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Hypertrophic cardiomyopathy (HCM) is the most common inheritable cardiac disease 

present in 1 in 500 of the general population. Approximately two thirds of HCM patients 

have a significant gradient over the left ventricular outflow tract (LVOT) at rest or during 

physiological provocation, and are classified as having obstructive HCM. First line 

treatment in patients with significant LVOT obstruction is with negative inotropic drugs 

(beta-blockers, verapamil, and disopyramide). In the 5-10% of patients who stay highly 

symptomatic despite optimal medical therapy, septal reduction therapy is indicated, 

either by surgical myectomy or alcohol septal ablation (ASA). ASA was introduced as a 

percutaneous alternative to surgical myectomy by Ulrich Sigwart in 1995. CHAPTER 2 

serves as an introduction to the thesis as a whole, and to PARTS II & III in particular.  

Since its introduction over 20 years ago there has been a polarizing debate concerning 

the role of ASA in the management of obstructive HCM. In PART II we compare ASA and 

myectomy head-to-head. First in an international multicenter study focussing on long-

term outcomes (CHAPTER 3), and second by means of a systematic review and meta-

analysis (CHAPTER 4). 

PART III considers ways to improved outcomes of ASA. In the early days of ASA, 

relatively high volumes of alcohol were used. The first 3 cases described by Sigwart were 

treated with an average of 4.5 mL, for example. In CHAPTER 5 we evaluate the effect of 

alcohol dosage on clinical outcomes following ASA. In CHAPTER 6 we set out to identify 

predictors of outcome following ASA by means of the largest ASA-registry to date (Euro-

ASA registry). 

The American College of Cardiology Foundation/American Heart Association guidelines 

reserve ASA for elderly patients and patients with serious comorbidities. PART IV 

investigates if the indication for ASA can be broadened to younger patients. CHAPTERS 7 

compares outcomes of young and elderly patients who underwent ASA for obstructive 

HCM to age-matched non obstructive HCM patients. In respons to the accompanying 

editorial by Eleid and Nishimura, CHAPTER 8 also reports on age-specific outcomes 

following ASA, but in a much larger cohort. 

PART V considers primary prevention of sudden cardiac death (SCD) in patients 

undergoing ASA. In 2014 the European Society of Cardiology guidelines commended a 

novel clinical risk prediction model for SCD in HCM. This HCM Risk-SCD model has not 

been validated in patients with obstructive HCM before or after septal reduction therapy, 

and application of the model in these patients is therefore not recommended. In CHAPTER 

9 we provide the first validation of the new model in HCM patients undergoing ASA. 
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Abbreviations 

 
ASA = alcohol septal ablation 

HCM = hypertrophic cardiomyopathy 

LVOT = left ventricular outflow tract 

MCE = myocardial contrast echocardiography 

NYHA = New York Heart Association 
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Abstract 

 
Twenty years after the introduction of alcohol septal ablation (ASA) for the treatment of 

obstructive hypertrophic cardiomyopathy, the arrhythmogenicity of the ablation scar 

appears to be overemphasized. When systematically reviewing all studies comparing ASA 

with myectomy with long-term follow-up, (aborted) sudden cardiac death and mortality 

rates were found to be similarly low. The focus should instead shift toward lowering the 

rate of reinterventions and pacemaker implantations following ASA because, in this area, 

ASA still seems inferior to myectomy. Part of the reason for this difference is that ASA is 

limited by the route of the septal perforators, whereas myectomy is not. Improvement 

may be achieved by: 1) confining ASA to hypertrophic cardiomyopathy centers of 

excellence with high operator volumes; 2) improving patient selection using 

multidisciplinary heart teams; 3) use of (3-dimensional) myocardial contrast 

echocardiography for selecting the correct septal (sub)branch; and 4) use of appropriate 

amounts of alcohol for ASA. 
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Introduction 

 
Hypertrophic cardiomyopathy (HCM) is the most common inheritable cardiac disease, 

present in 1 in 500 of the general population (1). Approximately two-thirds of patients 

with HCM have a significant gradient across the left ventricular outflow tract (LVOT) at 

rest or during physiological provocation and are classified as having obstructive HCM (2). 

First-line treatment in patients with significant LVOT obstruction is with negative inotropic 

drugs (beta-blockers, verapamil, and disopyramide) (3,4). In the 5% to 10% of patients 

who remain highly symptomatic despite optimal medical therapy, septal reduction 

therapy is indicated, either by surgical myectomy or alcohol septal ablation (ASA) (3–5). 
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History of septal reduction therapy 

 
First performed by Cleland in 1958, surgical myectomy was the first invasive treatment for 

obstructive HCM (6). Starting from 1960, Morrow used a technique in which a small, 

rectangular bar of muscle from just below the aortic valve to beyond the site of mitral-

septal contact was resected. The results of the first 83 patients treated with this “Morrow 

procedure” were published in 1975 (7). Since then, numerous different surgical 

techniques have come and gone. The objective of most of these procedures was 

enlargement of the LVOT by means of myectomy to eliminate the systolic anterior motion 

of the anterior mitral valve leaflet and thereby reduce outflow obstruction. Mitral valve 

plication, extension, and replacement have also been proposed as alternatives to 

myectomy, and performed in selected patients (8,9).  

At the end of the 1980s, an interventional approach to septal reduction began to take 

shape. Brugada et al. (10) were the first to treat a patient by injecting absolute alcohol 

into a septal branch of the left anterior descending artery. Their goal was not to treat 

LVOT obstruction, however, but chemical ablation of ventricular tachycardia. The idea of 

reducing LVOT obstruction by a catheter-based method stems from the observation that 

myocardial function of selected areas of the left ventricle can be suppressed by balloon 

occlusion of the supplying coronary artery during angioplasty (11). In the years following 

the chemical ablation procedure reported by Brugada et al. (10), 2 groups of researchers 

almost simultaneously developed ASA for the treatment of obstructive HCM. Gietzen et al. 

(12) presented their preliminary findings at the Annual Congress of the German Cardiac 

Society in April 1994, and Sigwart presented his results at the Royal Brompton Hospital in 

London in June 1994 and subsequently published the first 3 cases in The Lancet (13). 

 

Needle versus knife  

 

Since its introduction, there has been a polarizing debate concerning the role of ASA in the 

management of obstructive HCM. Publications from the “surgical side” of the discussion 

are characterized by recycling of selected (early) outcomes of ASA, whereas the 

“interventional side” frequently disregards the limitations of ASA. Ideally, a randomized 

controlled trial should be set up to end the discussion about which procedure is best. This 

would require 1,200 patients eligible and willing to be randomized to a percutaneous or 

surgical procedure. Because the prevalence of HCM is 1 in 500 and <10% of these patients 

require septal reduction therapy, such a trial is practically impossible, as Olivotto et al. 

(14) clearly demonstrated. Hence the only way to compare the 2 techniques at this time is 

by retrospective analyses.  
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Studies comparing ASA with surgical myectomy  

ASA had to come of age, and the first substantial comparison with surgical myectomy was 

reported in 2010 by Agarwal et al. (15). In this meta-analysis, 12 studies comparing 

techniques were included. The most important limitation of this analysis was the short 

follow-up duration of the included studies (longest median follow-up 2.2 years), thus 

prohibiting the investigators from making statements on long-term outcomes. The meta-

analysis we performed in 2015 therefore only included studies with a follow-up of at least 

3 years (16). Remarkably, only 6 studies comparing ASA with myectomy were identified 

(Table 1) (17–22). In contrast, 44 studies were found describing the outcomes of 1 of the 2 

interventions (16), a finding that may also be seen as a sign of the ongoing polarization.  

In 2010, ten Cate et al. (17) conducted the first of the 6 studies comparing long-term 

outcomes of ASA and myectomy head to head. This study (subtitled “A Word of Caution”) 

is the only study to date that reported a worse outcome following ASA compared with 

myectomy and is therefore frequently used (>100 citations) by opponents of ASA. Two 

years later, Sorajja et al. (18), from the Mayo Clinic in Rochester, Minnesota, compared 

ASA with myectomy by matching patients in a 1:1 fashion. The survival of ASA-treated 

patients was found to be comparable to the age-and sex-matched general population and 

to age- and sex-matched myectomy-treated patients. Steggerda et al. (19) compared ASA-

treated patients with myectomy-treated patients, focusing on periprocedural 

complications and clinical efficacy. The same patients were also included in the largest 

study of its kind, by Vriesendorp et al. (20), which included 1,047 patients with HCM. 

During a mean follow-up of 7.6 years, survival after ASA or myectomy was found to be 

similar and comparable to that of patients with nonobstructive HCM. Finally, Samardhi et 

al. (21) and Sedehi et al. (22) described outcomes of relatively small groups of patients 

after ASA and compared these with outcomes following myectomy.  

Of the 50 studies found by the systematic review (16), 24 studies were selected for 

meta-analysis, containing 16 myectomy cohorts (n = 2,791; mean follow-up 7.4 years) and 

11 ASA cohorts (n = 2,013; mean follow-up 6.2 years). When we repeated the same search 

for studies published from 2015 to 2016, we only found 1 additional study, by Yang et al. 

(23), comparing long-term outcomes following the 2 procedures (Table 1). 

 

Long-term outcomes 

The initial performance of ASA was shrouded in safety concerns because of the 

intracoronary injection of cardiotoxic ethanol, creating a potentially arrhythmogenic 

ablation scar. However, all but 1 of the aforementioned studies showed similar mortality 

rates after ASA and myectomy despite the more advanced age of most of the ASA cohorts 

(Table 1) (15,16,18–23). Annual sudden cardiac death rates (including appropriate  
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implantable cardioverter-defibrillator discharge) following ASA were also found to be 

similar to those in post-myectomy patients, ranging from 0.4% to 1.3%, when including 

unknown deaths (Table 1) (16,18,20,21). 

The primary endpoint of the study by ten Cate et al. (17) was an unusual composite of 

cardiac death, aborted sudden cardiac death, and appropriate implantable cardioverter-

defibrillator discharge, without discriminating between periprocedural events and late 

events. Patients undergoing ASA had a 5-fold increase in the estimated annual primary 

endpoint rate compared with those undergoing myectomy (4.4% vs. 0.9%). When we 

calculated this composite endpoint for the different ASA cohorts included in the 2015 

meta-analysis (16), one-half of them had estimated rates <0.9%/year, and only 3 cohorts 

were found to have an annual rate >1.5% (Lyne et al. [24], 1.8%; Veselka et al. [25], 1,8%; 

and Vriesendorp et al. [20], 1.9%).  

 

Periprocedural complications and treatment effect 

None of the studies discussed in the preceding text found a difference in 30-day mortality 

rates between the 2 procedures (15,18–21,23), except for the 2015 meta-analysis, which 

showed a periprocedural mortality rate following myectomy twice as high compared with 

ASA (16). However, in light of the potentially less-developed periprocedural care in the 

20th century, when studies from before 2000 were excluded, the periprocedural mortality 

rates of both procedures were close to equal.  

The only study that found a higher rate of periprocedural ventricular arrhythmias 

following ASA was by Vriesendorp et al. (20). The 2015 meta-analysis showed a similar 
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incidence of periprocedural ventricular arrhythmias following both procedures (16). 

However, when studies from before 2000 were again excluded, the periprocedural event 

rate became 2.2% after ASA compared with 0.6% after myectomy, with borderline 

significance (p = 0.055). Thus, there are reasons to believe that there is a slightly higher 

risk of periprocedural ventricular arrhythmias following ASA. This also makes sense from a 

pathophysiological point of view because of the increased arrhythmogeneity of an acute 

myocardial infarction. However, as shown before, good periprocedural and post-

procedural care prevent increased 30-day mortality rates.  

