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The study includes 250 consecutive symptomati@ptgiwith hypertrophic obstructive cardiomyopathownderwent
surgical extended myectomy, resection of anomatbosdal structures, mobilization of the papillarysuoles and plication of the
anterior mitral valve leaflet. The purpose of thedy is to analyze the effectiveness of this teghaiand the immediate results of
surgical correction. The results showed a statilijicsignificant decrease of systolic pressure ignatdon the left ventricular
outflow tract, mitral regurgitation and an improvem in NYHA functional class. Sudden cardiac d¢&@D) risk stratification
was performed in 235 patients. The results of thdysshowed that the multi-stage correction alldaénfluence all links of
pathological manifestation of the disease, butestion is how to predict the risk of SCD in athgaperated patients and how
to protect them from life-threatening events?
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The work is a fragment of the research project fifiprove the system of primary and secondary préweif sudden
cardiac death in patients with hypertrophic cardigpathy”, state registration No. 0119U002019.

Hypertrophic cardiomyopathy (HCM) was initially deded in living patients in 1959 by Morrow
and Braunwald in a case series of 3 patients [H@M is the most common sudden cardiac death (SCD)-
related cardiomyopathy. The long-standing estimgiedalence has been 1 in 500 W]th one study
estimating the prevalence as high as 1 in 200 H€M is one of the most common causes of SCD in
young athletes [5, 8].

In Ukraine, SCD statistics, both among general faimn and young people and athletes, remain
uncertain. However, taking into account the pravedeof the disease (1:500 cases), the estimatedarum
of patients with both obstructive and non-obstueforms of HCM is about 75 thousand people.

The program on the study of the features of HCMjuligstics and treatment was established at the
Amosov National Institute of Cardiovascular Surgh&MS of Ukraine in 1993 when different methods
of HCM treatment were applied. In the period fro8®3 to 2019 there were applied and studied prdigtica
all invasive and non-invasive methods of HCM caticet dual-chamber (DDD) pacemaker implantation,
classic Morrow technique, Bokeria-Borysov surgeisglated mitral valve (MV) replacement, MV
replacement with myotomy-myectomy, alcohol septdation (ASA). According to the analysis of the
early and long-term results, implantation of duadmber pacemaker has shown its ineffectivenesgand
now compared with placebo effect [9]. In additiargonsiderable number of postoperative complication
has attracted our attention in the surgical treatrgeoup (iatrogenic complete AV block, iatrogedafect
of the interventricular septum (IVS), as well asndge of the aortic valve (AV) leaflets).

In view of the above, we are faced with the questibfinding the optimal surgical treatment of
HCM, which would be characterized by a minimal lesfepostoperative complications and, at the same
time, high efficiency in reducing the risk of SCD.

In 2016, we implemented and completed the methaceatment of patients with HCM, proposed
by Italian cardiac surgeon Paolo Ferrazzi (Montaly), which presents a comprehensive multi-stage
surgical approach to the HCM treatment.

The purposeof the work was to investigate the effectivenedhisftechnique, as well as to explore
the early results of surgical correction in patsentth obstructive HCM.

Materials and methods. The study included 250 consecutive symptomatic epédi with
obstructive HCM who underwent surgical extended ctymy, resection of the anomalous chordal
structures, mobilization of the anterior and pastegroups of papillary muscles (PM) and plicatafrthe
anterior mitral leaflet (AML) in a period from 2016 2019.

The inclusion criteria for surgical treatment invead: systolic pressure gradient (SPG) on the left
ventricle outflow tract (LVOTE50 mmHg at rest or on physical exertion (or Valaaivaneuver) as well
as heart failure symptoms resistant to medicabgherClinical features of 250 patients who werdlded
to the study are presented in table 1.
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Table 1
Baseline characteristics of 250 examined patients

Parameters (N of patients = 250)

Demographic data

Age (years), meantSD (median) 50.1+14.7(54)

Males, n (%) 126 (50.4)
Clinical features

NYHA functional class Ill or IV, n (%) 93 (37.2%)

Previous ASA, n (%) 16 (6.4%)

Paroxysmal or persistent AF, n (%) 32 (12.8)
Pre-operative echocardiographic data

SPG on LVOT at rest or on exertion, mmHg (meantSD) 92.8+30.7

Moderate or severe MR, n (%) 182 (72.8%)

AF — atrial fibrillation; ASA — alcohol septal alilan; LVOT — left ventricle outflow tract; MR — niél regurgitation; NYHA
— New York Heart Association; SD — standard dewigtiSPG — systolic pressure gradient.

