-6 and eGFR (r = -0.42,
p =0.0001) in patients with CHF and CKD [34].

Experimental data confirm the role of IL-1 in the
development of kidney diseases and essential hyperten-
sion. IL-1 studies as a cardiovascular risk biomarker have
demonstrated promising results in patients on hemodial-
ysis and those after renal transplant. The study of Schunk
et al. (2021) demonstrated that IL-1a was a central regu-
lator of leukocyte-endothelial adhesion in myocardial

infarction and CKD; thus, IL-1a inhibition may serve
a new strategy of anti-inflammatory treatment in this
population [35].

Interleukin 18 (IL-18) is an increasingly mentioned
and tested inflammation biomarker for CVE prediction
in CKD patients. IL-18 initiates the cascade of other pro-
inflammatory cytokines which activate the lymphocytic
response of T-helpers (1 or 2). This lymphocytic activa-
tion triggers the immune response and accelerates the
atherosclerotic process. Elevated serum IL-18 levels are
an important indicator of cardiovascular mortality in
CKD patients [36].

Biomarkers of mineral
metabolism disorders

Serum phosphorus, calcium, and magnesium imbal-
ance, elevated levels of vascular calcification induc-
ers (alkaline phosphatase, osteocalcin, osteonectin,
bone morphogenic protein, fibroblast growth factor
23), decreased levels of vascular calficication inhibi-
tors (fetuin A, osteopontin, Gla and a-Klotho matrix
protein) are among common mineral metabolism dis-
orders in CKD patients [37]. Thus, KDIGO (Kidney
Disease Improving Global Outcome) guidelines recom-
mend those biomarkers in the CKD patient population
[38]. Target parathyroid hormone (PTH) levels change
as CKD progresses, reaching 9-fold values compared to
reference values in the general population [38].

Serum phosphorus, calcium, and magnesium imbal-
ance are associated with increased HF risk, development
of vascular calcification and subsequent complications,
while hyperphosphatemia is widely prevalent at the ter-
minal CKD stage [39]. Elevated serum phosphate and
calcium levels promote the increased cardiovascular
morbidity and mortality due to vascular calcification and
endothelial dysfunction [40]. As vascular calficiation
promotes significantly increased cardiovascular morbid-
ity and mortality in CKD, it is important to study the
calcification, related biomarkers, and approaches to its
correction [38].

Fibroblast growth factor 23 (FGF-23) is a biomarker
stimulating the vascular calcification. Elevated bio-
marker levels are associated with the progression of
CKD, atherosclerotic CVD, and increased cardiovascular
mortality [41, 42].

The group of endogenous vascular calcification
inhibitors includes specific molecules which have also
been tested as biomarkers of resistance to cardiovascular
diseases in CKD [43]. Fetuin A, osteopontin, osteoprote-
gerin, Gla and a-Klotho matrix protein are only several
inhibitors analyzed among CKD patients [8]. The associ-
ation between serum osteoprotegerin and cardiovascular
risk factors has been confirmed in CKD [44].

257



258

REVIEW ARTICLES

The Russian Archives of Internal Medicine ® Ne 4 e 2023

Biomarkers of the extracellular

matrix condition

Galectin 3 (Gal-3) is a protein from the family of galec-
tins (b-galactoside-binding lectins) which has important
functions in many biological processes, including car-
diac and renal fibrosis, HF development [45]. Initially
Gal-3 was studied as a cardiac injury biomarker, though
its role as a kidney injury biomarker was evaluated in sev-
eral latest studies [46, 47]. Plasma Gal-3 levels after car-
diac surgeries were analyzed for AKI prediction among
1,498 patients — the highest Gal-3 tertile was associated
with severe AKI (odds ratio (OR) 2.95; p<0.001) [48].

In the long-term study of 1,320 patients with type
2 diabetes mellitus and eGFR >30 mL/min/1.73 m?,
Tan et al. (2018) demonstrated that Gal-3 was indepen-
dently associated with 2-fold serum creatinine levels (RR
1.19, CI 95% [1.14; 1.24], p<0.001) even after adjusting
for baseline eGFR and albuminuria status [49]. Some
data show that plasma Gal-3 levels on admission of
patients with various CVD to the intensive care unit was
robustly associated with AKI regardless of other known
AKI predictors (OR 1.12, CI 95% [1.04, 1.2]). Elevated
plasma Gal-3 levels correlated with AKI severity: 16.6
(12.7-34.2) ng/mL without AKI, from 23.6 (18.2-34.2)
ng/mL for AKI Stage 1 to 38 (24.5-57.1) ng/mL for Stage
3 [50]. These studies presume potential plasma and urine
Gal-3 use as a biomarker of AKI severity in the heterog-
enous population, regardless of renal dysfunction origin.
Besides, it has been reported that Gal-3 plays a key role in
the renal interstitial fibrosis and CKD progression [51].
Gal-3 is a robust biomarker of unfavorable cardiovacu-
lar prognosis in AKI patients [52]. These results under-
line the role of Gal-3 in the cardiorenal syndrome. Some
non-clinical studies have started to identify Gal-3 as a
significant prognostic factor in Type 3 cardiorenal syn-
drome (acute renocardial syndrome) [53].

Endothelial dysfunction
biomarkers

An interaction between matrix metalloproteinase
2 (MMP-2) and subclinical atherosclerosis was sum-
marized in CKD patients in a meta-analysis (2016)
including 16 studies [54]. MMP-2 and tissue metallo-
proteinase 1 inhibitor were most commonly analyzed in
those studies, as well as their interaction with the sub-
clinical atherosclerosis parameter (carotid intima media
thickess (IMT)). Only MMP-2 demonstrated stable
positive association with IMT. Authors concluded that
MMP-2 imbalance was involved in the pathogenesis
of atherosclerosis, its clinical signs, and cardiovascular
prognosis in CKD patients [54]. Some data indicate that
increased MMP-2 and MMP-9 activity in kidney tubules
may lead to structural changes in the basal tubular

membrane, which triggers the epithelial-mesenchymal
transition, which leads to decreased cellular adhesion,
while epithelial cells gain the mesenchymal pheno-
type, expressing and producing a-smooth cell actin and
extracellular matrix protein [55]. All these mechanisms
subsequently trigger tubular atrophy and renal fibrosis.
MMP-2 and MMP-9 can release the latent transform-
ing growth factor beta, which mediates crossover inter-
actions between endothelial cells and vascular smooth
muscle cells [55]. MMP imbalance and changes in
endothelial cells are factors for the abnormal expansion
of extracellular matrix, vascular calcification, athero-
genesis; they also promote high pulse pressure, which
leads to CVD and CKD progression [55]. The litera-
ture data report limited use of endothelial dysfunction
biomarkers, including MMP-7 and MMP-9, in clinical
conditions [1]. Zhang J. (2022) defines the following
limitations: endothelial CVD biomarkers in humans are
usually non-specific and have limited sensitivity; small
sample sizes in clinical trials may be a serious obstacle
for the development of robust biomarkers [1]. Thus,
multicenter large-scale clinical trials are important for
MMP evaluation. One should account for the fact that
biomarkers of endothelial origin are usually related to
other biomarkers, and without corresponding interac-
tions the isolated use of endothelial biomarkers limits
their application.

Microribonucleic acids

Microribonucleic acids (microRNA) are endogenous
small non-coding RNA consisting of 21-24 nucleotides
which control the post-transcription gene expression,
inducing microRNA target destabilization or inhibiting
protein translation [16].

Being the main pathogenetic CVD process, athero-
sclerosis is regulated with several microRNA molecules.
Several molecules have been identified that participate
in endothelial dysfunction (microRNA-31, 126) [56],
development of atherosclerotic plaques (21, 155, 221),
cholesterol homeostasis (122, 33a/b), neoangiogenesis
(155,210, 221, 222), and even plaque instability and rup-
ture (100, 127, 145) [57].

A large number of microRNA was tested as potential
diagnostic and prognostic biomarkers of various car-
diovascular diseases. Changes in expression have been
reported in patients with LVH, CAD, chronic heart fail-
ure, peripheral artery disease, and stroke [58, 59].

A small number of studies analyzed the microRNA-
133a association with the development of CVE in the
CKD patient population, as well as its association with
CVD risk factors and other complications in CKD [58,
60]. Plasma microRNA-133a levels were analyzed using
the PCR method in 30 patients with terminal renal failure
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on hemodialysis [60]. Significant decrease in microRNA-
133a levels was confirmed in the group of patients on
hemodialysis with LVH versus patients without LVH and
the control group. Elmadbouly A.A. et al. (2017) con-
cluded that plasma microRNA-133a levels may be used
as a new biomarker for LVH and left ventricular dysfunc-
tion prediction in CKD on hemodialysis [60].

WangY. etal. (2020) studied cicrulating microRNA-21
levels as a diagnostic biomarker in older patients with
Type 2 cardiorenal syndrome (i.e. chronic renal dysfunc-
tion developed due to chronic cardiac pathology) [16].
Authors demonstrate that in the population of older
patients circulating microRNA-21 has a small diagnos-
tic value in Type 2 cardiorenal syndrome (sensitivity
55.9%, specificity 84.9%), unlike the combination of
microRNA-21 and Cystatin C (sensitivity 88.1 %, speci-
ficity 83.6%) [16].

Hypoxia biomarkers

It is well-known that anemia prevalence increases
with CKD and chronic HF progression. Pharmacologi-
cal mechanisms of anemia, such as decreased endog-
enous erythropoietin (EPO) and oxygen transport,
lead to tissue hypoxia [61]. Thus, hypoxia biomarkers
(hypoxia-induced factor la (HIF-la) and EPO) are
considered potentially useful in patients with chronic
HF and CKD. Efremova E.V. et al. (2022) [34] analyzed
various biomarkers in patients with chronic HF and
CKD and reported EPO superiority over other mark-
ers. Based on the author’s opinion, this defines the
leading role of hypoxia and not only myocardial stress
or inflammation in the prognosis of these patients.
Low EPO levels define the favorable prognosis within
a 1-year long follow-up of elderly patients in chronic
cardiorenal syndrome [34]. The same study did not
detect the association between HIF-1a and eGFR (r =
-0.05, p =0.64), and EPR (r = 0.16, p = 0.15) [34]. Thus,
accounting for the high prognostic potential of these
biomarkers and ambiguity of the results obtained, their
studies should be continued.

Further potential studies

of CVD biomarkers in renal
diseases (CKD, AKI)

MicroRNA use for CVD prediction is promising,
though currently it has not been sufficiently tested for
routine use among CKD patients, which requires its fur-
ther analysis, especially determining threshold values in
specific clinical conditions.

Gal-3 studies as a diagnostic biomarker in CVD
patients with CKD and as a prognostic biomarker in this
patient cohort are also quite promising.

Despite the fact that MMP demonstrates high poten-
tial as subclinical atherosclerosis and CAD biomarkers,
they are not sufficiently studied in CKD. Larger stud-
ies are required for several MMP with more uniform
approaches for CVD detection in CKD.

Determining reference values for various biomarkers
in CKD is an important clinical task. Reference values
are determined only for troponin and natriuretic pep-
tides that are less analyzed in the CKD population than
for CVD in the general population. Threshold values
are not sufficiently analyzed for all other biomarkers.
Besides, it is well-known that the biomarker level may
change as the GFR decreases, which requires the analy-
sis of change range depending on the CKD stage for the
possibility of use in the clinical practice as a diagnostic or
prognostic biomarker.

EPO and HIF-la demonstrate a high prognostic
potential in the cardiorenal syndrome, however they
have not been sufficiently studied in large-scale studies,
and their threshold values for various CKD stages have
not been determined.

Conclusion

Despite multiple achievements in cardionephrology,
CKD patient mortality from CVD remains high, which
requires constant searches of newer and robust biomark-
ers and predictors of cardiovascular morbidity and mor-
tality in CKD patients. Currently the majority of analyzed
cardiovascular outcome predictors in CKD patients can
evaluate the prognosis in significant clinical signs [7, 38].
Besides, one should not just detect biomarkers, but also
determine their threshold values in patients with various
CKD stages.

Biomarker studies have an important value specifi-
cally in early CKD stages (in patients with creatinine
clearance 260 mL/min/1.73 m?), when the prophylactic
and therapeutic measures are the most efficient. Many
molecules participating in oxidative stress, inflamma-
tion, AKI, and other pathological studies are currently
actively studied as CVD biomarkers in CKD patients,
including in early stages.

Thus, new studies are required for the biomarkers
that can timely and efficiently prevent cardiovascular
diseases in CKD patients, improving their survival.
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Abstract

To date, the problem of preserving symptoms after recovery from a new coronavirus infection is urgent in the world. This condition is
called postcovid syndrome. The clinical picture of postcovid syndrome has multiple manifestations: general, respiratory, cardiovascular,
gastrointestinal, skin and other symptoms. At the moment, there are no laboratory criteria for the diagnosis of this condition, but the
great role of neutrophils in the development of both acute disease and postcovid syndrome has been proven. The formation of neutrophil
extracellular traps (not toz) is one of the pathophysiological mechanisms of the course of a new coronavirus infection. In addition, the effect
of the ketosis process on the development of complications in the postcovid period has been proven. The article discusses the history of the
term, various clinical manifestations of the postcovid period, as well as the role of innate immunity mechanisms at all stages of the course of

a new coronavirus infection.
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Relevance

The epidemics of the novel coronavirus infection
(COVID-19) started in the People’s Republic of China
in March 2019 and, according to the Johns Hopkins Uni-
versity, as of today, 217 countries have experience with
this disease. The novel coronavirus infection is an acute
respiratory viral disease caused by SARS-CoV-2 virus
which affects primarily upper respiratory tract. The
clinical forms of the disease are acute respiratory viral
infection, atypical pneumonia without respiratory insuf-
ficiency, acute respiratory distress syndrome (pneumo-
nia with acute respiratory failure), sepsis, septic shock,
DIC, thrombosis, thrombembolia.

According to the official website CronkoponaBupyec.
pd for January 2023, approximately 21 million people
are COVID survivors. Some patients still have symptoms
of COVID-19 after clinical recovery. This condition is
called post-COVID-19 syndrome; in foreign sources, it
is called long COVID. The International Classification of
Diseases, 10th Edition, now has several codes character-
ising the course of the post-COVID period in humans:
U08.9,U09.9, U12.9.

The objective of this article is to present informa-
tion on the post-COVID syndrome and its symptoms to
healthcare practitioners. The article discusses the role of
the inborn immunity and neutrophil extracellular traps in
development of post-COVID syndrome and its compli-
cations. The review is based on full-text scientific publica-
tions from open sources (eLibrary, PubMed, Web of Sci-
ence). The search depth was 4 years, starting from 2019.
Analysis of available information makes it possible to
conclude that post-COVID observation is essential for
prevention of various complications.

Definition and Clinical
Characteristics of Post-COVID
Syndrome

The term “long COVID” was introduced by social
network users to describe their own general state after
the novel coronavirus infection. These data drew mass
media’s attention and after that the studies of such symp-
toms in patients were conducted [1].

One of the first studies was conducted in Italy with
participation of patients who were followed up in outpa-
tient settings after recovery from COVID-19. The study
enrolled 143 patients with the mean age of 56.5 years
old. The patients’ condition was assessed on the aver-
age in 60.3 days after recovery. It was demonstrated that
only 12.6 % of patients did not have any COVID-19-as-
sociated symptoms, while 32 % of patients had 1 or
2 symptoms, 55 % of patients suffered from 3 and more
symptoms [2].

Following a literature review by Shin Jie Yong, vari-
ous descriptions of post-COVID syndrome were identi-
fied (Table 1) [3].

According to the World Health Organisation, post-
COVID syndrome is a condition in persons with poten-
tial or confirmed novel coronavirus infection, usually in
3 months after COVID-19 initiation, accompanied by
symptoms which last at least for 2 months and cannot
be attributed to an alternative diagnosis. Symptoms can
be experienced for the first time, after recovery from
COVID-19, or can persist after the previous disease.
Also, symptoms can change or repeat over time [4].

According to the US Centers for Disease Control
and Prevention, post-COVID condition is a wide range
of emerging, persisting or current health problems
which can be experienced in four and more weeks after




Apxub BHyTpeHHE MeAuumHbL ® Ne 4 o 2023

OB3OPHBIE CTATbHU

Table 1. Definition and characteristics of postcovid syndrome

Definition

Characteristic

Postcovid syndrome

Lingering covid

Chronic postcovid syndrome

Covid with residual phenomena
Late effects of SARS-CoV-2 infection
COVID-19 Postactive syndrome
Acute postcovid symptoms
Long-term postcovid symptoms

Persistent postcovid symptoms

Long-term COVID-19 disease, which is cyclical, progressive and multiphase
Persistence of symptoms for more than 2 months
The persistence of symptoms for more than 3 months from the moment of the first symptoms

Multi-organ symptoms that persist for several months after acute COVID-19
The persistence of symptoms, for more than 100 days
The persistence of symptoms for more than 4 weeks after the initial infection or diagnosis

Multi-organ symptoms that persist for several months after acute COVID-19

The persistence of symptoms, for more than 100 days

The persistence of symptoms for more than 4 weeks after the initial infection or diagnosis
The persistence of symptoms for more than 4 weeks after the appearance of the first symptom
Persistence of symptoms for 5-12 weeks

Persistence of symptoms for 12-24 weeks

Persistence of symptoms for more than 24 weeks

Subacute COVID-19
Ongoing symptomatic COVID-19

Chronic COVID-19 syndrome

Long-term COVID syndrome

Persistence of symptoms for 1-3 months from the moment of the first symptoms

The persistence of symptoms for more than 3 months from the moment of the first symptoms

Persistence of symptoms for more than 3 months from the moment of the first symptoms

infection with COVID-19. It has been noted that even
persons who previously had no COVID-19 symptoms
during several days or weeks after infection, can have
post-COVID conditions. Also, researchers classify post-
COVID conditions into new symptoms or long-term
symptoms, multisystemic consequences, including mul-
tisystem inflammatory syndrome and sequellae of hos-
pitalisation, including post-ICU syndrome [5].

Specialists of the Moscow City Therapeutic Scien-
tific Society identify the following processes during
COVID-19 infection: asymptomatic process; acute
process with various symptoms; long-lasting process
associated with symptoms of acute infection and post-
COVID syndrome, where new disease symptoms appear
or regressed symptoms re-appear several months after
recovery [6].

Clinical manifestations of post-COVID syndrome
vary: respiratory symptoms (dyspnoea and cough), car-
diovascular symptoms (chest tightness, headache, palpi-
tations), general symptoms (fatigue, fever), neurological
symptoms (cognitive disorders, headache, sleep disor-
ders, dizziness), gastrointestinal symptoms (nausea,
diarrhoea, abdominal pain, loss of appetite), skeletal
muscle symptoms (joint and muscle pain), psychiatric

symptoms (depression, anxiety), ENT disorders (ear
pain, sore throat, anosmia), and skin rash [6-7].

According to Huang C et al. [8], 76 % of patients
who participated in a large cohort study had at least one
complaint during follow-up after dismissal from hospi-
tal (mean follow-up time after onset of symptoms was
186 days), and female patients had the highest number
of complaints. The most common post-COVID symp-
toms were fatigue and muscle weakness (63 %), sleep
disorders (26 %), anxiety or depression (23 %). It was
found out that these symptoms had persisted for over
6 months after recovery.

The study by Niedziela JT et al. [9] enrolled
200 patients who had COVID-19 and did not have
any severe comorbidities. Patients were divided into
two groups depending on treatment regimen: at home
(114 patients) and inpatient settings (86 patients). The
rate of symptoms on the average in 105-107 days after
the acute phase of the disease was similar in both groups
and made 30.7 % in non-hospitalised patients and 38.4 %
in hospitalised patients. The most common symptoms
were anosmia, loss of taste, palpitations, fatigue and
cough. The study groups did not have any differences in
post-COVID symptoms.
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The diagnosis of post-COVID syndrome is made
only on the basis of an assessment of persistent or new
symptoms after the infection, overall poor condition.
There are no laboratory diagnostic criteria for this diag-
nosis. Also, the information on post-COVID syndrome
duration and factors impacting its development are
insufficient.

