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Abstract

Hypertrophic cardiomyopathy is a common hereditary heart disease with a heterogeneous clinical picture
and a natural history. Recent advances in diagnosis and treatment methods have played an important role in
reducing the incidence of adverse clinical events; however, the complete elimination of sudden cardiac death
is still an unattainable achievement. Despite the heterogeneous clinical profile and complex pathophysiology,
effective treatment strategies are available, including implantable defibrillators to prevent sudden death, medical
and surgical myectomy (or, alternatively, alcohol ablation of the septum) to alleviate outflow obstruction and
symptoms of heart failure, as well as pharmacological strategies (and possibly radiofrequency ablation) to control
atrial fibrillation and prevent embolic stroke. Now, after more than 50 years, hypertrophic cardiomyopathy has
been transformed from a rare and largely untreatable disorder to a common genetic disease with management
strategies that permit realistic aspirations for restored quality of life and advanced longevity. This article discusses
some aspects of this condition: epidemiology, clinic, diagnosis and surgery technique.

Objective.Evaluate the effectiveness of surgical treatment of patients with hypertrophic cardiomyopathy.

Material and methods.This literature review was carried out in accordance with the PRISM statement. The
databases searched in this review included Pubmed, Web of Science, Scopus, and Cochrane for systematic
reviews.

Conclusion. The diagnosis of HCMP is based mainly on echocardiographic variables including the dynamic
parameters of LV, LVOT the distribution of increased muscle thickness, the mechanism and severity of MR as
well as the degree of diastolic dysfunction.

Mneptpocdmyeckas kapgmommonartusa. 063op nutepaTypbl

CarartoB W.E., MombIiHOB B.M.
AO «HauwnoHanbHbIN Hay4HbIA LEHTP xmupypruv um. A.H. CeizraHoBay,
r. Anmartbl, KasaxcraH

AHHOmMayus

lunepmpochudeckass kapouomuonamusi - pacnpocmpaHeHHoe HacneocmeeHHoe 3abonesaHue cepdua
C HEOOHOPOOHOU KMUHUYECKOU KapmuHOU U ecmecmeeHHbIM aHamHe30M. [locrieOHue OGocmuxeHus 8
MemoOdax OuacHOCMUKU U JIeYEHUs Chlepanu BaXxHyl Porb 8 CHUXEeHUU Yacmomsl HebrnazonpusimHbIX
KIMUHUYECKUX MposienieHull; OOHaKO MOMHOE YCMpaHeHUe 6He3arnHol CcepOeyHol cMepmu  Mo-npexHemy
ocmaemcsi  HedocmuxumbiM  OocmuxeHueMm. Hecmompsi Ha HEOOHOPOOHBIU KMUHUYECKUU mpogub U
CIOXHYI0 Mamocghu3uosnoauto, 00cmynHbl 3GhhekmueHble cmpameauu NEYEHUSs], 8KIKOYas], UMMIaHMuUpyembie
Oecpubpunnsimopsl 0 npedomepaujeHus 6He3anHol cMepmu, MeOUKaMEHMO3HYH U  XUPYPeUuYecKy
MUSKMOMUI (Unu, anbmepHamusHO, anko2onbHyr abrsayuto nepe2opooku) Ons obnesyeHuss obcmpykuuu
ommoka U cumnmomog cepdeyHoli HedocmamoyHocmu. A makxe chapmakonoeudyeckue cmpameauu (U,
803MOXHO, paduodacmomHas abnsyus) O0ns KoHmposs ubpunnayuu npedcepdull u npedomepawieHusi
ambornu4eckoeo uHcynbma. Tereps, o npowecmeuu 6onee Yem 50 nem, eunepmpoghudeckasi kapduomuonamusi
npespamusnach U3 peOKoe2o U 8 3Ha4UMENbHOU CMEeNeHU Heu3sneqyumMoeo 3abonesaHusi 8 pacrpocmpaHeHHoe
2eHemuyeckoe 3abonegaHue co cmpameausiMu JIeYeHUs,, Komopble M0380/ISM PeanucmuyHo CMpemMumscsi
K 80CCMAHOBMEHUID Kayecmea XU3HU U y8enuyeHUr npoOO/mKUMENbHOCMU XU3HU. B amol cmambe
paccMampusaomesi HEKOMopPble acrekmbl 3Moe0 COCMOSHUS: 3MUOemMuonoausi, KuHuUKa, duasHocmuka u
MemoOduKa Xupypau4ecko2o eMeliamenbcmea.

