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ABSTRACT
AIM AND METHODS: The aim of our study was to compare the development of echocardiographic parameters 
and functional status of patients with hypertrophic obstructive cardiomyopathy (HOCM) treated conservatively 
(n = 41) or by alcohol septal ablation (ASA; n = 39).
RESULTS: Left ventricular outfl ow tract gradient (LVOTG) decreased in the fi rst year by 53.7±36.4 mmHg in 
ASA group versus 5.5±47.1 mmHg in conservatively treated group (p<0.001), in the third year by 53.1±41.4 
mmHg versus 23.9±42.7 mmHg (p = NS) and in the fi fth year, the reduction of LVOTG was 52.1±44.5 mmHg 
in ASA group and 3.0±63.2 mmHg in conservatively treated group (p<0.05). Change in NYHA class in the fi rst 
year was –1.1±0.4 versus 0.1±0.5, in the third year –1.0±0.6 versus 0.1±0.4 and in the fi fth year –0.8±0.5 ver-
sus 0.1±0.4 (all p<0.001).
CONCLUSION: Our results showed for the fi rst time that decline of LVOTG after ASA creates a favorable left 
ventricle remodeling and leads to signifi cant improvement of functional status of HOCM patients in comparison 
with conservative treatment (Tab. 3, Fig. 2, Ref. 42). Text in PDF www.elis.sk.
KEY WORDS: hypertrophic obstructive cardiomyopathy, alcohol septal ablation, conservative treatment, inva-
sive treatment, echocardiography.
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Abbreviations: H(O)CM – Hypertrophic (obstructive) cardiomyo-
pathy; ASA – Alcohol septal ablation; LVOT(G) – Left ventricular 
outfl ow tract (gradient); NYHA – New York Heart Association; 
IVS – Interventricular septum; LGE – Late gadolinium enhance-
ment; LVEF – Left ventricular ejection fraction; SAM – Systolic 
anterior motion; NYHA – New York Heart Association; LV – Left 
ventricle; PM DDD – Dual-chamber pacemaker; ICD – Implant-
able cardioverter defi brillator; MRI – Magnetic resonance imaging; 
PW – Posterior wall; LVEDD – Left ventricular end-diastolic diam-
eter; LVESD – Left ventricular end-systolic diameter; RV – Right 
ventricle; LA – Left atrium; Mi reg – Mitral regurgitation; TCP 
– Temporary cardiac pacing; LCA – Left coronary artery; ACCF/
AHA – American College of Cardiology Foundation/American 
Heart Association; ESC – European Society of Cardiology

Introduction

Hypertrophic cardiomyopathy (HCM) is a disorder defi ned 
by thickening of left ventricle (LV) walls or increased mass of 
myocardium of non-dilated LV without explanatory hemodynamic 
reasons, such as hypertension or valvular disease, able to cause a 
certain degree of hypertrophy (1, 2, 3, 4). HCM is the most com-
mon genetic heart disorder with an autosomal dominant type of 
inheritance caused by a mutation in genes encoding most com-
monly cardiac sarcomeric proteins with a prevalence of 1 : 500 (1, 
3, 4). Hypertrophy of the interventricular septum (IVS), elongated 
leafl ets of the mitral valve and papillary muscles abnormalities are 
the most common reasons for the presence of obstruction in the 
left ventricular outfl ow tract (LVOT) (5). Intraventricular obstruc-
tion is present in approximately two thirds of patients – one half of 
them has obstruction at rest (resting obstruction) and the second 
half after stress (latent obstruction). The remaining one third of 
individuals has neither obstruction at rest nor during exercise (non-
obstructive type of HCM) (3, 6). LVOT obstruction is most often 
associated with the presence of systolic anterior motion (SAM) of 
the anterior mitral leafl et. Clinical diagnosis of HCM is based on 
the detection of the typical phenotype of this disease usually by 
echocardiography, as the basic diagnostic method, with the pres-
ence of LV wall hypertrophy (particularly IVS) and non-dilated 
LV cavity. Magnetic resonance imaging (MRI) is another, modern 
and more accurate method, which is essential especially in sub-
jects poorly evaluable by echocardiography. This method allows, 