For the purpose of SCD risk stratification and adow to the European Society of Cardiology
(ESC) guidelines on HCM treatment all patients ottlan 16 years old mandatory underwent HCM SCD
risk calculation in a 5-year period with the helgalculator developed by ESC (HCM risk-SCD caltoin
[9]. According to the guidelines, patients with HOMere divided into 3 groups accordingly: low-risk
group (SCD risk <4%), moderate-risk group (SCD Hékand <6%) and high-risk group (SCD ris&%).
In-hospital mortality included any death within @8@ys after surgery.

An important component of preoperative planningthie adult group was routine computed
tomography (CT) imaging with contrast and CT angaphy or MRI with gadolinium (fig. 1A, 1B). In
case of anomalies or coronary artery lesions, ptierere referred for cardiac catheterization.he t
children's group, a CT or MRI study was performeathwadolinium with subsequent calculations of the
size of the right ventricle (RV), left ventricle . and IVS to detect structural abnormalities, éegof
fibrotic process and congenital heart defects.
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Fig. 1. Mandatory preoperative CT planning wheeedistance from the aortic annulus to the apex®efiv (LV depth) (A) and the
dimensions of the LV and IVS at a distance of e\8rmgm from the aortic annulus along the short arésmeasured (B)

Surgical correction included a series of severaldatory steps: extended myectomy, resection of
anomalous chordal structures of the MV, PM mobii@@aand, in case of necessity, AML plication with
reduction of its area.

After induction of anesthesia, intraoperative temwtphageal echocardiography (TEE) was
performed to determine the extent of myectomy, ab a&s to assess the morphology of the MV and the
presence of associated primary MV anomalies. TEEnepeated in the operating room immediately after
stopping the cardiopulmonary bypass for the assmssrof residual gradient on the LVOT and
regurgitation on aortic and mitral valves, as vealfor the detection of possible surgical compiicet
such as iatrogenic perforation of the IVS or corgrisstula (fig. 2A, 2B).
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Septal myectomy (often referred to as "extendedctoyay"” in modern literature) was performed
during cardiopulmonary bypass with mild general dthiermia. Using the exposure through the oblique
aortotomy the myectomy was begun from two longiatlincisions in the basal part of the IVS, 2-3 mm
below the AV, gradually continuing the resectionrendistally, to the base of the PM (equatorial 3pne
creating a trapezoidal muscular band which is widerards the apex than at the subaortic level.

Fig. 2. Intraoperative TEE images before (A) artdrafB) procedure, elimination of obstruction oe ttVOT by excision of the fibro-
muscular band and resection of secondary (pathzdtjgihordae.

In patients with LVOT obstruction accompanied bydwaentricular obstruction due to
hypertrophied PM or muscular bundles, an additisnall resection was made at the base of the Pir Af
removal of the cardiac muscle (myectomy), an irgatn on the subvalvular mitral apparatus was
performed. Fibrous and muscular structures thahecnPM with IVS or LV free wall were present
practically in all patients with HCM and were limi¢y the mobility of the PM. Such structures, than be
identified only at the time of surgery, were sysi¢igally resected in each of the examined patientife
purpose of improvement of the PM mobility (PM mdaition). Anomalous chordal structures
(pathological secondary chordae) or fibrous attaeim between the AML and PM were found in the
majority of patients with HCM. These structurestioely underwent resection, which increased tha are
of coaptation of the MV leaflets and preventedghenomenon of systolic anterior motion (SAM) in the
postoperative period. In cases of diastasis betweeplaces of attachment of the primary chordabeo
edge of the MV leaflet over 5 mm, this area wasgéd.