Role of Neutrophils in the

Pathogenesis of Post-COVID
Syndrome

One of the mechanisms of COVID-19 development
is attraction and activation of neutrophils in the site of
infection. Neutrophils are a type of leukocytes, blood
granulocytes, that take an active part in inflammatory
reactions. Varying composition of chemical granules of
neutrophils allows them selecting numerous antibacte-
rial strategies in sites of infection:

 Phagocytosis
o Degranulation

o Ability to form neutrophil extracellular traps
(NETosis) [10].

Development of the novel coronavirus infection

is associated with an increase in neutrophil/lympho-

cyte ratio, impacting the severity of the disease and

clinical prognosis. Therefore, neutrophils and their
effector mechanisms are becoming important mediators
in COVID-19 immunopathogenesis [11].

At the beginning of the 21st century, V. Brinkmann et
al. described a new strategy of the antibacterial effect of
neutrophils — formation of net-like structures in extra-
cellular space (neutrophil extracellular traps, NETSs).

NETs are extracellular structures, similar to chro-
matin fibre networks, lined with highly active proteases
and nuclear, cytoplasmic and granular proteins. Release
of extracellular neutrophil traps during controlled neu-
trophil cell death (NETosis) can be caused by various
inducers: microorganisms, bacterial components, acti-
vated platelets, complementary peptides, autoantibod-
ies, interleukins (IL) IL-8, etc. [12].

There are several morphological forms of neutro-
phil extracellular traps; two of them are of most inter-
est: network-like which is highly efficient in trapping
pathogens and characterises an inflammation with
favourable outcome; and thread-like which is observed
in aseptic inflammation and can be a secondary altera-
tion factor after enzymatic hydrolysis. In post-COVID
period, a NET looks like an non-organised cluster of
thin threads [13].

Extracellular traps were found in patients both in the
acute period of the novel coronavirus infection and after
recovery (refer to Table 2).

Table 2. Results of studies related to the determination of the number of extracellular neutrophil traps or their products in

patients with coronavirus infection

ABTOpBI/
Authors

Ilepuop onpepneneHus HeITPOPUIBHBIX IKCTPAKIETOTHBIX
JIOBYILIEK YUIM MX IPOAYKTOB y NAI{EHTOB/
Period of determination of neutrophil extracellular traps
or their products in patients

OO6Hapy)KeHHbIe Pe3yIbTaThl/
Found results

Fernandez S. et al. 48-72 hours after hospitalization

Zuo Y. etal. 1-25 day of hospitalization
Panda R. etal. Ist and 7th day of the disease
Eleonora Petito et al. 2-5 day of the disease
Masso-Silva JA et al. 1,3,5,7,9, 11 days of illness
Guéant JL et al. 4-14 day of the disease
Kinnare N et al. 1-3 days of hospitalization

Kaccuna [.B., u coaBT

Ng, H. etal*

Day of hospitalization and up to 12 days after hospitalization

1-7 day of hospitalization, 4 months from the onset of the disease

Extracellular neutrophil traps
Serum markers of extracellular neutrophil traps
Serum markers of extracellular neutrophil traps
Serum markers of extracellular neutrophil traps
Serum markers of extracellular neutrophil traps
Extracellular neutrophil traps
Serum markers of extracellular neutrophil traps
Extracellular neutrophil traps

Serum markers of extracellular neutrophil traps

Note. * The study of Ng, H. et al. [14] included 106 patients with moderate and severe COVID-19. When examining blood serum: levels of citrullinated histone H3, cell-free DNA,
neutrophil elastase were elevated in patients with COVID-19 compared with healthy people. Subsequently, 55 patients were followed up for 4 months (median 122 [109-132] days) after
acute illness. During this period, blood plasma was taken with the determination of serum markers of NEL, the content of which decreased to the level of healthy people after 4 months,
while the work did not take into account the patient’s well-being after recovery and the preservation or appearance of complaints
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The paper by A. N. Kazimirskiy etal. [15] dedicated to
comparison of clinical and laboratory characteristics of
patients with post-COVID syndrome included 21 inpa-
tient patients aged 18-59 years (36 [27+50]) 1-3 months
after the disease. 11 patients had mild disease, 7 patients
had moderate disease and 3 patients had severe dis-
ease. A group of healthy controls comprised 20 patients
aged 18-59 years (38.5 [29+51.5]) without a history of
coronavirus infection. The following parameters were
elevated in blood biochemistry of patients with post-
COVID syndrome: ALT (1.7 times), GGT (2.1 times)
and alkaline phosphatase (3.7 times); the number of
extracellular purine bases was elevated as well. Patients
with a history of moderate coronavirus infection had a
higher level of NETs vs. patients with mild disease; and
patients who had severe disease did not have any traps
[p < 0.05]. All patients in post-COVID period had one
form of NETs: thin single threads, pointing out to active
aseptic inflammation.

Role of NETosis in
Development of Pathologic
Disorders in Post-COVID
Period

An active NETosis process results in unfavour-
able blood-clotting disorders and immunothrombosis.
Excessive formation of extracellular neutrophil traps
triggers a cascade of pathophysiological disorders in
patients with a history of the novel coronavirus infection.

NETosis is activated by several mechanisms in the
presence of SARS-CoV-2 virus. On the one hand, virus-
infiltrated neutrophils directly induce NETosis and
release NETs. On the other hand, exposure of neutro-
phils to SARS-CoV-2 boosts production of pro-inflam-
matory mediators (IL-8, IL-1P) by epithelial cells and
macrophages, activating NETosis. Another path of NET
production activation is virus-induced platelet activa-
tion which can enhance this process by interaction with
neutrophils.

It was confirmed that, in septic conditions, forma-
tion of NETs and NETosis by-products act as direct
inflammation enhancers: NETosis stimulates release of
free DNA and by-products (e.g. elastases and histones).
As a result, macrophages and endothelial cells express
excessive amount of pro-inflammatory cytokines, which
boost NETs production, thus forming a vicious circle of
hyperinflammation in COVID-19. Hyperinflammation
(also known as cytokine storm) is typical of COVID-
19; it develops together with immunothrombosis and
facilitates development of acute respiratory distress syn-
drome and extensive organ failure [16].

NET formation is a link between the processes
of inflammation and clotting. Antimicrobial agents
released during NET formation also activate platelets.
Reaction of activated platelets and immune cells stim-
ulates the clotting system and causes a related process
which connects thrombotic and inflammatory paths
[16]. Morphological blood clot substrate is neutrophil-
generated cells which consist of decondensed thread-
like chromatin. This is how the blood clot frame is
formed and platelets and clotting are activated [17].

Statistically significant relations between system
inflammation in COVID-19 and dramatic increase
in the number of NET markers have been identified;
assumptions have been made about their key role in the
severity of acute respiratory distress syndrome, cardio-
vascular, renal and inflammatory manifestations on later
stages of the disease. The study by Guéant JL et al. [18]
enrolled 155 patients aged 25-86 years with confirmed
novel coronavirus infection. Controls were 35 persons
with a negative COVID-19 test. NET markers (neutro-
philic elastase, myeloperoxidase DNA, histone DNA
and double-stranded DNA) in the blood of outpatient
and hospitalised COVID-19 patients were significantly
higher vs. controls. There was an association between
NET components and clinical manifestations and bio-
markers of a severe disease.

Currently, global literature sources describe a few
cases of confirmed relations between neutrophil extra-
cellular traps and the course of post-COVID period. The
main mechanisms of post-COVID syndrome develop-
ment are as follows: virus persistence, persistent hyper-
inflammation, autoantibody production, changes in the
homeostasis system with abnormal clotting. According
to the authors, NETosis is a process ensuring the rela-
tion between the inborn immunity system, persistent
inflammation, endothelial dysfunction, hemostasis and
blood clotting [19].

The relationship between the processes of NET acti-
vation is confirmed by the study conducted by Pisa-
reva E. [20], where 42 post-COVID-19 patients were
followed up. Each of them had at least one symptom
of post-COVID syndrome 6 months after discharge
from ICU. Blood plasma tests demonstrated that serum
marker levels of neutrophil extracellular traps in these
patients were higher vs. healthy volunteers. It makes the
author think that uncontrolled NET activation due to
COVID-19 can be maintained by a feedback path result-
ing from release of system NETosis by-products.

According to Plazak W et al. [21], NET forma-
tion is one of the pathogenic mechanisms of clotting
stimulation and enhanced atherosclerosis progres-
sion in patients after COVID-19, together with such
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mechanisms as endothelial dysfunction, presence of aPL
antibodies, complement system activation.

For patients in post-COVID period, several hypoth-
eses were made regarding persistent blood thickening,
affected by a number of pathophysiological factors: per-
sistent inflammation, autoantibody production, virus-
activated leukocytes and platelets, causing persistent
inmmatory reaction. In post-COVID period, the fol-
lowing is observed: persistent blood clotting sustained
by persistent activation of endothelial cells and plate-
lets and enhanced fibrinous clot formation [22]. Thus,
this process results in emergence of a group of patients
who have symptoms after recovery from COVID-
19 and develop cardiovascular complications. Thus,
for instance, the total rate of blood clotting (includ-
ing arterial and venous complications) on day 30 after
discharge was 2.5 % (95 % confidence interval 0.8-7.6)
[23]. Large cohort studies also conform this hypothesis:
during 12 months after COVID-19, the patients had an
increased risk of such cardiovascular complications as
acute cerebrovascular event, heart rhythm disorders,
myocarditis and pericarditis, complications of coronary
heart disease [24].

Scharf RE et al. [25] noted that the mechanisms of
post-COVID syndrome development include virus
persistence and impaired adaptive immunity, NET

Viral
persistence

l l

Activation of neutrophils Netosis

and other cells

Thrombocyte
dysfunction

Release of pro-
inflammatory cytokines

—> of

formation, hyperinflammation and homeostasis acti-
vation. The immunological disbalance in post-COVID
period is also discussed by Islam MS et al. [26]; they
note that SARS-CoV-2 proteins directly react with
immune mediators, resulting in impaired production of
type 1 interferon and enhanced neutrophil activation.
They introduced the term “NETinjury” to denote a cas-
cade of immunological reactions including NETosis and
bleeding disorder which cause organ microclotting.

Appearance of such symptoms as fatigue, muscle pain
and cognitive disorders after recovery from COVID-
19 can also be associated with excessive NETosis. Pos-
sible mechanisms of a cerebrovascular event are related
to blood clotting and include inhibitors of angiotensin
converting enzyme 2 (inhibitor of ACE2) — mediated
endothelial damage, reduction in ACE2 inhibitor levels,
acute inflammation and bleeding disorder associated
with an infection, formation of NETs and aPL antibod-
ies, hyperglycemia and acute stress [27].

Schematic presentation of pathological disorders in
post-COVID period and their association with NETosis
is as follows (refer to Figure 1).

A lot of experts note the significance of neutrophils
in pathogenesis of arterial hypertension [28] and their
higher level during the entire period of hospitalisation in
patients with COVID-19 and arterial hypertension [29].

Formation of netosis by-
products

Activation Autoantibody

< production

coagulation

l

Thrombosis

l

Damage to organs and
systems

Figure 1. The relationship of pathological disorders in the postcovid period
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NETosis directly affects chronic diseases; NETs are
known to contribute as pro-hypertensive mediators
in arterial hypertension. Besides, ACE2 inhibitor is a
common receptor for the cardiovascular system and
COVID-19 infection pathophysiology, as renin-angio-
tensin system inhibitors are first-line antihypertensive
agents, and SARS-CoV-2 uses ACE2 inhibitors as a
receptor for body penetration. When a patient with arte-
rial hypertension is infected with COVID-19, reduced
ACE2 inhibitor levels can cause inadequate immune
response, including delayed pro-inflammatory cytokine
storm, leading to neutrophil and macrophage infiltra-
tion and tissue damage. Once in the site of infection,
neutrophils identify viral particles, and NET production
is triggered, which is presumably a new mechanism of
cardiovascular system damage after an infection [30].

Besides, a higher level of NETosis products is
observed in patients with obesity and diabetes mellitus,
and these conditions are thought to be pro-NETonic and
can be associated with thrombotic complications [31].

A common feature of all post-COVID complications
is involvement of organs which are closely related to
the vascular and hemic system. The cardiovascular and
respiratory systems are involved first of all. However,
vessel wall inflammation and impaired clotting pro-
cesses create conditions for tromboembolic episodes,
involvement of other organs and systems, such as ner-
vous system, GIT, liver and kidneys [32].

Conclusion

The real clinical practice and international scientific
society confirm that a number of patients have persistent
symptoms of the past novel coronavirus infection over a
long period of time after clinical recovery. The pathogen-
esis of the post-COVID syndrome is based on a number
of mechanisms, including a long-term inflammation
resulting from formation of neutrophil extracellular
traps — NETosis, a form of programmed cell death. The
inflammatory status of a patient in post-COVID period
can be evaluated on the basis of NETs blood count,
requiring deeper studies in order to develop a therapy to
mitigate negative consequences of NETosis.
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Abstract

In contrast to trivial bacterial pneumonia, the diagnosis of septic pulmonary embolism poses a fundamental task for the doctor to search for primary
sources of emboli, including right side infective endocarditis, and to change the tactics of managing the patient accordingly. The similarity of the main
clinical common and respiratory symptoms of septic pulmonary embolism with symptoms of other inflammatory processes in the lung makes their
differential diagnosis difficult without the involvement of additional radiologic investigation methods. The review describes the special features of

etiology and pathogenesis, as well as the clinic, complications and principles of diagnosis of septic embolic pneumonia.
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Septic embologenic pneumonia (SEP) is a specific
clinical syndrome developing as a result of infected
emboli (usually septic thrombi) entering the pulmo-
nary vasculature (predominantly small arteries), with
their subsequent mechanical obstruction, invasion of
microbial pathogens into the vascular wall and second-
ary infection, inflammation, impaired blood flow in the
corresponding regions of the lung parenchyma with
necrosis, suppuration, and destruction cavities [1-4].
The sources of such embolism (usually multiple one)
include various primary extrapulmonary infectious
pathological processes accompanied by the formation of
septic thrombi — they can be classified into cardiogenic,
peripheral endogenous, and exogenous embologenic foci
(3, 5].

The sources used in the literature review were
searched in PubMed and eLIBRARY.RU using the fol-
lowing key words: septic embologenic pneumonia, septic
pulmonary embolism, right-sided infective endocarditis,
Lemierre’s syndrome, septic thrombophlebitis within the
period of 1990-2023.

Extrapulmonary SEP sources

Typical SEP sources (traditional triad of active extra-
pulmonary SEP sources) include right-sided infective
endocarditis (IE), acute thrombosis of the internal jug-
ular vein with confirmed bacteremia (Lemierre’s syn-
drome) in purulent inflammatory diseases of the head
and neck, and septic thrombophlebitis of pelvic veins
(including the postpartum one) [6-8]. SEP risk groups
also include patients with a wide spectrum of acute or
chronic purulent/septic processes — abscesses or celluli-
tis of soft tissues [7], abscesses of internal organs [9, 10],

osteomyelitis [11], especially against the background of
diabetes mellitus, hemodialysis, malignancies, and other
diseases accompanied by immunodeficiency, increased
risks of bacteremia and thromboses [1, 7, 12-14]. SEP
morbidity has been increasing as a result of IE and septic
thrombophlebitis in intravenous drug users [2, 7, 15], as
well as in cases associated with the infection of central
venous catheters, intracardiac devices, or medical inter-
ventions [2, 16-19].

The systematic literature review by Ye et al. (1978-
2012) [2], which includes 76 articles with data about
168 patients with SEP, demonstrated that 26 % patients
with SEP were intravenous drug users, 12.5% had per-
manent intravascular catheters, and 3 % had permanent
pacemakers. Most common diagnosis among patients
with SEP included right-sided IE (12 %), hepatic abscess
(9 %), skin and soft tissue infections, septic thrombophle-
bitis, Lemierre’s syndrome, odontogenic infectious dis-
eases (5-6 % each). In separate cases sources of infected
emboli included pharyngeal abscess, purulent myosi-
tis, renal abscess and urinary tract infection, prostatic
abscess, post-abortion purulent endometritis, osteomy-
elitis, septic arthritis. In 10 SEP cases (6 %) the primary
infection focus was not verified [2]. Jing Jiang et al. [1]
retrospectively analyzed 98 SEP cases hospitalized into
the pulmonology department or the intensive care unit;
the following SEP sources were the most significant:
purulent skin and soft tissue infections (30.6 %), right-
sided IE (20.4 %), hepatic abscess (14.3 %), catheter asso-
ciated intravascular infections (9.2 %). In single cases SEP
sources were represented by the urinary tract infection,
perianal abscess, cholecystitis and cholangitis, infectious
endophthalmitis, abdominal cavity abscess, periodontal
abscess, meningitis; in 3% of patients the SEP source
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could not be diagnosed [1]. According to Goswami U
etal. [18], 88 % of all SEP cases were associated with skin
and soft tissue infections (44 %), right-sided IE (27 %), or
septic deep vein thrombophlebitis (17 %).

SEP in right-sided IE

In right-sided IE the incidence of SEP diagnosis is
49.1-100 %; the lesions are usually bilateral and relaps-
ing [20-26]. Based on our prior observations (data not
published), SEP was diagnosed in 99 of 109 patients
with right-sided IE (90.8 %); 85 % of those were referred
to the inpatient department with the preliminary diag-
nosis of community-acquired pneumonia, 28.4 % were
hospitalized into the intensive care unit as they required
mechanical ventilation due to widespread pulmonary
lesions, septic shock; the SEP diagnosis was morphologi-
cally confirmed in all 17 deceased patients with right-
sided IE (15.6 %). Based on the Utsunomiya H et al. data,
“new” embolic pulmonary lesions after the right-sided
IE diagnosis and the onset of antibacterial treatment
develop in 46.2 % of patients with the IE of the tricuspid
valve [27]. IE affecting the tricuspid valve [9], especially
with the maximum vegetation size of over 15 mm [27,
28] is an independent risk factor for “new” embologenic
pulmonary lesions.

The modern right-sided IE in adults is most often
associated with the drug abuse or intracardiac electronic
devices, permanent vascular catheters in patients on
hemodialysis; in rare cases it may be related to uncor-
rected congenital heart diseases [29, 30]. The increas-
ing drug abuse trend observed in the latest decades in
many countries has led to the enhanced significance of
drug abuse IE as a SEP source [31-34]. IE in drug users
is right-sided in 59-88.9 % cases [33, 35, 36] and com-
plicates with SEP in 30.6-98.9 % [33, 35-37]. According
to Moss R. and Munt B. data, echocardiographic signs
of IE are detected in intravenous drug users with fever
in 13% cases; if bacteremia is also found in drug users
with fever, the incidence of IE diagnosis reaches 41 %
[38]. SEP is included into the minor IE signs of modified
Duke diagnostic criteria; thus, when SEP is diagnosed
in all cases (especially in drug users, patients with intra-
cardiac devices, or congenital heart diseases), IE should
always be considered, with echocardiography and blood
cultures ordered within 24 hours [39, 40].

SEP: Causative agents

Causative agents of SEP correspond to the etiology of
the primary embologenic infection focus [7]. Microor-
ganisms isolated in the sputum culture correspond to the
causative agents isolated from blood and the local septic
focus.