The need for pacemaker implantation following both procedures varies considerably 

among the studies discussed earlier (0% to 22% following ASA, compared with 0% to 13% 

following myectomy) (Table 1). In their meta-analysis, Agarwal et al. (15) found an 

increased risk of permanent pacemaker implantation following ASA, with an odds ratio of 

2.6. This finding is identical to the 10% pacemaker implantations following ASA, compared 

with 4% pacemaker implantations following myectomy, that was found in the 2015 meta-

analysis (16).  

The meta-analysis by Agarwal already showed a slightly higher LVOT gradient after ASA 

compared with myectomy (15). However, no significant differences were found in the 

reintervention rate. It took studies with long-term follow-up to discover a higher need for 

reinterventions following ASA compared with myectomy (18–21). The observation of a 

slightly higher LVOT gradient after ASA compared with myectomy was confirmed by the 3 

largest aforementioned outcome studies (Table 1) (18–20). According to the 2015 meta-

analysis, myectomy was not significantly more effective in reducing the LVOT gradient at 

long-term follow-up. We think, however, that the need for reintervention is the best 

clinical parameter for determining the overall efficacy of the procedures. In the 2015 

meta-analysis, the incidence of additional sepal reduction therapy was 7.7% following ASA 

compared with 1.6% following myectomy. Despite (or because of) these reinterventions, 

none of the aforementioned studies found a difference in New York Heart Association 

(NYHA) functional class at late follow-up between the 2 procedures (15,16,18–23). 

Moreover, when patients were asked explicitly by means of a questionnaire at late follow-

up in the study by Steggerda et al. (19), no differences in functional status were found 

between ASA-treated and myectomy-treated patients.  

 

Patient selections and specialized care 

The 2011 American College of Cardiology Foundation/American Heart Association 

guidelines state that surgical myectomy is the gold standard for patients with medical 

therapy–resistant obstructive HCM, and that ASA should be reserved for older patients or 

patients with serious comorbidities (3). Despite these recommendations, recent figures 
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show that ~43% of U.S. patients undergo ASA instead of myectomy (26), and these 

numbers are known to be even higher in Europe (27). This is another reason why we 

should spend less time discussing which procedure is best and more time discussing how 

to select the right patient for the right procedure.  

Most of the studies discussed previously were conducted in high-volume centers. The 

corresponding figures are therefore applicable only when patients are referred to such 

centers. This is in accordance with the guidelines, which state that only experienced 

operators with cumulative case volumes of at least 20 procedures should perform 

myectomies (United States) or that a minimal caseload of 10 ASA or myectomies is 

required (Europe) (3,4). A recent study on hospital volume outcomes after septal 

reduction therapy in U.S. hospitals showed that 60% of the centers had performed <10 

myectomies during the 9-year study period, whereas 4 institutions had performed 36% of 

all the isolated myectomies during the same time period. This finding is of particular 

concern because the low-volume centers were found to have 3-fold higher in-hospital 

mortality rates (15.6%) compared with high-volume centers. The same was found for ASA, 

with 67% of the centers having performed <10 procedures during the study period. 

However, undergoing ASA in low-volume centers was not associated with worse outcome 

(in-hospital mortality 2.3%) when compared with high-volume centers. This finding could 

be a reflection of a significantly steeper learning curve associated with myectomy and the 

relative ease with which operators with experience in catheter-based therapy adapt ASA 

(26). These findings do not mean that ASA can be conducted everywhere, whereas 

myectomy needs to be confined to a few centers. All care for patients with HCM who 

require septal reduction therapy should be confined to HCM centers of excellence where 

both procedures are available and are used in a complementary and not competing 

manner.  

The decision to perform myectomy or ASA is not solely based on the outcomes 

described previously. Similar to patients undergoing surgical or catheterised aortic valve 

replacement (28), all patients undergoing septal reduction therapy should be discussed in 

a multidisciplinary heart team consisting of an imaging cardiologist, an interventional 

cardiologist experienced with ASA, and a surgeon experienced with myectomy (3,4). Here, 

additional patient-related factors can be taken into account. For example, the need for 

concomitant valve surgery or coronary artery bypass grafting will, in most cases, make 

myectomy the better choice, as will mid cavity obstruction by papillary muscles requiring 

surgical correction (i.e., hypertrophic papillary muscles, accessory papillary muscles, direct 

insertion of anterolateral papillary muscle into the anterior mitral leaflet). In contrast, a 

high operative risk because of advanced age and/or comorbidities will frequently result in 

the choice for ASA. Sometimes ASA is not possible because of the absence of a suitable 
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septal perforator. Finally, existing 

conduction disturbances can play a 

part in making the decision. Because 

ASA frequently causes a right bundle 

branch block, a pre-existing left bundle 

branch block could make myectomy 

the preferable option. Conversely, 

because myectomy frequently creates 

a left bundle branch block, a pre-

existing right bundle branch block 

could be an argument for ASA. An 

implanted pacemaker for a pre-existing 

complete heart block could also play a 

role in decision making for obvious 

reasons. Figure 1 depicts a decision 

tree that can be used by the 

multidisciplinary heart team for 

patients with medical therapy–

resistant obstructive HCM and 

complicating patient-related factors.  

When an adult patient has no 

complicating factors, we can state that, 

on the basis of the aforementioned 

results, ASA and myectomy appear to 

be equally safe. However, patients 

undergoing ASA have a 1 in 10 chance 

of permanent pacemaker implantation, whereas that risk is 1 in 25 after myectomy 

(15,16). Furthermore, there is a 1 in 13 chance that ASA-treated patients will have to 

undergo reintervention, either by repeat ASA or by myectomy, which is 5 times the risk of 

a repeat procedure following myectomy. Nonetheless, symptom relief at long-term 

follow-up is similar after both procedures (Central Illustration) (16). Through shared 

decision making, each individual patient can weigh these higher risks following ASA 

against the somewhat higher burden of (rehabilitation after) open heart surgery and make 

a measured decision. 
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Improving outcomes of ASA 

 
Technical advances 

In the early days of ASA, relatively high volumes of alcohol were used. For example, the 

first 3 cases described by Sigwart (13) were treated with an average of 4.5 ml. The most 

frequently heard critique on the study by ten Cate et al. (17) was the use of high volumes 

of alcohol in its ASA-treated patients (mean 3.5 ml, compared with a median of 2.5 ml in 

the 2015 meta-analysis). However, in their analysis, no effect of alcohol dosage on their 

primary endpoint was observed. Over time, clinical experience, combined with better 

strategies to identify the target septal branches, has led to the use of lower volumes of 

alcohol during ASA (29,30).  

Initially, selection of the appropriate septal perforator was made on the basis of an 

immediate decrease of the LVOT gradient following balloon occlusion. In 1998, myocardial 

contrast echocardiography (MCE) was introduced (31,32). With the use of MCE, the 

perfusion area of a septal branch can be shown on echocardiography after injection of 

echocardiographic contrast medium. The use of this technique has proved to be a useful 

influence on interventional strategy in 15% to 20% of cases, by either changing the target 

vessel or prompting the procedure to be aborted when remote parts of the myocardium 

light up. In addition, it has improved the success rate of ASA, despite lower infarct sizes 

(33,34). The latest innovation in ASA is 3-dimensional MCE-guided ASA. With added 

accuracy and the ability to quantify the expected size of myocardial tissue affected by the 

ablation, this new technique has the potential to further improve the safety and effectivity 

of ASA (35). However, substantial outcome studies on the use of 3-dimensional MCE 

guided ASA have yet to be conducted.  

The introduction of percutaneous mitral valve plication with use of the MitraClip 

(Abbott Vascular, Santa Clara, California) has brought an interventional alternative to ASA 

for the treatment of obstructive HCM. To date, only 2 small studies have been conducted, 

but initial results are promising (36,37). Additional studies with long-term follow-up will be 

necessary to determine the role of this technique in the treatment of patients with 

obstructive HCM and increased operative risk. One of the main questions will be whether 

the technique should be complementary to ASA or whether the MitraClip can serve as an 

independent alternative.  

 

Predictors of outcome 

Recently, 2 large registries were established to identify predictors of outcome following 

ASA. The North American Registry included 875 patients who underwent ASA at 9 

institutions in the United States and Canada and were followed up during a mean of 2.1 
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years (38). Survival estimates at 1, 5, 

and 9 years were 97%, 86%, and 74%, 

respectively. Baseline predictors of 

mortality were a higher NYHA 

functional class and a lower ejection 

fraction. Post-procedural predictors 

were all concordant in showing that a 

more effective ablation was associated 

with a lower likelihood of death 

(smaller septal thickness 3 months 

post-ablation, not taking beta-blockers 

post-ablation, and absence of the need 

for repeat procedures). Of note is that 

a relationship between failed 

myectomy and death has also been 

reported before (39).  

The European ASA (Euro-ASA) 

registry included 1,275 patients who 

underwent ASA at 10 tertiary centers 

from 7 European countries and were 

followed-up during a median of 5.7 

years (40). The 30-day mortality rate 

was 1%, which is similar to the rates 

following ASA and myectomy in the 2015 meta-analysis (16). Survival estimates at 1, 5, 

and 10 years were 98%, 89%, and 77%, respectively. Remarkably, this means that the 10-

year survival rates of the largest ASA and largest myectomy cohort to date are identical 

(Schaff et al. [41] reported a 10-year survival rate of 77% in 749 patients operated on at 

the Mayo Clinic in Rochester, Minnesota). Baseline predictors of mortality were higher 

age, NYHA functional class, and septal thickness. The volume of alcohol used for ASA was 

found to be a predictor of LVOT reduction and was associated with a higher incidence of 

complete heart block (Figure 2). Reduction of the LVOT gradient was found to be of 

particular importance because it was an independent predictor of survival and symptom 

relief at last follow-up. However, a (transient) periprocedural complete heart block 

resulted in permanent pacemaker implantation in one-third of patients (12% of all 

patients). On the basis of these findings, ASA alcohol volumes ranging between 1.5 and 2.5 

ml were deemed well balanced in terms of efficacy and safety for most patients (Central 

Illustration). 
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Conclusions 

 

Twenty years after the introduction of ASA for the treatment of obstructive HCM, the 

arrhythmogenicity of the ablation scar appears to be overemphasized. When 

systematically reviewing all studies comparing ASA with myectomy with long-term follow-

up, (aborted) sudden cardiac death and mortality rates were found to be similarly low. 

Instead, the focus should be shifted toward how to lower the rate of reinterventions and 

pacemaker implantations following ASA because ASA still seems to be inferior to 

myectomy in this regard. Part of the reason for this difference is that ASA is limited by the 

route of the septal perforators, whereas myectomy is not. Improvement in this area may 

be achieved, however, by: 1) confining ASA to HCM centers of excellence with high 

operator volumes; 2) improving patient selection by means of multidisciplinary heart 

teams; 3) the use of (3-dimensional) MCE for selecting the correct septal (sub)branch; and 

4) the use of appropriate amounts of alcohol for ASA. 
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Abstract 
 
Objectives  

The aim of this study was to determine the long-term outcomes (all-cause mortality and 

sudden cardiac death [SCD]) after medical therapy, alcohol septal ablation (ASA), and 

myectomy in patients with hypertrophic cardiomyopathy (HCM). 