The medians of the study were calculated accordinghe reverse Kaplan—Meier method.
Comparisons of continuous variables were performild the Wilcoxon test. Analyses of change for
parameters evaluated before surgery and at the m@osiht evaluation were performed by means of the
McNemar change test and sign test, for binary antirruous variables, respectively. All reporteddies
are two-sided. SPSS statistical software (SPSS;agbi IL, USA) and MS Excel (Microsoft, Redmond,
WA, USA) were used for the calculations.

Results and discussionin this cohort study, the age of the patients rdrfgem 7 months to 78
years old (mean 50.1+14.7, median — 54 years). Antloam, 12 patients were younger than 18 years old,
and eight patients <12 years old. Out of 250 p#digrtiuded to this study, 93 (37.2%) were in NYHIA
IV functional class at the moment of surgery.

The average cross clamp time accounted 80+10.3tesr&eptal myectomy was accompanied by
AML plication in 146 (58.4%) and MV replacement3r(1.2%) out of 250 patients involved in the study.
MV replacement was performed in patient with degative changes of the leaflets due to severe mitral
regurgitation (MR) according to TEE data, as welbacurrence of the acute phase of infective endaisa
in late post-operative period. Other procedurest theacompanied septal myectomy, including
manipulations on the subvalvular apparatus, atedis table 2.

Out of 250 patients studied, four (1.6%) underwiemtlantation of a cardioverter defibrillator
(ICD) in the postoperative period to prevent SCOhilev 10 (4%) patients underwent pacemaker
implantation due to complete AV block. The aversyegth of the in-hospital stay was 1013 days. The
follow-up examination was performed at 3 months3 and 5 years after surgery.

Reoperations were performed in 2 patients (0.8%) 45 and 25 months accordingly after septal
myectomy and involved MV replacement due to infecendocarditis.
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Table 2
Surgical procedures that accompanied septal myectonin 250 studied patients

Coronary artery bypass grafting, n (%) 24 (9.6)

Mitral valve replacement, n (%) 3 (1.2%)

AML plication, n (%) 146 (58.4%)

TV annuloplasty, n (%) 5(2)

AVR, n (%) 6 (5)

ICD implantation, n (%) 4 (1.6)

Robiscek procedure 1(0.4)
MV subvalvular apparatus

Resection of the secondary(pathological) chordathments between AML and PM of the 241 (96.4)

LV, n (%

Resec(tio)n of the anomalous ingrown PM to AML, n (%) 11 (4.4)

Resection of fibro-muscular structures between RMI&'S or LV free wall, n (%) 175 (70)
AML — anterior mitral leaflet; AVR — aortic valveeplacement; ICD — implantable cardioverter-defiatdr; VS —
interventricular septum; LV — left ventricle; MVmitral valve; PM — papillary muscle; TV — tricuspidive

Out of 250 patients studied, 4 (1.6%) died in thdyepost-operative period. In total, one case
of death associated with chronic respiratory falur a 65-year-old patient 11 months after surgeny
one case of a SCD in a 20-year-old patient 13 nwafter correction were recorded during follow-up

(table 3).
Table 3

Main cardiovascular events after septal myectomy i250 studied patients

Early (<30 days after myectomy), n (%)
Mortality 4 (1.6)
Pacemaker implantation 6 (2.4)
Left bundle branch block 7 (2.8)
Late (>30 days after myectomy), n (%)
Pacemaker implantation 4 (1.6)
ICD implantation 4 (1.6)
MV repair 0
MV replacement 2 (0.8)
Cardiovascular death 0
Sudden cardiac death 1(0.4)
Acute cerebrovascular event (ischemic stroke) 0
Respiratory failure 1(0.4)
ICD — implantable cardioverter-defibrillator; MVrmitral valve