Honek T et al. Conservative versus invasive treatment in hypertrophic obstructive cardiomyopathy 

xx

563

besides assessment of LV kinetics and the extent of hypertrophy, 
to show the presence and the extent of myocardial fi brosis by late 
gadolinium enhancement (LGE). The extent of LGE is useful in 
prediction of cardiovascular mortality and the mere presence of 
LGE seems to be associated with a higher incidence of ventricu-
lar arrhythmias and sudden cardiac death (1, 3, 7). Intraventricu-
lar obstruction is the main cause of clinical symptomatology of 
these patients. Typical symptoms are shortness of breath, angina 
pectoris, palpitations, stress-induced syncope or sudden cardiac 
death (8). The treatment is complex and is selected according to 
symptomatology and the presence or absence of gradient in LVOT 
(LVOTG). The fi rst step in symptomatic patients is pharmacologi-
cal therapy. Non-pharmacological approach can be used in selected 
cases with persistent symptoms and signifi cant LVOT obstruction. 
The basic pharmacotherapy consists of drugs that reduce oxygen 
consumption and prolong diastolic fi lling of LV (5). The fi rst op-
tion of drug therapy for patients with hypertrophic obstructive car-
diomyopathy (HOCM) are beta-blockers, which reduce primarily 
stress-induced LVOTG and lead to relief of symptoms (9). Second 
line of treatment is verapamil, non-dihydropyridine calcium an-
tagonist, which, in contrast to beta-blockers, reduces mainly rest-
ing LVOTG and this treatment also leads to the improvement of 
clinical status (4). Verapamil also has a vasodilatory effect, which 
may cause an increase of LVOT gradient, therefore it is required to 
be used with care in individuals with high LVOTG (10). Another 
treatment option is disopyramid, which is quite often used in North 
America (11). In Europe, it is administered much less frequently 
and in our group was not used in any patient. In obstructive types 
of HCM with persisting symptoms despite the maximal tolerated 
pharmacotherapy, one of the three interventional methods can be 
used to reduce LVOTG. The oldest of them is surgical myectomy, 
which was introduced into practice in the 1960’s and is still con-
sidered (especially in the United States) as the fi rst option. Ten 
years later, dual-chamber pacemaker (PM DDD) implantation with 
apical pre-excitation was introduced and after initial promising 
results this method was relegated to the background later (12, 13, 
14). If suitable coronary anatomy is present, the third method, al-
cohol septal ablation (ASA), can be indicated. This is a preferred 
option in most European countries including the Czech Republic. 
It is the most recent method of non-pharmacological treatment, 
which was performed for the fi rst time by Ulrich Sigwart in 1994 
in London (15). This is an interventional cardiological method 
based on injection of absolute alcohol most often into the fi rst septal 
branch supplying the basal portion of IVS, causing infarction in 
that region. It results later in scaring and thinning of hypertrophic 
IVS leading to enlargement of LVOT, reduction of LVOTG and 
improvement of symptoms. Furthermore, LV remodeling with re-
gression of its hypertrophy is present, even beyond the intervened 
segments of LV (4, 7). 

Aim

The aim of our retrospective study was to compare develop-
ment of echocardiographic parameters and functional status in 
short-term, mid-term and long-term follow-up in HOCM patients 

who were treated conservatively, i.e. by pharmacological treatment 
or had no therapy, and interventional, i.e. by ASA, and to com-
pare the change of echocardiographic parameters and functional 
status between both groups in the above stated follow-up periods.

Methods

Group of patients and evaluated parameters
For evaluation, we used data from a monocentric registry of 

HCM patients collected during the years 2000–2015 dispensarized 
at Department of Cardiovascular Diseases, St. Anne’s University 
Hospital Brno, Czech Republic.

Inclusion criteria were as follows: 1) echocardiographic pic-
ture of HCM with LV ejection fraction (LVEF) ≥ 50 %, 2) rest-
ing or stress-induced LVOTG ≥ 30 mmHg, 3) IVS ≥ 15 mm, 4) 
follow-up duration ≥ 1 year. Exclusion criteria were the follow-
ing: 1) severe arterial hypertension, 2) hemodynamically signifi -
cant aortic stenosis, 3) proven storage and infi ltrative myocardial 
disorder, 4) history of PM/ICD DDD implantation, 5) history of 
surgical myectomy. 

The trial included 80 patients (54 men and 26 women) with 
the average age of 57.5 ± 12.8 years, who were divided into two 
groups according to treatment regimen. The fi rst group treated 
conservatively included 41 patients (30 men and 11 women), 39 
patients were enrolled into the second group treated by ASA (24 
men and 15 women). The following parameters were evaluated: 
maximal resting gradient in LVOT (LVOTG), thickness of inter-
ventricular septum (IVS), thickness of LV posterior wall (PW), 
LV end-diastolic diameter (LVEDD), LV end-systolic diameter 
(LVESD), right ventricle diameter (RV), left atrium diameter (LA), 
LV ejection fraction (LVEF), mitral regurgitation degree (Mi reg), 
systolic anterior motion (SAM) and NYHA classifi cation. The 
follow-up periods were 1 year (short-term), 3 years (mid-term) 
and 5 years (long-term). First, the development of the parameters 
was evaluated in both groups in the above defi ned time periods 
and subsequently changes of the parameters between both groups 
were compared (the minus sign indicates decrease or reduction in 
the parameter value). 