The systematic literature review of Ye et al. [2] has
shown that the blood cultures were positive in 90.7 %
patients with SEP, and generally the most common caus-
ative agent was S. aureus (methicillin-sensitive (MSSA)
in 28.6 % of patients with SEP and methicillin-resistant
(MRSA) in 16 % of cases). Besides, this study underlines
that bacteremia caused by Fusobacteria necrophorum
(anaerobic flora of the oral cavity) was typically observed
in Lemierre’s syndrome or oropharyngeal infections,
while Klebsiella pneumonia blood cultures were mostly
positive in hepatic abscess cases. This coincides with
other literature data regarding the SEP etiology in hepatic
abscesses and descriptions of invasive Klebsiella pneu-
monia syndrome [10, 41, 42], while Candida growth was
observed predominantly in SEP associated with infected
permanent catheters [2]. At the same time, based on
Doran HM et al. observations, 90 % of all SEP cases in
patients with leukemias or lymphoproliferative diseases
are caused by the fungal infection (Candida or Asper-
gillus) [43]. The majority of SEP cases in right-sided IE
(60-90%) are caused by S. aureus (MSSA or MRSA);
more uncommon causative agents of right-sided IE with
SEP include Staphylococcus lugdunensis, Streptococcus
pneumonia, Pseudomonas aeruginosa and other Gram-
negative bacteria, fungi (polymicrobial infection is pos-
sible) [44, 45]. Apart from impaired venous blood flow
due to inflammatory edema, the pathogenesis of septic
thrombophlebitis as a SEP source possibly presumes the
capability of separate microorganisms (especially those,
such as Fusobacterium necrophorum or S. aureus) to
cause endothelial dysfunction and thrombosis due to
inflammatory mechanisms and direct production of
thrombogenic toxins [7, 46].

SEP: Clinical signs and
diagnosis

SEP symptoms depend on the size of emboli, volume
of pulmonary lesions, and presence of complications.
At the disease onset they may vary from moderate
respiratory symptoms — cough (dry or with purulent
sputum; 14-100 % of patients), pleuritic pain (22-80 %),
hemoptysis (4-80 %), dyspnea (19-91 %) combined with
fever and chills (85-100 %) — to life-threatening condi-
tions in the form of severe respiratory failure and septic
shock (19 % of patients) [18, 20, 47, 48]. Crackles may be
auscultated in lungs of 75% patients [48]. These respi-
ratory clinical SEP signs are non-specific and cannot be
differentiated from the symptoms of other pneumonias.
Chest X-rays are more significant for SEP diagnosis if
the following signs are detected: bilateral lesions; mul-
tiple larger obscure round or irregular foci and shadows
with a tendency to cavitate (in 50 % of patients), quick
changes reflecting repeated embolic episodes, and slow
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regression with preserved cystic thin-walled cavities (in
81 % of patients) [49, 50]. Such X-ray features in a patient
with fever, bacteremia, and symptoms confirming the
primary purulent-septic infectious focus or the SEP risk
group (e.g., intravenous drug use) combined with hemop-
tysis episodes reflecting the formation of lung abscesses
or infarctions can help to diagnose SEP. However, the
sensitivity of X-rays in SEP diagnosis is currently insuf-
ficient [18, 47, 51], while signs of primary embologenic
process at the onset of SEP are evident only in 24 % of
patients [18]. In particular, 50-80 % of IE patients with
tricuspid valve lesions develop the tricuspid regurgita-
tion murmur later than signs of pulmonary lesions [52].
In any case, when SEP is suspected, chest computed
tomography (CCT) is required for further evaluation
and intepretation of pulmonary lesions. Its availability

has significantly facilitated SEP diagnosis [18].

6

g

; *

Chest CT: Modern standard

of SEP diagnosis

CCT is the modern “golden standard” of SEP diagno-
sis which helps to detect typical diagnostic signs (Fig. 1)
early: simultaneous presence of several (>2 in 93 % of
patients) foci (80-100 %); dense infiltrates (75 %) without
the air bronchogram symptom, including dense regions
with the halo or inverse halo sign; cavities (57.9-71 %)
of various sizes with chaotic peripheral locations (nearly
100 %); “nutrient vessel” sign (90 %), reflecting the hema-
togenous origin of lesions; quick (within several days)
changes in abscesses, thin-walled cavities, and new foci
in both lungs (80%) [1, 4, 18, 42, 51, 53-55]. With that,
the differential diagnosis should include other types of
pulmonary lesions with focal cavitations — destructive
metastases, lung abscesses of other origin, pulmonary
tuberculosis, sterile lung infarction without infections,

~
0
)

-

Figure 1. Transversal chest CT images of different patients with septic pulmonary embolism (SPE). In cases of SPE in various
combinations chaotic nodules (a), thin-walled cavities in subpleural location (6-2), as well as opacities- consolidations (s)
and a “reverse halo” sign (arrow) are observed. SEP can be complicated by effusion into the pleural cavity (*) and even
pneumothorax (arrow head)
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aspergillosis and other fungal infections, granulomatosis
with polyangiitis [4, 56-58].

The diagnosis of SEP is still difficult; moreover, the
term SEP is not included into the International Clas-
sification of Diseases 10 — this pneumonia is usually
defined as “pneumonia in diseases classified in other
sections” Without unified diagnostic criteria, the SEP
syndrome may be diagnosed with the presence of all fol-
lowing four signs:

1) clinical symptoms of the inflammatory lung dis-
ease (fever, chills, cough, pleuritic pain, dyspnea, hemop-
tysis);

2) detection of multiple peripheral foci with cavita-
tions, allowing to suspect the embologenic origin of the
pulmonary disease, on imaging;

3) diagnosis of the extrapulmonary embologenic
infectious focus;

4) exclusion of other causes of pulmonary changes
(1, 7].

It is evident that SEP has specific etiological, patho-
genetic, and diagnostic signs; in clinical practice the
detection of SEP may become the “key” to the diagnosis
of primary embologenic infectious focus, in particular
right-sided IE [4, 50], which is demonstrated in the case
below.

The male patient S., 46 years old, was hospital-
ized on April 21, 2020 to the inpatient department for
COVID-19 patients with complaints of fever up to 38.0
°C, chills, dry cough, feeling of chest tightness, dyspnea
at rest. The patient got sick a week before, when he devel-
oped fever up to 38.0 °C, myalgia, followed by the dry
cough and worsening weakness. On April 20, 2020 he
called an ambulance due to severe dyspnea; an outpa-
tient lung CT was ordered — “multiple foci of pulmo-
nary tissue consolidation of various sizes, with the most
massive ones in the left lower lobe, together with ground
glass opacities with preserved bronchial lumina; several
consolidation areas with signs of cavitation (bronchiec-
tasis?)” described in both lungs. The patient was urgently
transferred to the inpatient department with suspected
viral pneumonia. Within the prior 14 days the patient
did not contact persons with laboratory-confirmed
COVID-19 or under observation regarding the nSARS-
CoV-2 infection. The patient was not occupied. Earlier
he used intravenous drugs; he denied using the drugs in
the months prior, though multiple traces of intravenous
injections were detected on the skin. On admission to
the emergency department, the patient’s condition was
severe. The patient’s consciousness was clear. He was
oriented in place and time. Body temperature 38.8 °C.
Peripheral lymph nodes were not palpated. The nasal
breathing was free. RR 26-28/min. Oxygen saturation
on room air 88%. BP 105/70 mm Hg. The pulse was

regular. HR 124/min. The abdomen was soft and non-
tender on palpation. The liver was not enlarged. The
spleen was not palpable. The heart and lungs were not
auscultated. The following lab results were derived on
admission: white blood cells 15x10°/L, band neutrophils
18 %, hemoglobin 119 g/L, platelets 80x10°/L; creatinine
198 umol/L, AST 144 U/L, ALT 78 U/L, albumin 28 g/L,
CRP 488 mg/L, sharply increased procalcitonin level.
The patient was hospitalized into the intensive care unit
with the preliminary diagnosis “Unspecified coronavi-
rus infection, community-acquired bilateral polyseg-
mental severe pneumonia, CT stage 2, Grade 2 respira-
tory failure”. Treatment for coronavirus pneumonia was
started, with oxygen insufflation via nasal cannula with
the rate of 10 L/min. Repeated chest MSCT (April 21,
2020; 2.40 a.m.) revealed the following: bilateral asym-
metric decrease of pulmonary tissue pneumatization
due to the presence of more than 3 “ground glass” opac-
ity areas, predominantly in peripheral and subpleural
regions, with irregular shape, unclear contours, dense
rims and the “inverse halo” pattern, sized approximately
up to 30 mm. Multiple foci with irregular contours and
uneven cavitation in the largest structures are detected in
all segments of both lungs (predominantly in peripheral
and subpleural regions in a peribronchovascular pat-
tern). The following conclusion was made: “The prob-
ability of viral etiology is average; detected changes may
correspond to the polysegmental bilateral inflammatory
process related to septic embolism. Differential diagnosis
is primarily required with granulomatosis with polyangi-
itis” (Fig. 2). Based on the history (drug abuse) and CT
signs of SEP, right-sided IE was suspected. The negative
PCR coronavirus test returned on April 21, 2020; blood
cultures were collected, and transthoracic EchoCG was
ordered, which revealed signs of tricuspid IE lesions
(marginal coarse small vegetations, Grade 2-3 tricuspid
regurgitation).

The following diagnosis was established: “Primary
acute infectious endocarditis with tricuspid valve
lesions. Grade 2-3 tricuspid regurgitation. Septic
embologenic bilateral pneumonia with abscesses. Sec-
ondary thrombocytopenia. Secondary anemia. Back-
ground condition: Intravenous drug abuse. Complica-
tions: Septic shock. Grade 2 respiratory failure. Acute
kidney injury syndrome” Based on the highest prob-
ability of staphylococcal IE etiology, vancomycin
treatment (10 mg/kg of body weight) was started. The
patient’s condition was unstable against the background
of therapy administered; O, saturation up to 85 % at the
oxygen flow of 15 L/min. The patient underwent orotra-
cheal intubation, and mechanical ventilation was started
in the SIMV-PC-PS mode. The fever persisted. The
repeated EchoCG (April 23, 2020) revealed the follow-
ing: “Tricuspid valve leaflets had increased echogenicity,
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Figure 2. Transversal chest CT images of patient C. from 21.04.2020 2. In both lungs there are chaotic nodules and opacities
of the lung tissue, multiple thin-walled cavities

with marginal indurations, but were not thickened.
The round-ovoid pedunculated lesion with moderately
increased echogenicity sized 12x6 mm was detected
on the valvular leaflet, partially entering the right ven-
tricle. Moderate to significant valvular regurgitation.
Estimated systolic pressure in the pulmonary artery was
approximately 55 mm Hg” (Fig. 3).

The patient’s condition progressively worsened; on
April 23,2020 (Day 3 of treatment) the patient dies after
worsening respiratory failure. The autopsy confirmed the
diagnosis of acute IE with the tricuspid valve lesion, com-
plicated with bilateral septic polysegmental embologenic
pneumonia with abscesses, acute focal tubulo-intersti-
tial nephritis with the acute kidney injury syndrome.
No signs of diffuse pulmonary lesions were detected.
The antemortem blood cultures confirmed that the most
probable IE causative agent was S. aureus sensitive to
oxacillin, vancomycin, linezolid, cefoxitin, ciprofloxacin
(the growth was obtained in three blood cultures dated
April 21, 2020).

During the first months of COVID-19 epidemics,
due to maximum awareness of physicians regarding the
viral pneumonia combined with insufficient diagnos-
tic experience with the pathology described, patients
with respiratory symptoms and fever of various etiol-
ogy often were hospitalized erroneously to COVID-
19 inpatient departments. The decision on hospitaliza-
tion was often made based just on CT changes in lungs,
which could be interpreted incorrectly. Unlike SEP,
typical CT signs of viral pneumonia include “ground
glass” opacities, while focal lesions and cavities are
quite rare, which should be accounted for in the differ-
ential diagnosis of these conditions [4, 59, 60]. In the
case presented, the diagnosis of tricuspid valve IE was
timely established due to the correct evaluation of SEP
signs detected in the repeated CCT. Unfortunately, the
condition severity (mechanical ventilation required)
and intensive care in the patient with the right-sided
IE was initially associated with the unfavorable out-
come [61].
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Figure 3. Echocardiographic images of patient C.
A) tricuspid valve regurgitation of 2-3 degrees
B) large vegetation on the tricuspid valve

SEP: Complications

and outcomes

In 23.8-65% cases SEP is complicated with pleural
effusion, pleural empyema (8.3 %) [2, 18, 19, 42], pneu-
mothorax (3.5%) [14, 62-65], pulmonary hemorrhage
in single cases, including due to the rupture of infec-
tious pulmonary artery aneurysm; bronchopleural fistu-
lae have been described as well [7, 66]. SEP often leads
to quick worsening of the patient’s condition with the
development of respiratory failure, respiratory distress
syndrome, septic shock, disseminated intravascular
coagulation syndrome, impaired consciousness — thus,
25.5-63 % of patients require treatment in the intensive
care unit [1, 18, 19, 42].

SEP treatment with antibiotics is administered based
on the sensitivity of the causative agent which is isolated
or most probable in the clinical situation; primary anti-
bacterial treatment should usually be broad-spectrum
[7, 42, 67, 68]. Managing the patient with SEP may

require mechanical ventilation, surgical interventions
in empyema, pneumothorax, pulmonary hemorrhage.
If necessary, purulent-septic primary processes, includ-
ing right-sided IE, are treated surgically, intracardiac or
intravenous devices are removed. Thus, persistence of
a large vegetation on a tricuspid valve or the pulmonic
valve, especially its enlargement, despite recurrent
embologenic episodes in lungs against the background of
antibacterial treatment, is a sign of ineffective infection
control, being one of the indications to surgical IE treat-
ment [39, 40]. In cases of septic thrombi complicated
with SEP, anticoagulant therapy is often added; however,
due to the high risk of pulmonary hemorrhages, the issue
of anticoagulant therapy safety and duration in SEP is
still debatable [2, 7]; in right-sided IE such therapy is
not indicated due to high bleeding risk and lack of safety
evaluation in controlled trials [39, 40, 48].

Mortality in SEP reaches 10-30 %, it depends both on
efficient control of primary embologenic infectious focus
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and severity of SEP signs [1, 2, 10, 18, 19, 42]. Mortality
risk factors include low oxygen saturation and impaired
consciousness in patients with SEP [19], fungal infections
or causative agents multiresistant to antibiotics, inefficacy
or late onset of empiric antibacterial treatment, refrac-
tory septic shock with multiorgan failure, severe coagula-
tion disorders, pulmonary hemorrhage [1, 2, 18, 42]. The
multidisciplinary approach is required in the majority of
cases for successful SEP treatment, including the partici-
pation of intensive care specialists, general practitioners,
pulmonologists, cardiologists, surgeons, ENT physicians,
neurologists, and other medical specialists.

Conclusion

SEP is a special life-threatening pulmonary pathol-
ogy which is difficult to diagnose, develops secondarily
as a complication of several purulent-septic processes,
including right-sided IE and septic thromboses associ-
ated with purulent inflammatory diseases of soft tissues,
internal organs, osteomyelitis. Accurate SEP diagnosis
presumes the way to understanding the risk of corre-
sponding complications and often the key to the diagno-
sis of primary sources of septic embolism in the pulmo-
nary artery system. The detection of typical CCT signs is
currently the most important step in the SEP diagnosis.
Timely diagnosis and adequate treatment of SEP requires
awareness and knowledge about this rare pathology
among general practitioners, pulmonologists, intensive
care specialists, cardiologists, ENT physicians, dentists,
surgeons, and other specialists.
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Pestome

TMnepTpoduyeckan KapAMOMMONATMA XapaKTepu3yeTCsa reHeTUYeCKon U GeHOTUMMYECKON reTepOreHHOCTbIO, YTO NPOABAACTCA B Pa3/INYHbIX
BapuaHTax JIoKasm3auuM 1 NpoTAXeHHOCTU runepTpodun Muokapaa. Llenb. Ha ocHoBaHUM AaHHbIX 3XOKapgmorpadun oLeHnTbL 0cobeHHo-
CTW rMnepTpodurm NeBOro XenyAouka, pacnpoCTPaHEHHOCTb U KMHUKO-MHCTPYMeHTa/lbHble NoKasaTenn GeHOTUNNYEeCKMX BapuaHTOB runep-
Tpopuyeckoi kapgnommonatun. Matepmanel n Metogbl. O6cnegosaHo 295 60abHbLIX C rMNepTPOPUUYECKON KapAnoMMonaTel B Bo3pacTe oT
18 po 88 net (60,3+13,4 net), MyxuuH 183 (62 %), eHwuH 112 (38 %). lnarHos ycTaHaB/AMBa/ACA Ha OCHOBAHWU ABYXMEPHOI 3XOKapAMOrpa-
¢un. OueHnBannChb BbIPAXKEHHOCTb, I0KAIM3aLMA 1 NPOTAKEHHOCTb rMNepTpodMn MIOKapAa, MaKCMMa bHas TOAWMHA rMnepTpoGMpoBaHHO-
ro cermMeHTa, Macca MMOKapAa, MHAEKC MacChl MUOKap/a NeBOro esy/Ao0uKa, Ha/lMune 1 BbiPaXKeHHOCTb CPeJHeXesy/J04KOBOWM 06CTpyKLMn
1 06CTPYKLMM BbIHOCALLErO TPaKTa 1€BOr0 Xe/y04Ka. B 3aBUCMMOCTU OT NpenMyLLeCTBEHHON JIOKaNN3aLum U NPOTAXKEHHOCTM runepTpodumn
60/1bHble 6bIAM pacnpeseneHsl B 8 rpynn COracHO peKoMeHaumnaM no runepTpoduyeckort kapgmommuonatun M3 PO. MposeaeH aHanns u cpas-
HeHWe No/yYeHHbIX Pe3yNbTaToB B 3aBUCMMOCTM OT peHoTHNa KapanomMmonaTun. PesyabTaTel. CpeaHAA NPOAOMKUTENLHOCTL 3a601eBaHNA —
10,5+7,52 net. CpeaHuve 3HayeHWs MHAEKCa Macchl Tea y BCeX MalueHTOB cocTtaBuan 28,2+2,82 kr/m?. Hanbonee yacto oTMmevanca ¢peHo-
TN ¢ 6a3a/bHON rMNepTpodueit MeXKenyA04KoBOM neperopoaku (n=130, 44,1%), 1 rpynna. ¥ 47 (15,9 %) 60/1bHbIX BbifiB/€Ha runepTpodus
MEMKEesyJOUKOBOM MeperopoaKku «o6paTHoM Kpuem3Hbl» (3 rp.), y 41 (13,9 %) — «HelTpanbHaa MeXxKenyAo4uKoBas neperopogka» (2 rp.),
y 36 (12,2 %) — cuMMeTpuyHas runeptpodua neeoro xeaygouka (8 rp.), no 11 (3,7 %) nauueHTOB MMeN KOMBMHUPOBAHHYIO rMMNepTpodULo
MEX)Ke/yJOHKOBOM NeperopoAKu v APYrux OTAEN0B I€BOTO WM NPABOro )enyaouka (4 rp.) n ceobogHow creHkun /XK (7 rp.), y 10 (3,4 %) —
CpeAHexeNnyAo4YKoBas runeptTpodms nNeBoro wenyaodka (6 rp.) ny 9 (3,1%) — anukansHas runeptpodus (5 rp.). Hanbonbluee 3HaueHne Mak-
CMManbHOM TO/IWMHBI MUOKapAa OTMeYeHo Y 60/bHbIX 6 rpynnbl 19,3 (19-20,4 MM). CpeaHexenyAo4KoBas 06CTPYKLUMA BbisBIeHa B 6 rpynne
(90,0 %), 06CTPYKLMA BBIHOCALLErO TPaKTa JIEBOrO KeNyA04Ka Yalye perucTpuposanach B 4 u 8 rpynnax (81,8 % v 77,8 %), a pexe — B rpynne
5(22,2%) (p <0,01). Y 60/bHbIX 7 rpynmbl He 6b1710 BbIABAEHO C/ly4aeB C 06CTPYKLMEN BbIHOCALLErO TPAKTa 1€BOI0 KeNyAouKa B 6a3a/bHOM cO-
CTOAHMN. MaKcMManbHble 3Ha4YeHWA NoKasaTe el MacChbl MMOKap/Aa U UHAEeKCa MacCbl MMOKap/a 1eBOr0 Xey/04Ka oTMeYeHbl B rpynne 8 — 402
(356-439) r 1 195 (173-218) r/M?, cooTBeTcTBeHHO (p <0,01). 3akatoueHUne. Dxokapanorpadus npescTaBaseT MHGOPMATUBHBIN METOA OLEHKM
HannunA, BbIpaXKeHHOCTU rMNepTpoduM M1oKapaa v onpejeneHna GeHOTUNMYECKOro BapuaHTa runepTpoduyeckoin kapamommuonatun. Ham-
60/1ee 4aCcTO PernCTpUPYIOTCA BapUaHTbl FUNEepPTPOPUM MEXOKENYA0UKOBOI NeperopoKu, Cpesiu KOTOPbIX CaMblM PaCnpOCTPaHeHHbIM ABAACTCA
¢deHoTUN runepTpodum 6asanbHol eé yacTu. Kaxabiii peHoTMN runepTpodrUecKoin SKCNpeccun XxapakTeprsyeTcs 0CO6eHHOCTAMMU IXOKapAU-
orpaduyeckmx napameTpoB.
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Ana unTupoBaHuA: WrHaterko A, Tapagun I.1., Kyraep T.E. OCOBEHHOCTW TUMEPTPO®UN JIEBOTO XENYAOUYKA N XAPAKTEPU-
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Abstract