The following clinical and echocardiographic evaioa of the patients™ condition was performed
at the base of our Institute. The SPG on the LVQGiB wssessed before and after surgical intervention.
According to the data obtained, the SPG decreased 92.8+30.7 mmHg (range 50-235 mmHg) before
the surgery to 19.3£8.7 mmHg after correction (p0€Q). 17 patients (6.8%) had residusB@ mmHg)
SPG on the LVOT at rest or on exertion. Out of pafients studied, 44 (17.6%) had residual SR&
mmHg. Data on NYHA functional class before andra$tergery were evaluated in each of the patients
involved in the study. Out of 250 patients, 93 23%) of whom were in NYHA functional class IlI-1V jor
to surgery, 154 (61.6%) improved their functioriaks to I-11 at the last evaluation (p <0.00lk).addition,
there was performed the assessment of MR by edtiogaaphic examination in patients before and after
surgery and distributed on a scale from 0 to 4 (@R-is absent, 1 — mild MR, 2 — moderate MR, 3 —
moderate-to-severe MR, 4 — severe MiRjcording to the results of transthoracic echoa@ydiphy done
after surgery, patients with grade 3 and 4 MR werkidentified. 25 (10%) patients with a 2 (modejat
degree of MR were observed, whereas before surtferyyumber of patients who had moderate or severe
MR was 182 (72.8%) out of 250 individuals (p <0.p01

Among the group of patients included in the study(6.4%) patients had previously undergone
ASA, which proved to be ineffective, and therefaheg to high residual SPG, patients were showate h
surgery. In the post-operative period, all 16 pati€100%) had a satisfactory clinical result afreotion
— SPG on the LVOT in each of them was <25 mmHg.

The mandatory and the most important stage of tilndysvas SCD risk stratification at 5-year
period. Given the exclusion criteria that makenpossible to calculate the risk, out of 250 patiemtrolled
in the study, the risk of SCD was calculated in R&bviduals (95.2%). Out of 235 patients, 131 {835)
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were at low risk, 77 (32.8%) were at moderate r&k(11.5%) were at high risk. In the high-risk gpo
the average percentage of SCD risk before surgasy843%, while after correction the indicator was
3.78% (p <0.002%).

The guidelines of the American College of Cardiadtgy (ACC)/American Heart Association
(AHA) and European Society of Cardiology (ESC) heseognized surgical septal myectomy as the gold
standard and the primary method of treatment faepis with obstructive HCM.

Up to date, one of the largest series of patietis have undergone septal myectomy is registered
in the Cleveland Clinic [2]. This study of a seregd$699 patients operated from January 1997 to Deee
2007 showed the excellent efficacy and safety®ptiocedure with continuous improvement in symptoms
The mean preoperative maximum LV thickness was@3&m compared to 1.7+0.5 cm after surgery.
The mean preoperative SPG at rest and the peakn@®R&61 and 103 mmHg respectively, in contrast to
the average peak gradient of 32 mmHg after surgéoy30-day mortality was observed, and pacemaker
implantation was required only by 7% of patients. their population, 96% of patients remained
asymptomatic or minimally symptomatic (81% NYHA s$al and 15% NYHA class Il) for an average
follow-up of 6.2 years, and freedom from reoperaiias 97%.

A critical factor is that HCM still remains to beamplex pathology and therefore requires
multistage correction. In order not only to redtive risk of SCD, but also to provide the patienthvéan
adequate quality of life that will not differ frothe quality of life of healthy people, the disappere of
symptoms of heart failure and improve well-being, ave to perform all mandatory stages of corractio
extended septal myectomy, resection of secondath@pogical) chordae of the AML, mobilization okth
PM and plication of the AML.

Our study has shown that by itself, the myectonocedure can reduce the risk of SCD in patients
with obstructive HCM. This view is shared by Scheffl colleagues [13], who in their work reportealtth
the survival of patients after septal myectomy Wigdher than the survival of non-operated patiests]
this better result was partly due to greater freeft@m SCD.