Lenb uccnedoeaHusi. OueHumb  3hheKMUBHOCMb  XUPYPEUYECKO20 JIEYEHUs] MayueHmos c
aunepmpoghuyeckoll kapouomuonamued.

Mamepuan u MemoOdbi. 3mom numepamypHbIli 0630p bl BbIMOMHEH 8 COOMEEMCMBUU C 3asi8IeHUEM
PRISM. ba3bl 0aHHbIX, 8 KOmopbIX MPo8oAUsCs Mouck 8 3mom 0b3ope, ekroyanu 6a3sl daHHbIX Pubmed, Web
of Science, Scopus u Cochrane dnsi cucmemamuyeckux 0630pos.

3aknroyeHue. [JuazHo3 KMl ocHosbigaemcs IpeuMywecmeeHHO Ha 3X0Kkapouo2paghuyecKux nepemMeHHbIX,
ekroyasi OuHamuyeckue nokazamenu JI)K, BO/TK, pacnpedeneHue ysenudeHHOU monuuHbl MbIWY, MEXaHU3M U
msixecmb MH, a makxxe cmeneHb duacmornu4yeckoli OUCEHYHKUUU.
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MnepTpoduanbik kKapgnommonaTus. 9aebuer wony

Cararos I.E., MombiHOB B. M.
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AHOamna

TunepmpocbusinbiK  kapouomuonamusi-eemepoeeHOi KUHUKarblK KepiHici xXoHe maburu mapuxbl 6ap
JKanmbl myKbIM KyanatmbiH Xypek aypysbl. JuaeHocmukanbik xaHe emoey adicmepiHoeai CoHfbI Xemicmikmep
Konalicbl3 KIUHUKarnblK kepiHicmepOiH xuinieiH memeHOemyde MaHbI30bl pen amkapobl; anatida KeHemmeH
XKYpeK eniMiH morblfbiMeH ot asi e Kon xemnelmiH xemicmik 6onbin Kana 6epedi. bipmekmi emec
KMUHUKasbIK Mpohunbee XseHe Kypdeni namogpuauonoausira kapamacmaH, muimoi emOey cmpameausinapbl
6ap, COHbIH iWiHOe KeHemmeH eniMHiH andbiH-any YwiH umnnaHmayusnaHamsiH 0eghubpunnsmopnap, arbin
KemyOQiH XoHe XypeK Xemkinikci3OieiHiH 6eneinepiH xeHindemy ywiH 0api-OspMekmep MeH XupypausisiblK
MusaKkmomusi (Hemece arnkoeomb0i cenmanbObl abnsyusi). CoHdal-aK, ampuanb0obi oubpunnayusiHel bakbinayra
XKeHe ambonusnblK UHCYrbmmiH andbiH anyra apHanFaH hapMakonoausifiblK cmpameausinap (XeHe MyMKiH
paouoxuinikmi abnayusi). EHOi 50 xbindaH acmam yakbimmaH KeliH eunepmpogusinbiK kapouomuonamus
cupek Ke30ecemiH xeHe KebiHece emOenmelmiH aypydaH Xanmbl eeHemukansiK aypyra alHanobl, 6yn emip
Cypy canacblH KannbiHa Kenmipy2e XeHe emip Cypy Y3akmbifbiH apmmbipyra HaKmbl YMMbLayFa MyMKiHOIK
6epemiH emAey cmpamezausinapsl bap. byn makanada ockl xardaliObiH Kelibip acrekminepi Kapacmbipbliaobi:

3nudemuosnoaus, KIuHuKa, duagHocmuKa XoHe Xupypausisblk adic.
Makcamsi. [unepmpocbusisibik kapduomuonamusickl bap HaykacmapObl Xupypausinbik emoeydiH muimoiniaiH

baranay.