Hypertrophic cardiomyopathy is characterized by genetic and phenotypic heterogeneity which manifests in different variants of localization and
extent of myocardial hypertrophy. Aim: to evaluate specifics of left ventricular hypertrophy, the prevalence and characteristics of clinical and
instrumental features of phenotypic variants of hypertrophic cardiomyopathy. Materials and methods. The study includes 295 patients with
hypertrophic cardiomyopathy aged 18 to 88 years (60.3+13.4 years), 183 men (62 %), and women 112 (38 %). The diagnosis of which was established
by 2D echocardiography. The severity, localization and extent of myocardial hypertrophy, the maximum thickness of the hypertrophied segment, left
ventricular myocardial mass, left ventricular myocardial mass index, the presence and severity of mid-ventricular and left ventricular outflow tract
obstruction were evaluated. Depending on the predominant localization and extent of hypertrophy, patients were divided into 8 groups according
to the recommendations for hypertrophic cardiomyopathy of the Ministry of Health of the Russian Federation. The analysis and comparison of
the obtained results are carried out. Results. The average duration of the disease is 10.5+7.52 years. The mean values of the body mass index in
patients — 28.2+2.82 kg/m?. The phenotype with basal hypertrophy of the septum (n=130, 44.1%), group 1 was most often noted. In 47 (15.9 %)
patients, hypertrophy of the septum of “reverse curve" (2 group) was detected, in 41 (13.9%) — “neutral septum"” (3 group), in 36 (12.2%) —
symmetrical hypertrophy of the left ventricle (8 group), 11 (3.7 %) of patients had combined hypertrophy of the septum and other parts of the left
or right ventricle (4 group) and the free left ventricular wall (7 group), in 10 (3.4 %) — middle ventricular hypertrophy of the left ventricle (6 group)
and in 9 (3.1%) — apical hypertrophy (5 group). The highest value of the maximum thickness of the myocardium was noted in patients of the 6th
group 19.3 (19-20.4 mm). Mid-ventricular obstruction was detected in group 6 (90 %), left ventricular outflow tract obstruction was more often
registered in groups 4 and 8 (81.8 % and 77.8 %), and less often in group 5 (22.2%) (p <0.01). In group 7, there were no cases of rest obstruction
of left ventricular outflow tract. The maximum values of myocardial mass and left ventricular myocardial mass index were noted in group 8 — 402
(356-439) g and 195 (173-218) g/m?, respectively (p <0.01). Conclusion. Echocardiography is an informative tool for assessing the presence, severity
myocardial hypertrophy and determination of the phenotypic variant of hypertrophic cardiomyopathy. Variants of septal hypertrophy are most
commonly registered one, among which the most frequent is the phenotype of basal septal hypertrophy. Each phenotype of hypertrophic expression
is characterized by its echocardiographic parameters.

Key words: hypertrophic cardiomyopathy, myocardial hypertrophy, phenotype, echocardiography, obstruction
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cardiography

Introduction LV myocardium hypertrophy is a primary pathomor-

Hypertrophic cardiomyopathy (HCM) is a genetic
myocardial disease defined by left and/or right ven-
tricular (RV) myocardium hypertrophy, usually asym-
metric due to a thick interventricular septum (IVS),
which cannot be attributed solely to a higher pressure-
induced load, and observed in the absence of any other
cardiac or system disease, metabolic or multisystemic
syndrome associated with left ventricular (LV) hyper-
trophy [1-3].

phological and diagnostic sign of HCM, which defines
a cascade of subsequent pathophysiological events:
LV outflow tract (OT) obstruction, diastolic dysfunc-
tion, microcirculation involvement, and various cardiac
rhythm and conduction disorders [4].

HCM is diagnosed on the basis of unexplained and
usually symmetric LV hypertrophy (LVH) using imaging
methods, the use of which makes it possible to assess the
presence, intensity, primary localisation, and extension
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of hypertrophic myocardium. Besides, visualisation
methods, especially echocardiography (echoCG), are
capable of assessing the presence and intensity of LVOT
obstruction and cardiac valve condition (especially that
of the mitral valve, MV), subvalvular structures, systolic
and diastolic function of LV [5].

When echoCG was introduced in clinical practice in
1970s, it was then possible to identify the array of forms
of myocardium hypertrophy in HCM [6-8]. According
to the HCM Clinical Guidelines approved by the Minis-
try of Health of Russia in 2020, cardiomyopathy can be
symmetric and asymmetric, and the latter form includes
seven variants of LVH [3]. Understanding the various
forms of HCM improves disease diagnosis, which is not
limited only to detection of basal IVS hypertrophy, and
mabkes it possible to study pathogenesis taking into gen-
otype/phenotype correlation as well as to select a most
optimal therapy. However, to date there is insufficient
information on the rate of proposed phenotypes, only a
general idea that HCM is a disease, the primary sign of
which is asymmetric hypertrophy with IVS involvement
(5,9, 10].

Objective

Using a 2D echoCG, to assess the features of LVH,
morbidity and the characteristics of clinical and instru-
mental parameters of various HCM phenotypes.

Materials and Methods

A cross-sectional study was conducted. Analysis
covered all diagnosed HCM cases found in the data-
base of a multiprofile inpatient clinic during a period
from 2000 to 2022 and medical records of 295 patients
(183 males (62 %) and 112 females (38 %)) 18 to 88 years
of age (mean age: 60.3 + 13.4 years) with HCM.

The disease was diagnosed on the basis of 2D echoCG
results where one or several LV segments was > 15 mm
thick and any other pathological process which could
cause hypertrophy was absent [1-3].

Exclusion criteria for the study were: patients with
inadequate echo window; stage 2-3 arterial hyperten-
sion (systolic blood pressure: > 160 mm Hg, diastolic
blood pressure: > 100 mm Hg), stage II-III hyperten-
sive disease; aortic valve stenosis; marked aortic regur-
gitation, congenital heart disorders; history of active
sporting activities within the previous year, clinical,
laboratory, morphological data or a history of Anderson
Fabry disease Anderson, Danon disease, Friedreich’s
ataxia, isolated cardiac glycogenosis, cardiac amyloi-
dosis and other infiltrative, endocrine and metabolic

diseases which can cause myocardium thickening or
hypertrophy.

All patients underwent echoCG using Vivid-3 Pro
apparatus (General Electric, USA) with a 3 MHz phase
sensor, with the patient lying on the left side, breathing
quietly and with the exhalation recommended for trans-
thoracic echoCG by the American Society of Echocar-
diography (2019) [11].

The thickness of LV segments was measured during
diastole, with the sensor oriented perpendicularly to the
parasternal long axis (IVS, posterior wall of LV), para-
sternal short axis (IVS septum, anterior, side and poste-
rior wall of LV), apical axis (2- and 4-chamber position)
in order to measure the thickness of myocardium in the
LV apex.

The left ventricular myocardium mass (LVMM) was
calculated in accordance with the recommendations of
the American Society of Echocardiography [12] using
the following formula: LVMM = 0.8 x [1.04 x (EDD +
PWTd + IVSTd)* — EDD?)] + 0.6 g, where EDD is end-
diastolic dimension, PWTd is LV posterior wall thick-
ness, diastolic, and IVSTd is interventricular septum
thickness, diastolic.

Left ventricular myocardium mass index (LVMMI)
was calculated as follows: LVMMI = LVMM/BSA (g/m?),
where LVMM is body surface area, m?.

LVOT gradient was calculated using the modified
Bernoulli distribution: gradient = 4V?, where V is the
LVOT blood flow velocity (m/s). The blood flow velocity
was measured using a constant wave Doppler mode, with
the control volume positioned at the LVOT level.

Obstruction at rest was at gradient > 30 mm Hg;
obstruction with stimulation was at the normal rest-
ing value (< 30 mm Hg) and > 30 mm Hg after physical
exercises; no obstruction was observed at a normal value
(< 30 mm Hg) both at rest and after physical exercises.

If the thickness of any segment of LV was > 15 mm,
hypertrophy localisation and extension were identified.
Then patients were divided into 8 groups depending on
phenotypic expression of hypertrophy in accordance
with the morphological HCM classification [3]: hyper-
trophy of the basal segment of IVS (group 1), hypertro-
phy of entire IVS, or neutral IVS (2), reverse curvature
hypertrophy of IVS (3), combined hypertrophy of IVS
and other segments of LV or RV (4), apical hypertrophy
with or without involvement of other LV segments (5),
mid-ventricular hypertrophy of IVS with hypertrophic
free wall of LV (6), hypertrophy of free wall of LV (7),
and symmetric (or concentric) LV hypertrophy (8).

8 phenotypic variants of LVH were compared in
groups depending on gender. Mean values of the maxi-
mum thickness the hypertrophic myocardium segment,
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LVMM, LVMMI, pressure gradient in LVOT were
assessed in each of the 8 phenotypic groups of HCM
patients; also, the rate of LVOT obstruction was analysed.

Statistical processing and result presentation were
performed using licensed Jamovi 2.3.21.0. The values
were assessed for correspondence with the normal dis-
tribution, and Shapiro-Wilk test was used. The data are
presented as a mean arithmetic and standard deviation
(M+SD) for values with normal distribution, and as a
median with interquartile range (Me (IQR)) for parame-
ters with non-normal distribution. Categorical variables
are presented as absolute values and per cents. For inter-
group comparison for quality, chi-square (x*) was used,
while for quantitative comparison, single-factor analy-
sis of variance or Kruskal-Wallis test were used. Results
with p < 0.05 were statistically significant.

Results

Males prevailed in all phenotypic variants of HCM,
except for apical LVH; however, the differences were not
statistically significant (p > 0.05). Mean disease dura-
tion from the first complaint to HCM diagnosis was
10.5+7.52 years. Mean body mass index (BMI) in all
patients was 28.2+2.82 mg/m?.

EchoCG revealed that the most common phenotypic
variant is hypertrophy of the basal segment of IVS, which
was recorded in 130 (44.1 %) cases (group 1). 47 (15.9 %)
patients had reverse curvature hypertrophy of IVS
(group 3); 41 (13.9 %) patients — neutral IVS (group 2);
36 (12.2 %) patients — symmetric LVH (group 8); 11
(3.7 %) patients had combined hypertrophy of IVS and
other segments of LV or RV (group 4) and hypertrophy
of free wall of LV (group 7); 10 (3.4 %) patients — “sand
glass” LVH (group 6); and 9 (3.1 %) patients — apical
LVH (group 5). Clinical characteristics of patients with
HCM divided into phenotypic groups are presented in
Figure 1 and Table 1.

Most common complaints were weakness, fatigue in
221 (74.9 %) patients, chest pain and shortness of breath
in 202 (68.5 %) patients. Also, patients complained of
palpitations, arrhythmias — 133 (45.1 %) patients and
dizziness — 118 (40 %) patients. Presyncope and syn-
cope were observed in 27 (9.15 %) patients.

Comorbidities included arterial hypertension in 48
(16.3 %) patients, coronary heart disease (CHD) in 22
(7.46 %) patients, type 2 diabetes mellitus in 61 (20.68 %)
patients, cerebrovascular diseases in 67 (22.77 %)
patients, thyroid diseases in 38 (12.8 %) patients, and
cancer in 6 (2.03 %) patients.

Phenotypic variants of myocardial hypertrophy (%)

3,4%

3,7%

Basal part of the septum

Reverse curve septum

m Symmetric LVH

® Neutral septum

m Apical hypertrophy

m Hypertrophy of LV free wall

Midventricular hypertrophy

Hypertrophy of septum and other
parts

Figure 1. Prevalence of phenotypic variants of myocardial hypertrophy in patients with hypertrophic cardiomyopathy

Notes: LV — left ventricle; LVH — LV hypertrophy
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Table 1. General characteristic of patients with hypertrophic cardiomyopathy

Parameters Total
(n=295)
Sex, male (%) 183 (62 %)
Age, years, meantMD 60,3+13,4
Duration of the disease, years § 10,5+7,52
BMI, kg/m?, mean+MD 28,2+2,82
Complaints, n (%):
o Chest pain 202 (68,47 %)
« Dyspnoe 202 (68,47 %)
« Weakness, fatigue 221 (74,91 %)
« Palpitation, heart rate irregularity 133 (45,08 %)
o Dizziness 118 (40,0 %)
« Pre-, syncope 27 (9,15 %)
Concomitant diseases, n (%):
« Arterial hypertension 48 (16,27 %)
« Coronary artery disease 22 (7,46 %)
o Diabetes mellitus 61 (20,68 %)
o Cardiovascular disease 67 (22,77 %)
« Thyroid disease 38 (12,8 %)
« Malignant disease 6 (2,03 %)
Heart failure 168 (56,95 %)
Note: * — the duration of the disease is considered to be the time from the diagnosis of hypertrophic cardiomyopathy or the presence of severe left ventricular hypertrophy (> 15 mm) in

the absence of obvious causes that can cause hypertrophy of such severity, and signs of another systemic, metabolic or infiltrative disease

Table 2. Results of electrocardiographic and echocardiographic investigations in patients with hypertrophic

cardiomyopathy
Total, n (%) | Variant1 | Variant2 | Variant3 | Variant4 | Variant5 | Variant6 | Variant7 | Variant 8
Parameters
295 (100) 130 (44,1) | 41 (13,9) 47 (15,9) 11 (3,7) 9(3,1) 10 (3,4) 11 (3,7) 36 (12,2)
Electrocardiography

204 (69,15) 87 (42,64) 24 (11,76) 36 (17,65) 8(3,92) 5(2,45) 6(2,94) 10 (4,90)  27(13,24)
Sinus rhythm, n
in % to group 87 (66,92) 24 (58,54) 36 (76,60) 8(72,73) 5 (55,56) 6 (60,0) 10 (90,91) 27 (75,0)

91 (30,84) 43 (47,25) 17 (18,68) 11 (12,08) 3(3,29) 4 (4,39) 4 (4,39) 1(1,09) 9 (9,89)
Atrial fibrillation, n
in%togroup 43(33,08) 17 (41,46) 11(23,40) 3(27,27) 4 (44,44) 4 (40,0) 19,09  9(25,0)

31 (10,5) 14 (45,16) 5(16,13)  5(16,13) 2 (6,45) 0 0 2 (6,45) 3(9,68)
AV-blocks, n
in%togroup 14 (10,77) 5(12,20)  5(10,64)  2(18,18) 0 0 2 (18,18) 3 (8,33)
Intraventricular conduction 122 (41,36)  55(45,08)  15(12,30) 21 (17,21) 2 (1,64) 5 (4,10) 8 (6,56) 3(2,46) 13 (10,66)
blocks, n in % togroup 55(42,31) 15(36,59) 21(44,68) 2(18,18)  5(55,56) 8 (80,0) 3(27,27) 13 (36,11)
59 (20) 30 (50,85) 10 (16,95)  5(8,47) 3 (5,08) 1(1,69) 3 (5,08) 3 (5,08) 4 (6,78)

Pseudo-infarction Q, n
in % to group 30 (23,08) 10 (24,39) 5(10,64) 3(27,27) 1(11,11) 3(30,0) 3(27,27) 4 (11,11)

18 (6,1) 8 (44,44) 0 4(22,22)  2(1L,11) 0 1(5,56) 0 3 (16,67)
QRS fragmentation, n
in % to group 8 (6,15) 0 4(8,51)  2(18,18) 0 1(10,0) 0 3(8,33)
T inversion in precordial 236 (80) 100 (42,37) 36(15,25) 41(17,37)  7(2,97) 7 (2,97) 9 (3,81) 8(3,39)  28(11,86)
leads, n in % to group 100 (76,92) 36 (87,80) 41 (87,23)  7(63,64) 7(7778)  9(90,0)  8(72,73) 28 (77,78)
14 (4,75) 5(35,71)  2(14,29) 1(7,14) 2 (14,29) 0 1(7,14) 1(7,14) 2 (14,29)
Prolonged QTc, n
in % to group 5 (3,85) 2 (4,88) 1(2,13)  2(18,18) 0 1 (10,0) 1(9,10) 2(5,56)
Amplitude signs of LV 213(72,2) 93 (43,66) 27(12,68) 33(1549) 7 (3,29) 7(3,29) 8 (3,76) 9(4,23)  29(13,61)
hypertrophy, n* in%togroup 93 (71,54) 27(6585) 33(70,21) 7(63,64) 7(7778)  8(80,0)  9(81,82) 29 (80,56)
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Table 2. (The end)

Total,n (%) | Variant1 | Variant2 | Variant3 | Variant4 | Variant5 | Variant6 | Variant7 | Variant 8
Parameters
295 (100) | 130 (44,1) | 41 (13,9) | 47(15,9) | 11(3,7) 9(3,1) 10 (3,4) 11(3,7) | 36(12,2)
Echocardiography
85(28,81)  30(3529) 16(18,82) 14(16,47)  3(3,53) 4(4,71) 4(4,71) 2(2,35) 12(14,12)
Mitral valve insufficiency, n
in%togroup 30 (23,08) 16(39,02) 14(29,79) 3(27,27)  4(44,44)  4(40,00  2(18,18)  12(33,33)
235(79,66) 106 (45,11) 32 (13,62) 37 (15,74)  7(2,98) 7(2,98) 7(2,98)  10(4,26) 29 (12,34)
Diastolic dysfunction, n
in % to group 106 (81,54) 32(78,05) 37 (78,72) 7 (63,64) 7 (77,78) 7 (70,0) 10 (90,91) 29 (80,56)
Pulmonary artery pressure, 25 24 25 24 25 25 23,5 21 24,5
mm Hg (20,5-31) (22-30) (22-38) (20-31,5)  (19,5-29,5) (24-30) (22,3-25) (18-27) (19-35)
EDV. ml 149 145 162 168 113 148 186 163 148
’ (116-184) (115-175)  (109-189)  (132-201)  (97,5-178)  (143-168)  (146-222) (126-186)  (124-177)
ESV. ml 56 55 58,5 63,1 43 65 47,5 58 54
’ (40-71,0) (38,5-65) (46-76) (44-76,5) (28,5-73) (56-71) (39,5-62,5) (34,5-63) (43,8-66,8)
Stroke volume. ml 91,2 90,5 87 94,6 75 94,6 108 113 90
? (73,5-114) (69-110) (68-109) (83,5-127)  (67,1-104) (86-98) (101-133)  (79,5-125)  (81,3-112)
Eiection fraction. % 64 64 61 64 68 60,1 69,6 67 62,5
) » 7 (56,5-69,6) (55-70)  (50,8-67,9) (57,1-69) (61,5-73,5)  (55-64)  (68,4-73,3) (65-68,6)  (57-72,3)
}%;aeﬁtrl?ﬁiglﬁ;fgziﬁ 17,8 16,9 18,0 18,0 18,7 19,1 19,3 18,6 18,0
> _ _ _ _ _ K _ * _ -
mm (Me (IQR)) (16,4-19,0) (16-18,2)  (16,4-19,3) (16,6-19,3) (18,2-19,3) (18,0-20,1) (19,0-20,4)* (16,4-19,5) (16,9-19,0)
Obstruction of left 183 (62,03) 83 (4536) 27 (14,75) 25(13,66) 9(492)  2(1,09)  9(4.92) 0 28 (15,30)
ventricular outflow tract, n i o o group 83 (63,84) 27 (65,85) 25(53,19) 9(8L,81)  2(22,22)* 9 (90,0) 0 28 (77,78)
Rest gradient, 20,0 20,8 17,0 15,0 23,0 6,50 39,5 11,0 25,8
mm Hg (Me (IQR)) (8,50-36,0) (8,50-35,0) (9,0-32,0) (5,0-35,0) (16,3-44,0) (3,50-15,5)* (35,6-42,8) (6,0-11,5) (13,9-38,0)
345 349 363 338 290 280 342 317 402
MMLYV. g (Me (IQR)) (284-411)  (284-400) (297-421) (270-390) (273-336) (234-288) (282-376) (257-369) (356-439)*
168 169 187 164 146 138 163 151 195
MMLVL, g/m2 (Me (IQR)) (143-202) (141-200)  (150-204)  (133-200)  (142-152)  (127-152)  (138-197) (129-164) (173-218)*
Left atrium. mm 4,52 4,50 4,60 4,40 4,58 4,78 4,58 4,33 4,63
? (4,17-4,97) (4,10-4,98) (4,10-5,10) (4,07-4,81) (4,30-5,0) (4,39-5,11) (4,46-4,70) (4,10-4,65) (4,30-4,91)

Notes: AV — atrioventricular; LV — left ventricle; EDV — end-diastolic volume; ESV — end-systolic volume; MMLV — LV myocardial mass; MMLVI — MMLYV index.

