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Abstract

Introduction: Partial resection of the septal muscle is a well-
established and effective method of surgical treatment for pa-
tients with hypertrophic obstructive cardiomyopathy (HOCM).
The procedure is characterized by a low operative mortality
rate and long-term clinical improvement that has been con-
firmed in numerous publications. Mitral insufficiency in pa-
tients with HOCM is mostly functional due to the effect of
systolic anterior motion (SAM).

Aim: To present the early results of surgical treatment pro-
vided to HOCM patients and to compare the effectiveness of
two surgical procedures: isolated myectomy and myectomy
combined with mitral valve replacement.

Material and methods: The study analyzed a group of 49 pa-
tients (20 women) with HOCM who underwent surgical treat-
ment between 2012 and 2015. Isolated myectomy was per-
formed in 67.25% (n = 33) of patients, myectomy combined
with mitral valve replacement in 30.61% (n = 15), and 1 (2.04%)
patient underwent myectomy combined with mitral valvulo-
plasty (papillary muscle repositioning).

Results: A greater reduction of the left ventricular outflow tract
(LvOT) gradient was observed in the population with concomi-
tant mitral valve replacement in comparison to patients after
isolated myectomy; the difference was statistically significant
(p = 0.020). No significant correlation was observed between
residual SAM and the grade of mitral regurgitation (p = 0.699)
or between residual SAM and the LVOT gradient (p = 0.280).
Conclusions: Surgical myectomy is a well-established, effec-
tive method of reducing increased LVOT gradients in patients
with HOCM. Additional mitral valve replacement may be asso-
ciated with greater reductions of the LVOT gradient in the early
postoperative period. Valve replacement should be considered
in patients with concomitant mitral valve degeneration and
patients with narrowed left ventricular cavities.

Key words: hypertrophic cardiomyopathy, hypertrophic ob-
structive cardiomyopathy, myectomy.

Streszczenie

Wstep: Czesciowa resekcja miesnia przegrody miedzykomoro-
wej to dobrze poznana i skuteczna metoda chirurgicznego le-
czenia pacjentéw z kardiomiopatia przerostowa z zawezeniem
w drodze odptywu lewej komory (HOCM). Charakteryzuje sie ni-
ska $miertelnoscig okotooperacyjna, szybka i dtugotrwatg popra-
wa kliniczna, co zostato potwierdzone w licznych publikacjach.
Niedomykalnos$¢ zastawki mitralnej u pacjentéw z HOCM jest
w wiekszosci niedomykalnoscia funkcjonalng, wynikajaca z za-
burzonej hemodynamiki wewnatrz lewej komory oraz skurczo-
wego ruchu przedniego ptatka zastawki mitralnej (efekt SAM).
Cel: Przedstawienie wczesnych wynikéw leczenia operacyjnego
HOCM w osrodku autora w latach 2012-2015 oraz poréwnanie
skutecznosci zabiegu u pacjentéw poddanych operacji miekto-
mii oraz miektomii z jednoczesng wymiang zastawki mitralnej.
Materiat i metody: Analiza objeto 49 chorych (20 kobiet)
z HOCM, poddanych leczeniu operacyjnemu w latach 2012-
2015. W analizowanej grupie 67,35% (n = 33) stanowity izo-
lowane miektomie, 30,61% (n = 15) miektomie z jednoczesna
wymiang zastawki mitralnej, a 2,04% (n = 1) miektomia z pla-
styka zastawki mitralnej.

Wyniki: Istotnie wieksza redukcje gradientu w drodze odptywu
lewej komory (LVOT) (p = 0,020) odnotowano u pacjentéw z jed-
noczesng wymiang zastawki mitralnej. Nie stwierdzono istotnej
zaleznosci miedzy rezydualnym SAM i rezydualng niedomykal-
nosciag mitralng (p = 0,699) oraz rezydualnym SAM i rezydualnym
gradientem w LVOT (p = 0,280).

Whioski: Chirurgiczna miektomia jest dobrze poznang, sku-
teczng metodg redukcji gradientu w LVOT u chorych z HOCM.
Poszerzenie zabiegu miektomii o wymiane zastawki mitral-
nej moze sie wigza¢ z wiekszg redukcjg gradientu w LVOT we
wczesnym okresie pooperacyjnym. Wymiane zastawki nalezy
rozwazy¢ w przypadku wspbétistnienia organicznej wady za-
stawki mitralnej oraz u pacjentéw z koncentrycznym przero-
stem miesnia i waska jama lewej komory.