Statistical analysis
Normality of the data were tested by Kolmogorov–Smirnov 

test and by visual inspection of the histograms and normal prob-
ability plots. Changes of RV, IVS, LVEDD, LVESD, PW, LA, 
LVEF and LVOTG were assessed by repeated measures ANOVA 
and Dunnett post hoc test separately for both, conservative group 
and ASA group. Prior to that, LVOTG was log-transformed to fi t 
normal distribution and only the values of resting LVOTG were 
used for statistical evaluation due to the lack of stress-induced 
LVOTG measurements in patients where signifi cant resting ob-
struction had already been present. In the case of ordinal param-
eters – mitral regurgitation and NYHA classifi cation – Friedman 
test with Hochberg post hoc test was used. SAM was assessed us-
ing Cochran Q test and a series of McNemar tests with Bonferroni 
correction were further employed. The heart failure degree was 
also categorized as mild (NYHA ≤ II) or severe (NYHA > II) and 
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was analyzed in the same way. Post hoc analyses were performed 
only if the null hypothesis was rejected in the general test. In all 
post hoc analyses, the data obtained during the follow-up were 
compared to baseline values that were taken as reference (k - 1 
comparison). Because the parameters were closely correlated, no 
further multiple testing corrections was employed.

Further, the magnitude of the changes was compared between 
the conservative group and the ablation group. In the case of RV, 
IVS, LVEDD, LVESD, PW and LA, t-tests for independent data 
were used. In the case of the LVEF and the LVOTG, Mann–Whitney 
U-test was used due to their non-normal and non-transformable dis-
tribution. Mann–Whitney U-test was also employed in Mi reg and 
NYHA change. In SAM, where potential change could only have 
three values (–1, 0 and 1), Cochran–Armitage test for trend was used.

Because of a high drop-out rate, the baseline characteristics of 
the patients that were followed for the whole period of fi ve years 
were compared to those that were lost before the end of the study 
to exclude the possibility of survival bias. T-tests for independent 
data, Mann–Whitney U-test and Fisher exact test were employed 
in this analysis. 

All analyses were performed using STATISTICA software 
(Stat Soft, version 12), except for Cochran–Armitage test where 
TREND program (developed by Jürg Ott, available at url: http://
www.jurgott.org/linkage/util.htm) was used, and Hochberg post 
hoc comparison for Friedman test that was performed using CON-
TROLTEST program (Alcala-Fdez et al, 2009, available at url: 
http://sci2s.ugr.es/sicidm) (16).

Alcohol septal ablation
Temporary cardiac pacing (TCP) was introduced before the 

intervention as a prevention of periprocedural bradycardic arrhyth-

mias. At fi rst, selective coronary angiography was performed to 
assess the suitability of coronary arteries anatomy. Subsequently, 
pressure gradient was measured between catheter placed in LV 
apex and in LVOT (subvalvular area) at rest and after stress pro-
voked by ventricular extrasystole or by Valsalva maneuver, less 
frequently by application of nitrates (Fig. 1a). Then, special over-
the-wire balloon catheter was introduced into the septal branch 
supplying the presumed area, which participates in intraventricular 
obstruction (predominantly basal IVS), and encloses lumen of this 
vessel. Echo contrast substance was injected through the catheter 
and the extent and localization of the perfusion area of this septal 
branch was evaluated echocardiographically (17). After identi-
fying a suitable septal branch, 96% alcohol was applied into it. 
The amount of injected alcohol was based on lumen size and the 
supplied region of appropriate septal branch (approximately 1.0 
ml per 10 mm of IVS thickness). After ten minutes, the balloon 
was defl ated, residual pressure gradient between the LV apex and 
LVOT was measured at rest and after above described provoking 
maneuvers (Fig. 1b). Finally, selective coronary angiography of 
left coronary artery (LCA) was performed to confi rm ablation of 
septal branch and exclusion of incidental alcohol leak into the 
other part of LCA with formation of no-refl ow phenomenon (5, 
8). Electrode of TCP was left at least 24 hours, or longer if neces-
sary, and the patient stayed in hospital with monitoring of heart 
rhythm for at least 5 days (18).

Echocardiography
Echocardiographic examinations were performed on GE Vivid 

7, GE Vivid E9, Philips IE 33 machines and evaluated parameters 
were measured according to the ACCF/AHA and the ESC guide-
lines for diagnosis and treatment of HCM (1, 3). Stress-induced 

Fig. 1. Invasively measured left ventricular outfl ow tract (LVOT) gradient A) before alcohol septal ablation [difference between pressure curves 
in apical part of left ventricle (upper arrow) and in LVOT (lower arrow)] and B) after alcohol septal ablation [disappearance of difference in 
systolic pressures between LVOT and apex (arrow)].

A B
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LVOTG was provoked mostly by using sublingual nitrates, less 
frequently by Valsalva maneuver (19).