Despite such advances, the issue of SCD preverginains open. Does septal myectomy actually
reduce SCD risk in patients with obstructive HCM7Pef&ent study by Desai and colleagues [2] describes
the risk of SCD in a group of 1809 patients witlstobctive HCM and compares the observed rateseof li
threatening events with those predicted in tweed#ht risk models. In addition, 64% of patientsemaent
septal myectomy. The authors observed a smalllatioe between the calculated risk score and theaac
rates of SCD. In the group of patients who weralioted to be at high risk (9%) of developing SCD or
ICD discharge, the 5-year event rate was 418%ddition, life-threatening events were similarang the
3 categories of SCD risk, and after 5 years obf@tlp, approximately two-thirds of the events ocedr
in patients previously classified as low-risk, cadéted using the ESC SCD risk calculator.

Standard risk assessment according to the guidetihthe American Heart Association and the
American College of Cardiology also had low presietalue, since 65% of events after 5 years oecurr
in patients without risk factors.

Thus, itis not surprising that the risk modelsaleped for the heterogeneous population of patients
with HCM cannot be applied to patients after myegtpand there are several possible explanations for
this. The ESC risk calculator includes SPG, lafabsize, and maximum LV wall thickness in additim
other clinical variables. It is expected that tiek iscore calculated for the patient with obstictwill
change after the gradient on LVOT is relieved.

In addition, the follow-up of patients after myetip confirms that gradient relief is associated
with both a decrease in left atrial size and LV sfd4, 12, 13]. Thus, it is expected that the daled risk
of SCD for an individual patient will change aftaptal myectomy. Therefore, the question remaima. h
can one predict the risk of SCD in already operatsients? And how to protect operated patients: fro
life-threatening events?

HCM is a complex pathology which contains seveedhpphysiological mechanisms that lead to
heart failure and high risk of SCD. Multi-stage reation such as extended myectomy, resection of
anomalous chordal structures of the MV, mobilizataf the PM and plication of the AML allows to
influence all links of pathological manifestatior he disease. Surgical septal myectomy not only
effectively reduces SPG on the LVOT, decreasesiéggee of MR and improves the patient's functional
class, but also significantly reduces the risk GDSn patients with obstructive HCM.
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PE3YJIbTATH XIPYPI'TYHOTI'O

JIKYBAHHSI ITAHIE€HTIB 3 ObCTPYKTHUBHOIO
®OPMOIO I'ITEPTPOPTYHOI KAPAIOMIOIATIT
SAK ®AKTOPY PU3HAKY PATITOBOI
CEPIIEBOI CMEPTI
Pynenxo K.B., Jlazopummsens B.B., TpemoBenska O.M.
Hesmep:xunbka JI.O., Tperyoosa M.O., lanyenxo I1.A.

JocmimkeHHs BKJTIOYAE 250  mocimoBHHX
CUMIITOMAaTHYHHUX TMALi€HTIB 3 OOCTPYKTHBHOIO (OPMOIO
rineprpodiunoi kapaiomiomatii (ITKMII), sxkuM Oyio
BHUKOHAHO XIPYpriuHy PpO3MINPEHY MiEKTOMIIO, PE3eKIiI0
QHOMQJIBHAX  XOpJAJBHHX  CTPYKTyp,  MoOOimi3ariro
MAmiIIPHUX M S3iB  Ta IUTKAII0 MEPEAHBOI  CTYJKH
MITpaJbHOrO KilamaHa. Mera poOOTH — MPOBECTH aHaJi3
e(eKTUBHOCTI J1aHOT METOJMKHM, a TaKOXX BHMBUYHTH
6e3nocepe/iHi pe3yIbTaTH XipypriyHoi KOpeKIii y namieHTiB
3 obctpyktuBHOIO ['KMII. Pesynpratt poboTH moKa3ain
CTaTHCTHYHO 3HAYYILE 3HIKCHHS CHCTOJIYHOTO IpajieHTa
THCKY Ha BHXiJHOMY TPaKTi JiBOTO ILTyHOYKA, 3MECHIICHHS
CTyHeHS MiTpajlbHOI  perypritamii Ta  HOKpaIleHHS
¢ynkuionansroro xiacy NYHA. V235 naumientis
NpoBe/IeHO cTpaTH(iKalilo PU3UKY panToBoi cepreBoi
cmepti (PCC). Pesynbratd AOCHIKEHHS MOKA3aiH, IO
HPOBEACHHS 0araToeTanHol KOpeKIii J03BOJIs€ BIUIMHYTH
Ha BCI JIAHKH T1aTOJIOTIYHOTO IIPOSBY AAHOTO 3aXBOPIOBAHHS,
[POTE TIOCTAIOTh IMTAHHS, $K CHPOTHO3YBATH PH3UK
puHuKHEeHHS PCC y Bxe mpooIepoBaHUX MAli€HTIB i AK
3aXHCTUTH 1X B/l )KUTTE€3arPO3ITHBHX MOJIH?