Stowa kluczowe: kardiomiopatia przerostowa, kardiomiopatia
przerostowa z zawezeniem w LVOT, miektomia.
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Introduction

Hypertrophic cardiomyopathy (HCM) is the most com-
mon genetically determined myocardial disease and is
characterized by a varied clinical course. Due to the small
population of affected patients and heterogeneous etiol-
ogy, unequivocal treatment algorithms are lacking [1]. El-
evated left ventricular outflow tract (LVOT) gradient at rest
or after exercise is observed in 70% of HCM patients, while
20-30% of patients are affected by significant gradient
elevation at rest, which constitutes an unfavorable prog-
nostic factor. Patients with elevated LVOT gradients often
exhibit asymmetric hypertrophy of the interventricular sep-
tum (IVS). Surgical treatment should be considered in this
group of patients if clinical symptoms (NYHA IlI-IV) or post-
exercise syncopes persist despite pharmacological therapy
[1]. The first routine surgical method of proven efficacy was
partial resection of the interventricular septal myocardium
(myectomy) described by Andrew Glenn Morrow in 1960.
The pathological mechanism associated with the develop-
ment of elevated LVOT gradients is complex and includes
mitral valve dysfunction. Interventricular septum hypertro-
phy disrupts LV hemodynamics [2], which results in motion
of the anterior and/or posterior leaflet(s) in the direction
of the LVOT [2, 3]. The consequences of this may include
an increase of the LVOT gradient [4], development of mi-
tral insufficiency, and, ultimately, intensification of clinical
symptoms. At the author’s center, the surgical procedures
most frequently performed in patients with hypertrophic
obstructive cardiomyopathy (HOCM) are myectomy with
papillary muscle mobilization [5], myectomy with concur-
rent mitral valve replacement described by Johnson in 1964
and Cooley in 1971, and myectomy with plastic repair of the
subvalvular apparatus.

Aim

The aim of this study is to present the early results of
HOCM surgical treatment at the author’s center during
the years 2012-2015 and to compare the efficacy of myec-
tomy with that of myectomy with concurrent mitral valve
replacement.

Material and methods

A group of 49 HOCM patients operated on in the years
2012-2015 was analyzed retrospectively. Their age ranged
from 17 to 85 years (55.75 +14.45); 41% were women (n =
20) and 59% were men (n = 29). The data for analysis were
obtained retrospectively from the IT system of the clinical
unit where the patients were hospitalized. The calculations
were made with IBM SPSS 23.0 software. Wilcoxon’s test
for dependent samples was used to assess the significance
of the changes in the preoperative-postoperative measure-
ments for quantitative and ordinal variables. Relationships
between nominal variables and differences in distribution
frequency were checked using a 2 test. Comparisons be-
tween the two groups with regard to quantitative variables
were made using the Mann-Whitney test as the conditions
for parametric tests were not met. Values of p < 0.05 were
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considered significant. The results are presented as maxi-
mal and minimal values, and means + SD. Mitral insuffi-
ciency was classified as mild, moderate, or severe in accor-
dance with the 2003 guidelines of the American Society of
Echocardiography [6]. Systolic anterior motion (SAM) was
classified as present (if the anterior mitral leaflet (AML)
was in contact with the interventricular septum), incom-
plete (if movement of the subvalvular apparatus or the
AML in the direction of the IVS was observed), or no SAM.
The procedures were performed with classic sternotomy
and extracorporeal circulation. The superior and inferior
venae cavae were cannulated in a typical fashion; a vent
was introduced into the left ventricle through the right su-
perior pulmonary vein. The first dose of blood cardioplegia
was administered into the bulb of the aorta, and the subse-
quent doses were administered into the coronary ostia. All
patients underwent myectomy. The IVS muscle was resect-
ed starting from 1-1.5 cm below the aortic annulus at the
level of the middle of the right coronary leaflet, then left
in the direction of the mitral valve, towards the apex, and
right. The present additional chordae tendineae connecting
the AML with the IVS were resected. In patients diagnosed
with significant hypertrophy of the papillary muscles with
adhesions to the IVS or the free wall of the left ventricle,
mobilization of the muscles was performed by resecting
their parabasal parts. In order to obtain better visualiza-
tion of the IVS, the septum was pushed from the outside in
towards the aortic annulus with a small gauze pad placed
on curved Péan forceps. After the procedure was completed
and extracorporeal circulation was ended, transesophageal
echocardiography was conducted to assess the LVOT gradi-
ent, residual SAM, and mitral insufficiency. When the LVOT
gradient was found to exceed 15-20 mm Hg, a redo proce-
dure was performed with more extensive resection of the
septal muscle. Mitral valve replacement was performed in
patients with degenerative changes of the valve and in pa-
tients with concentric myocardial hypertrophy and narrow
left ventricular cavities; in such cases, the subvalvular ap-
paratus was resected.