Results

Patients in the ASA group were slightly older (60.1 ± 12.2 ver-
sus 55.0 ± 12.9 years), although it was not statistically signifi cant 
(p = 0.07), they had a higher degree of mitral regurgitation (1.4 
± 0.7 versus 0.8 ± 0.7, p < 0.001) and were also more symptom-
atic according to the NYHA classifi cation (2.9 ± 0.2 versus 1.8 ± 
0.6, p < 0.001). Out of the total number of 80 patients, in 71 one 
year follow-up data were available, in 51 three years data and in 
33 fi ve years follow-up results. There was no statistically signifi -

cant difference in any baseline parameters between the patients, 
who remained in the study and those, who dropped out from the 
study. There was also no difference in the drop-out between the 
conservatively and the interventional treated patients. All baseline 
characteristics are in Table 1.

In the ASA treated group, LVOTG decreased from 79.7 ± 50.0 
mmHg to 25.5 ± 18.8 mmHg (fi rst year) and remained stable with 
23.3 ± 23.2 mmHg (third year) and 26.5 ± 29.3 mmHg (fi fth year) 
compared to the baseline, all p < 0.001. NYHA class declined 
from 2.9 ± 0.2 to 1.8 ± 0.5 (fi rst year) and remained almost stable 
with 1.9 ± 0.6 (third year) and 2.1 ± 0.5 (fi fth year) compared to 
the baseline, all p < 0.001. In the conservatively treated group, 
LVOTG nonsignifi cant decreased from 61.7 ± 51.0 mmHg to 
55.2 ± 51.5 mmHg (fi rst year), to 40.8 ± 35.8 mmHg (third year) 
and to 51.0 ± 67.5 mmHg (fi fth year) compared to the baseline, 
all p = NS. NYHA class remained stationary for all periods 1.8 ± 
0.6 (baseline), 1.8 ± 0.6 (fi rst year), 1.9 ± 0.7 (third year) and 2.0 
± 0.6 (fi fth year), all p = NS. IVS and PW thickness decreased 
statistically signifi cantly during the follow-up in the ASA group, 
whereas in the conservative group, these two parameters tended 
to thickening, IVS even statistically signifi cant. The development 
of all parameters in both groups is shown in Table 2.

Comparing the changes in various parameters, both groups 
showed clear differences in the effect of both treatment approach-
es: LVOTG change in the fi rst year was –53.7 ± 36.4 mmHg in 
the ASA group versus –5.5 ± 47.1 mmHg in the conservative 
group (p <0.001), in the third year –53.1 ± 41.4 mmHg versus 
–23.9 ± 42.7 mmHg (p = NS), in the fi fth year –52.1 ± 44.5 
mmHg versus –3.0 ± 63.2 mmHg (p< 0.05). Change of NYHA 
class in the fi rst year was –1.1 ± 0.4 versus –0.1 ± 0.5, in the third 
year –1.0 ± 0.6 versus 0.1 ± 0.4, in the fi fth year –0.8 ± 0.5 versus 
0.1 ± 0.4 (all p ˂ 0.001). Change of IVS thickness in the fi rst year 
was –3.8 ± 2.9 mm versus 1.1 ± 2.2 mm, in the third year –5.5 
± 3.3 mm versus 2.5 ± 4.3 mm, in the fi fth year –5.9 ± 3.4 mm 
versus 3.1 ± 3.7 mm (all p < 0.001). Comparison of all changes 
is described in Table 3.

Fig. 2. Interventricular septum A) before alcohol septal ablation and B) after alcohol septal ablation (arrow shows scar with thinning of hy-
pertrophic septum).

Cons. group 
(n=41)

ASA group 
(n=39)

p

Age, y 55.0±12.9 60.1±12.2 NS
Men, n (%) 30 (73) 24 (62) NS
NYHA class (mean) ± SD 1.8±0.6 2.9±0.2 <0.001
NYHA class > II, n (%) 11 (27) 39 (100) <0.001
Resting LVOTG (mean) ± SD, mmHg 61.7±51.0 79.7±50.0 NS
Resting LVOTG – median, (IR), mmHg 50 (24–86) 83 (45–100) NS
Interventricular septum (mean) ± SD, mm 19.9±3.8 20.8±3.1 NS
Posterior wall (mean) ± SD, mm 14.5±2.3 15.6±3.5 NS
LV end-diastolic diameter (mean) ± SD, mm 41.7±6.0 40.5±4.6 NS
LV end-systolic diameter (mean) ± SD, mm 24.7±6.1 24.0±5.0 NS
Right ventricle (mean) ± SD, mm 28.2±3.6 28.2±3.9 NS
Left atrium (mean) ± SD, mm 42.8±5.6 44.6±7.3 NS
LV ejection fraction (mean) ± SD, % 68.1±7.2 65.7±6.5 NS
Mitral regurgitation (mean) ± SD 0.8±0.7 1.4±0.7 <0.001
Systolic anterior motion, n (%) 37 (90) 37 (95) NS
Amount of 96% alcohol (mean) ± SD, ml 2.2±0.7
1-year follow-up, n (%) 35 (85) 36 (92) NS
3-year follow-up, n (%) 25 (61) 26 (67) NS
5-year follow-up, n (%) 15 (37) 18 (46) NS
Cons. – Conservative, ASA – alcohol septal ablation, SD – standard deviation, NS 
– non-signifi cant, LVOTG –  left ventricular outfl ow tract gradient, LV – left ven-
tricle, IR –  interquartile range

Tab. 1. Baseline characteristics.

