Apxub BHyTpeHHel MeAnunHbl ® Ne 3 o 2023 OPUTMHAABHBIE CTATBU

DOI: 10.20514/2226-6704-2023-13-3-181-195
YK 616.127-007.61-036-07
EDN: GGLHPG

E.B. Pe3Huk*'?, T./1. HryeH', M.C. lukaesa’,
N.0. CupeHoBa?, A.B. Caaukos?, O.B. laBpunoBa?,
E.H. MnatoHoBa?, I H. lonyxos?

'— ®TrAQY BO PHNMY um. H.W. Muporosa M3 P®, Mockea, Poccus
2_—TBbY3 Kb Ne 31 43M, Mocksa, Poccusa
3—TBY3 KB uM. B.M. byaHosa /13M, Mocksa, Poccus

OCOBEHHOCTU AMUATHOCTUKU U TEYUEHU
TUIIEPTPO®UYECKON KAPAMOMMUOIIATUU
B PEAABHOM KAMHUYECKOW ITPAKTUKE

E.V. Reznik*'2, T.L. Nguyen', M.S. Dikaeva',
I.0. Sirenova3, A.V. Salikov?, O.V. Gavrylova?,
E.N. Platonova?, G.N. Golukhov?

'— Pirogov Russian national research medical University of the Ministry of healthcare
of the Russian Federation, Moscow, Russia

2— City Clinical Hospital N2 31 of Healthcare Department of Moscow, Moscow, Russia
3— City Clinical Hospital n.a. V.M. Buyanova of Healthcare Department of Moscow,
Moscow, Russia

Features of Diagnostics and Course
of Hypertrophic Cardiomyopathy
in Real Clinical Practice

Pesome

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

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

KoH}pAMKT nHTepecos
ABTOpr 3aABNAKOT, YTO AaHHaA pa60Ta, eé TeMa, npeaMeT U cogepxaHue He 3aTparMBaloT KOHKYPUPYOLWNX UHTEpeCcoB

NcTouHunku drHaHCcMpoBaHus
ABTOpbI 3aAB/AIOT 06 OTCYTCTBUM GUHAHCUPOBAHWA NPY NPOBE/EHUMN NCCNIeA0BaHUA

Cratba nonyyexa 10.07.2022r.
MpuHaATa K nybavkauum 15.02.2023 r.

Ana unTUpoBaHuUA: Pesunk E.B., Hryed T.J1., [ukaesa M.C. u gp. OCOBEHHOCTU AUATHOCTUKWM U TEYEHUA TMNEPTPODUYECKOM
KAPAMOMMUOMATUW B PEA/IbHOM KIMHUYECKOWM MPAKTUKE. Apxueb BHYTpeHHeii MeaunumHbl. 2023; 13(3): 181-195. DOI: 10.20514/2226-6704-
2023-13-3-181-195. EDN: GGLHPG

Abstract

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

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

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

Introduction

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

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

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

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

Materials and methods

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

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

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

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

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

Figure 1. Reasons for hospitalization in patients with HCM

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

ICD — implantable cardioverter-defibrillator

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Number of patients

Number of patients

o . .
% of patients diagnosed HCM diagnostic frequency/

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

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

Note: LVEF — left ventricular ejection fraction

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

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

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

51.4% (37)
41.7% (30)

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

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

LVDD
Normal LVDF
Not evaluate

LVDF
LVDD type 1

LVDD type 2
® LVDD type 3

33.3%(24)

16.7% (12)

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

Note: LVDD — left ventricular diastolic dysfunction, LVDF — left ventricular diastolic function
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Pericardial effusion was detected in 9 (12.5%)
patients.

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

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

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

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

Figure 4. ECG in patients with HCM

Note: LVH — left ventricular hypertrophy

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

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

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

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

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

Note: Afib — atrial fibrillation, SVT — supraventricular tachycardia, VT — ventricular tachycardia
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Figure 6. Conduction disorders in patients with HCM
Note: RBBB — right bundle branch block, LBBB — left bundle branch block, AV — atrioventricular, WPW — Wolff-Parkinson-White Syndrome
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Figure 7. CKD in patients with HCM
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Figure 8. Proteinuria in patients with HCM
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Figure 9. Kaplan-Meier curve of the proportion of patients after septal reduction therapy, with or without left ventricular
obstruction among 80 patients with hypertrophic cardiomyopathy (HCM).
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Figure 10. Kaplan-Meier curve of the proportion of patients with or without Afib among 80 patients with hypertrophic
cardiomyopathy (HCM).

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

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

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

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

Note: HF — heart failure

191



192

ORIGINAL ARTICLE

The Russian Archives of Internal Medicine @ Ne 3 e 2023

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

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

Discussion

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Study restrictions

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

Conclusion

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