 

Background  

Therapy-resistant obstructive HCM can be treated both surgically and percutaneously. But 

there is no consensus on the long-term effects of ASA, especially on SCD. 

 

Methods  

This study included 1,047 consecutive patients with HCM (mean age 52 ± 16 years, 61% 

men) from 3 tertiary referral centers. A total of 690 patients (66%) had left ventricular 

outflow tract gradients ≥ 30 mm Hg, of whom 124 (12%) were treated medically, 316 

(30%) underwent ASA, and 250 (24%) underwent myectomy. Primary endpoints were all-

cause mortality and SCD. Kaplan-Meier graphs and Cox regression models were used for 

statistical analyses.  

 

Results 

The mean follow-up period was 7.6 ± 5.3 years. Ten-year survival was similar in medically 

treated patients (84%), ASA patients (82%), myectomy patients (85%), and patients with 

nonobstructive HCM (85%) (log-rank p = 0.50). The annual rate of SCD was low after 

invasive therapy: 1.0%/year in the ASA group and 0.8%/year in the myectomy group. 

Multivariate analysis demonstrated that the risk for SCD was lower after myectomy 

compared with the ASA group (hazard ratio: 2.1; 95% confidence interval: 1.0 to 4.4; p = 

0.04) and the medical group (hazard ratio: 2.3; 95% confidence interval: 1.0 to 5.2; p = 

0.04). 

 

Conclusions  

Patients with obstructive HCM who are treated at referral centers for HCM care have good 

survival and low SCD risk, similar to that of patients with nonobstructive HCM. The SCD 

risk of patients after myectomy was lower than after ASA or in the medical group. 
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Introduction 

 

Hypertrophic cardiomyopathy (HCM) is the most prevalent inheritable myocardial disease, 

and (provocable) left ventricular outflow tract (LVOT) obstruction is present in the 

majority of patients with HCM (±70%) (1). Not only is LVOT obstruction associated with 

symptoms such as dyspnea on exertion, fatigue, chest pain, and syncope, but previous 

studies have also demonstrated that the presence of obstruction increases all-cause 

mortality and the occurrence of sudden cardiac death (SCD) in these patients (2,3), and it 

is included as a risk factor in the novel clinical risk prediction model presented by the HCM 

Outcomes Investigators (4).  

Therapy-resistant obstructive HCM can be treated both surgically and percutaneously, 

and in recent years there has been an intense and polarizing debate to define the best 

strategy (5–8). Surgical approaches have been used for more than 5 decades, and at 

experienced centers, relief of obstruction can be achieved with minimal perioperative 

morbidity and mortality (9–11). However, myectomy is open-heart surgery with relatively 

long rehabilitation, so in 1995, alcohol septal ablation (ASA), a percutaneous alternative, 

was developed (12). This strategy was quickly adopted all over the world, and patients 

who underwent ASA quickly outnumbered those who underwent myectomy (5–8,12,13). 

In some European countries, ASA has fully replaced myectomy (7). Concerns about ASA 

remain, however, especially about the arrhythmogenic effect of the ablation scar in 

patients already at increased risk for life-threatening arrhythmias (14–17).  

Although a randomized controlled trial does not seem feasible (18), and recent meta-

analyses (19,20) evaluated only short-term SCD rate and survival, there is no consensus on 

the long-term outcomes of ASA (17,21–24). The aim of the present study was therefore to 

determine the long-term effects of medical treatment, ASA, and myectomy on all-cause 

mortality and SCD.  

 

Methods 

 

Study design and population 

An international multicenter, observational cohort design was used. The study conformed 

to the principles of the Declaration of Helsinki. All patients gave informed consent for the 

intervention, and local institutional review board approval was obtained.  

The study population consisted of 1,065 consecutive patients with HCM from 

University Hospital Leuven (Leuven, Belgium; n = 200), St. Antonius Hospital Nieuwegein 

(Nieuwegein, the Netherlands; n = 318), and Thoraxcenter, Erasmus Medical Center 

(Rotterdam, the Netherlands; n = 547). Each patient had an established diagnosis of HCM, 
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based on unexplained left ventricular hypertrophy of ≥15 mm, assessed by 

echocardiography (25,26). Patients with HCM linked to Noonan’s syndrome, Fabry’s 

disease, mitochondrial disease, or congenital heart defects were excluded.  

The LVOT gradient was measured in all patients using continuous-wave Doppler 

echocardiography, at rest and after provocative maneuvers. Patients were considered to 

have obstructive HCM if the LVOT gradient was ≥30 mm Hg, at rest or after provocation. 

Invasive therapy was indicated if the peak LVOT gradient was ≥50 mm Hg, ventricular 

septal thickness was ≥15 mm, and there was persistent New York Heart Association 

(NYHA) functional class III or IV dyspnea or Canadian Cardiovascular Society class III or IV 

angina despite optimal medical therapy (26). Patients without LVOT gradients ≥30 mm Hg 

after provocation were considered to have nonobstructive HCM and used as a control 

group. 

Patients with obstructive HCM were classified in 3 groups on the basis of the clinical 

treatment strategy: a medically treated group, an ASA group, and a myectomy group. 

Surgical septal myectomy was performed throughout the study period and as described 

previously (27,28), and postoperative care was in accordance with local protocols. ASA 

was performed starting from 1999 as described previously (28,29). Afterward, all patients 

were monitored for at least 24 h in the intensive coronary care unit.  

 

Endpoints 

The primary endpoints of this study were all-cause mortality and SCD-related events. The 

SCD endpoint was a composite endpoint consisting of: 1) instantaneous and unexpected 

death within 1 h of witnessed collapse in patients who were previously in stable clinical 

condition, or nocturnal death with no antecedent history of worsening symptoms; 2) 

successful resuscitation after cardiac arrest; 3) appropriate implantable cardioverter-

defibrillator (ICD) intervention for ventricular fibrillation or for fast ventricular tachycardia 

(>200 beats/min); and 4) unknown cause of death. Unknown death was included in the 

SCD endpoint to estimate the maximal occurrence of SCD in the population. We also 

evaluated periprocedural arrhythmic events and mortality, reinterventions, LVOT gradient 

reduction, and implantation of ICDs.  

Mortality and adverse events were retrieved from hospital patient records at the 

center at which follow-up occurred, from civil service population registers, and from 

information provided by patients themselves or their general practitioners. Cardiac 

transplantation was considered an HCM-related death, and patients were censored at the 

time of transplantation. All ICD interventions were evaluated by an experienced 

electrophysiologist.  
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Data collection and follow-up 

Follow-up started at the time of 

intervention. In the medically treated 

cohort, follow-up started at the first 

outpatient clinic contact after January 

1, 1990. At baseline, all patients were 

evaluated for the following 

characteristics: NYHA class, maximal 

left ventricular wall thickness, maximal 

(provocable) LVOT gradient, systolic 

and diastolic left ventricular function, 

and medications used. During follow-

up, the established risk factors for SCD 

were evaluated (25,26). Other 

potential modifiers of SCD risk were 

also examined: atrial fibrillation and 

coronary artery disease. In patients 

treated with ASA, the dose of alcohol 

used was also collected.  

If no endpoints occurred during 

follow-up, the final censoring date was 

set at November 1, 2012. If alternative septal reduction therapy was necessary (e.g., ASA 

after myectomy or vice versa), follow-up was censored at the date of the second 

intervention, because of the difficulty attributing any later event to any intervention.  

 

Statistical analysis  

SPSS version 20 (IBM, Armonk, New York) and Excel 2010 (Microsoft Corporation, 

Redmond, Washington) were used for all statistical analyses. Categorical variables are 

summarized as percentages. Normality was assessed using the Shapiro-Wilk test 

combined with visual inspection of histograms and Q-Q plots. Normally distributed 

continuous data are expressed as mean ± SD and non-normally distributed data as median 

(interquartile range [IQR]). To compare continuous variables, Student t tests, Mann-

Whitney U tests, and one-way analysis of variance were used. When appropriate, post hoc 

comparisons were carried out using Bonferroni correction. To compare categorical 

variables, chi-square tests were used. To identify clinical predictors of SCD mortality, 

univariate and multivariate Cox regression analyses were used. Variables were selected 

for multivariate analysis if univariate p values were <0.10 and are expressed as hazard 

ratios (HRs) with 95% confidence intervals (CIs). The final number of variables was 
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restricted according to the number of endpoint events to avoid overfitting the 

multivariate model. All tests were 2 sided, and p values <0.05 were considered statistically 

significant. 

 

Results  

 

Baseline characteristics.  

Table 1 lists the baseline characteristics of all patients. Of the 1,065 patients (mean age 52 

± 16 years, 61% men) included in this study, 716 (67%) had obstructive HCM; in 269 (25%), 

LVOT obstruction was present only after provocation. Of these 716 patients, 142 (20%) 

were treated medically, 321 (45%) underwent ASA, and 253 (35%) underwent myectomy. 

Patients in the ASA group were older (58 ± 14 years) than those in the surgery group (52 ± 

16 years, p < 0.001) and in the medical group (53 ± 15 years, p = 0.001). The majority of 

medically treated patients (n = 124 [87%]) reported no symptoms or mild (NYHA 

functional class I or II) symptoms at baseline, despite a mean LVOT gradient of 70 ± 32 mm 

Hg. The other 18 patients (13%) had indications for invasive treatment but were 

considered not eligible because of severe comorbidities (e.g., 1 patient had liver cirrhosis 

due to alcohol abuse and kidney failure) or patient refusal (several patients refused 

further invasive treatment, mostly because 

they were at old age and preferred no further 

interventions). In this group, mortality was 

high (8 deaths [44%]), and these patients were 

excluded from further analysis.  

The distribution of established risk factors 

for SCD, among the 3 intervention groups and 

controls, is shown in Table 1. Complete risk 

stratification was not available for all patients: 

blood pressure response during exercise 

testing was available in 645 patients (61%), 

and documented rhythm information was 

available in 656 patients (62%). Significantly 

more patients in the myectomy group (n = 44 

[17%]) had ≥2 established risk factors for SCD 

than those in ASA group (n = 32 [10%]) (p = 

0.009).  
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Procedural data  

Invasive therapy was performed in 574 patients with obstructive HCM. Periprocedural 

mortality was similar between ASA (n = 5 [1.6%]) and myectomy (n = 3 [1.2%]) (p = 0.70). 

In the first 30 days post-procedure, ventricular arrhythmias occurred more frequently in 

the ASA group (n = 11 [3.1%]) than in the myectomy group (n = 1 [0.4%]) (p < 0.001). 

Cardiac resuscitation was necessary in 7 ASA patients (2.2%). Residual LVOT gradient was 

measured after 3 months and was reduced after both ASA and myectomy: from a median 

of 97 mm Hg (IQR: 66 to 130 mm Hg) to 10 mm Hg (IQR: 1 to 24 mm Hg) after ASA, and 

from a median of 90 mm Hg (IQR: 70 to 100 mm Hg) to 9 mm Hg (IQR: 0 to 16 mm Hg)  

after myectomy. In 31 ASA patients 

(9.7%), additional septal reduction 

therapy was necessary, and this was 

higher than after myectomy (n = 6 

[2.3%], p < 0.001) (Table 2).  