A B
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Discussion

In HCM patients with persistent obstruction in LVOT, a grad-
ual increase in LV wall thickness may be observed over the years 
(1). Gradient in LVOT is highly variable, besides hypertrophy of 
IVS and mitral valve pathology including its accessory appara-

tus, obstruction in LVOT depends also on a degree of hydration, 
stress conditions or chamber contractility, therefore LVOTG may 
vary according to activities and position of the patient, intake of 
fl uid and food. Systolic function usually remains preserved for a 
long time, but in a small proportion of cases (about 5–10 %) it 
can transform into so-called „end-stage“ or „burned-out“ phase, 

Periods Cons. group p ASA group p
NYHA class (mean) ± SD Baseline 1.8±0.6 2.9±0.2

1st year 1.8±0.6 NS 1.8±0.5 <0.001
3rd year 1.9±0.7 NS 1.9±0.6 <0.001
5th year 2.0±0.6 NS 2.1±0.5 <0.01

NYHA class > II, n (%) Baseline 11 (27) 39 (100)
1st year 7 (20) NS 6 (17) <0.001
3rd year 8 (27) NS 8 (30) <0.001
5th year 5 (28) NS 9 (45) <0.01

Resting LVOTG (mean) ± SD, mmHg Baseline 61.7±51.0 79.7±50.0
1st year 55.2±51.5 NS 25.5±18.8 <0.001
3rd year 40.8±35.8 NS 23.3±23.2 <0.001
5th year 51.0±67.5 NS 26.5±29.3 <0.001

Resting LVOTG – median, (IR), mmHg Baseline 50 (24–86) 83 (45–100)
1st year 40 (17–75) NS 20 (11–32) <0.001
3rd year 25 (18–46) NS 19 (11–26) <0.001
5th year 25 (16–37) NS 15 (10–30) <0.001

Interventricular septum (mean) ± SD, mm Baseline 19.9±3.8 20.8±3.1
1st year 20.8±4.3 NS 16.4±3.3 <0.001
3rd year 21.7±4.1 < 0.05 15.4±3.0 <0.001
5th year 21.8±4.7 < 0.01 14.7±2.7 <0.001

Posterior wall (mean) ± SD, mm Baseline 14.5±2.3 15.6±3.5
1st year 15.0±2.9 NS 13.9±2.0 <0.01
3rd year 15.4±2.8 NS 13.6±2.1 <0.01
5th year 14.6±2.1 NS 12.9±1.7 <0.001

LV end-diastolic diameter (mean) ± SD, mm Baseline 41.7±6.0 40.5±4.6
1st year 41.7±4.6 NS 44.5±4.7 <0.05
3rd year 41.9±7.2 NS 44.5±5.3 <0.01
5th year 44.6±6.8 NS 45.7±6.4 <0.001

LV end-systolic diameter (mean) ± SD, mm Baseline 24.7±6.1 24.0±5.0
1st year 26.3±6.4 NS 28.3±5.2 <0.01
3rd year 25.2±6.5 NS 29.8±6.9 <0.001
5th year 28.6±5.5 NS 32.3±7.7 <0.001

Left atrium (mean) ± SD, mm Baseline 42.8±5.6 44.6±7.3
1st year 43.9±7.0 NS 42.9±4.8 NS
3rd year 45.9±6.2 < 0.05 43.1±6.2 NS
5th year 47.4±6.1 < 0.01 44.5±5.9 NS

LV ejection fraction (mean) ± SD, % Baseline 68.1±7.2 65.7±6.5
1st year 66.1±6.9 NS 61.3±7.0 <0.05
3rd year 67.0±6.7 NS 62.9±8.8 NS
5th year 65.6±8.7 NS 59.6±10.6 <0.01

Right ventricle (mean) ± SD, mm Baseline 28.2±3.6 28.2±3.9
1st year 28.8±4.8 NS 28.7±4.1 NS
3rd year 29.2±3.7 NS 30.3±5.3 NS
5th year 30.4±2.9 NS 29.8±5.1 NS

Mitral regurgitation (mean) ± SD Baseline 0.8±0.7 1.4±0.7
1st year 0.8±0.7 NS 1.1±0.6 NS
3rd year 0.9±0.7 NS 1.1±0.6 NS
5th year 0.9±0.7 NS 1.0±0.4 <0.05