Variant 1 — hypertrophy of the basal part of the septum; 2 — hypertrophy of the entire septum (“neutral” septum); 3 — hypertrophy of the septum “reverse curve”; 4 — combined
hypertrophy of the septum and other parts of the left (LV) or right ventricle; 5 — apical hypertrophy of the LV; 6 — mid-ventricular hypertrophy of the LV with hypertrophy of

the free LV wall; 7 — hypertrophy of the free LV wall; 8 — symmetrical (or concentric) LV hypertrophy. Values are mean # standard deviation, n (%) or median (interquartile range).
*p <0.05 in comparison with intergroup values; * — amplitude signs of LV hypertrophy were determined by Cornell and/or Sokolow-Lyon voltage criteria

EchoCG results were used to analyse the correla-
tion of the most marked LV myocardium hypertrophy
depending on the phenotypic variant (Table 2). The most
marked hypertrophy (mean values) demonstrated sta-
tistically significant differences (p = 0.003) depending
on the phenotypic variant: patients with mid-ventric-
ular hypertrophy of IVS with hypertrophic free wall of
LV (group 6) — 19.3 (IQR: 19.0-20.4) mm, 19.1 (IQR:
18.0-20.1) mm (group 5), 18.7 (IQR: 18.2-19.3) mm
(group 4), 18.6 (IQR: 16.4-19.5) mm (group 7), 18.0 (IQR:
16.6-19.3) mm (group 3), 18.0 (IQR: 16.9-19.0) mm
(group 8), 18.0 (IQR: 16.4-19.3) mm (group 2), 16.9
(IQR: 16.0-18.2) mm (group 1) (Figure 2).

The correlation between the presence and type of
obstruction in the middle section of LV and LVOT (both
at rest and after stimulation) and a certain morpho-
logical phenotype of myocardial hypertrophy was stud-
ied. The most common was mid-ventricle obstruction

(MVO) in group 6 — 9 (90.0 %) patients; LVOT obstruc-
tions were observed more often in group 4 — 9 (81.8 %)
patients and group 8 — 28 (77.8 %) patients; more rarely
in group 5 — 2 (22.2 %) patients; the difference was
statistically significant at p < 0.01. Patients in group 7
(hypertrophy of free wall of LV) did not have basal LVOT
obstructions.

Comparison of gradients at rest also revealed dif-
ferences, depending on the LVH phenotype: the high-
est values were observed in group 6 — 39.5 (IQR:
35.6-42.8) mm Hg, while the lowest values were recorded
in group 5 — 6.50 (IQR: 3.50-15.5) mm Hg (p < 0.01).
The gradient distribution is presented in Figure 3.

LVMM values had their own peculiarities: the lowest
values were recorded in group 5 — 280 (IQR: 234-288) g,
while the highest values were recorded in group 8 — 402
(IQR: 356-439), the difference was statistically signifi-
cant at p < 0.01.
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Figure 2. Medians and quartiles of maximum thickness of hypertrophied myocardium in different phenotypic variants of
left ventricular hypertrophy. A — myocardial thickness, mm. B — phenotypic variant, group number (p=0.003)
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Figure 3. Medians and quartiles of rest gradient values in different phenotypic variants of left ventricular hypertrophy.
C — gradient, mm Hg, B — phenotypic variant, group number (p <0.01)
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Figure 4. Medians and quartiles of left ventricular myocardium mass index in different phenotypic variants of left
ventricular hypertrophy. D — left ventricular myocardial mass index, g/m?, B — phenotypic variant, group number

(p <0.01)

Like LVMM, the highest LVMMI values were
observed in group 8 — 195 (IQR: 173-218) g/m? and
the result was statistically more significant vs. other LVH
phenotypes (p < 0.01) (Figure 4).

Discussion

After the introduction of 2D echoCG and, later,
of heart MRI for HCM diagnosis, various phenotypes
of myocardial hypertrophy can now be distinguished.
In 1981, B.J. Maron et al. proposed four LVH patterns
in this pathology: LVH limited to the anterior section
of IVS (type 1); hypertrophy of anterior and posterior
section of IVS (type 2); combined IVS hypertrophy and
free wall of LV (type 3), and variants of anterior wall of
IVS and other LV walls (type 4) [13]. Later H.G. Klues
et al. [7] separated concentric and apical LVH, however,
the share in the total number of patients was low. The
authors identified 12 LVH patterns in 600 patients with
HCM. Besides, they found out that in a majority of cases
(71.7 %) hypertrophy involves two and more segments of
myocardium; 34 % of patients had > 3 segments affected,
thus confirming that the pathological process is mostly
diffuse [7]. LS. Syed et al. [6] analysed IVS hypertrophy
variants and identified its sub-types: reverse curvature,
neutral and sigmoid.

With the understanding of the genetic and clinical
heterogeneity of HCM and with the advent of highly
informative imaging methods, the knowledge of a variety
of myocardial hypertrophy phenotypes extended. MRI, a
diagnostic method with high space resolution, ensures
complete reconstruction of LV chamber and makes it
possible to more precisely identify the presence, inten-
sity and extent of myocardial hypertrophy. M.S. Maron
et al. [14] used MRI results to present an abundance of
morphological variants of HCM in 333 patients. The
authors mentioned that myocardial hypertrophy in this
condition is usually segmental. Generally, one or several
LV segments are thicker than other, with a marked dif-
ference in the point where the thickness changes. Some
patients present with fragmented patterns of segmental
hypertrophy and LV wall involvement. According to the
authors, none of the morphological forms of HCM is a
classic or typical one; however, all researchers agree that
IVS hypertrophy is prevailing [7].

Literature sources do not provide any common classi-
fication of HCM phenotypes. Researchers are of the opin-
ion that any classification fails to highlight the diversity of
the forms of hypertrophy in this disease. The ease of clas-
sification use in clinical practice by functional healthcare
providers and cardiologists should be taken into account
as well. On the other hand, it would be advantageous
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to study the phenotypical variety with an assessment of
constitutional, anamnestic data and the relation to other
clinical and laboratory parameters. According to the
Recommendations for HCM [3] developed by experts of
the Ministry of Health of Russia, there are eight morpho-
logical types of cardiomyopathies which we use in our
study; they are based on echoCG results of 295 patients.
Russian experts thoroughly studied the information on
HCM phenotypes and prepared their recommendations
taking into account the abundance of hypertrophy pat-
terns. The proposed classification covers asymmetric and
symmetric forms of the disease. Diagnosing symmetric
or concentric LVH is often challenging as regards result
interpretation, provided that this hypertrophy variant is
typical of secondary hypertrophy and for various HCM
phenocopies [15, 16].

Despite the various available classifications of HCM
phenotypes, their prevalence in patients has not been
established yet. The published echoCG study results [6,
7, 17, 18, 43] for the prevalence of phenotypes in this
cardiomyopathy are based on the classification taking
into account morphological variants of IVS and describe
4-5 patterns. With the introduction of heart MRI, it is
now possible to find areas of local myocardial hypertro-
phy due to better space imaging as compared to echoCG
[14, 15, 19-21]. In recent years, extended classifications
of phenotypes in HCM have been proposed, which
include basal IVS hypertrophy, diffuse IVS hypertrophy
(neutral type), concentric HCM, mid-ventricle hypertro-
phy, apical HCM, hypertrophy of free LV wall [3, 20, 21].
However, there are limited data on the rate of these phe-
notypes in HCM. Thus, our study presents information
related to the prevalence and morphological features of
various phenotypic variants in HCM using 2D echoCG
in a relatively large group of patients.

When patients were divided into groups depending
on prevalence of a hypertrophic expression phenotype,
it was found out that 130 (44.1 %) patients had basal
IVS hypertrophy. Reverse curvature IVS hypertrophy
was observed in 47 (15.9 %) patients, neutral IVS hyper-
trophy and concentric hypertrophy was recorded in 41
(13.9 %) and 36 (12.2 %) patients, respectively. Pheno-
types with IVS hypertrophy combined with other sec-
tions of LV and RV and hypertrophy of free LV wall — 11
(3.7 %) patients, hypertrophy of middle section of IVS
and free LV wall — 10 (3.4 %) patients and apical LV
hypertrophy — 9 (3.1 %) patients — were rare (Figure 1).
Therefore, most often hypertrophy was limited to IVS
(218 cases, 73.9 %), and the most common phenotype
was basal IVS hypertrophy.

Analysis of results of previous studies of prevalence of
HCM phenotypes demonstrated that the most common

pattern is anterior septal hypertrophy and hypertrophy
of entire IVS (neutral type) [2, 6-8, 22]. Probably, rare
observation of hypertrophy of anterior, anteriolateral LV
wall (group 7) in our study is due to the limited capa-
bilities of 2D echoCG in the location of these walls and
space imaging of all myocardial segments [23].

Out of 295 patients with HCM in our study, 183
(62 %) patients were males, like in the majority of stud-
ies, where male subjects prevail [1, 24]. According to a
number of scientists, a higher share of male subjects is a
result of a lower level of diagnosis in women, for whom
correct diagnosis is less frequent, than gender predispo-
sition of men to HCM [25].

Mean patient BMI was 28.2+2.82 kg/m? In other
words, the patients were overweight. The papers on
the impact of BMI on the course and clinical mani-
festations of HCM note that overweight is associated
with a higher phenotypical expression of cardiomyopa-
thy [26]. Researchers believe that BMI in HCM has a
U-shape correlation with hospital mortality: under-
weight patients and patients with stage III obesity had
significantly higher mortality rates. At the same time,
patients with stage I and II overweight (preobesity)
demonstrated lower mortality compared to patients
with normal BMI [17]. According to our information,
there were no significant differences in BMI in pheno-
typic groups.

Patients with HCM may have no complaints, thus
complicating timely diagnosis [27]. The main symptoms
of this disease are caused by the four major pathophysi-
ological disorders: diastolic dysfunction, LVOT obstruc-
tion, imbalance between oxygen supply and demand by
myocardium, and arrhythmias [4]. Usually, patients with
HCM complain of shortness of breath during physical
activities, chest pain, dizziness, presyncope and syncope,
and palpitations/arrhythmias [3, 21]. In our study, most
often patients complained of chest pain and shortness of
breath (202 patients, 68.8 %), weakness, fatigue (n = 221,
74.9 %), palpitations/arrhythmias (n = 133, 45.1 %), and
dizziness (n = 118, 40 %). Presyncope and syncope were
recorded in 27 patients (9.15 %).

In our study, the maximum thickness of hypertrophic
myocardium was statistically higher in group 6 (mid-
ventricular hypertrophy of IVS with hypertrophic free
wall of LV): 19.3 (IQR: 19.0-20.4) mm, while the mini-
mum myocardium thickness was observed in group 1:
16.9 (IQR: 16.0-18.2) mm. These values correlate with
mean values observed in other studies (20-21 mm) [9,
28, 29]. It is assumed that higher hypertrophy intensity
can be associated with a more unfavourable prognosis
[15]. Besides, assessment of the thickness and changes in
phenotype are of clinical and scientific interest [9].
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In our study, prevalence of mid-ventricle hypertro-
phy (“sand glass” type) was low and was recorded in 10
(3.4 %) patients. Patient examination showed that mid-
ventricle obstruction was found in 9 out of 10 cases
(90 %) in group 6 (mid-ventricular hypertrophy of IVS
with hypertrophic free wall of LV), demonstrating that
practically all patients with mid-ventricular IVS hyper-
trophy have MVO. According to literature sources,
MVO is observed nearly in 10 % of patients with HCM
[30]. It is assumed that patients with MVO have a higher
risk of progressive cardiac failure and sudden cardiac
death [1, 30]. Approximately 25 % of cases are accom-
panied by formation of apical LV aneurysms which are
associated with a higher rate of cardiovascular mortal-
ity [30]. In our study, none of patients had an apical
aneurysm.

In general, the results of our work confirm the idea
of HCM as a disease which is mostly obstructive: MVO
and LVOT obstruction was observed in 182 (62 %)
patients. LVOT obstruction was most common in
group 4 (n =9, 81.8 %) and group 8 (n = 28, 77.8 %).
Most often LVOT obstruction was observed in patients
with various phenotypes of isolated LV hypertrophy
(groups 1-3), and in group 5 (n = 2, 22.2 %) and group 7
(n = 0) it was quite rare.

LVOT obstruction is recorded approximately in
2/3 of patients with HCM [1-4]. It is assumed that it is
caused by the two main mechanisms: IVS hypertrophy
with narrowed LVOT, creating conditions for abnormal
blood flow, and anatomical changes in MV and subval-
vular structures, including cusp elongation, anterior
displacement of papillary muscles, making MV more
susceptible to pathologically oriented vectors of systolic
blood flow [2].

When assessing LVMM and LVMMI values, it is
essential to take into account that usually HCM is asso-
ciated with asymmetric LVH. LVMM and LVMMI are
calculated with the help of thickness of IVS, posterior
LV wall (diastolic) and end-diastolic dimension [12].
That is why the values of parameters in symmetric (or
concentric) LVH is quite relative when assessing hyper-
trophy intensity. For instance, in apical HCM these
values can be within a normal range, while limited basal
IVS hypertrophy can present with higher LVMM and
LVMMI values. According to the results of our study,
LVMM and LVMMI values for all patients and within
groups were normal. The lowest values were recorded in
group 5 and the highest values were observed in group 8
(concentric hypertrophy) (Table 2). Taking into account
the low significance of traditionally calculated LVMM
and LVMMI values in HCM, special systems for assess-
ment of LVH intensity were proposed which are based

on determination of the number of hypertrophic seg-
ments and myocardium thickness [31].

Study Limitations

Study limitations are a result of a mostly retrospec-
tive nature of our study. The results are based on 2D
echoCG, which is readily available and informative, but
cannot visualise all sections of myocardium. In some
patients, examination is obstructed by constitutional
characteristics, chest shape and pulmonary diseases.
Compared to MRI, echoCG is incapable of comprehen-
sive assessment of free LV wall, anterior and lateral LV
wall as well as apical area. Besides, a major disadvan-
tage is reduced accuracy in wall thickness measurement
due to inadequate distinction of endocardial surface and
cardiac cavity and occasional oblique sections which
distort measurement results.

We are unable to study the presence and character-
istics of genetic mutations of sarcomere proteins and
to compare results with phenotypical manifestations.
Genetic testing is an additional method of examina-
tion of patients with HCM, the results of which allow
diagnosing disease where myocardial hypertrophy is
below the diagnostic level (13-14 mm) and is an impor-
tant stage in differential diagnosis of HCM and its
phenocopies.

Conclusion

This study conducted in a representative cohort using
2D echoCG allowed assessing prevalence and character-
istics of phenotypes of hypertrophic expression in HCM.
EchoCG makes it possible to assess the myocardial
thickness, presence and localisation of hypertrophy, to
identify the main phenotypic variants of the disease. The
most common is isolated IVS hypertrophy, with prevail-
ing basal IVS hypertrophy. Very common are phenotypes
of IVS hypertrophy with reverse curvature, hypertrophy
of entire IVS and concentric LV hypertrophy.
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Abstract

195 million women on Earth suffer from chronic kidney disease — some of them are planning to become mothers. Even in absolutely healthy women,
pregnancy is fraught with risks. These risks increase when it comes to kidney pathology. It is known that pregnancy in women with kidney diseases,
even with preserved renal function, is accompanied by serious problems for both the mother and the fetus. We present a clinical observation of
a 23-year-old patient with terminal renal insufficiency who successfully carried out the pregnancy. The patient's polymorbid condition (chronic
kidney disease, ulcerative colitis, anemia, etc.) required complex therapy and an interdisciplinary approach, which was implemented from the first
days of the woman's observation. The highly professional work of a team of specialists (nephrologists, resuscitators, obstetricians-gynecologists,
gastroenterologists, infectious disease specialists, functional diagnostics doctors, urologists, etc.) determined the successful outcome of this
observation. The article focuses on the factors aggravating this observation, as well as determining, on the contrary, a favorable outcome.

Key words: chronic kidney disease, pregnancy, hemodialysis, renal replacement therapy
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Introduction
al. (1971). The authors described a 35-year-old woman

195 million of women all over the earth suffer from
chronic kidney disease (CKD); however, it does not
prevent them from planning pregnancy. The incidence
of stage 1, 2 and 3 CKD in women of childbearing age
is at least 3 %, while the incidence of stage 3-5 CKD is
approx. 0.6-0.7 % [1, 2].

For the first time, a successful pregnancy in a hemo-
dialysis female patient was described by P. Confortini et

who carried pregnancy to term and gave birth toa 1950 g
infant, the woman was undergoing hemodialysis for
24 hours weekly [3].

While earlier a pregnancy in kidney insufficiency
patients was no less than a miracle and a rare event,
now this scenario is possible; there are more and more
foreign and Russian authors describing epidemiology,
outcomes and management of pregnancies in CKD
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patients, as well as in patients with end stage renal dis-
ease (ESRD) who undergo replacement renal therapy
(RRT) [4, 5, 11, 19, 21]. The rate of success of such preg-
nancies increased from 25 % in 1980s to over 80-90 % at
the present time [3]. In the Australia and New Zealand
Dialysis and Transplant Registry, the rate of pregnancies
in such patients was 3.3 per 1000 patient/year in 1996-
2008 vs. 0.54 and 0.67 in 1976-1985 and 1986-1995,
respectively [6, 7].

In 2022, the search for “pregnancy with chronic
kidney disease” in the PubMed returned 2755 publica-
tions. In 1955-2022, the number of manuscripts on this
topic grew, with the majority of articles, reviews, case
studies falling on the recent decade. In Russia, there are
still very few publications describing such cases, with
a majority of publications (both in Russia and abroad)
being dedicated to pregnancies in pre-dialysis CKD
patients. Publications about the features of pregnancies
in women undergoing RRT can be counted on one hand.