 

Mortality  

In 1,047 patients, mean follow-up 

duration was 7.5 ± 5.3 years (maximum 

22.8 years). There were 156 deaths in 

the entire cohort (Table 3): 8 (5%) were 

procedure related, 80 (51%) were HCM 

related, 56 (36%) patients died of 

noncardiac causes, and causes of death 

were unknown in 12 (8%). Twelve 
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patients underwent cardiac 

transplantation and were considered as 

HCM-related death. Kaplan-Meier 

estimates of survival are shown in 

Figure 1A. Five-year and 10-year survival 

was similar after ASA, myectomy, and 

medical treatment in patients in NYHA 

class I or II and those with 

nonobstructive HCM (Table 3). 

Independent predictors of all-cause 

mortality were age (HR: 1.05; 95% CI: 

1.0 to 1.1; p < 0.001); systolic 

dysfunction, with ejection fraction <50% 

(HR: 1.8; 95% CI: 1.2 to 2.6; p = 0.005); 

and a trend toward diastolic dysfunction 

(HR: 1.4; 95% CI: 0.98 to 1.88; p = 0.07) 

(Table 4). 

 

SCD  

The SCD endpoint occurred in 76 patients over 8,003 patient-years (0.9%/year). The 

annual SCD rate was 0.96%/year after ASA, 0.76%/year after myectomy, 1.26%/year in 

medically treated groups, and 1.02%/year in nonobstructive HCM patients (p = 0.40). 

Appropriate ICD shocks were more common after ASA (in 8 of 41 patients [20%]) than 

after myectomy (in 1 of 29 patients [3.4%]) (p = 0.03). Other characteristics of SCD are 

described in Table 3. Kaplan-Meier estimates of survival free from SCD are shown in Figure 

1B. Multivariate analysis identified the following independent predictors of SCD: patients 

who survived ventricular fibrillation or sustained ventricular tachycardia (HR: 6.0; 95% CI: 

3.4 to 10.6; p < 0.001), patients with ≥2 established risk factors (HR: 2.7; 95% CI: 1.6 to 4.4; 

p < 0.001), patients with atrial fibrillation (HR: 1.7; 95% CI: 1.1 to 2.8; p = 0.03), and, when 

compared with myectomy, ASA (HR: 2.1; 95% CI: 1.0 to 4.4; p = 0.04) and medically 

treatment (HR: 2.3; 95% CI: 1.1 to 5.1; p = 0.04) (Table 4).  

 

Discussion  

 

The purpose of this investigation was to compare the long-term effects of medical 

treatment, ASA, and myectomy on all-cause mortality and SCD in patients with obstructive 

HCM. There were 2 important results. First, the mortality rates in patients with prior ASA 
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or myectomy and in medically treated patients in NYHA functional class I or II were similar 

to those in patients with nonobstructive HCM. Second, the long-term risk for SCD was low 

after both myectomy (0.8%/year) and ASA (1.0%/year), a small but significant difference 

(HR for SCD after ASA vs. myectomy: 2.1; p = 0.04).  

 

Low mortality in patients with obstructive HCM 

The observed survival after both myectomy (10-year survival 85%) and ASA (10-year 

survival 82%) (p = 0.50) was similar to that in patients with nonobstructive HCM (85%) (p = 

0.70 and p = 0.20, respectively). This demonstrates that the survival disadvantage 

associated with LVOT obstruction can be effectively annulled by appropriate invasive 

therapy and management at referral centers for HCM care (2). ASA was performed in 

carefully selected patients who were older and had more comorbidities (61% of the 

deaths were due to noncardiac causes), but despite this, the observed mortality after ASA 

was not significantly higher than in the other groups. The observed survival after invasive 

therapy in this study confirms other studies evaluating long-term outcomes for the 

individual approaches (21–24).  

The good survival of patients with obstructive HCM who remained in NYHA class I or II 

on optimal medical therapy (10-year survival 84%) could imply that earlier intervention in 

asymptomatic or mildly symptomatic patients with obstructive HCM is not indicated, 

despite the low procedural mortality and morbidity of both invasive therapies. Mortality, 

not surprisingly, was high (44%) in a limited group of patients (n = 18 [13%]) with 

indications for invasive treatment (NYHA class III or IV despite optimal medical therapy) 

but who were deemed to be ineligible because of severe comorbidities.  

 

SCD after ASA  

Since the introduction of ASA, there have been concerns regarding the arrhythmogenic 

effect of the ablation scar in patients already at increased risk for life-threatening 

arrhythmias. Studies of short-term follow-up after ASA have described frequent episodes 

of sustained ventricular tachycardia and ventricular fibrillation (14–17). Our findings 

confirm this and show that although arrhythmic events were more frequent after ASA 

(3.1%) than after myectomy (0.4%) (p < 0.001), this had no effect on procedure-related 

mortality (1.6% vs. 1.2%, p = 0.70). The aim of this study was to assess the long-term 

effects of the different treatment modalities, especially because the long-term effect of 

ASA on SCD is unclear.  

Two meta-analyses showed that the risk for SCD was not higher in ASA patients than in 

patients who underwent myectomy. These studies did not focus on long-term outcomes: 

the mean follow-up period across the cohorts in a study by Agarwal et al. (19) was <3 

years, and in a study by Leonardi et al. (20), there was a significant difference in follow-up 
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duration between the ASA and myectomy cohorts, with median follow-up durations of 

1,266 patient-years in the myectomy studies and 51 patient-years in the ASA studies. 

Other concerns, especially about the calculated SCD risk, have already been illustrated by 

Nishimura and Ommen (30). The risk for SCD after myectomy has generally been low (11), 

and the study by McLeod et al. (31) even suggests that myectomy could decrease the risk 

for SCD.  

Our study found that the annual SCD rate (excluding periprocedural events) in patients 

who underwent ASA was 1.0%/year, which was similar to that in patients with 

nonobstructive HCM and medically treated patients. A study by ten Cate et al. (17), which 

included a subset of the patients from the present study, reported a higher SCD rate than 

this study. The reason for this is 2-fold: 1) a separate endpoint for SCD (instead of a 

composite of cardiac mortality and SCD) was used, and 2) we excluded periprocedural 

events from the final analysis to focus on the long-term effects of ASA. Two recently 

published studies with long-term follow-up found that the risk for SCD was not high after 

ASA. Jensen et al. (23) examined 470 ASA patients, with a mean follow-up period of 8.4 

years, and found an annual SCD rate of 0.5%/year. Sorajja et al. (24) examined 177 ASA 

patients and 177 age- and sex-matched myectomy patients, with a mean follow-up period 

of 5.7 years. They found annual SCD rates (including unknown death) of 1.3%/year after 

ASA and 1.1%/year after myectomy. The results of this study are in line with these 

findings, but the SCD risk after ASA is still higher than after myectomy (0.8%/year; HR for 

SCD after ASA vs. myectomy: 2.1; p = 0.04).  

 

Patient selection and specialized care  

The present findings may have implications for the clinical management of patients with 

obstructive HCM who are considered for septal reduction therapy. Patients who 

underwent myectomy had a statistically significantly lower risk for SCD compared with 

patients who underwent ASA.  

This, combined with a lower need for additional septal reduction therapy and lower 

periprocedural arrhythmic events, favors surgical myectomy over ASA when an invasive 

strategy is chosen, for example, in younger and otherwise healthy patients. In older 

patients or patients with comorbidities and drug-refractory symptoms, and appropriate 

septal anatomy, the expected survival after ASA is excellent, and in these patients, ASA is a 

valuable therapy. Open-heart surgery can be avoided, and rehabilitation is much faster. 

We recommend that a multidisciplinary heart team (consisting of at least a cardiothoracic 

surgeon, an interventional cardiologist, and a cardiologist specializing in the care of 

patients with HCM) determines the optimal strategy for septal reduction. Also, in line with 

the 2003 European Society of Cardiology and American College of Cardiology (25) and 

2011 American College of Cardiology Foundation and American Heart Association (26) 
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guidelines, the procedure should be performed by experienced operators and confined to 

centers with substantial and specific experience with HCM care.  

 

Study limitations  

This study had several limitations. The 3 centers are all tertiary referral centers for the 

diagnostic and therapeutic care of patients with HCM, and the patient population might 

not represent the general HCM population. This referral and selection bias could have 

influenced the results. Data collection was limited to variables that were routinely 

collected. Because rhythm documentation of the event was not available for all SCD cases, 

it was not possible to ascertain that all deaths were arrhythmic in nature. Neither was it 

possible to correct for individual or local alterations of surgical or percutaneous technique, 

but all procedures were performed by experienced interventional cardiologists or 

cardiothoracic surgeons. This implies that our findings are more generalizable than those 

of single-center investigations.  

 

Conclusions  

 

Patients with obstructive HCM who are treated at referral centers for HCM care have good 

survival and low SCD risk, similar to that of patients with nonobstructive HCM. The SCD 

risk in patients after myectomy was lower than that after ASA and in the medical group.  
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Abbreviations 

 
AAE = adverse arrhythmic events 

ASA = alcohol septal ablation 

HCM = hypertrophic cardiomyopathy 

ICD = implantable cardioverter-defibrillator 

LVOT = left ventricular outflow tract 

NYHA = New York Heart Association 

SCD = sudden cardiac death 
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Abstract 

 

Objectives 

The aim of this meta-analysis was to compare long-term outcomes after myectomy and 

alcohol septal ablation (ASA) in patients with hypertrophic cardiomyopathy (HCM). 

 

Background 

Surgical myectomy and ASA are both accepted treatment options for medical therapy–

resistant obstructive HCM. Previous meta-analyses only evaluated short-term outcomes. 

 

Methods 

A systematic review was conducted for eligible studies with a follow-up of at least 3 years. 

Primary outcomes were all-cause mortality and (aborted) sudden cardiac death (SCD). 

Secondary outcomes were periprocedural complications, left ventricular outflow tract 

gradient, and New York Heart Association functional class after ≥3 months, and 

reintervention. Pooled estimates were calculated using a random-effects meta-analysis. 

 

Results 

Sixteen myectomy cohorts (n = 2,791; mean follow-up, 7.4 years) and 11 ASA cohorts (n = 

2,013; mean follow-up, 6.2 years) were included. Long-term mortality was found to be 

similarly low after ASA (1.5% per year) compared with myectomy (1.4% per year, p = 0.78). 

The rate of (aborted) SCD, including appropriate implantable cardioverter defibrillator 

shocks, was 0.4% per year after ASA and 0.5% per year after myectomy (p = 0.47). 

Permanent pacemaker implantation was performed after ASA in 10% of the patients 

compared with 4.4% after myectomy (p < 0.001). Reintervention was performed in 7.7% 

of the patients who underwent ASA compared with 1.6% after myectomy (p = 0.001). 

 

Conclusions 

Long-term mortality and (aborted) SCD rates after ASA and myectomy are similarly low. 

Patients who undergo ASA have more than twice the risk of permanent pacemaker 

implantation and a 5 times higher risk of the need for additional septal reduction therapy 

compared with those who undergo myectomy. 
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Introduction  

 

In patients with obstructive hypertrophic cardiomyopathy (HCM) who remain highly 

symptomatic despite optimal medical therapy, septal reduction therapy should be 

considered. This can be done by either surgical myectomy or alcohol septal ablation (ASA) 

(1–3). Myectomy has been used for more than 5 decades (4). ASA was developed as a 

percutaneous alternative and was quickly adopted all over the world. Now, 20 years after 

its introduction, the debate about the safety of ASA continues, especially concerning the 

arrhythmogenic effect of the ablation scar in patients already at an increased risk of life-

threatening arrhythmias. The 2 most recent meta-analyses date back to 2010 and only 

evaluated short-term outcomes (5,6). The aim of this meta-analysis was to compare long-

term outcomes after myectomy and ASA.  