Mamepuan xaHe adicmep. byn a0ebu wony opbiHOanOkl prism ManimoemeciHe calikec. ©OmKisineeH
Odepexkmep 6a3sackl byn wonyoda i30ey Pubmed, Web of Science, Scopus xeHe xytieni wonynap ywid Cochrane.

KopbimbiHObI.

Tunepmpocpusinblk  kapOuomuonamusi  OUacHO3bI

Hezi3iHeH emipik OuHaMUKasbIK

KepcemkilumepiH Koca, 3xokapOuoepaghusiiiblKk alHbIManbinapra HeeisdeneeH, CK, CKLUIBE 6ynwbikem
KanbIHObIfbIHbIH mapaiybl, MexaHUu3Mi MeH aybip/bifbl, COHOal-aK duacmonanbik OUCyHKUUS OBpEXeci.

Relevance

Hypertrophic cardiomyopathy is a common
hereditary cardiovascular disease occurring in one out
of 500 people in the whole population [1-3]. It is caused
by more than 1400 mutations in 11 or more genes [4-
8] encoding cardiac sarcomere proteins. Although
hypertrophic cardiomyopathy is the most common
cause of sudden death in young people (including
trained athletes) [9, 10] and can lead to functional
disability as a result of heart failure and stroke,
most affected people probably remain undiagnosed,
and many do not have a significant reduction in life
expectancy or significant symptoms. The diagnosis is
most often made by echocardiographic assessment
of left ventricular hypertrophy, gradients of the left
ventricular outlet tract, systolic and diastolic function,
as well as mitral valve anatomy and function. Magnetic
resonance imaging of the heart also plays a diagnostic
role, determining the degree and localization of left
ventricular hypertrophy, and anatomical abnormalities
of the mitral valve and papillary muscles.

Pathophysiology in HCMP

HCMP is defined as an abnormal thickening of the
LV without expansion of the chamber, which is usually
asymmetric, develops in the absence of an identifiable
cause (for example, aortic valve stenosis, hypertension)
and is associated with a violation of myocardial fibers
[11, 12]. The main structural anomalies underlying

HCMP are [1] disorder of myocardial cells when
the cells are in an unorganized state, in contrast to
the normal parallel arrangement of myocytes; [2]
dysfunction of the coronary microcirculatory bed due to
an increase in the wall/lumen ratio; and [3]remodeling
changes [13, 14]. In intramiocardial arterioles <80
microns, studies have shown a 2-fold increase in the
wall-to-lumen ratio, predisposing patients with silent
myocardial ischemia, ongoing myocardial damage and
fibrosis. Moreover, these changes are not limited to
the areas of LVH and myocardial remodeling, which
occur as a compensatory mechanism and may include
changes in myocytes, fibroblasts and interstitials.
These changes develop over many years before
symptoms appear. Disorganized pattern of myocytes,
increased wall/lumen ratio of coronary arteries and
remodeling changes in patients with HCMP lead to
impaired coronary reserve, diastolic dysfunction,
supraventricular and ventricular rhythm disturbances,
and sudden death. LV remodeling may include fibrosis,
diffuse, asymmetric, focal or concentric hypertrophy,
as well as a decrease in the size of the cavity [15, 16].
Obstruction of the excretory tract of the left ventricle
occurs with HCMP, and it was initially thought that
basal septum hypertrophy invading the LVOT caused
the obstruction. However, later studies have shown
that during ventricular systole, the flow against
the incorrectly positioned mitral valve apparatus
(MV) leads to the appearance of resistance forces
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on part of the valves, which are then pushed into
LVOT [17-21] anomalias of the MK apparatus may
include displacement of papillary muscles in front,
hypertrophied papillary muscles in contact with the
septum, elongated mitral flaps or abnormal insertion
of the papillary muscle into the anterior mitral flap [18,
21, 22).