It is obvious that introduction of dialysis was revolu-
tionary for the management of patients with end stage
renal disease; however, this method does not allow to
fully recover and restore a number of normal physiologic
processes, including reproductive function. Despite
numerous advances, pregnancies in women undergo-
ing dialysis are rare and are high risk. Currently, it is
acknowledged that all forms of early CKD are associated
with a higher risk of unfavourable pregnancy outcomes,
and it is true even for such basic conditions as a his-
tory of stone disease, underlying acute kidney injury or
stage 1 CKD [8, 9].

According to the 2011 systematic review, the rate of
unfavourable maternal outcomes in CKD patients was
11.5 %, i. e, more than 5 times higher than in healthy
women (2 %) [1, 2]. The real incidence of pregnancy
complications in pregnant women with CKD can be sig-
nificantly underestimated [1]. The rate of complications
grows with the renal function deterioration. In 1950,
perinatal mortality in a group of patients with serum cre-
atinine of 132.5-265 pmol/L was 58 %, while with creati-
nine of > 265 umol/L the mortality was 100 %, by 1980,
the rates decreased to 10 % and 53 %, correspondingly.
According to the 1985-2007 data, perinatal mortality in
women with serum creatinine of 125-180 pumol/L was
5 %, with persistent postpartum loss of renal function of
over 25 % vs. the baseline value (20 %), the incidence of
ESRD one year after delivery was 2 %. With an increase
in plasma creatinine to > 180 pmol/L, these values
increased to 10 %, 50 % and 35 %, respectively [10].

Therefore, pregnancy management of patients under-
going the replacement therapy with long-term hemodi-
alysis is a current problem of the modern healthcare, the
nephrological point of view of which is described in the
case study below.

Clinical Case Report

Patient M., 23 years of age. Born in Tajikistan. G1.

Upon admission to the Nephrology Unit of the Bud-
getary Institution of the Khanty-Mansiysk Autonomous
Region — Yugra Surgut Regional Clinical Hospital in
November 2021, the pregnant patient complained of
marked fatigue.

The medical record shows thatin June 2018 the patient
had loose stool up to 10 times a day with otherwise sat-
isfactory condition, accompanied by non-specific mild
extended abdominal pains. She consulted a GP at the
place of her residence. An examination revealed abnor-
mal laboratory findings: mild anemia (Hb 98-103 g/L),
hyperazotemia (urea 13.7-14 mmol/L, createnine 297-
308 umol/L), reduced Chronic Kidney Desease Epidemi-
ology Collaboration (CKD-EPI) estimated glomerular
filtration rate (eGFR) up to 15.9 mL/min, GFR (Rehberg
Test) — 12 mL/min, hyperuricemia (384 umol/L), spot
urine proteinuria (PU) 300 mg/L, microscopic hematu-
ria, sclerotic kidney (right kidney — 70*37 mm, paren-
chyma thickness — 11 mm, left kidney — 69*41 mm,
parenchyma thickness — 11 mm), renal cysts, evidenc-
ing a chronic kidney pathology and criteria for CKD
diagnosis. During examination, differential diagno-
sis included primary and secondary glomerulopathy,
abnormal urinary system development. Sclerotic kidney
was a contraindication for renal biopsy [11] and hin-
dered verification of the true cause of ESRD in this case
study.

Taking into account that the patient was complaining
mostly of GIT problems, she was treated in the Gastro-
enterology Unit. An endoscopic examination revealed
pathognomonic signs of inflammatory bowel disease
(IBD). Biopsy material morphology confirmed ulcer-
ative colitis. Baseline therapy with mesalamine was initi-
ated. During the inpatient treatment and examination in
the Nephrology Unit, consistent results were obtained.
After discharge, the patient was dynamically followed
up by the Centre for IBD and CKD Office of the Surgut
Regional Clinical Hospital. Of note, medical records for
this period are not complete.

This pregnancy started in August 2021 without any
sound pre-conceptional preparation. First visit to the
maternity welfare clinic was on time.

Upon physical examination the following findings
were obtained: height — 153 cm, weight — 35 kg, body
mass index (BMI) — 14.9 kg/m?; skin of lower limbs with
areas of hyperkeratinization (fish-skin disease); accord-
ing to the patient, diuresis is normal (1500-2500 mL/day).
During the follow-up period, blood pressure was normal
and did not require management with medicines.

Upon examination during hospitalisation into a spe-
cialised unit because of a first pregnancy and concomitant
somatic pathology (IBD) in September-October 2021 on
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week 4-8 of gestation, the negative laboratory
parameters were evidencing condition severity:
Hb — 80-100 g/L; serum iron (Fe) — 5.3 pmol/L; total
iron-binding capacity (TIBC) — 46 pumol/L; transferrin
saturation with iron (T'SI) — 11.5 %; creatinine — 305-
415 pmol/L; urea — 13-17 pmol/L; GFR (Rehberg
Test) — 12 mL/min; vitamin D — 13 ng/mL; parathy-
roid hormone (PTH) — 608 ng/mL; albumin-adjusted
Ca — 1.18 mmol/L; phosphorus — 1.47-1.93 mmol/L.
Anemia was treated in accordance with clinical guide-
lines for anemia in chronic kidney disease patients,
taking into account iron exchange parameters and blood
count. The patient received ferric carboxymaltose to cor-
rect iron deficit. Once iron levels were normal, alpha-
1-erythropoietin (erythropoiesis-stimulating agent) was
added to the therapy. The obstetrician-gynaecologist rec-
ommended acetylsalicylic acid and magnesium hydrox-
ide starting from week 12 of pregnancy.

It is obvious that the severe decompensated somatic
pathology and comorbidities were associated with a high
risk of complications both for the mother and the foetus,
and pursuant to Order No. 736 of the Ministry of Health
and Social Development of Russia dated December 3,
2007, On Approval of the List of Medical Indications for
Induced Abortion, these findings were an absolute indi-
cation and a reason for termination of this pregnancy.
The Order envisages that chronic renal insufficiency of
any origin, with pre-conception createnine levels of over
200 umol/L or a progressive increase in creatinine levels
at any period of gestation, is a direct indication for preg-
nancy termination; and this conclusion was approved by
the interdisciplinary medical team meeting. Besides, the
patient was remotely consulted by specialists from the
Federal State Budgetary Institution Academician V. I.
Kulakov National Medical Research Center for Obstet-
rics, Gynaecology and Perinatal Medicine. They recom-
mended to terminate the pregnancy and initiate RRT.
If the patient refuses to terminate the pregnancy, RRT
of at least 20 h/week should be initiated. The method of
choice is long-term hemodialysis. However, the situation
was complicated not only because the patient refused to
terminate her pregnancy, but she also refused to initi-
ate RRT, leading to clinical condition deterioration.
On November 6, 2021, the patient refused to terminate
her pregnancy, to initiate RRT, and to stay for any further
inpatient treatment.

Next time she was hospitalised to the Nephrology
Unit one month later, when she was 12 weeks pregnant,
for additional examination, determination of the man-
agement strategy, and identification of the possibility
to prolong this pregnancy, as well as for deciding on
RRT initiation. The examination showed progressive
system complications of end stage renal disease: anemia
(Hb — 98-77 g/L), hyperazotemia (creatinine — 380-

449 umol/L; urea — 18-24 mmol/L), metabolic acido-
sis (blood pH — 7.2); hyperparathyroidism (PTH —
193 ng/mL); GFR (Rehberg Test) — 11.3 mL/min,
proteinuria (PU 1.95 g/s). Another multidisciplinary
medical team meeting was held; a remote consultation
was sought from leading specialists and institutions spe-
cialising in expert assistance to this group of patients
(V. 1. Kulakov National Medical Research Center for
Obstetrics, Gynaecology and Perinatal Medicine, Center
for Pregnant Women with Kidney and Urinary Tract
Pathologies at the State Budgetary Healthcare Institution
of the City of Moscow A. K. Eramishantsev City Clinical
Hospital of the Moscow Healthcare Department (Prof.
N. L. Kozlovskaya, Dr. Med. Sci.), Budgetary Institution
of the Khanty-Mansiysk Autonomous Region — Yugra
Regional Clinical Hospital O. V. Pyankina, Cand. Med.
Sci.). Taking into account the refusal to terminate the
pregnancy and consent to RRT, long-term hemodialy-
sis was initiated on December 15, 2021, at ween 19 of
pregnancy, using a permanent dialysis catheter inserted
in the internal jugular. Bicarbonate dialysis with ultra-
filtration to 0.05-0.1-0.2 L (Elisio 13M dialysis unit)
was performed 6 times weekly for 2-3 h; interdialytic
weight gain was 0.04-0.12-0.6 kg. Dry weight was
adjusted weekly taking into account blood pressure,
oedema, weeks of pregnancy, foetus weight, and amni-
otic fluid volume. When the target blood urea levels
were achieved, hemodialysis duration was reduced to
2—3 hours daily. On December 28, 2021, an arterio-
venous (AV) fistula was formed in the lower third of
left forearm. In December 2021, when the patient was
17-19 weeks pregnant, she had mild novel coronavirus
infection Sars-CoV2 (NCVI), no antivirals were pre-
scribed (Fig. 1). The entire pregnancy was associated
with constant hospital admissions, examinations and
treatment in the Nephrology Unit of the multidisci-
plinary inpatient clinic.

On May 12, 2022, the patient underwent term Stark
C-section at 37 weeks and 3 days of pregnancy at the
Budgetary Institution of the Khanty-Mansiysk Autono-
mous Region — Yugra Surgut Regional Clinical Centre
for Mother and Child Protection. The newborn weighted
2980 g, Apgar scale — 8-9 points. After 10 months of
dynamic follow-up, the baby boy’s development corre-
sponds to the age and gender standards.

After the operative delivery, the patient stayed in
the Nephrology Unit, where she had hemodialysis for
2-4 hours 3 days a week. The woman was added to the
kidney transplant waiting list.

Clinical diagnosis:

Primary diagnosis: unspecified nephropathy evolving
to C5D A2 CKD. Long-term hemodialysis from Decem-
ber 15, 2021. Vascular access: AV fistula in the lower
third of left forearm from December 28, 2021.
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Figure 1. Anamnesis of patient M., 23 years old

Primary disease complications: Mineral and bone
disorders (MBD) CKD: hyperphosphatasia, second-
ary hyperparathyroidism, vitamin D deficit. Secondary
hyperuricemia. Mixed origin anemia (iron-deficient
anemia and anemia of chronic diseases), moderate. Met-
abolic acidosis.

Secondary diagnosis: Ulcerative colitis (total), par-
tial clinical remission. Helicobacter pylori-associated
duodenal ulcer, clinical remission. Weight deficit. Mild
protein-energy malnutrition. Acquired fish-skin disease,
remission. Renal cysts. Mild coronavirus infection with
identified virus (PCR, positive result dated December 17,
2021), survivor. Asymptomatic bacteriuria. Secondary
functional ureterohydronephrosis.

First-time term operative delivery at 37 weeks and
3 days of pregnancy. Joel-Cohen incision. Stark C-sec-
tion on May 12, 2022.

Discussion

Modern literature sources describe just a few cases of
pregnancy during RRT. The study by I. G. Nikolskiy et al.
(2011-2017) presents data on pregnancy complications
and outcomes in 311 women with various CKD stages.

However, only 7 and 6 patients in this large population
had stage 4 and 5 CKD, respectively (4 %). In a simi-
lar study by Chinese authors who analysed the course
and outcome of pregnancy in 293 patients with CKD,
stage 4 was diagnosed only in 5 patients [12]. It is worth
mentioning that healthcare providers in Surgut had not
have any experience in managing such patients; there-
fore, this clinical observation was of utmost interest for
various specialists in the region.

It is obvious that RRT in this case was strictly neces-
sary. Hemodialysis was an optimal RRT method. How-
ever, selection of an RRT method for pregnant women is
polemical. There are both pros and contras of hemodi-
alysis and peritoneal dialysis (Table 1). All publications
dedicated to this matter state that it is imperative to ini-
tiate RRT before or in the first trimester of pregnancy
as soon as possible [13, 14]. Hemodialysis intensifica-
tion improves pregnancy outcomes (better results for the
foetus are achieved with 24-28 hours of hemodialysis
per week [15] of 24-36 hours of hemodialysis per week)
[16]. Alternative strategies are also possible (introduc-
tion of intermittent hemodialysis to peritoneal dialysis
[17] and transition from peritoneal dialysis to hemodi-
alysis in the second trimester [18]). However, even with
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Table 1. Hemodialysis and peritoneal dialysis pros and cons during pregnancy [2, 3, 6, 7]

| Hemodialysis

Pros
o Less dietary restrictions
o Less water restriction

» Less overload using the technique

Cons
« Worse metabolic control (intermittent dialysis)
« Higher risk of hemodynamic instability
« Need for hypocoagulation

« Lower autonomy

Peritoneal dialysis

Pros
« Better metabolic control (continuous dialysis)
o Lower risk of hemodynamic instability
« Higher degree of autonomy
« No need for anticoagulation

« Preserving residual kidney function

Cons
« Higher risk of infectious complications
» Higher risk of non-infectious complications *
« More difficulty managing volume
 Higher % of intrauterine growth restriction

« Increase in the frequency of exchanges*

IIpumevanus: ¥ — peritonitis/peritoneal dialysis catheter tunnel infection/outlet orifice infection; # — peritoneal dialysis catheter dysfunction caused by obstruction/shifting or

associated pain; t — volume increase is not tolerated, especially in the last trimester

positive results from hemodialysis or peritoneal dialysis,
an ideal RRT strategy during pregnancy may be never
identified [19].

In this case study, it should be emphasised that hemo-
dialysis was introduced on the early stages of pregnancy,
principles of hemodialysis intensification were followed,
the patient was compliant and felt good during the entire
pregnancy. The total weight gain was 10 kg, haemody-
namics was stable during the entire period of dynamic
follow-up, there were no signs of foetus suffering, anemia
and mineral and bone disorders were adequately cor-
rected, the patient was under active obstetrical observa-
tion. Comorbidities were in remission due to mainte-
nance baseline therapy.

At the same time, lack of adequate pre-conceptional
preparation, presence of functional ureterohydrone-
phrosis on week 26-27 of pregnancy (calix extension to
15-17 mm, pelvis extension to 18424 x 27 mm, extension
of upper third of ureter up to 6 mm) (no drainage was
performed), COVID infection on week 15-16 of preg-
nancy, repeated asymptomatic bacteriuria during preg-
nancy treated with antibacterials after bacteriological
urine tests for antibiotic susceptibility (amoxicillin and
clavulanic acid, fosfomicin, ceftriaxone), comorbidities
(ulcerative colitis, gastric ulcer, fish-skin disease), under-
lying cachexy, in addition to decompensated extragenital
pathology (ESKD) could undoubtedly lead to poor preg-
nancy outcome both for the mother and the newborn.

Pregnancies in CKD patients are known to be asso-
ciated with a high risk of perinatal complications; how-
ever, recently outcomes of such pregnancies have been
quite promising. Favourable pregnancy outcome is pos-
sible with a comprehensive risk assessment, pregnancy
planning, thorough individualised observation with a
dynamic assessment of key blood parameters, preven-
tion and management of complications [20-22]. This

is the well-coordinated, highly-professional work of a
multidisciplinary team (nephrologists, Ob/Gyn, critical
care physicians, gastroenterologists, infection disease
doctors, urologists, function test specialists) who fol-
lowed up the patient during her pregnancy that made the
favourable outcome come true.

In order to improve prognosis and prevent fast CKD
progression, it is recommended to closely monitor renal
disorder patients after delivery [20-22].

Conclusions

Severe comorbidity in this patient necessitated a com-
prehensive therapy and a multidisciplinary approach,
which were implemented from the very first days of
observation. Highly professional teamwork of health-
care providers (nephrologists, critical care physicians,
Ob/Gyn, gastroenterologists, infection disease doc-
tors, function test specialists, urologists, etc.) resulted in
favourable outcome in this case study. Obviously, in case
of pregnant women with CKD, basic functional param-
eters both of the mother and the foetus are regularly fol-
lowed up. Relatively timely RRT initiation made adequate
hyperazotemia correction possible, thus reducing endog-
enous intoxication and, together with strategies aimed at
pregnancy prolongation and maintenance, ensured stable
pregnancy and favourable outcome. Currently, we can
claim that successful pregnancy and delivery in women
with end-stage renal insufficiency are not a myth.
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Abstract

Medical practitioners often face the problem of false diagnostic phenomena. Laboratory research methods are actively used by clinicians to clarify
and establish a diagnosis. But there often occur some cases that are confusing and force to carry out a wide differential diagnostic search. The
detection of thrombocytopenia in the complete blood count requires careful examination of the patient, the ratio of the analysis results with clinical
and anamnestic data and a critical relation to laboratory indicators. One such phenomenon is pseudotrombocytopenia associated with using of
the preservative ethylenediaminetetraacetic acid in a complete blood count. This article presents a clinical case of patient with EDTA-associated
pseudotrombocytopenia, before the detection of which a complete collecting of complaints and history, physical examination, additional survey
methods were carried out, an extensive differential diagnostic series was studied.

Key words: ethylenediaminetetraacetic acid, EDTA, pseudotrombocytopenia, false thrombocytopenia, laboratory phenomenon, differential diagnosis
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EDTA — ethylene diamine tetraacetic acid, PTP — pseudothrombocytopenia, CVD — cardiovascular diseases, NAFLD — non-alcoholic fatty liver disease

Relevance

EDTA-dependent or EDTA-associated pseudothrom-
bocytopenia is a laboratory phenomenon which causes
diagnostic errors mostly related to the detection of sig-
nificant thrombocytopenia. The term “EDTA-induced
pseudothrombocytopenia” is more commonly used in
foreign scientific literature.

M.]J. Mant (1975) and R. Manthorpe (1981) were the
first to describe EDTA-associated pseudothrombocy-
topenia in their studies. At that time this event had the
prevalence of approximately 1.2 % in the population;
however, as new clinical cases emerged, the importance
of this issue has increased. It has been demonstrated that
EDTA-dependent PTP is more common among inpa-
tients then outpatients [2]. In 1991, N. Berkman et al.
have published the study of 18 inpatients with EDTA-
associated pseudothrombocytopenia; they also analyzed
34 cases described in the literature at that time. Authors
concluded that this phenomenon occurred in patients
with autoimmune diseases, malignancies, liver pathol-
ogy, and atherosclerosis [8]. Modern sources present dif-
ferent data about the EDTA-associated PTP. The study of
K.A. Papayan et al. has demonstrated that this phenom-
enon is equally prevalent both in patients with chronic
diseases and the healthy population. The condition
prevalence is 1:1000, and it is not associated with hemor-
rhages and thromboses [1]. The data of A.S. Polyakov et
al. demonstrate that the incidence of false EDTA-associ-
ated thrombocytopenia is 20 % among examined healthy
persons and 50 % in patients with various pathologies
[2], which confirms the high rate of PTP detection in the
population. The widespread use of automatic hematolog-
ical analyzers, where ethylene diamine tetraacetic acid is

essential as a blood stabilizer, has led to the rare appli-
cation of manual platelet count in the prepared blood
smear and, consequently, to more frequent EDTA-PTP
reporting [1].

The pathogenesis of EDTA-dependent PTP is poorly
understood; however, specific antibodies exist that cause
platelet aggregation in the EDTA blood tube. EDTA is
a preservative widely used in laboratory diagnosis for
venous blood stabilization. This substance can suppress
platelet aggregation due to the formation of weakly dis-
sociating complexes with calcium ions — this leads
to the attenuation of calcium interaction with plate-
let membrane receptors and calcium shut-off from the
blood coagulation process [1].

So, what is the role of EDTA in false thrombocyto-
penia? EDTA causes calcium ions to bind in the venous
blood — this leads to the dissociation of two subunits of
the glycoprotein IIb/IIIa receptor on the platelet mem-
brane. Thus, the receptor conformation changes, and
the previously closed epitope (area for specific antibody
binding) is exposed. This leads to platelet activation and
aggregation in the tube with EDTA [1]. Besides, such
reactions have been described for other anticoagulant
preservatives, e.g. heparin sodium, sodium citrate [5].
However, the studies of false thrombocytopenias avail-
able mostly concern the EDTA use. The mechanism of
EDTA-dependent platelet aggregation may be presented
as follows (Fig. 1).