 

Methods  

 

Search strategy  

Specific search terms were constructed, containing all synonyms for HCM in combination 

with all synonyms for myectomy and/or ASA, for the following databases: Embase, 

MEDLINE, Cochrane, Web-of-Science, PubMed publisher, and Google Scholar. Search  
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terms and the amount of hits per database are shown in Online Table 1. Predetermined 

inclusion and exclusion criteria (Figure 1) were applied by 2 independent reviewers. 

Because of our primary interest in long-term outcomes, a minimal mean follow-up was set 

at 3 years. Observational studies were included, in lack of randomized, controlled trials.  

 

Data extraction  

Continuous variables were extracted as means or medians, and dichotomous variables 

were extracted in absolute numbers or percentages for each cohort.  

Baseline patient characteristics of interest included age, sex, New York Heart 

Association (NYHA) functional class, maximal left ventricular wall thickness, maximal left 

ventricular outflow tract (LVOT) gradient, a history of syncope, implantable cardioverter-

defibrillator (ICD), amount of alcohol used (ASA studies), and concomitant mitral valve 

surgery (myectomy studies).  

Primary outcomes of interest were mortality, cause of death 

(cardiac/noncardiac/unknown), sudden cardiac death (SCD), aborted SCD, and appropriate 

ICD shocks. Cardiac death (i.e., HCM-related mortality) was defined as death due to heart 

failure, SCD, or stroke associated with atrial fibrillation; SCD was defined as instantaneous 

and unexpected death, and aborted SCD was defined as successful resuscitation after 

cardiac arrest. Secondary outcomes of interest were periprocedural complications (death, 

permanent pacemaker implantation, stroke, tamponade, sustained ventricular 

tachycardia, and ventricular fibrillation), length of hospitalization, LVOT gradient after ≥3 

months, NYHA functional class after ≥3 months, and reintervention (ASA or myectomy).  

 

Statistical analysis  

Descriptive statistics of patients before the intervention are weighted medians and 

interquartile ranges. SEs for the differences in weighted medians between the ASA and 

myectomy group were estimated by 10,000 bootstraps of the weighted-median 

differences. p Values for the pooled incidence rate differences and weighted medians 

were calculated using the Wald test. Random-effects meta-analysis was conducted using 

“metan” function with “randomi” option in Stata version 12.1 (StataCorp LP, College 

Station, Texas), which derives the estimates of heterogeneity from an inverse variance 

fixed-effects model. Heterogeneity among studies was estimated by the chi-square test 

and I
2
 statistics. Potential sources of heterogeneity were explored by meta-regression 

analysis, using “metareg” function in Stata. In all analyses, a p value <0.05 was considered 

significant. 
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Results 

 

Systematic review  

The search strategy retrieved 2,918 references. After eliminating double hits, a total of 

1,317 unique references remained (Figure 1). After applying the pre-determined inclusion 

and exclusion criteria during the initial review, a total of 50 studies were selected for 

further evaluation. Twenty-two studies were subsequently excluded because of 

overlapping study periods with cohorts containing more patient-years of follow-up (7–28). 

For the same reason, only the ASA cohort from the study by Sorajja et al. (29) was 

included. A study (30) of the outcome of patients who underwent myectomy between 

1960 and 1981 was not found eligible because 47% of the surgical procedures were 

performed using a transventricular or combined approach, unlike the myectomy 

techniques, as described by Morrow et al. (4) in the other studies. Two studies were 

excluded because of insufficient baseline characteristics (31) and exclusion of patients 

with a complete atrioventricular block after ASA (32). Last, the study by Sathyamurthy et 

al. (33) was excluded because of the lack of an accurate description of the follow-up 

duration. Twenty-four studies were selected for inclusion, containing 11 ASA cohorts 

(29,34–43) and 16 myectomy cohorts (40,41,43–56).  

 

Study characteristics  

The characteristics of the studies and their cohorts are shown in Table 1. The myectomy 

cohorts contained a total of 2,791 patients, with a mean follow-up of 7.4 years. The ASA 

cohorts contained a total of 2,013 patients, with a mean follow-up of 6.2 years. The 

median age in the ASA cohorts was 56 years compared with 47 years in the myectomy 

cohorts (p = 0.009). Other baseline characteristics did not differ significantly between the 

ASA and myectomy cohorts. 

 

Periprocedural outcomes  

Periprocedural (≤30 days) outcomes are shown in Online Table 2. There were 61 

periprocedural deaths in the myectomy cohorts and 20 in the ASA cohorts. Weighted for 

cohort size, periprocedural mortality was 1.3% (95% CI: 0.7% to 1.8%) after ASA and 2.5% 

(95% CI: 1.4% to 3.6%) after myectomy (p = 0.051). Cardiac mortality approximated all-

cause mortality (1.1% vs. 2.5%; p = 0.035). Permanent pacemaker implantation was 

necessary after ASA in 10.0% (95% CI: 7.8% to 12.1%) of patients compared with 4.4% 

(95% CI: 2.6% to 6.2%) after myectomy (p < 0.001). The incidence of tamponade and 

stroke was similar at ≤1% after both ASA and myectomy (p = 0.50 and p = 0.15, 

respectively). Periprocedural adverse arrhythmic events (AAEs), comprising sustained 
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ventricular fibrillation, were similar after ASA compared with myectomy (2.2% vs. 1.0%; p 

= 0.091). Hospitalization duration was only reported for 2 myectomy cohorts and was 

therefore disregarded.  

In light of potentially less developed periprocedural care in the 20th century, when we 

excluded studies from before 2000, the periprocedural mortality rate of myectomy further 

approximated that of ASA (1.1% vs. 1.3%, respectively; p = 0.75). Similarly, the rates of 

pacemaker implantation (4.0% vs. 10.0% after ASA; p < 0.001) and periprocedural AAE 

(0.6% vs. 2.2% after ASA; p = 0.055) after myectomy were lower. 

 

Long-term outcomes  

Long-term outcomes per study are shown in Table 2. In the myectomy cohorts, there were 

302 all-cause deaths during follow-up (i.e., after 30 days post-procedure), of which 175 

were HCM related. In the ASA cohorts, there were 191 deaths, of which 76 were HCM 
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related. Pooled all-cause mortality rates after myectomy and ASA were similar (1.44% per 

year vs. 1.52% per year; p = 0.78) (Figure 2). The rate of HCM-related mortality was 0.50% 

per year after ASA and 0.74% per year after myectomy (p = 0.013). There were 

significantly more unknown causes of death in the ASA cohorts (p = 0.002). Moderate 

heterogeneity was present for all-cause mortality in both the ASA (I
2
 = 52%; p = 0.023) and 

myectomy (I
2
 = 61%; p = 0.001) groups. Meta-regression showed that ASA cohorts with 

older patients had higher all-cause mortality rates (p = 0.02); hence, age explained some 

of the heterogeneity in this group (I
2
 residual = 28%, p for heterogeneity = 0.19) (Online 

Figure 1). None of the remaining study-level covariates depicted in Table 1 showed a 

significant association with mortality across the ASA cohorts, nor were there any of the 

investigated covariates significantly related to mortality across myectomy cohorts.  
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The rate of (aborted) SCD during long-term follow-up was 0.41% per year after ASA and 

0.49% per year after myectomy (p = 0.47) (Figure 3). The description of appropriate ICD 

shocks was incomplete and unevenly distributed over the 2 groups (8 of 11 of the ASA 

cohorts vs. 4 of 16 of the myectomy cohorts). In part, this can be explained by the fact that 

one-half of the myectomy cohorts are from the year 2000 or earlier, when ICD 

implantation was less common. When appropriate ICD shocks were excluded from the 

(aborted) SCD endpoint, the event rates were 0.34% per year after ASA and 0.47% per 

year after myectomy (p = 0.16) (Online Figure 2). Heterogeneity was present for SCD only 

in the myectomy cohorts when ICD shocks were included (I
2
 = 43%; p = 0.038). On meta-

regression analysis, this heterogeneity was not explained by any of the investigated study-

level covariates. 
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Clinical efficacy  

Improvement of functional status, LVOT gradient reduction, and need for reintervention 

are depicted in Online Table 3. NYHA functional class during follow-up was reported as 

either mean class or percentage of patients remaining in NYHA functional class III/IV, 

making comparisons difficult. The median reduction in NYHA functional class was 45% 

after both ASA and myectomy. The median amount of patients remaining in NYHA 

functional class III/IV was 8% after ASA and 5% after myectomy (p = 0.43). The reduction in 

LVOT gradient was 71% after ASA and 77% after myectomy (p = 0.63). The number of 

reinterventions (either ASA or myectomy) was significantly higher after ASA (n = 165) 

compared with myectomy (n = 45). Weighted for cohort size, this translated to a need for 

reintervention in 7.7% (95% CI: 4.2% to 11.1%) of the patients who underwent ASA 

compared with 1.6% (95% CI: 0.6 to 2.6) after myectomy (p = 0.001). 

 

Discussion  

 

This is the first systematic review that considers the long-term outcomes after ASA and 

surgical myectomy. The most important finding of this analysis is that after ASA and 

myectomy, both mortality and SCD risk are similarly low. Furthermore, we found that 

patients who undergo ASA have a significantly higher risk of permanent pacemaker 

dependency and need for additional septal reduction therapy compared with those who 

undergo myectomy. 

 

SCD after ASA and myectomy  

Since the introduction of ASA, there have been concerns regarding the arrhythmogenic 

effect of the ablation scar in patients already at an increased risk of life-threatening 

arrhythmias. Studies of short-term follow-up after ASA have described frequent episodes 

of AAEs (27,57,58). Our findings do not confirm this by showing a periprocedural AAE rate 

of just 2%, similar to that with myectomy.  

Several meta-analyses comparing ASA and myectomy have been performed before 

(5,6,59,60), but were only able to compare short-term results. Even the 2 meta-analyses 

published in 2010 did not reach a long enough cumulative follow-up time to make a 

definitive statement on the long-term outcomes of ASA. The analysis by Agarwal et al. (5) 

had a maximum median follow-up period across the cohorts of 2.2 years, and the study by 

Leonardi et al. (6) had a significant difference in follow-up duration between the ASA and 

myectomy cohorts, with a median follow-up of 1,266 patient-years in the myectomy 

studies and 51 patient-years in the ASA studies.  

There are 2 large studies in our analysis that compare the SCD risk of ASA with that of 

myectomy. Sorajja et al. (29) examined 177 ASA patients and 177 age- and sex-matched 
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myectomy patients with an average follow-up of 5.7 years. They found annual SCD rates 

(including unknown deaths) of 1.3% per year after ASA and 1.1% per year after myectomy. 

Vriesendorp et al. (43) examined 321 ASA patients and 253 myectomy patients and 

compared their outcomes with the outcomes of 349 nonobstructive HCM patients, with 

an average follow-up of 7.6 years. They found annual SCD rates (including unknown 

deaths) of 1.0% per year after ASA and 0.8% per year after myectomy. The present meta-

analysis confirms these findings that the long-term risk of SCD after both myectomy and 

ASA is low. 

 

Periprocedural complication and reintervention  

The main differences between the 2 interventions were found in the secondary endpoints. 

The most frequent periprocedural complication was an atrioventricular block requiring 

permanent pacemaker implantation. This was performed in 10% of the patients after ASA 

compared with 4% after myectomy. Surgical myectomy was not significantly more 

effective in reducing NYHA functional class and LVOT gradient at ≥3 months. We think, 

however, that the need for reintervention is the best clinical parameter for determining 

the overall efficacy of the procedures. Our results show that reintervention was necessary 

after ASA in 7.7% of the patients compared with only 1.6% after myectomy.  