The enlargement of the left ventricle may be
accelerated or aggravated by a decrease in the final
diastolic volume or systemic arterial resistance or an
increase in contractility or heart rate [23].

Modern classification of diseases:

Idiopathic hypertrophic subaortic stenosis.

Asymmetric hypertrophy of the septum without
changes from the aortic and mitral valves, without
obstruction of the LV exit tract.

Apical HCMP with restriction of the hypertrophy

zone to the apical region. Symmetrical HCMP with
concentric LV myocardial hypertrophy.

The last 3 forms are rare and are not accompanied
by the development of obstruction of the LV outflow
tract.

Classification of the New York Heart
Association’s HCMP:
o | degree - pressure gradient not higher than
25 mm Hg.

« Il degree - pressure gradient from 25 to 36 mm Hg.

« Il degree - pressure gradient from 36 to 44 mm Hg.

« |V degree - pressure gradient 45 mm Hg.
Classification by degree of hypertrophy:

* moderate - the thickness of hypertrophy is 15-20 mm;

* average - hypertrophy thickness of 21-25 mm;

* pronounced - the thickness of hypertrophy is more

than 25 mm.

Nonspecific Electrocardiogram changes associated with hypertrophic cardiomyopathy

- Hypertrophy of the left ventricle (S-shaped wave in V1 235 mm; R-shaped wave in V5 >35 mm)

- Left axis deviation/left front hemiblock
- Intraventricular conduction delay (QRS >0.12 ms)

- Enlargement of the left atrium (wide toothed wave P in lead II; deeply inverted wave P in V1)

- Pathological Q-waves
- Poor progression of the R wave in precordial leads

- Supraventricular arrhythmias (most often atrial fibrillation)

- Full block of package branches
- ST segment depression
- Inverted T-waves in 22 consecutive leads

TIS0.7 MI0.4

Turbulence
in LVOT after

TIS0.7 MI0.4

Turbulencein

aortic root and
ascendingaorta
post- aortic -

Echocardiographic focus in hypertrophic cardiomyopathy

1. The presence of hypertrophy and its distribution; report measurements of the size of the left ventricle, wall

thickness (septum, posterior, maximum)
2. Left ventricular ejection fraction

3. Pancreatic hypertrophy and the presence of dynamic pancreatic obstruction
4. The volume of the left ventricle, indexed by body surface area
5. Diastolic function of the left ventricle (pressure of relaxation and filling)

6. Systolic pressure in the pulmonary artery

7. Dynamic obstruction at rest and with Valsalva, the place of obstruction and the slope
8. Evaluation of the mitral valve and apparatus, details of mitral regurgitation (i.e. mechanism, severity);

Surgical technique: In this article we will carefully
focus on the technique: transaortic myoectomy. An
attempt at a basal septum myectomy using transaortic
access was originally described by Morrow in 1961 [25-
31], but it was first performed in 1958 and subsequently
described by Kleland in 1963 [32-37]. The initial report
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described a limited myectomy without a specific
anatomical resection. The technique of formal basal
myectomy was later published in 1975. Initially, this
method involved excision of a rectangular segment
of the septum myocardium under the flap of the right
coronary aortic valve which extended apically to the

Table 1.
Electro-and Echocardiographic
examinations at HCMP

Figure 1.