Currently no unified clinical guidelines exist for the
diagnosis of EDTA-dependent pseudothrombocytope-
nia. According to the literature data, specific criteria can
be defined for the diagnosis of EDTA-dependent false
thrombocytopenia (Table 1).
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Figure 1. The structure of the GP IIb/IIla receptor on the platelet surface before reaction with EDTA (a) and the change in
the conformation of the protein site by EDTA with the outcrop of a previously hidden epitope and specific antibodies bind
with it (b). EDTA, ethylenediaminetetraacetic acid; Ca+, calcium ions

Table 1. Diagnostic criteria for EDTA-associated pseudotrombocytopenia. EDTA,

ethylenediaminetetraacetic acid

Diagnostic criteria for EDTA-associated pseudotrombocytopenia

The number of platelets in the complete blood count

In blood samples with using EDTA we find in repeated tests

When calculating the number of platelets in a blood smear according to Fonio

Manifestations of hemorrhagic syndrome
Indicators of other formed blood elements, hematocrit level

The average volume of platelets

<100x10°/L

Progressive platelet count reduction over time
Normal platelet count

There are no any symptoms

In the normal range

In the normal range

Our proper clinical observation is presented as a clin-
ical case study.

Clinical case study

The female patient N., 62 years old, was invited by
the general practitioner for standard laboratory and
instrumental investigations (according to the Order of
the Ministry of Health of the Russian Federation dated

April 27, 2021 No. 404N, On approving the procedure
for prophylactic medical examination and periodic
screening examination of specific adult groups) to the
polyclinics at place of residence. The complete venous
blood count (February 1, 2023) demonstrated the plate-
let count of 41x10°/L (reference range 180-400x10°/L)
with normal counts for other blood cells (red blood
cells 4.2x10"*/L, white blood cells 8.4x10°/L), as well as
the normal hematocrit level — 44.0 %. The patient was
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referred by the general practitioner to the hematologist.
Before the hematologist counseling, the patient applied
to the private laboratory individually for repeated blood
collection: the venous blood count (February 3, 2023)
demonstrated the platelet count of 17x10°/L, with the
laboratory comment of “confirmed by smear” Other
blood cell counts and the hematocrit level were normal.

The patient asked for a second opinion in another
hospital, where she was counseled by another general
practitioner. The physical examination results were as
follows: the general condition was satisfactory, with-
out active complaints. The patient was overweight,
but with normal constitution. Anthropometric data:
height 164 cm, weight 75 kg, body mass index (BMI)
27.89 kg/m?, waist circumference 86 cm. The skin color
was physiological, and the skin was moderately humid.
Visible mucous membranes were clear; no rash and signs
of cutaneous hemorrhagic syndrome were detected.
Cardiac borders were not enlarged. Pulmonary auscul-
tation revealed vesicular breathing with no rales; the
respiratory rate (RR) was 16/min. Cardiac ausculta-
tion revealed regular rhythm, clear cardiac tones, and
no murmurs. Blood pressure (BP) was 125/80 mm Hg;
the heart rate (HR) was 72/min; the pulse was symmet-
ric, of satisfactory filling. The abdomen was soft and
non-tender on palpation. The liver and spleen were not
palpated; based on percussion results, no enlargement
was noted. Bowel habits and urination were normal.
Neurological examination revealed normal motor and
sensory patterns. According to the patient, she did not
have any epistaxis, gum bleeding or other evident hem-
orrhages. History: the patient underwent the surgery
for the congenital heart disease — patent ductus arte-
riosus ligation via an open access at the age of 6. The
patient had been suffering from essential hypertension
since the age of 45; currently BP was controlled within
the target values (130/80 mm Hg). The patient had been
suffering from type 2 diabetes mellitus for 4 years; she
took oral hypoglycemic therapy (metformin 1,500 mg).
The patient was sick with the mild novel coronavirus
infection twice (in November 2021 and September
2022). The family history was positive for cardiovas-
cular diseases (CVD) (essential hypertension and two
myocardial infarctions in a father; essential hyperten-
sion, acute cerebrovascular accidents, type 2 diabetes
mellitus in a mother; early hypertension in a sister) and
malignancies (high-grade gastric adenocarcinoma in a
father). The patient was highly treatment-compliant,
constantly taking hypotensive (enalapril, indapamide),
oral hypoglycemic (metformin) and hypolipidemid
(atorvastatin) drugs. The allergy history was negative.
No new drugs or dose adjustments were introduced

within a year; the latest vaccination was 6 months ago
with a vector-based vaccine for the novel coronavirus
(SARS-CoV-2) infection prophylaxis.

The venous blood was collected using a Vacutainer
with the ethylene diamine tetraacetic acid (EDTA) pre-
servative, and the capillary blood was collected from the
finger with a dry glass capillary without preservatives
in the laboratory of the second hospital. The capillary
blood smears were prepared for Phonio platelet count.
The venous blood was also collected for the D-dimer,
coagulation panel, and biochemistry parameters. Urinal-
ysis, fecal occult blood test, ultrasound of the abdominal
cavity and kidneys were also monitored.

The following results were obtained (February 8,
2023): the platelet count in the venous blood collected
with a Vacutainer with the EDTA preservative in the
automatic analyzer was 11x10°/L. A clear trend to suc-
cessive platelet count decrease in the venous blood tests
was observed (first test 41x10°/L, second test 17x10°/L,
third test 11x10°/L; the private laboratory confirmed
the EDTA use as a preservative for the complete blood
count), which is one of the criteria for EDTA-dependent
pseudothrombocytopenia (Fig. 2).

Figure 2. Venous blood pattern in test tube (08.02.23)
using EDTA of Patient N. Aggregated platelets reacted
with preservative are visible as violet bands
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The platelet count in the capillary blood (Phonio
method) was 372x10°/L.

The coagulation panel parameters were normal: pro-
thrombin time 9.9 seconds (9.0-14.0); prothrombin
index 105.5 % (70.0-120.0); international normalized
ratio (INR) 0.94 (0.80-1.20); activated partial thrombo-
plastin time (APTT) 23.9 seconds (22.0-34.0); fibrino-
gen 3.9 g/L. The D-dimer level (February 8, 2023) was
74.4 ng/mL. The HbAlc level was 6.5%. The serum
creatinine level was 76 pmol/L; estimated glomerular
filtration rate (GFR) based on the CKD-EPI equation
(2021) was 72.4 mL/min/1.73 m?. The urinalysis (Febru-
ary 8, 2023) was normal. The fecal occult blood test was
negative.

Ultrasound of the abdominal cavity and kidneys
(February 8, 2023) revealed fatty liver and diffuse paren-
chymal changes of the pancreas.

To confirm the diagnostic hypothesis, previous results
of the patient tests were analyzed. In 2021, low platelet
count was also detected in the complete blood count per-
formed at the polyclinics at place of residence on Novem-
ber 15,2021 (72x10°/L), with a decreasing trend with the
repeated count on December 3, 2021 (15x10°/L). The
private laboratory has detected the platelet count within
the normal limits on December 14, 2021 (182x10°/L).
The preservative name used in the private laboratory at
that time could not be established. After receiving the
normal test result, the patient did not seek medical atten-
tion regarding this issue. All platelet count changes are
presented using a time scale (Fig. 3).

3t December 2021

1" February 2023

Based on the data obtained, the following clinical
diagnosis was established: Grade II essential hyper-
tension. Controlled hypertension. Abdominal obe-
sity. Complicated family history (CVD). Dyslipidemia.
Left ventricular hypertrophy. Type 2 diabetes mellitus;
target HbAlc level <7.0%. Risk grade 3 (high). Target
BP <130/<80 mm Hg. Non-alcoholic fatty liver dis-
ease (fibrosis stage to be defined). EDTA-associated
pseudothrombocytopenia.

The diagnosis of EDTA-associated pseudothrom-
bocytopenia was consequently confirmed by the
hematologist.

The patient was recommended to monitor the com-
plete blood count, with the platelet count to be deter-
mined using the Phonio method (without EDTA)
3 months later, and to test the coagulation panel /
D-dimer 6 months later.

The patient gave written consent for data publica-
tion.

Discussion

The presented clinical case demonstrates the impor-
tance of detecting the EDTA-dependent pseudothrom-
bocytopenia. The diagnostic search due to duplicate
thrombocytopenia results with a decreasing trend cou-
pled with the absence of hemorrhagic syndrome made
us think about impaired platelet hemostasis with normal
plasma factor levels, which could explain the absence of
hemorrhages. The coagulation panel results were within

8% February 2023

Repeat in the laboratory of the polyclinic
Nel, venous blood with EDTA

Laboratory of the polyclinic Nel.
venous blood with EDTA

The laboratory of the polyclinic Ne2.
venous blood with EDTA

15" November 2021 14" December 2021

Private laboratory. venous blood.
preservative unknown

The laboratory of the polyclinic Nel.
venous blood with EDTA

3t February 2023 8" February 2023

The laboratory of the polyclinic Ne2.
capillary blood. Fonio platalets counting

Private laboratory. venous blood
with EDTA

Figure 3. The changes in the patient’s blood platelet count over time, the number inside the circle corresponds to the
number of platelets X x10°/L. EDTA, ethylenediaminetetraacetic acid; polyclinic Ne 1 — a medical institution at the place
of residence; polyclinic Ne 2 — is a medical institution where patient N. went for a second opinion
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normal limits. The differential diagnosis was made with
the following conditions: idiopathic thrombocytopenic
purpura, drug- or vaccine-induced thrombocytopenia,
severe liver pathology, malignancies [9]. The diagnostic
search in thrombocytopenia is represented in the tabu-

lar form (Table 2).

hypothesis.

However, the history, physical examination, labora-
tory and instrumental investigations did not confirm the

The examination of the comorbid patient (abdominal
obesity, diabetes mellitus, essential hypertension) detected

the signs of non-alcoholic fatty liver disease (NAFLD).

Table 2. Differential diagnostics of various thrombocytopenia types

The differential diagnostics of thrombocytopenia

Group of disorders

Disease/condition

Mechanism of development

True Hereditary

pathology thrombocytopenia

Acquired immune
thrombocytopenia

Acquired
not immune
thrombocytopenia

False pathology

Glantzman’s thrombasthenia; the May-Hegglin
anomaly; Wiskott-Aldrich syndrome; Bernard-Soulier
syndrome; grey platelet syndrome; Fanconi anemia;
congenital amegakaryocythemia

Primary immune thrombocytopenia — idiopathic
thrombocytopenic purpura (Verlhof’s disease)

Secondary immune — against the background

of diseases: systemic lupus erythematosus,
antiphospholipid syndrome, chronic viral hepatitis,
HIV, rheumatoid arthritis, autoimmune thyroiditis,
lymphoproliferative diseases, drug-induced TP, acute
leukemia, myelodysplastic syndrome

Consumption thrombocytopenia: DIC syndrome,
thrombotic thrombocytopenic purpura
(Moschkowitz’s disease), hemolytic-uremic syndrome,
thrombotic microangiopathies against the background
of diseases with endothelial damage — heart defects,
vascular atherosclerosis, diabetes mellitus

Platelet sequestration (Gaucher’s disease, lymphomas,
cirrhosis)

Hemodilution

Insufficient platelet production: aplastic anemia, acute
and chronic myelo- and lymphoproliferative diseases,
thrombocytopenia induced by chemo- and radiation
therapy.

EDTA-dependent pseudotrombocytopenia

Mutations of platelet genes that change their
morphology: micro- and macroformes (giant platelets),
changes in platelet granules (gray cells due to decrease
in a-granules), as well as leukocyte inclusions

Production of autotrombocytic IgG antibodies
against various complexes on the platelet surface,
predominantly against glycoprotein IIb/IIIa. T-cell
immune link imbalance

Cross-pathogenetic reactions — heterogeneity of
disorders in various immune units — immune
dysregulation and autoaggression as a mechanism for
the development of the underlying disease, followed
by the formation of several clones of autoantibodies
against platelets

Intravascular thrombus formation, vascular occlusion,
enhanced platelet destruction

Increased platelet deposition in enlarged spleen with
portal hypertension (splenomegaly)

In patients after massive blood loss and infusion
therapy with platelet-free media

In aplastic anemia — due to fat infiltration in the bone
marrow; in acute leukemia, chronic lympho- and
myeloproliferative diseases, metastases to the bone
marrow — due to suppression of the growth by the
tumor substrate; in myelodysplastic syndrome —
megakaryocytopoiesis disorder; in chemo- or radiation
therapy, alcohol consumption — direct toxic effect on
platelets

Formation of platelet aggregates in a blood smear
under the action of a preservative anticoagulant —
EDTA
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There are some data indicating the spontaneous or
induced platelet aggregation in patients with NAFLD,
concomitant hypertension and obesity, as well as in
patients with isolated NAFLD. WIth that, patients dem-
onstrate increased mean platelet volume with their
decreased counts in the blood count due to aggregation
[3]. One of the reasons for false platelet count decrease
in such patients is the phenomenon of EDTA-associated
or EDTA-dependent thrombocytopenia, which was con-
firmed in our patient. G. Trindade et al. (2021) described
a clinical case of EDTA-induced pseudothrombocyto-
penia in a patient with hepatosplenic Mansoni schis-
tosomiasis [7]. The accumulated clinical data presume
the important role of hepatic and splenic diseases in the
pathogenesis of false PTP phenomenon.

In our clinical case the patient had a history of two
confirmed novel coronavirus infection episodes. The

American Society for Clinical Pathology studies have
demonstrated that novel coronavirus (COVID-19)
infection plays a role in the development of both
transient PTP (within 3 weeks in a patient with acute
severe COVID-19 pneumonia) and 9-month PTP that
persisted after recovery in a 60-year-old male patient.
Anti-nucleocapsid and coronavirus spike protein anti-
bodies persisted in the blood of the patient for the
whole period (9 months), which allowed the investiga-
tors to propose the association of EDTA and IgG/IgM
to SARS-CoV-2. EDTA-pseudothrombocytopenia is
also possible as a result of seroconversion due to the
large-scale vaccination [6].

Thus, the causes of EDTA-dependent PTP in our
patient could be variable, including non-alcoholic fatty
liver disease due to diabetes mellitus or a prior corona-
virus infection.

Figure 4. Physician tactics when thrombocytopenia is detected in a complete blood count

Note: CBC — complete blood count; ESR — erythrocyte sedimentation rate; AIAT — alanine aminotransferase; AsAT — asparagine aminotransferase; APTT — activated partial
thromboplastin time; PTI — prothrombin index; HIV — human immunodeficiency virus
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The study concerning the association of EDTA-asso-
ciated thrombocytopenia and a genetic feature (fibrino-
gen platelet receptor gene polymorphism) has demon-
strated the absence of statistically significant results
regarding the value of this marker after the analysis of
a limited patient group — further studies are required.
Authors A.S. Polyakov and E.V. Goncharova have con-
cluded that this laboratory phenomenon should not be
considered a predictive factor for any diseases, though
patients with pseudothrombocytopenia of this origin
require periodic screening of blood parameters [2].
On the other hand, the author data confirm the high
mortality level in patients with EDTA-PTP, as well as the
fact that this phenomenon is an independent risk factor
of malignancies [10].

M. Nagler et al. described an interesting observation
that histograms of both platelets and white blood cells
can change in patients with EDTA-dependent pseudo-
thrombocytopenia. They demonstrated the activation
of lymphocytic cells in response to EDTA-associated
platelet aggregation in a clinical case of the patient with
suspected acute leukemia. The automatic analyzer may
count platelet aggregates as white blood cells, which
leads to distorted complete blood count results. The
authors ask for thorough evaluations of white blood cell
and platelet histogram patterns, which can help to estab-
lish EDTA-dependent pseudothrombocytopenia and
avoid treatment errors [11].

Currently it is impossible to establish the exact dis-
ease cause, though it is feasible to monitor the existing
chronic diseases (essential hypertension, type 2 diabetes
mellitus) with repeated blood tests.

Below is the physician tactics in cases of thrombocy-
topenia (Fig. 4).

Conclusion

The detection of thrombocytopenia in the com-
plete blood count requires wide differential diagnosis.
A large number of pathologies are accompanied by
true thrombocytopenia. The treatment tactics should
be initially determined with the correspondence of the
laboratory data obtained to the clinical signs, which is
the main difference of true pathology from the false
phenomenon.

The presented clinical case demonstrates the impor-
tance of detecting laboratory phenomena in the outpa-
tient setting.

It is necessary to inform attending physicians and
laboratory personnel about the prevalence of false diag-
nostic phenomena and tactics upon their detection. The
evaluation of the platelet count using hematological

analyzers is a rather quick and cheap method, though
it requires using an anticoagulant [12]. If the labora-
tory uses the EDTA anticoagulant preservative, it is fea-
sible to inform the specialists about possible dependent
thrombocytopenia and further tactics. After obtaining
low platelet count in the automatic analyzer, one should
count the platelets in the blood smear using the Phonio
method, which is the reference and available method for
the diagnosis of this condition.

The interdisciplinary interactions of clinical and
laboratory physicians (or lab technicians, if the latter are
missing), discussion of doubtful diagnostic cases, and
mutual decisions are really important to confirm labora-
tory phenomena.

Besides, the correct diagnosis in the presented clini-
cal case was determined by the correct interrogation, his-
tory collection, and physical examination of the patient,
which helped to avoid tactical errors. Laboratory and
instrumental diagnostic methods often yield artifacts
which do not fit into the clinical pattern and history;
they should always be critically evaluated by the attend-
ing physician. A serious hematological diagnosis was
suspected in this patient, which could affect her quality
of life, lead to increased anxiety and depression before
the laboratory phenomenon verification.

Accounting for the modern availability of medical
information and possibilities of self-examinations and
interpretations of the data obtained by patients, the clini-
cal physicians have to constantly enhance their knowl-
edge not only about widespread pathologies, but also
rare conditions, including laboratory phenomena.
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A clinical case of successful treatment

of coronary artery dissection and left
ventricular thrombosis in a young man
carrier of factor V Leiden gene and transient
ischemic attack

Pesiome

OgHOW U3 NPUYMH TPAH3UTOPHOW UILEMUYECKON aTaKn WU ULLIEMUYECKOrO UHCYNbTa ABAAIOTCA 06beMHble 06pa3oBaHWA NeBbIX OTAE/IOB CepALa,
B TOM YUC/Ie, UHTPaKapAvaabHble TpoM6bl. O4HMM 13 npeApacrnonaralolyx pakTopoB TpoMboobpazoBaHNsA ABAAETCA Hannyme JleliAeHCKol My-
Tauum, Kak Hambosiee pacnpocTpaHeHHON GOpMbl Hac/1e4CTBEHHON TPOM60dUAMKN B €BPOMENCKON nonynaumun. B To e BpeMs, 04HON U3 NPUYMH
OCTPOWi COCYANCTOW KaTacTPOdbl MOXeET ABNATLCA CMOHTaHHAA ANCCEKLMA KOPOHapHbIX apTepuii. Ocobyto CIOXHOCTL NpeacTasfeT AnddepeH-
uManbHas AMarHoCTUKa, Tpebytowas AOMO/HUTE/IbHLIX METOAOB 06C/NeA40BaHUs (BHYTPUCOCYAMCTOE Y/IbTPA3BYKOBOE UCCNEA0BaHME, ONTUYECKan
KorepeHTHas ToMorpadws) MOMUMO NPoBeAeHNUA KOpoHaporpadum. MpeAcTaBAeHHbI KAMHUYECKUI CyYaii ONUCbIBAET ANArHOCTUKY U yCnewHoe
NeYyeHne CNOHTaHHOMN AMCCEKLUN NepPesiHe MeXOKeyJ04KOBOM apTepum, TpPOMG03a 1eBOr0 XKeNy/A04Ka, BbiiB/IeHWe MyTauumn reHa paktopa V Jleid-
AleHa Y MO/1I0/J0r0 MYX4MHbI C aHAMHE30M TPaH3UTOPHOW MLIEMUYECKOI aTaKu.
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Abstract

One of the causes of transient ischemic attack or ischemic stroke are mass formations in the left heart. One of the predisposing factors for
thrombosis is the presence of the Leiden mutation, as the most common form of hereditary thrombophilia in the European population. At the
same time, spontaneous dissection of the coronary arteries (SCA) can be one of the reasons of an acute vascular accident. Of particular difficulty
is differential diagnosis, which requires additional examination methods (intravascular ultrasound, optical coherence tomography) in addition
to coronary angiography. The presented clinical case describes the diagnosis and successful treatment of spontaneous anterior interventricular
artery dissection, left ventricular thrombosis, detection of factor V Leiden gene mutation in a young man with a history of transient
ischemic attack.