We think that these findings are important to discuss with patients when they are 

being informed about the possibilities and limitations of septal reduction therapy. Surgical 

myectomy is open-heart surgery with relatively long rehabilitation. However, patients who 

undergo ASA have more than twice the risk of permanent pacemaker implantation and a 5 

times higher risk of the need for additional septal reduction therapy (ASA or myectomy, 

depending on the presence of an additional suitable septal perforator). For these reasons, 

myectomy might be more suitable for younger patients. However, our results show that 

there is no increased long-term risk of life-threatening arrhythmias after ASA and that ASA 

is still effective for the relief of symptoms in the majority of patients (92%) without the 

need for pacemaker implantation in most (90%). 

 

Patient selection and specialized care  

Important developments in imaging and new procedural techniques have improved the 

efficacy and safety of both procedures. Guidance by myocardial contrast 

echocardiography made better predictions of the effect of ASA possible (61), and recently 

developed periprocedural image guidance does the same for myectomy (62). 

Furthermore, new surgical techniques such as transatrial and transmitral myectomy (with 

or without robotic assistance), as alternatives to the traditional transaortic approach, 

make better visualization of the septum possible (63,64). These advances reduce the risks 

of both ASA and myectomy.  
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In line with the 2011 American College of Cardiology (2) and the 2014 European Society of 

Cardiology (3) guidelines, we recommend that all patients considered for septal reduction 

therapy are assessed by a multidisciplinary heart team (consisting of at least 1 

cardiothoracic surgeon, an interventional cardiologist, and a cardiologist specializing in the 

care of patients with HCM) to determine the optimal therapy by taking into account 

factors like mitral valve anatomy, septal thickness, age, and comorbidities. Furthermore, 

surgical myectomy and ASA should be performed by experienced operators and confined 

to centers with substantial and specific expertise in HCM care. 

 

Study limitations  

As shown in Table 1, the patients who underwent ASA and myectomy are inherently 

different. The direct comparisons as made by meta-analyses are therefore more difficult 

to interpret. Most importantly, the patients in the ASA cohorts were older than those in 

the myectomy cohorts (median age, 56 vs. 47 years). In fact, in the meta-regression 

analysis, ASA cohorts with older patients had higher all-cause mortality rates. Therefore, 

unmeasured, age-related confounders such as comorbid illness may have been more 

prevalent in ASA cohorts and may have increased all-cause mortality after ASA.  

Another important limitation is the great dispersion in study periods between the 

myectomy and ASA cohorts, with one-half of the myectomy studies from the year 2000 or 

earlier. Although meta-regression analysis found no significant association between study 

period and all-cause mortality, of the myectomy studies from before 2000, all but 1 had 

above average periprocedural mortality rates (Heric et al. [48], 6.2%; Schulte et al. [55], 

4.9%; Krajcer et al. [49], 4.7%; Gol et al. [46], 4.3%; Schonbeck et al. [54], 3.6%). This might 

be explained by the less developed periprocedural care in the early days of surgical 

myectomy and limited operator experience. When we excluded studies from before the 

year 2000, the periprocedural mortality rate of myectomy approximated that of ASA (1.1% 

vs. 1.3%, respectively). In doing so, the long-term mortality rate of myectomy was still 

similar to that of ASA (i.e., 1.42% per year after myectomy vs. 1.52% per year after ASA; p 

= 0.73).  

Finally, because analyses were applied to cohort data instead of individual patient 

characteristics, the results of the regression models apply to cohorts rather than individual 

patients. The data shown here are therefore mainly descriptive, and conclusions should be 

drawn with caution.  
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Conclusions  

 

Long-term mortality and (aborted) SCD rates after ASA and myectomy are similarly low. 

Patients who undergo ASA have more than twice the risk of permanent pacemaker 

implantation and a 5 times higher risk of the need for additional septal reduction therapy 

compared with those who undergo myectomy.  
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Supplemental material 

 
Online Table 1. Search terms for systematic review per database with amount of 

corresponding hits. 

 

Database Hits Search term 

Embase.com  1052 ('hypertrophic cardiomyopathy'/de OR 'familial hypertrophic cardiomyopathy'/de OR 
'hypertrophic obstructive cardiomyopathy'/de OR (((hypertroph* OR obstruct*) 
NEAR/3 (cardiomyopath* OR 'subaortic stenosis' OR Asymmetric*)) OR hcm OR 
hocm OR ihss):ab,ti) AND ('muscle resection'/exp OR myotomy/de OR 
myomectomy/de  OR  (((septal OR alcohol) NEAR/3 ablat*) OR ((muscle OR septal) 
NEAR/3 (resect* OR cut* OR excis* OR extirpat* OR reduct*)) OR myectom* OR 
myotom* OR myomectom* OR morrow OR tash OR ASA OR PTSMA):ab,ti) AND 
[english]/lim NOT ([Conference Abstract]/lim OR [Letter]/lim OR [Note]/lim OR 
[Conference Paper]/lim OR [Editorial]/lim) 

Medline 
(OvidSP) 

910 (exp Cardiomyopathy, Hypertrophic/ OR (((hypertroph* OR obstruct*) ADJ3 
(cardiomyopath* OR subaortic stenosis OR Asymmetric*)) OR hcm OR hocm OR 
ihss).ab,ti.) AND ((((septal OR alcohol) ADJ3 ablat*) OR ((muscle OR septal) ADJ3 
(resect* OR cut* OR excis* OR extirpat* OR reduct*)) OR myectom* OR myotom* 
OR myomectom* OR morrow OR tash OR ASA OR PTSMA).ab,ti.) AND english.la. 
NOT (letter OR news OR comment OR editorial OR congresses OR abstracts).pt. 

Cochrane  24 ((((hypertroph* OR obstruct*) NEAR/3 (cardiomyopath* OR 'subaortic stenosis' OR 
Asymmetric*)) OR hcm OR hocm OR ihss):ab,ti) AND ((((septal OR alcohol) NEAR/3 
ablat*) OR ((muscle OR septal) NEAR/3 (resect* OR cut* OR excis* OR extirpat* OR 
reduct*)) OR myectom* OR myotom* OR myomectom* OR morrow OR tash OR ASA 
OR PTSMA):ab,ti)  

Web-of-
science 

706 TS=(((((hypertroph* OR obstruct*) NEAR/3 (cardiomyopath* OR "subaortic stenosis" 
OR Asymmetric*)) OR hcm OR hocm OR ihss)) AND ((((septal OR alcohol) NEAR/3 
ablat*) OR ((muscle OR septal) NEAR/3 (resect* OR cut* OR excis* OR extirpat* OR 
reduct*)) OR myectom* OR myotom* OR myomectom* OR morrow OR tash OR ASA 
OR PTSMA)) ) AND LA=(english) AND DT=(Article) 

PubMed 
publisher 

26 ((((hypertroph*[tiab] OR obstruct*[tiab]) AND (cardiomyopath*[tiab] OR subaortic 
stenosis OR Asymmetric*[tiab])) OR hcm OR hocm OR ihss)) AND ((((septal OR 
alcohol) AND ablat*[tiab]) OR ((muscle OR septal) AND (resect*[tiab] OR cut*[tiab] 
OR excis*[tiab] OR extirpat*[tiab] OR reduct*[tiab])) OR myectom*[tiab] OR 
myotom*[tiab] OR myomectom*[tiab] OR morrow OR tash OR ASA OR PTSMA)) AND 
english[la] AND publisher[sb] 

Google Scholar 200 "hypertrophic cardiomyopathy"|"hypertrophic * cardiomyopathy" 
"septum|septic|alcohol 
resection|ablation"|myotomy|myomectomy|tash|ASA|PTSMA 
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Online Table 2. Peri-procedural outcomes of studies included in meta-analysis. 

 

Study 
Pacemaker 

implantation 
Tamponade Stroke sVT VF Total AAE cardiac 

mortality 
all cause 
mortality 

ASA 
        

de la Torre 
Hernandez 2014 34 

5 1 0 1 0 1 0 0 

Fernandes 2008 35 
52 0 0 0 3 3 5 6 

Guo 2007 36 
1 0 0 0 1 1 0 0 

Jensen 2013 37 
47 5 2 7 0 7 5 5 

Klopotowski 2010 
38 

11 0 0 0 0 0 0 0 

Lyne 2010 39 
0 0 0 0 0 0 0 0 

Samardhi 2014 40 
7 0 0 1 2 3 0 0 

Sedehi 2014 41 
4 1 0 0 0 0 0 0 

Sorajja 2012 29 
36 6 1 3 3 6 2 2 

Veselka 2014 42 
14 0 0 6 1 7 1 2 

Vriesendorp 2014 
43 

- 2 - 1 10 11 5 5 

Total: 177 15 3 19 20 39 18 20 
% (CI): 10.0 (7.8-

12.1) 
0.6 (0.1-

1.1) 
0.3 (0.0-

0.8) 
0.8 (0.2-

1.4) 
0.8 (0.2-

1.4) 
2.2 (1.1-

3.3) 
1.1 (0.6-

1.6) 
1.3 (0.7-

1.8) 
Surgical myectomy 
Cohn 1992 44 

2 0 0 0 0 0 0 0 
Desai 2013 45 

7 - 5 - 0 0 0 0 
Gol 1997 46 

0 1 0 0 1 1 3 3 
Havndrup 2000 47  1 2 0  - 0 0 0 0 
Heric 1995 48 

17 4 5 0 1 1 10 11 
Krajcer 1989 49 

4 - 0 - 4 4 6 6 
Lisboa 2011 50 

2 0 2 1 0 1 1 1 
Merrill 2000 51 

0 1 0 0 0 0 0 0 
Minami 2002 52 

6 0 0 0 0 0 0 1 
Ommen 2005 53 

3 -  - - - - 2 2 
Samardhi 2014 40 

3 1 1 0 0 0 2 2 
Schonbeck 1998 54 

5 1 0 0 1 1 4 4 
Schulte 1993 56 

- - - - - - 18 18 
Sedehi 2014 41 

11 0 0 0 0 0 5 5 
Vriesendorp 2014 
43 

- 0 - 0 1 1 3 3 

Woo 2005 56 21 - - - - - 5 5 
Total:  82 10 13 1 8 9 59 61 
% (CI): 4.4 (2.6-6.2) 1.0 (0.0-

2.0) 
0.9 (0.3-

1.6) 
0.4 (0.0-

1.4) 
0.3 (0.0-

0.8) 
1.0 (0.1-

1.8) 
2.5 (1.3-

3.6) 
2.5 (1.4-

3.6) 
P: <0.001 0.50 0.15 0.47 0.22 0.091 0.035 0.051 

Values are n unless otherwise indicated; AAE – adverse arrhythmic events; ASA – alcohol septal ablation; CI – 
confidence interval; sVT – sustained ventricular tachycardia; VF – ventricular fibrillation; P = P-value for 
difference between ASA and myectomy groups. 
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Online Table 3. Clinical efficacy of alcohol septal ablation and surgical myectomy. 