Results

Of the analyzed patients, 67.35% (n = 33) underwent
isolated myectomy, 30.61% (n = 15) underwent myectomy
with concurrent mitral valve replacement, and 2.04% (n = 1)
underwent myectomy with plastic repair of the mitral
subvalvular apparatus. All the patients suffered from
symptomatic hypertrophic cardiomyopathy resistant to
pharmacological treatment. Maximal hypertrophy of the in-
terventricular septum ranged from 15 mm to 36 mm (23.35
+4.47). The patients were qualified for treatment based on
the decision of the Heart Team, which included a cardiac
surgeon, an interventional surgeon, and a cardiologist with
experience in treating HCM patients. The statistical analy-
sis omitted the patient who underwent concurrent subval-
vular apparatus repair. Minimal preoperative LVOT gradi-
ent in the group undergoing myectomy and mitral valve
replacement (MVR) was 90 mm Hg, maximal: 136 mm Hg

301



Extended myectomy in the treatment of patients with hypertrophic obstructive cardiomyopathy

Tab. I. Pre- and postoperative gradients in both groups

Variable Number Mean Median Minimum Maximum SD
GO MVR 15 110 105 90 136 17.4
G1 MVR 15 16 12 8 40 9.1
GO M 33 100 90 40 255 453
G1M 33 27 23 7 52 14.2

GO M — preoperative LVOT gradient in patients undergoing isolated myectomy, GO MVR — preoperative LVOT gradient in patients undergoing concurrent MVR, G1 M

— postoperative LVOT gradient in patients undergoing isolated myectomy, G1 MVR —

postoperative LVOT gradient in patients undergoing concurrent MVR.

Tab. Il. Preoperative and postoperative gradient difference in both groups

Variable Median Standard deviation Minimum (EVT ] Number
M —72.964 -67.000 42.2200 -205.0 -20.0 33
MVR -92.007 -90.000 20.7840 -120.4 -53.0 15
Total —-78.915 —-78.500 37.7078 -205.0 -20.0 48
M — population undergoing isolated myectomy, MVR — population undergoing concurrent mitral valve replacement.
o] Tab. IIl. Frequency table. Preoperative mitral insufficiency in the
—_ population undergoing isolated myectomy
g Mitral insufficiency Frequency Percentage
; —07 Mild 14 424
E Moderate 18 54.5
g' -100+ Severe 1 3.0
§_ Total 33 100.0
EO -150+
= ° Tab. IV. Frequency table. Postoperative mitral insufficiency in the
by 004 population undergoing isolated myectomy
E ° VEUEL]E Frequency Percentage
g No insufficiency 9 273
-250+
: : Mild 16 485
No Yes Moderate 8 24.2
MVR Total 33 100.0

Fig. 1. Gradient reductions in the populations (postoperative mi-
nus preoperative)
MVR yes/no = concurrent mitral valve replacement/isolated myectomy.

(110 £17.4). In the group undergoing isolated myectomy,
the minimal gradient was 40 mm Hg, maximal: 255 mm
Hg (100 +45.3). After the surgical treatment, echocardiog-
raphy was conducted during the same hospitalization, re-
vealing the following distribution of LVOT gradients: in the
group after myectomy + MVR: min. 8 mm Hg, max. 40 mm
Hg (16 +9.1); in the group after isolated myectomy: min.
7 mm Hg, max. 52 mm Hg (27 +14.2) (Tab. I). The reduc-
tion of the LVOT gradient was as follows: in the group af-
ter myectomy + MVR: min. 53 mm Hg, max. 120 mm Hg
(92 £20.7); inthe group afterisolated myectomy: min.20 mm
Hg, max. 205 mm Hg (73 +42.2) (Tab. Il). The gradient reduc-
tion was significantly more pronounced in the group of pa-
tients after MVR (p = 0.020) (Fig. 1). The frequency of preop-
erative and postoperative mitral insufficiency in the group
undergoing isolated myectomy is presented in Tables IlI
and IV, respectively. Analysis with the Wilcoxon signed-rank
test demonstrated a statistically significant improvement
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Tab. V. Pre- and postoperative frequency of SAM and residual SAM
(RSAM)