Systolic anterior motion, n (%) Baseline 37 (90) 37 (95)
1st year 28 (80) NS 25 (69) NS
3rd year 23 (79) NS 18 (67) <0.05
5th year 15 (83) NS 17 (85) NS

Cons. – Conservative, ASA – alcohol septal ablation, SD – standard deviation, NS – non-signifi cant, LVOTG – left ventricular outfl ow tract gradient, LV – left ventricle, 
IR – interquartile range

Tab. 2. Development of parameters in both groups (comparison of values between baseline and individual time period in both groups separately).
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which is characterized by decrease of LVEF and very poor prog-
nosis (3). In contrast, diastolic function showed faster progression 
over the years, because HCM is characterized, besides hypertro-
phy itself, by typical increase of interstitial fi brosis and the con-
sequent deterioration of LV wall compliance. HCM in some cases 
may develop into restrictive phenotype with thinning of LV walls 
and signifi cant dilatation of both atria. All the above mentioned 
mechanisms lead to symptoms deterioration and are also associated 
with poor prognosis. In literature, there are many works dealing 
with issues of alcohol septal ablation and documenting its safety 
and effi cacy (20, 21, 22). However, much less studies concern 
with comparing of invasive and conservative approach. Accord-
ing to our best knowledge, only two works that compared inva-
sive and conservative treatment were published in the last years. 
In fi rst of them, Ball et al confi rmed that patients with invasive 
therapy (ASA, surgical myectomy or dual-chamber pacing) had 
lower overall mortality than the group treated pharmacologically 
corresponding to the degree of LVOTG reduction (11). Second, 
Yang et al showed similar results as Ball on survival in the ASA 
patients (23). Both these studies compared prognostic indicators 
of these two treatment strategies and demonstrated a superiority 

of invasive access, respectively ASA, in patients with HOCM. 
Whereas in our study, we did not deal with prognostic indicators, 
but we focused on the comparison of echocardiographic parameters 
and functional status in different therapeutic approaches (invasive 
versus conservative). We tried to reveal a potential positive effect 
of LVOTG decrease on LV remodeling. 

In the conservatively treated group, “natural” morphological 
development of this disease was documented during the follow-up 
with an increase of IVS thickness and gradual LA dilatation, which 
was selected as a marker refl ecting diastolic function. Both above 
mentioned parameters showed a statistically signifi cant increase 
after three years, yet with ongoing trend for the rest of the trial. 
Whereas in the ASA group after the fi rst year, a signifi cant thinning 
of IVS was observed and LA size was slightly diminished. IVS 
thinning continued also in the subsequent years (Fig. 2a, b). How-
ever, when we compared changes of LA size between these two 
groups, we established a statistically signifi cant difference in the 
third and the fi fth year. This could be a sign of a possible effect of 
LVOTG decrease caused by ASA on the favorable development of 
diastolic function in long-term follow-up. In literature, many trials 
documenting a benefi cial effect of ASA on the diastolic function 

Periods Cons. group ASA group p
NYHA class (mean) ± SD 0–1 year –0.1±0.5 –1.1±0.4 <0.001

0–3 year 0.1±0.4 –1.0±0.6 <0.001
0–5 year 0.1±0.4 –0.8±0.5 <0.001

Resting LVOTG (mean) ± SD, mmHg 0–1 year –5.5±47.1 –53.7±36.4 <0.001
0–3 year –23.9±42.7 –53.1±41.4 NS
0–5 year –3.0±63.2 –52.1±44.5 <0.05

Interventricular septum (mean) ± SD, mm 0–1 year 1.1±2.2 –3.8±2.9 <0.001
0–3 year 2.5±4.3 –5.5±3.3 <0.001
0–5 year 3.1±3.7 –5.9±3.4 <0.001

Posterior wall (mean) ± SD, mm 0–1 year 0.4±1.8 –2.2±2.8 <0.01
0–3 year 0.8±2.3 –2.6±3.7 <0.01
0–5 year 0.2±2.5 –3.1±4.0 <0.01

LV end-diastolic diameter (mean) ± SD, mm 0–1 year –1.1±3.7 3.7±5.3 <0.01
0–3 year –0.7±5.9 4.1±6.6 <0.05
0–5 year 1.2±4.1 5.4±5.7 <0.05

LV end-systolic diameter (mean) ± SD, mm 0–1 year –0.1±5.3 4.9±6.0 <0.05
0–3 year 0.7±6.7 6.3±8.1 <0.05
0–5 year 2.7±6.1 8.8±8.5 <0.05

Left atrium (mean) ± SD, mm 0–1 year 0.5±4.5 –3.2±5.9 NS
0–3 year 3.1±4.0 –1.9±6.1 <0.01
0–5 year 4.8±5.5 –1.2±7.1 <0.05