 

Study 
NYHA, 
%RED 

NYHA 
III/IV, % 

LVOT, 
%RED  

Re-intervention 

ASA 
     

de la Torre Hernandez 2014 34  - 13 74 
 

0 

Fernandes 2008 35 -  - 67 
 

100 

Guo 2007 36 

 
53  - - 

 
0 

Jensen 2013 37  - 8 90 
 

- 

Klopotowski 2010 38  -  - 79 
 

- 

Lyne 2010 39 63 0 80 
 

2 

Samardhi 2014 40  - 5 63 
 

8 

Sedehi 2014 41 50  - 66 
 

0 

Sorajja 2012 29  -  - - 
 

15 

Veselka 2014 42 45  - 71 
 

9 

Vriesendorp 2014 43  -  - 90 
 

31 

Weighted median: 

(IQR): 

45 

(45-50) 

8.0 

(8.0-8.0) 

71 

(67- 90) 

Total: 

% (CI): 

165 

7.7 (4.2–11.1) 

Surgical myectomy 

Cohn 1992 44 45 19 95 
 

0 

Desai 2013 45 - 5 69 
 

8 

Gol 1997 46 38 5 77 
 

0 

Havndrup 2000 47  38 9 83 
 

0 

Heric 1995 48 50 6 77 
 

22 

Krajcer 1989 49 34 27 74 
 

0 

Lisboa 2011 50 55  - 77 
 

0 

Merrill 2000 51  -  - - 
 

0 

Minami 2002 52 33  - 82 
 

2 

Ommen 2005 53 48 6 96 
 

- 

Samardhi 2014 40  - 0 83 
 

0 

Schonbeck 1998 54  - 12 99 
 

3 

Schulte 1993 55 45 4 - 
 

3 

Sedehi 2014 41 44  - 66 
 

0 

Vriesendorp 2014 43   -  - 90 
 

6 

Woo 2005 56  - 17 - 
 

1 

Weighted median: 

(IQR): 

45 

(44-48) 

4.5 

(4.5-12) 

77 

(69-90) 

Total: 

% (CI): 

45 

1.6 (0.6-2.6) 

P: 0.94 0.43 0.63  0.001 

Values are n unless otherwise indicated; ASA – alcohol septal ablation; CI – confidence interval; IQR – 
interquartile range; LVOT – left ventricular outflow tract; NYHA – New York Heart Association; RED – 
reduction; P = P-value for difference between ASA and myectomy groups. 
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Online Figure 1. All-cause mortality bubble plots for mean age in alcohol septal ablation 

cohorts (left) and surgical myectomy cohorts (right), with fitted regression lines in red, and 

estimates from each cohort in green with the circles size being proportional to the inverse of 

each study variance. The myectomy study by Havendrup et al was censored from the plot, 

but included in the estimates. 
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Online Figure 2. Forest plots and pooled estimates of (aborted) SCD rates after alcohol 

septal ablation and surgical myectomy, excluding ICD shocks. 
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Abbreviations 

 
AAE = adverse arrhythmic events 

ASA = alcohol septal ablation 

HCM = hypertrophic cardiomyopathy 

ICD = implantable cardioverter-defibrillator 

LVOT = left ventricular outflow tract 

LVWT = left ventricular wall thickness 

NYHA = New York Heart Association 

SCD = sudden cardiac death 

VF = ventricular fibrillation 
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Abstract 

 

Objectives  

The aim of this study is to assess the long-term effects of alcohol dosage in alcohol septal 

ablation (ASA) on mortality and adverse arrhythmic events (AAE).  

 

Background: 

ASA can be performed to reduce left ventricular outflow tract (LVOT) obstruction in 

patients with hypertrophic cardiomyopathy (HCM). However, the effect of alcohol dosage 

on long-term outcomes is unknown.  

 

Methods 

This retrospective cohort study includes 296 HCM patients (age 60 ± 22 years, 58% male) 

who underwent ASA because of symptomatic LVOT obstruction. Twenty-nine patients 

(9.8%) were excluded because the alcohol dosage could not be retrieved. Primary 

endpoints were all-cause mortality and AAE.  

 

Results 

During 6.3 ± 3.7 years of follow-up, all-cause mortality and AAE rates were similar in 

patients who received ≤2.0 mL (n = 142) and >2.0 mL (n = 121) alcohol during ASA. Age 

was the only independent predictor of mortality (HR 1.1, 95% CI 1.0–1.1, P < 0.001). 

Predictors of AAE were maximum CK-MB >240 U/L (HR 3.3, 95% CI 1.5–7.2, P = 0.003), and 

sudden cardiac death survivor (HR 5.9, 95% CI 1.7–20.3, P = 0.004). There was a mild to 

moderate correlation between CK-MB levels and amount of alcohol (Spearman’s ρ 0.39, P 

< 0.001), cross-sectional area of the target septal branch ostium/ostia (Spearman’s ρ 0.19, 

P = 0.003), and maximum ventricular wall thickness (Spearman’s ρ 0.17, P = 0.006).  

 

Conclusions 

Alcohol dosage appears not to have a long-term effect on mortality and AAE. A larger 

infarct size created by ASA increases the risk of AAE, and extended monitoring of these 

patients is advised. 
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Introduction 

 

Hypertrophic cardiomyopathy (HCM) is an inheritable myocardial disease present in 1 in 

500 of the general population (1). HCM is characterized by left ventricular hypertrophy 

and is often associated with (provocable) left ventricular outflow tract (LVOT) obstruction 

(2). Symptoms such as dyspnea (on exertion), syncope, and angina due to LVOT 

obstruction can be alleviated by the use of β-receptor antagonists, verapamil, or 

disopyramide. If patients remain severely symptomatic despite optimal medical therapy, 

septal reduction therapy should be considered, either by surgical myectomy or alcohol 

septal ablation (ASA) (3–6). ASA was introduced as a percutaneous alternative to surgical 

myectomy, and has shown to be effective in reducing LVOT obstruction and associated 

symptoms (7–9). In the 20 years since its introduction, ASA has become a valuable 

alternative in the management of HCM patients, and important developments (e.g., the 

use of intramyocardial ultrasound contrast agents) have improved the safety and efficacy 

of the technique (8–10). However, concerns about ASA remain, especially the possible 

arrhythmogenic effect of the ablation scar in patients already at an increased risk of life-

threatening arrhythmias (11). The effect of the dosage of intracoronary alcohol in this 

context remains controversial, and long-term results are scarce (12–15). The aim of this 

study is to evaluate the long-term effects of alcohol dosage in ASA on mortality and 

adverse arrhythmic events (AAE). 

 

Materials and methods 

 

Study Design and Patient Population 

A two-center, observational cohort design was used. The study population consisted of 

296 consecutive HCM patients who underwent ASA in the St. Antonius Hospital 

Nieuwegein, Nieuwegein, the Netherlands (n = 209), and the Thoraxcenter, Erasmus 

Medical Center, Rotterdam, the Netherlands (n = 87). All patients met the criteria for 

invasive treatment: (i) ventricular septal thickness ≥15 mm, (ii) (provocable) LVOT gradient 

≥50 mm Hg, and (iii) persistent New York Heart Association (NYHA) class III/IV dyspnea or 

Canadian Cardiovascular Society class III/IV angina despite optimal medical therapy (3–5). 

The choice of ASA instead of surgical myectomy was based on patient profile (age, 

comorbidities, etc.) and patient preference. Patients were divided in 2 groups, based on 

the amount of alcohol received: a high-dose group (>2.0 mL) and a low-dose group (≤2.0 

mL). A 2.0 mL cut-off was chosen because this was the median amount of intracoronary 

alcohol used in the entire cohort (range 0.75–8 mL), and because this was in line with 

previous studies (12,13). Patients where the alcohol dosage could not be retrieved were 
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excluded. The study conforms to the principles of the Helsinki Declaration. All patients 

gave informed consent prior to the procedure, and local institutional review board 

approval was obtained. 

 

The procedure 

ASA was performed as described previously (16,17). After placement of a temporary right 

ventricular pacing lead, a double lumen pigtail catheter was advanced in the left ventricle 

allowing for simultaneous pressure recordings in the left ventricle and ascending aorta. 

Coronary angiography was then performed and after visual assessment of the septal 

perforator branches of the left anterior descending artery, the first or second septal 

perforator was wired with a 0.014” coronary guidewire introduced into an over-the-wire 

(OTW) balloon. After removal of the coronary guidewire, 2 mL of echo contrast agent 

(Sonovue, Bracco Diagnostics, Milan, Italy) was selectively injected into the septal 

perforator through the inner lumen of the OTW balloon to allow for echocardiographic 

identification of the basal left ventricular septum as appropriate anatomical target. If the 

area of perfusion on the septum was not the area of contact by systolic anterior motion of 

the anterior leaflet of the mitral valve, another septal perforator was cannulated. 

Subsequent dosages of 0.5 mL of absolute alcohol were injected slowly over 1–15 minutes 

in the septal perforator under continuous echocardiographic guidance, after which the 

balloon remained in place for 10 more minutes. After the balloon was deflated, gradient 

reduction was assessed, and coronary angiography was repeated to confirm the occlusion 

of the septal branch and patency of the left anterior descending coronary artery. If 

significant LVOT gradient would remain afterward, additional septal perforators could be 

treated. The temporary pacemaker lead was kept in place for at least 24 hr. All patients 

were monitored for at least 24 hr at the intensive coronary care unit afterward.  

 

Follow-Up and Endpoints  

Follow-up started at the time of ASA, and the first procedures were performed in 1999. 

Baseline patient characteristics of interest included age, sex, NYHA class, maximum left 

ventricular wall thickness (LVWT), maximum (provocable) LVOT gradient, left ventricular 

ejection fraction, atrial fibrillation, coronary artery disease, medication used, conventional 

risk factors for sudden cardiac death (SCD) (3–5), amount of intracoronary alcohol used 

during the procedure, and the cross-sectional area of the ostium/ostia of the target septal 

perforator(s).  

The primary endpoints were all-cause mortality and AAE during long-term follow-up. 

AAE consisted of SCD, resuscitated cardiac arrests due to ventricular fibrillation (VF) or 

tachycardia, and appropriate implantable cardioverter-defibrillator (ICD) firing. Secondary 

endpoints were periprocedural (<30 days) mortality and AAE, LVOT gradient reduction, 
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maximum CK-MB, temporary atrioventricular (AV) block, permanent pacemaker 

implantation, reintervention (ASA or myectomy), and HCM-related death (death due to 

heart failure, stroke, or SCD).  

Mortality and adverse events were retrieved from hospital patient records at the 

center where follow-up occurred, from civil service population registers, and from 

information provided by patients themselves and/or their general practitioners. All ICD 

shocks were evaluated by an experienced electrophysiologist, unaware and independent 

of the study purpose and endpoints. If no events occurred during follow-up, the 

administrative censoring date was set at November 1, 2012.  