A, image of transesophageal
echocardiography (TEE) -color flow
Dopplerography (CFD) images of the
middle long axis of the esophagus
(ME-LAX) in a patient with hypertrophic
cardiomyopathy with turbulence in the
excretory tract of the left ventricle (LVOT)
at the level of systolic anterior movement
of the mitral valve (SAM) (proximal to the
aortic valve). B, TEE-CFD image of the
ME-LAX image in a patient with valvular
aortic stenosis showing laminar flow in the
LVOT and turbulence distal to the affected
aortic valve. (Hypertrophic cardiomyopathy:
a review Nadia Hensley 1, Jennifer Dietrich,
Daniel Nyhan, Nanhi Mitter, May-Sann Yee,
MaryBeth Brady)

Table 2.
Echocardiographic focus in
hypertrophic cardiomyopathy
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Figure 2.

Comparison of the classic Morrow
procedure (A) with the modification
of the extended septal myectomy
(B). The resection of the septum
wall expands to the top, to the free
wall on the left side of the image,
and then to the right, as indicated by
the white arrows. The dotted lines

in the basal septum represent the
bundles of the left bundle emanating
from the membranous septum

Figure 3.

(a) Extended thymectomy of the
basal septum using supravalvular
aortotomy. (b) The surgeon’s view
through the aortotomy, determining
the hypertrophied septum directly
below the right coronary aortic
valve leaf

point of contact of the septum of the anterior flap of the
mitral valve. This point is usually delimited by a fibrous
scar which develops a second time due to the constant
contact of the valve leaf with the septum myocardium
during systole. The total myocardial sample excised
during Morrow's myectomy is approximately 3-4 cm
long, 1 cm wide and 1.5 cm deep [27]. More recently
the standard transaortic procedure has turned into an
extended septal myectomy. This procedure creates a
longer myocardial excision and opens the LVOT more
apically than the Morrow procedure. Following the
initiation of artificial circulation (CPB), the exposure of
the left ventricle is achieved by an oblique aortotomy
performed through the midpoint of the non-coronary
sinus of the aorta and ending about 1 cm above the
aortic ring. Polypropylene seams remain or not. The
Ross retractor keeps the aorta open, and the suction
tip for cardiotomy is used to retract and protect the
anterior flap of the mitral valve. Depending on the

surgeon’s preferences, scalpel No. 10 or 11 is used
to cut the septum, starting directly under the nadir of
the right aortic valve leaf and directed to the left. to
the anterior flap of the mitral valve, removing the basal
part of the hypertrophied septum. The incision in this
area is carefully marked, because a tissue rupture
further to the right of the midpoint of the right valve leaf
will increase the risk of damage to the membranous
septum and disruption of the conductive tissue, thereby
significantly increasing the likelihood of complete heart
block. Then, starting again from the area of the initial
incision, the area of the cut-out septum is lengthened
to the apex of the heart, making sure that the excision
is performed outside the endocardial fibrous scar and
in the apical trabeculations. The completed myectomy
extends from the subaortic level, about 5 mm below
the aortic ring, to the level of the middle ventricle,
opposite the base of the anterior papillary muscle of
the mitral valve, with a total length of about 7 cm.
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Conclusion. The diagnosis of HCMP is based
mainly on echocardiographic variables including the
dynamic parameters of LV, LVOT the distribution of
increased muscle thickness, the mechanism and
severity of MR as well as the degree of diastolic
dysfunction.  Current indications for surgical
intervention include patients with symptoms that are
immune to drug therapy who can tolerate the risk of
surgical intervention and patients with pronounced
outflow gradients, even if they are asymptomatic.

Despite the ambiguity the mechanism underlying
the improvement of symptoms, LV condition and
long-term survival after myectomy is at least partially
due to LV regression. It is extremely important for
cardiac surgeons to understand the mechanisms of
this disease in order to best manage these patients
in perioperative conditions. It is very important to
diagnose these HCMP patients in time, provide the
necessary therapy and hospitalization for surgical
treatment.
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