KnrodoBi cioBa: rimeprpodiuna kapuaiomiomaris,
po3lmpeHa cenTajbHa MI€KTOMis, XipypridHa KOpPEeKIis,
parnToBa cepleBa CMepTh.

Crarrs Hapgiiioia 22.06.201%.

PE3YJIbTATBI XUPYPITHYECKOI'O
JIEYEHUS MAIIMEHTOB C OBCTPYKTUBHOM
®OPMOI THMIIEPTPO®UYECKON
KAPAUOMUOIIATAN KAK ®AKTOPA PUCKA
BHE3ANTHOH CEPJAEYHOI CMEPTH
Pynenxo K.B., Jlazopumunen B.B., TpemooBeuxas E.M.,
Hesmepaxunkas JI.A., Tpery6osa ML.A., [lan4yenko I1.A.

Hccnenosanue  Brimouaer 250  mociienoBaTenbHBIX
CUMIITOMAaTHYECKUX MAIMEHTOB C OOCTPYKTHBHOH (hopMoit
runeprpodudeckoit kapauomuomnaruu ([KMII), koropsiM ObLia
BEINIOJIHEHA ~ XUPYpPrHYecKas  paclIMpeHHas  MHIKTOMHS,
pe3eKIusl aHOMAIIBHBIX XOPAAIBHBIX CTPYKTYp, MOOMIM3aLusL
NMaNMWUBIPHBIX ~ MBIMI W IUIMKAlMs ITepefHed  CTBOPKH
MUTpalbHOro KianaHa. Llenb pabGoThl — IPOBECTH aHaIM3
5 (}EeKTUBHOCTH JaHHOM METOIMKHM, a TaKKe H3y4HTh
HETIOCPEACTBEHHbIE PE3YNBTAThl XHPYPrUUECKOil KOPPEKIUH Y
nmareHToB ¢ oO0cTpyktuBHOM ['KMII. PesympraTer paboThbl
MOKAa3aJIi CTATHCTHIECKHU 3HAUNMOE CHIDKCHHE CHCTOIINYECKOTO
rpaJyieHTa JaBJeHHs Ha BHIXOTHOM TpPAKTE JICBOTO JKEIyJ0UKa,
YMEHBIIEHHE CTEIIEHH MUTPAJIbHON PErypruTalyi 1 yIydllieHue
¢yukunonansHoro kiacca NYHA. ¥V 235nanuenToB nposeneHo
cTpaTuduKaluo pucka BHe3amHol cepaeuHoi cmeptu (BCC).
PesynpraTel  MccneqoBaHUS — IOKa3adM, 4YTO IPOBEJICHHUE
MHOTO3TAaTHOW KOPPEKIHH TO3BOJISET MOBIHUATh HA BCE 3BEHbBS
MaTOJIOTUYECKOT0 MPOSBIEHUS JAHHOTO 3a00JeBaHuUs, OJHAKO
BO3HMKAIOT ~ BOINPOCH,  KaK  CIPOTHO3MPOBATH  PHCK
Bo3HHKHOBeHHsI BCC y yXe mpoonepupoBaHHBIX MAIMEHTOB H
KaK 3alIUTHTh UX OT XHU3HEYTPOXKAIOIINX COOBITHIA?

Knrouennie cjaoBa: THIepTpoduIecKas
KapUOMHOIIATHs, pACIIUpeHHas CeNTajbHas MHIKTOMUS,
XHpyprudeckasi KOppeKIysi, BHE3aIHas CepAevHasi CMEPTh

Penenzent Crapuenko I.I.
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