Variable SAM RSAM
Frequency Percentage Frequency Percentage
No 2 6.1 19 57.6
Incomplete 0 0 10 30.3
Yes 31 93.9 4 121
Total 33 100.0 33 100.0

of mitral insufficiency (p = 0.001). The pre- and postopera-
tive frequency and degree of SAM are presented in Table V.
A significant reduction in SAM after myectomy was dem-
onstrated (p < 0.0005). The analysis of postoperative data
showed no significant correlations between the variables:
residual SAM and Gmax in the LVOT (p = 0.280) and resid-
ual SAM and residual mitral insufficiency (p = 0.966). The
hospitalization of patients after isolated myectomy lasted
12 +9 days on average; concurrent mitral valve replacement
was associated with longer hospitalization: 29 +48 days
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on average. Postoperative cardiac dysrhythmias were ob-
served in 18% of patients (n = 6) after isolated myectomy.
No pacemakers were implanted; however, 27% of the pa-
tients (n = 9) had already been implanted with pacemakers
before the procedure. One patient underwent concurrent
CABG, and one patient was implanted with a prosthesis
of the ascending aorta due to an iatrogenic injury. Among
the patients undergoing concurrent myectomy and MVR,
cardiac dysrhythmias occurred in 47% (n = 7); pacemaker
implantation was required in 40% (n = 6), and 1 patient
had already received a pacemaker before the procedure.
Additionally, the aortic valve was replaced in 13% of the
patients (n = 2), and 1 patient underwent tricuspid valvulo-
plasty. There were no intra- or postoperative deaths in the
analyzed population.

Discussion

Myectomy is the standard method of surgical HOCM
management; however, the partial resection of the basal
segment of the IVS described by Morrow et al. can be as-
sociated with an elevated residual LVOT gradient [7]. In
the analyzed population undergoing extended myectomy,
the postoperative LVOT gradient ranged from 7 mm Hg to
52 mm Hg (27 +14.2). Dynamic elevation of the LVOT
gradient is associated with SAM of the mitral valve
[2, 4]. However, the analyzed data did not show such
an association with regard to the residual LVOT gradi-
ent during the period immediately after the surgery
(p = 0.280). More than mild was found in 24.2% of patients
(n = 8), but no influence of SAM on valve insufficiency was
demonstrated (p = 0.966). Johnson (in 1964) and Cooley (in
1971) were proponents of performing myectomy with con-
current mitral valve replacements, a method that offered
long-term and predictable effects [8, 9]. Despite satisfac-
tory treatment outcomes, the method has become rather
controversial [10]. Between 2012 and 2015, we performed
15 myectomies with mitral valve replacement (30.61%) at
our center. The procedure was performed in patients diag-
nosed with degenerative mitral valve lesions or significant
concentric myocardial hypertrophy in the middle segments
and narrow left ventricular cavities; the subvalvular appa-
ratus was resected each time. The method achieved a sig-
nificantly better reduction of the LVOT gradient in the early
postoperative period in comparison to isolated myectomy
(p = 0.020), but the procedure was associated with a great-
er number of complications and longer hospitalization. As
the methods of cardiac imaging developed, enabling better
understanding of the pathological mechanism of dynamic
LVOT gradient elevation and the causes of the often con-
comitant MI, the dominant role of the Venturi effect was
called into question [2]. Some large centers treating HOCM
patients have proposed to employ more extensive myec-
tomy with papillary muscle mobilization [5, 11-14]; others
postulate the performance of concurrent mitral valvulo-
plasty [11, 12, 15, 16]. The long-term results of both strate-
gies are equally satisfactory. It has also been demonstrated
that failures defined as residual elevated LVOT gradients
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were associated with insufficient LV muscle resection [17,
18]. In the present study, we analyzed the results of post-
operative transthoracic echocardiography in patients un-
dergoing HOCM surgery. Two groups were distinguished:
patients undergoing isolated myectomy and patients un-
dergoing myectomy with mitral valve replacement. A sig-
nificantly more pronounced reduction in the LVOT gradient
was observed in the latter group (p = 0.020). Concurrent
mitral valve replacement was associated with longer hospi-
talization and a greater number of complications.

Conclusions

Surgical myectomy is a well-known, efficacious method
of reducing the LVOT gradient in HOCM patients. Supple-
menting myectomy with mitral valve replacement can re-
sult in more pronounced LVOT gradient reduction during
the early postoperative period. Valve replacement should
be considered in patients with concomitant organic defects
of the mitral valve and in patients with concentric muscle
hypertrophy and narrow left ventricular cavities.
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