Key words: left ventricular thrombus; heart tumor; heart formation; thrombectomy; transient ischemic attack

Conflict of interests
The authors declare no conflict of interests

Sources of funding

The authors declare no funding for this study
Article received on 04.03.2023

Accepted for publication on 31.05.2023

For citation: Enginoev S.T., Martyanova Yu.B., Efremova E.V. et al. A clinical case of successful treatment of coronary artery dissection and left
ventricular thrombosis in a young man carrier of factor V Leiden gene and transient ischemic attack. The Russian Archives of Internal Medicine. 2023;
13(4): 312-320. DOI: 10.20514/2226-6704-2023-13-4-312-320. EDN: ZFMFOO

IVUS — intravascular ultrasound, DB — diagonal branch, CAG — coronary angiography, LV — left ventricle, MRI — magnetic resonance imaging,
ACS — acute coronary syndrome, AIVA — anterior interventricular artery, SCAD — spontaneous coronary artery dissection, TIA — transient ischemic
attack, PE — pulmonary embolism, EF — ejection fraction, HR — heart rate.
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Introduction

Thrombotic mass lesions located in left heart cham-
bers are one of the causes of transient ischemic attacks
(TIA) or ischemic strokes. Depending on the clot mor-
phology, remote risks for embolic and cardiovascular
events increase up to 22-37 % [1, 2]. Leiden mutation is
one of the predisposing factors for clotting. It is one of
the most common forms of hereditary thrombophilia in
the European population [3]. Leiden mutation belongs
to “classic” hereditary thrombophilias with antithrombin
deficiency. Deep vein thrombosis and pulmonary embo-
lism (PE) are considered the most common manifesta-
tions of thrombotic complications, though other throm-
botic locations are possible, including cerebral, portal,
and hepatic ones [4, 5].

At the same time, spontaneous coronary artery dis-
section (SCAD) may be considered one of the causes of
vascular accidents. According to the scientific literature,
1-4 % of all ACS cases are associated with SCAD [6, 7].
Meanwhile, true SCAD incidence is unknown, account-
ing for non-specific clinical signs and difficult diagno-
sis. The disease is more common among young females;
less than one third of cases is reported in males [8, 9].
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The purpose of Inspire International Community sup-
ported by the The Women Heart Support Community
is the collection and distribution of data regarding the
female patients suffered from SCAD. Coronary angiog-
raphy (CAG) in SCAD reveals the following: intimal flap
in the arterial lumen, contrast extravasation, true and
false vascular lumina (double vascular lumen), vascu-
lar lumen shrinkage due to hematoma. The J. Saw clas-
sification defines three SCAD types: type 1 with evident
arterial wall contrasting; type 2 with diffuse stenosis of
variable degree; type 3 mimicking atherosclerosis [10].
However, CAG data are not always enough for correct
diagnosis. Differential SCAD search may require addi-
tional examination methods (intravascular ultrasound
(IVUS), optical coherence tomography). Clinical cases
with predisposing factors and patient comorbidities are
especially difficult. Single SCAD cases associated with
factor V (Leiden) mutation are described in the scien-
tific literature. Hereby we present a proper case study
describing the treatment of spontaneous anterior inter-
ventricular artery dissection with left ventricular (LV)
thrombosis and TIA in a young man carrying the muta-
tion of factor V (Leiden) mutation gene.
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Case Study

The male patient A., 36 years old, was hospitalized on
January 10, 2022 into the Cardiac Surgery Department
No. 1 of the Federal State Budget Institution “Federal
Center of Cardiovascular Surgery”, Ministry of Health of
the Russian Federation (Astrakhan), complaining of dys-
pnea on mild physical exertion, worsening fatigue.

History: the patient has been sick for about a year,
when he developed dyspnea on physical exertion, pain
in calf muscles during prolonged walking, worsening
fatigue. According to the patient (no medical documents
available), he was hospitalized in 2017-2018 due to
deep vein thrombosis of the right upper extremity, right
great saphenous vein; he was treated conservatively with
short-term oral anticoagulants. The patient’s current
condition was worsening since January 5, 2022, when
during car driving he felt weakness in the left extremi-
ties and the left side of the face. The symptoms regressed
10-15 min later; the neurologist considered this a TIA.
The patient underwent transthoracic echocardiography
at place of residence, where the mass lesion was detected
in the LV. The patient was referred for hospitalization to
the Federal State Budget Institution “Federal Center of
Cardiovascular Surgery”, Ministry of Health of the Rus-
sian Federation (Astrakhan) with the diagnosis of mass
LV lesion. On admission the patient took the following
medications: rivaroxaban 20 mg, acetylsalicylic acid
100 mg, clopidogrel 75 mg. The patient had significant
cardiovascular family history — his father had a stroke.
Bad habits: 10-year smoking history (previously) with a
5-year break; at the time of hospitalization, the patient
was smoking e-cigarettes. The patient did not suffer from
COVID-19.

Preliminary diagnosis on admission: LV lesion.
Coronary artery disease (confirmation required). TIA
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Figure 1. Transthoracic echocardiography of patient

(January 5, 2022). Chronic heart failure, Stage 2A, NYHA
Functional Class II.

On admission, the overall condition was satisfac-
tory. The patient’s consciousness was clear. Hypersthe-
nic constitution (body mass index 34.3 kg/m?). The
skin was clear, of physiological color, without cyanosis.
Body temperature: 36.7 °C. Oxygen saturation: 98 %.
Pulmonary auscultation revealed vesicular breathing
with no rales; respiratory rate was 16/min. Cardiac
auscultation revealed regular rhythm with the heart
rate (HR) of 68/min; cardiac sounds were muffled, no
pathological murmurs were auscultated. The pulse in
radial arteries was symmetric, of satisfactory filling; no
deficit was reported. Blood pressure: 140/90 mm Hg in
both arms. No carotid bruits were detected. The tongue
was moist and clear. The abdomen was soft and non-
tender on superficial palpation. No peripheral edema
was detected.

The complete blood count on admission revealed
lymphocytosis (48.4 %). The homocysteine level in blood
was 13.3 mmol/L (reference values 5.46-16.2 mmol/L);
anti-phospholipid antibodies did not exceed 10 U/mL.
Antithrombin III activity was 85 % (reference values
83-128 %), Protein C concentration 124 % (reference
values 70-140 %), free Protein S concentration 97.4 %
(reference values 74.1-146.1 %). The urinalysis on
admission revealed proteinuria (0.38 g/L).

Transthoracic echocardiography (January 10, 2022):
end-diastolic LV volume 85 mL; end-systolic LV volume
40 mL; LV ejection fraction (EF, Simpson) 55 %; right
ventricle: basal part 3 cm; left atrium 3.3 cm; left atrial
volume 42 mL. Cardiac chambers were not enlarged.
Global myocardial contractility was normal. Local con-
tractility disorders of LV segments: apical LV hypokine-
sia. A mobile hyperechogenic pedunculated lesion sized
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Note. Transthoracic echocardiography. a — apical approach, four-chamber position in the diastolic phase. In the LV cavity, a mobile hyperechogenic mass on a pedicle is visualized,
attached to the apex, 4.6 x 2.3 cm in size. b — parasternal approach, position along the long axis in the diastolic phase
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4.6 x 2.3 cm and attached to the apex was located in
the LV cavity (thrombus? tumor?). Diastolic LV function
was not impaired. Systolic right ventricular function was
not impaired. Systolic pressure in the pulmonary artery
24 mm Hg. Pericardial and pleural cavities were normal

(Fig. 1).

Electrocardiography (January 10, 2022): sinus rhythm
with HR 76 beats per minute. Electrical axis of the heart
was horizontal (Fig. 2).

GAG (January 10, 2022): eccentric atherosclerotic
plaque 40 % in the middle third of the anterior interven-
tricular artery (AIVA) (Fig. 3).

The patient underwent cardiac magnetic resonance
imaging (MRI) with intravenous contrast enhancement
(January 11, 2022): cine-MRI revealed no decrease in
the global LV contractility (EF 56 %). Apical hypoki-
nesis was detected; no other segmental LV contractil-
ity disorders were observed. Enhanced trabecularity of
anterior and lateral LV walls at the level of middle and
apical segments not reaching criteria for trabecular myo-

Figure 3. Coronary angiography of patient at admission

Note. An eccentric atherosclerotic plaque of 40 % is determined in the anterior interventricular artery (AIA) in the middle third

o
L LN ' cardium was detected. The interventricular septum was
not thickened at the level of basal and middle segments.
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Myocardial hypertrophy of the apex (1.06 cm) and infe-
rior wall (0.8 cm) of the apical LV segment. A clot sized
4.4%x2.4 cm was detected attached to the LV apex. After
contrast administration, its transmural accumulation
was confirmed in the apex and anterior LV wall (apical
segment) (Fig. 4).

Brain MRI (January 11, 2022) was ordered to exclude
ischemic foci in the patient’s brain. According to its
results, no mass lesions, ischemic changes, and intrace-
rebral hemorrhages were detected.

Due to the high risk of embolic complications, throm-
bectomy (January 13, 2022) was selected.

Figure 4. Cardiac magnetic resonance imaging with
intravenous contrast in patient

Note. In the MRI film mode: Apex hypokinesis is noted, and no violations of
segmental contractility of the left ventricular (LV) myocardium were detected in
the rest of the course. An increased trabecularity of the anterior and lateral wall
of the left ventricle at the level of the middle and apical segments is determined,
which does not reach the criteria for a non-compact myocardium. In the cavity
of the left ventricle, a thrombus is detected, which is attached to the apex of the
LV, 4.4x2.4 cm long. After the introduction of a contrast agent, its transmural
accumulation is noted by the myocardium of the apex and anterior wall of the LV
in the apical segment
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Intraoperative transesophageal echocardiography
(January 13, 2022): LV ejection fraction (Simpson) 55 %.
Cardiac chambers were not enlarged. Global myocardial
contractility was normal. Apical LV hypokinesis was
detected. A mobile hyperechogenic lesion on a thin pedi-
cle sized 4.6x2.3 cm and attached to the apex was located
in the LV cavity. Mild mitral and tricuspid regurgitation
was detected (Fig. 5).

The mass tumor-like lesion was removed from LV via
the right-sided mini-thoracotomy in the 4th intercostal
space (Fig. 6). Intraoperative revision: a solid piriform
LV lesion lacking a capsule, 4 cm long, 1-2 cm wide,
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Figure 5. Intraoperative transesophageal
echocardiography of patient

Note. In the cavity of the left ventricle, a mobile hyperechoic formation on a thin
stalk is located, attached to the apex, 4.6x2.3 cm in size

Figure 6. Intraoperative view of the left ventricular mass

fixed with a solid fibrotic based to the myocardium of
the LV apex. The lesion was excised within the limits of
normal tissues; the section demonstrated the sarcotic
structure with solid fibrotic areas.

The histological material was sent to the pathology
center for examination. The following conclusion was
made: “thrombotic masses with focal organization”.

Accounting for thrombotic masses based on MRI and
the histology results, CAG was analyzed again to verify
the ischemic origin of clinical signs — AIVA dissection
was suspected. It was decided to order the intravascular
ultrasound (IVUS).

The repeated coronary angiography (Day 6 after
the admission) detected a prolonged area of duplicated
lumen with narrowing up to 75 % (Fig. 7A) in the AIVA
and second diagonal branch. IVUS revealed a duplicated
dissection lumen, 45-50 mm long, which was partially
thrombotic and formed against the background of ath-
erosclerotic plaque; true arterial lumen in distal areas
was completely obturated with the IVUS catheter (Type
1 chronic AIVA dissection with thrombus recanalization)
(Fig. 7B). AIVA was stented with drug-eluting stents
(PROMUS, Boston Scientific, Massachusetts, USA)
2.75 x 32 mm and 3.5 x 32 mm (Fig. 8). The follow-up
CAG confirmed the elimination of AIVA stenosis, with
the artery patent along the whole length and preserved
distal circulation.

Accounting for the disease history, clinical signs, and
examination results, the patient was tested for the gene of
Factor V Leiden mutation — a polymorphism variant pre-
disposing to impaired folate cycle (heterozygous form).

Based on the data obtained, the following diagnosis
was verified in the patient: “Thrombophilia (Factor V
Leiden heterozygote)”

On Day 8, the patient was discharged home with the
following clinical diagnosis:

Main disease: LV lesion (thrombus). ICD-10 code:
D15.1

Main disease: Non-stenotic atherosclerosis of coro-
nary arteries. Dissection of AIVA and the diagonal
branch (DB) (Type 1 based on IVUS data). ICD-10 code:
125.1

Complication of the main disease: TIA (cardioem-
bolic subtype) in the territory of the right middle cere-
bral artery (January 5,2022). Heart failure with preserved
EF (EF 55 %), Stage 2A (Strazhesko-Vasilenko staging),
Functional Class II (NYHA). ICD-10 code: 150.0

Surgery: Excision of the mass LV lesion on January
13, 2022. Percutaneous transluminal coronary angio-
plasty of ATVA with the implantation of PROMUS stents
2.75 x 32 mm and 3.5 x 32 mm (January 16, 2022).

Concomitant diseases: Venous thromboses of the
right upper and lower extremities (in 2017, 2018).
Thrombophilia (Factor V Leiden heterozygote).
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Figure 7. Coronary angiography and IVUS after surgery (on the 6th day from admission) of Patient A., 36 years old

Note. A — coronary angiography in the postoperative period (dissection of the anterior interventricular artery type 1 with recanalized thrombus; B — intravascular ultrasound

(IVUS)

Figure 8. Control coronary angiography after, anterior

interventricular artery stenting of Patient A., 36 years old
Abbreviations: IVUS, intravascular ultrasound, AVA, anterior interventricular
artery

The patient was given the following recommenda-
tions on drug therapy: triple antithrombotic therapy
for 6 months (rivaroxaban 20 mg + acetylsalicylic acid
75 mg + clopidogrel 75 mg QD), followed by dual anti-
thrombotic therapy for another 6 months (clopidogrel
75 mg + rivaroxaban 20 mg QD), then rivaroxaban
monotherapy 20 mg QD should be continued; nebivolol
7.5 mg QD, fixed perindopril 5 mg + indapamide 1.25 mg
QD with BP monitoring; spironolactone 25 mg QD (for
1 month with potassium level and glomerular filtration

rate monitoring, and subsequent decision on treatment
adjustment); rosuvastatin 40 mg QD (with low-density
lipoprotein monitoring).

When the patient was followed up later, thromboem-
bolic complications did not relapse, and the patient was
in satisfactory condition.

Subsequently, the patient discontinued the therapy
administered himself and developed the acute cere-
brovascular accident (7 months after discharging). The
treatment is currently resumed to a complete extent.

Discussion

If a mass cardiac lesion is suspected in patients,
echocardiography is traditionally used as the primary
imaging method [11]. However, the differential diag-
nosis of cardiac lesions based on echocardiography data
is complex, especially in young patients. Though trans-
thoracic echocardiography is highly specific (98 %), it
is less sensitive than cardiac MRI (29 % vs. 82-88 %)
[12]. Contrast-enhanced cardiac MRI provides an
additional valuable diagnostic information, which is
especially important when planning the surgical inter-
vention; this method specificity reaches 100 % [13].
According to cardiac MRI, LV thrombosis was detected
in our patient. In order to exclude thrombosis devel-
opment (or formation) as CAD/MI complication (or
against the background of ischemic events), CAG was
arranged in the patient [14]. However, primary CAG
evaluation did not demonstrate overt causes of throm-
bus formation. SCAD was suspected only with repeated
expert evaluation.
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The latest decade has demonstrated changes in the
concept of clinical SCAD evaluation as a non-athero-
sclerotic non-traumatic cause of acute coronary syn-
drome (ACS) and sudden cardiac death [6]. SCAD is
an uncommon, but rather well-known clinical condi-
tion, which may manifest as ACS, syncope, or heart
failure. The prevalence of this condition is 0.1-0.24 %
among all patients that undergo CAG for stable coro-
nary artery disease or CAG [7]. It is often difficult to
detect the coronary artery dissection only with coro-
nary angiography data (as in our case) — such addi-
tional examinations as optical coherent tomography or
IVUS are required [6, 7, 10].

SCAD treatment options include conservative treat-
ment, early revascularization with percutaneous inter-
vention (PCI), or coronary bypass. PCI is predominant
in isolated single-vessel dissection, coronary bypass is
more suitable for patients with the dissection of the left
coronary artery or several vessels [9].

AIVA stenting was selected in the case study pre-
sented, which led to the restoration of the arterial
patency. TIA and LV thrombosis in the differential
diagnosis of the patient led to the diagnosis “Throm-
bophilia (Factor V Leiden heterozygote)”. Meanwhile,
despite the acute thrombosis, administered anticoagu-
lants, and comorbidities, the genetic test (polymerase
chain reaction) helps to detect the Leiden mutation
[15].

Single cases with SCAD combinations in patients
with the Leiden mutation are described in the litera-
ture. Tahir Khan et al. (2013) described a rare SCAD
case (in the right coronary artery) with the Factor V
Leiden mutation in a 31-year-old male [16]. Stents
were implanted in that patient. J.H. Joo et al. (2019)
published another SCAD and LV thrombosis case in a
64-year-old female with successful conservative man-
agement [17].

Further patient management in the clinical case pre-
sented presumes long-term antithrombotic treatment.
The patient compliance with the treatment is man-
datory for the prevention of possible cardiovascular
accidents [18]. Treatment compliance does not exceed
50 % with long-term secondary cardiovascular pre-
vention [19]. From the perspective of patient-oriented
approach and treatment continuity, high-tech medical
care should be followed with outpatient recommenda-
tions at place of residence, which is not always possible
in real clinical practice. Despite adequate patient aware-
ness about possible unfavorable events with treatment
discontinuation, further follow-up revealed unsatisfac-
tory compliance with the recommendations, which led
to the acute cerebrovascular accident. Subsequently the
patient resumed the administered treatment and is con-
stantly followed up at place of residence.

Conclusion

The described clinical case raises several important
and unsolved issues of interdisciplinary patient man-
agement, including the inclusion of SCAD into the dif-
ferential diagnosis of cardiovascular accidents — this
presumes combined diagnosis with IVUS. One should
account for the comorbidity of patients, including the
history of cardiovascular events. Accounting for the
age, risk factors, and the character of cardiovascular
diseases, timely diagnosis of thrombophilia improves
the prognosis in patients. The treatment of patient with
thrombophilia after SCAD and intracardiac thrombo-
sis presumes that the correct and timely cardiosurgi-
cal tactics is inseparably associated with conservative
therapy providing the prevention of cardiovascular
events. Therapy continuation, satisfactory treatment
compliance, and monitoring the compliance with rec-
ommendations form the basis of the comorbid patient
treatment that helps to improve the prognosis. Any
successful cardiosurgical treatment will not be able to
prevent further relapses in the absence of compliance
with long-term conservative therapy, which is literally
confirmed by the described clinical case.

Bknapg aBTOpOB:
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urutoes C.T. (ORCID ID: https://orcid.org/0000-0002-4344-2672):
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