LV ejection fraction (mean) ± SD, % 0–1 year –1.0±10.1 –6.7±5.5 NS
0–3 year –2.7±7.9 –4.0±11.0 NS
0–5 year –2.3±10.2 –7.0±12.0 NS

Right ventricle (mean) ± SD, mm 0–1 year 0.8±3.8 0.4±4.6 NS
0–3 year –0.5±4.0 1.6±4.5 NS
0–5 year 1.8±3.5 2.0±4.6 NS

Mitral regurgitation (mean) ± SD 0–1 year –0.1±0.8 –0.3±0.8 NS
0–3 year 0.0±0.7 –0.5±0.9 NS
0–5 year 0.0±0.6 –0.7±0.7 <0.05

SAM, n; (+)appearance/(–)disappearance 0–1 year (+)3/(–)0 (+)0/(–)4 <0.01
0–3 year (+)3/(–)3 (+)0/(–)7 NS
0–5 year (+)3/(–)2 (+)0/(–)3 NS

Cons. – Conservative, ASA – alcohol septal ablation, SD – standard deviation, NS – non-signifi cant, LVOTG – left ventricular outfl ow tract gradient, LV – left ventricle, 
SAM – systolic anterior motion

Tab. 3. Changes of parameters (comparison of parameter change between both groups).
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were published (24, 25, and 26). Enlarged LA, as was seen in both 
groups, is a common fi nding in HCM patients. The cause of this 
enlargement is the diastolic dysfunction associated with chroni-
cally elevated fi lling pressures of LV. Another option is, especially 
in obstructive types, the presence of mitral regurgitation due to the 
SAM. LA size also correlates with the severity of symptoms, the 
presence of atrial fi brillation, severity of LVOTG and especially 
with mortality, which was confi rmed by Nistri et al (27). In the con-
text of LV remodeling after the ASA, simultaneously with LVOTG 
decrease and IVS thinning, a statistically signifi cant thinning of 
PW occurred in all reporting periods. This confi rms the hypothesis 
that there is a total regression of LV hypertrophy even outside the 
intervened LV segments due to an afterload decrease. LVOTG in 
the conservatively treated group slightly declined during the ob-
servation, but without a statistical signifi cance. Similarly, NYHA 
classifi cation remained almost stationary, despite the optimization 
of pharmacotherapy performed during the visits (however in this 
group, symptoms were less urgent than in the ASA group, because 
the higher NYHA class in the ASA group is based on general indic-
ative principles of this treatment). Conversely, in the group treated 
with ASA, a decrease of LVOTG after the fi rst year was recorded 
and correlated with improvement of NYHA classifi cation with a 
drop of at least 1 class. Favorable values of LVOTG and NYHA 
class remained stationary for the rest of the study. LVOTG value 
remained in mid-term and long-term duration under the limit of 30 
mmHg. Comparing the changes of these two parameters between 
both groups, a greater improvement was clearly observed in the 
ASA group, even though at three years of follow-up there was 
not statistically signifi cant difference in the change of LVOTG. 
Patients were further divided into the two groups according to the 
severity of symptoms, mildly symptomatic (NYHA ≤ II) and more 
symptomatic (NYHA < II). In the interventionally treated group, 
all subjects at baseline were highly symptomatic and during the 
fi rst year 83% of them clinically improved to mildly symptomatic 
group. Conservatively treated group showed no signifi cant change 
of this parameter during the follow-up. Similar improvement of 
the parameters as in our group was observed in a large multicenter 
trial of Scandinavian authors in short-term and long-term period 
with a decrease of resting LVOTG in the fi rst year from 58 to 12 
mmHg (p < 0.001), stationary for the whole period and improve-
ment of the NYHA class (reduced proportion of patients NYHA 
III/IV from 94% at baseline to 24% in the fi rst year, p < 0.001) 
(28). Another study from Polish authors reported LVOTG decline 
from 89 ± 44 mmHg to 17 ± 17 mmHg and IVS thinning from 
24 ± 4 mm to 18 ± 5 mm (both p < 0.01) in short-term monitor-
ing (29). A number of other authors reported similar results (30, 
31, 32, 33, 34). Proportional decrease of the SAM incidence was 
certainly related to the LVOTG decline and LV remodeling in the 
interventional arm, which reached in the fi rst and the third year of 
follow-up statistical signifi cance, associated likewise with a reduc-
tion of incidence and degree of mitral regurgitation. As a part of 
LV remodeling after LVOTG decline, we observed thinning of LV 
walls, as well as enlargement of LV cavity represented by LVEDD 
and LVESD parameters, demonstrated in the ASA group after the 
fi rst year already, with the trend ongoing in the next years. The 

trend toward to an increase of the size of LVEDD and LVESD 
was also observed in the conservatively treated group, but not 
statistically signifi cant. From comparison of the changes in these 
two parameters between both groups, the increase of LV dimen-
sions is apparent in the interventionally treated group. Veselka et 
al presented in 5-year follow-up after ASA an improvement of the 
NYHA class from 2.9 ± 0.5 to 1.6 ± 0.8, LVOTG decline from 68 
± 42 mmHg to 20 ± 25 mmHg, LVEDD enlargement from 43 ± 
5 mm to 47 ± 5 mm, IVS thinning from 21 ± 4 mm to 14 ± 4 mm 
(p ˂ 0.01 for all) corresponding with our results (35). LV systolic 
function in both groups underwent a slight decline from baseline, 
in the ASA group even statistically signifi cant in the fi rst and the 
fi fth year of follow-up, however from the clinical point of view, 
we did not consider this change important. Comparing differences 
in LVEF decline, no signifi cant change between both groups was 
detected in any reference period, which just documents the safety 
of this intervention method. The average value of LVEF remained 
preserved in both groups at the end of the study (32). The above 
mentioned LVEF decrease in the ASA group was caused in part 
by immediate complication of procedure in one patient, who ex-
perienced leak of alcohol into the periphery of LCA, which caused 
myocardial infarction in the apex of LV. The second patient in the 
same group had documented LVEF decline after 3 years to 40% 
and after 5 years even to 25%. This was related probably to the 
“end-stage” phase of this disease, without connection with the 
actual procedure. The RV dimension and change of its size dur-
ing the follow-up was not statistically or clinically signifi cant. 

In our study, we did not deal with the infl uence of alcohol doses 
on the possible development of the above mentioned parameters, 
but Veselka et al demonstrated almost identical effect of low dose 
of alcohol (1–2 ml) compared to higher dose of alcohol (> 2 ml) to 
LVOTG decline in long-term observation (36). The average dose 
of ethanol in our group was 2.2 ± 0.7 ml used for ablation of one 
septal branch, which is almost in-line with recent studies, where 
the average dose of alcohol was about 2 ml (37). A trend to reduce 
the dose of alcohol to the amount of 2 ml was observed globally 
because of lower mortality and reduced risk of atrioventricular 
blockade with need for permanent pacemaker implantation (38, 
39). The higher average of alcohol consumption in our study was 
due to the higher doses used in patients intervened at the begin-
ning period of using this method. 

Another therapeutic modality, surgical myectomy, which is 
listed as the method of choice in the treatment of obstruction 
mainly by American authors, has according to literature compa-
rable effect on LV remodeling, LVOTG reduction and decline of 
NYHA class as ASA (40, 41, 42). DDD pacemaker implantation 
with apical pre-excitation also has a benefi cial effect on LV re-
modeling and improvement of patients’ symptoms. The effect of 
stimulation on LVOTG reduction is smaller and the achievement 
of comparable decline requires a longer time period, which was 
the cause of suboptimal LVOTG decrease in the studies PIC and 
M-PATHY with a shorter follow-up (13, 14). A multicentric study 
comparing ASA and DDD pacing showed a statistically signifi cant 
LVOTG decrease and NYHA class improvement in both groups, 
although the effect of ASA was more pronounced and the result 
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was achieved earlier (12). Comparing the effect of various inva-
sive treatments, the improvement of the prognosis was achieved 
only in the groups treated with ASA and surgical myectomy, while 
DDD pacing worsen prognosis (11).

Limitations

The most important limitation of our study was the fact that it 
was a retrospective, non-randomized study with a relatively small 
number of patients, particularly when comparing the results in 
long-term period. Likewise, a number of other parameters were 
not available in all patients because of the fact that some of them 
had become a standard only in recent years (e. g. Tissue Doppler 
Imaging parameters, more detailed diastolic function evaluation, 
etc.). Furthermore, patients with implanted dual-chamber PM/
ICD because of atrioventricular blockade with permanent apical 
stimulation were not included. Another major limitation of this 
study was the indirect assessment of diastolic function by the LA 
size, which we chose as its correlate, with the knowledge of some 
inaccuracy of such approach, because in the patients from the ini-
tial period of this study parameters needed for diastolic function 
assessment were not available.

Conclusion

Our results showed for the fi rst time that decline of LVOTG 
after ASA made the difference in development of other echocardio-
graphic parameters between the conservatively treated group and 
the group treated by ASA. This suggests that the marked LVOTG 
decrease after ASA results in an improvement or stabilization of 
LV morphology. On contrary, in the conservative treated group, we 
saw an unfavorable development of these parameters. Likewise, 
improvement of functional status was signifi cantly more expressed 
in the group treated with ASA. Prevention of unfavorable course 
of the disease by LVOTG reduction raised the question, whether 
it would not be appropriate to indicate the intervention leading to 
LVOTG reduction even in less symptomatic individuals to prevent 
the latter unfavorable course of this disease.
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