Statistical Analysis  

SPSS version 20 (IBM, Armonk, NY, USA) and Microsoft Excel 2010 (Microsoft Corporation, 

Redmond, WA, USA) were used for all statistical analyses. Categorical variables were 

summarized as percentages. Normally distributed continuous data are expressed as mean 

± standard deviation and non-normally distributed data are expressed as median ± 

interquartile range. To compare continuous variables, Student t test or Mann–Whitney U 

test were used, and to compare categorical variables, the χ
2
-test was used. To identify 

clinical predictors of all-cause mortality and AAE, univariable and multivariable Cox 

regression analysis was used. Variables were selected for multivariable analysis if the 

univariable P-value was <0.10 and were expressed as hazard ratio (HR) with 95% 

confidence interval. The final number of variables was restricted according to the number 

of endpoint events to avoid overfitting the multivariable model. For correlation analysis, 

spearman’s ρ was calculated in case of a nonlinear relationship between the variables, or 

if the variables were non-normally distributed. A P-value of <0.05 was considered 

statistically significant.  
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Results 

 

Clinical Characteristics 

In the cohort of 296 patients, 29 (9.8%) were excluded because no alcohol dosage could 

be retrieved. Of these 29 patients (age 60 ± 22, 44% male), 1 experienced periprocedural 

VF and 3 patients died (none in the first 30 days). The cause of death was SCD in 1 patient, 

and noncardiac in the others. The baseline characteristics of the remaining 267 patients 

(age 61 ± 14, 58% male) are found in Table I. Patients in the low-dose group (n = 143) were 

older (63 ± 24 years) than those from the high-dose group (n = 124, age 58 ± 22 years, P = 

0.005). Conversely, fewer patients from the low-dose group were in NYHA class III/IV (76% 

vs 85%, P = 0.05) or had systolic dysfunction on echocardiography (2% vs 9%, P = 0.03).  

 

Procedural Outcomes  

Over time, a reduction of the mean amount of alcohol used for ASA was seen (Figure 1, P 

< 0.001). This was irrespective of the pre-procedural and post-procedural LVOT gradient 

(Figure 2). The infarct size after a high amount of alcohol was greater than after a low 

dose (maximum CK-MB levels 213 ± 137 U/L vs 152 ± 91 U/L, P < 0.001), which resulted in 

a slightly greater reduction in LVOT gradient (95% vs 86%, P < 0.001). The NYHA class post-

procedure was similar in both groups though (P = 0.08), and more reintervention (ASA or 

myectomy) was necessary in patients who received a high dose compared with the low-

dose group (15% vs 6%, P = 0.01) (Table II). The maximum CK-MB level was correlated with 

amount of alcohol (Spearman’s ρ 0.39, P < 0.001), cross-sectional area of the target septal 

branch ostium (Spearman’s ρ 0.19, P = 0.003), and maximum LVWT (Spearman’s ρ 0.17, P 

= 0.006). Amount of alcohol and maximum LVWT were not associated (Spearman’s ρ 0.09, 

P = 0.15).  
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Temporary periprocedural AV block was present in 78 patients (29%). This resulted in 

permanent pacemaker implantation in 14 patients (10%) of the low dose group and 9 

patients (7%) of the high-dose group (P = 0.5). Within the first 30 days of follow-up, 4 

patients died, of which 3 received a high amount of alcohol (P = 0.3). The causes of death 

were periprocedural VF in 2 patients, tamponade 1 day post-procedure in 1 patient, and 

ventricular tachycardia with deterioration to VF 2 days post-procedure in 1 patient. AAE 

occurred in 10 patients, of which 6 received a high amount of alcohol (P = 0.3) (Table III). 

Besides the above, these comprised periprocedural VF with successful defibrillation in 3 

patients, and VF during the first week post-procedure with successful resuscitation in 4 

patients. The latter all received an ICD for secondary prevention. 

 

Long-Term Outcomes 

Of the 267 patients, follow-up was 

completed in 263 patients (99%) with a 

median follow-up duration of 6.3 ± 3.7 

years. The 4 patients lost to follow-up had 

moved abroad and could not be reached.  

During follow-up, there was a total of 

38 deaths in the entire cohort (Table II): 13 

(34%) were HCM-related, 22 (58%) 

patients died of certified noncardiac 

causes, and no cause of death could be 
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identified in 3 (8%). Kaplan–Meier estimates of survival are shown in Figure 3. All-cause 

mortality was similar in patients who received ≤2.0 mL and patients who received >2.0 mL 

intracoronary alcohol during ASA (P = 0.2). The same applied for HCM-related mortality (P 

= 0.2). The 5- and 10-year survival for patients receiving a low amount of alcohol was 94% 

and 89%, respectively, which was similar to the 91% and 85% for patients receiving a high 

amount of alcohol (P = 0.5 and P = 0.8, respectively). The only independent predictor of 

all-cause mortality was age (HR 1.1, 95% CI 1.0–1.1, P < 0.001). A persisting high post 

postprocedural LVOT gradient (≥50 mm Hg) showed a trend toward increased mortality (P 

= 0.06) (Table IV).  

AAE during long-term follow-up were also similar in the two groups: 7 events (5%) 

occurred in the low-dose group and 9 (7%) in the high-dose group (P = 0.4). This translates 

in an annual event rate of 0.91% after ASA with ≤2.0 mL alcohol and 0.99% after ASA with 

>2.0 mL alcohol. Five patients died of SCD, 3 patients were resuscitated from cardiac 

arrest, and 6 patients received an appropriate ICD shock (Table II). Multivariable analysis 
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identified the following independent predictors of AAE: maximum CK-MB >240 U/L (HR 

3.3, 95% CI 1.5–7.2, P = 0.003), and SCD survivor (HR 5.9, 95% CI 1.7–20.3, P = 0.004) 

(Table IV). 

 

Discussion 

 
The most important finding of this study was that long-term mortality and AAE rates after 

ASA were not increased if a higher dose of alcohol was used. Also, periprocedural AAE and 

mortality, AV-blocks, and pacemaker implantations were similar in both high-dose and 

low-dose alcohol groups. 

 

ASA and Alcohol Dosage  

ASA was introduced in 1995 as an alternative to surgical myectomy (7). Initially, relatively 

high doses of alcohol were used (3–6 mL). Over time, clinical experience combined with 

better strategies to identify the target septal branches (e.g., the use of intramyocardial 

ultrasound contrast agents) led to the use of lower doses of alcohol during ASA (8–10). 

The subsequent “learning curve” of the centers participating in this study is shown in 

Figure 1.  

The first study to investigate the correlation between amount of intracoronary alcohol 

and outcome of ASA was conducted by Kuhn et al. (12). This retrospective study comprises 

two series: 329 patients treated in a dose finding strategy with decreasing amounts of 

alcohol until 2001, and 315 patients of the “low alcohol dose era” treated until 2005. 

Patients treated with high amounts of alcohol (>2.0 mL) had a higher mortality rate than 

those treated with less alcohol. The mean follow-up of this cohort was no more than 2.1 

years though. Also, the patients treated with a high dose of alcohol were by definition the 

first patients to undergo ASA at this center.  

Veselka et al. (13) conducted a prospective study with 76 patients who were 

randomized into two equal groups, and subsequently treated with ≤2.0 mL and >2.0 mL 

intracoronary alcohol. They found no differences in postprocedural complications 

between both groups and after a median follow-up of 7 years, all-cause mortality was 

equal. Though these findings are in line with this study, the small size of the study does 

not allow for a reliable survival analysis and the study may not be powered enough to 

detect this difference.  

In the study by ten Cate et al. (11), which included a subset of the patients included in 

this study, ASA was associated with an increased risk for SCD. The study was criticized for 

the use of high amounts of alcohol (3.5 ± 1.5 mL) in its ASA patients. In their analysis, no 

effect of alcohol dosage on their primary endpoint (composite of cardiac death and 

aborted SCD including appropriate ICD firing) was observed however.  
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ASA and Infarct Size  

We found that higher CK-MB levels after ASA predicted AAE during follow-up. Although no 

direct effect of alcohol dosage on AAE was observed, a higher amount of intracoronary 

alcohol was associated with higher CK-MB levels. This is in line with previous studies (18–

20). In addition to amount of alcohol, caliber of the target septal perforator(s) and LVWT 

also showed a positive correlation with CK-MB levels. The infarct size and concomitant risk 

of AAE may therefore be the resultant of a combination of these variables. Since the 

separate correlations are mild to moderate at best however, the infarct size for an 

individual patient can still be hard to predict. On the contrary, finding high CK-MB levels 

post-procedure could warrant extended monitoring or preventive ICD implantation, 

especially in the presence of other risk factors for SCD.  

A low dose of intracoronary alcohol in ASA can be as effective as a high dose. Veselka 

et al. (14) showed that the use of a very low dose of alcohol (mean 1.0 ± 0.1 mL) is as 

effective in reducing the LVOT gradient as using a mean dose of 2.5 ± 0.8 mL. Boekstegers 

et al. (15) came to the same conclusion after treating 50 patients with a mean amount of 

1.9 ± 0.7 mL intracoronary alcohol. These findings are in line with our study. Despite a 

slightly lower gradient at follow-up in the high-dose group, this did not lead to a difference 

in NYHA class at follow-up, nor to a lower rate of redo procedures. In fact, reinterventions 

were more common in the high-dose group compared with the low-dose group (15% vs 

6%). Furthermore, we found no association between amount of alcohol and LVWT. In 

other words, thicker intraventricular septa did not per definition require more 

intracoronary alcohol. Consequently, the fact that more alcohol leads to higher CK-MB 

levels may indicate that a high amount of alcohol leads to infarction of unnecessary septal 

tissue.  

This circumstantial evidence suggests that the smallest effective infarct size should be 

pursued. This may be achieved by using a low dose of alcohol, more distally in the target 

septal perforator(s).  

 

Study Limitations  

This study has several limitations. Data collection was limited to variables that were 

routinely collected. The study was performed in 2 referral centers for the care of HCM, 

and selection and referral bias can be present. It was not possible to correct for individual 

or local alterations of percutaneous technique. However, all procedures were performed 

by experienced interventional cardiologists, plus this implies that our findings are more 

generalizable than those of single-center investigations. Furthermore, similar to that in the 

study by Kuhn et al. (12), most of the patients treated with a high dose of alcohol 

underwent ASA in the early days of our experience (Figure 1). The cause of death could 

not be determined in 3 of the 38 deaths (8%) that occurred. In addition, there was a large 
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group (10%) in which no dose of alcohol could be retrieved; however, events in this group 

were low (1 case of SCD). Finally, the cut-off value of 2.0 mL of alcohol was arbitrarily 

chosen because this was the median alcohol dose in this ASA cohort and previous studies 

have used this cut-off value, facilitating comparison to these studies. Choosing a cut-off 

value of 3.0 mL, however, did no result in a significant difference in long-term mortality 

and AAE either. 

 

Conclusion 

 
Alcohol dosage appears not to have a long-term effect on mortality and AAE. A larger 

infarct size created by ASA increases the risk of AAE, and extended monitoring of these 

patients is advised. 
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Abbreviations 

 
ASA = alcohol septal ablation 

CK = creatine kinase 

HCM = hypertrophic cardiomyopathy 

ICD = implantable cardioverter-defibrillator 

LV = left ventricular 

NYHA = New York Heart Association 

VT = ventricular tachycardia 

VF = ventricular fibrillation 
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Abstract 

 

Aims  

The first cases of alcohol septal ablation (ASA) for obstructive hypertrophic 

cardiomyopathy (HCM) were published two decades ago. Although the outcomes of 

single-centre and national ASA registries have been published, the long-term survival and 

clinical outcome of the procedure are still debated. 

 

Methods and results 

We report long-term outcomes from the as yet largest multinational ASA registry (the 

Euro-ASA registry). A total of 1275 (58 ± 14 years, median follow-up 5.7 years) highly 

symptomatic patients treated with ASA were included. The 30-day post-ASA mortality was 

1%. Overall, 171 (13%) patients died during follow-up, corresponding to a post-ASA all-

cause mortality rate of 2.42 deaths per 100 patient-years. Survival rates at 1, 5, and 10 

years after ASA were 98% (95% CI 96–98%), 89% (95% CI 87–91%), and 77% (95% CI 73–

80%), respectively. In multivariable analysis, independent predictors of all-cause mortality 

were age at ASA (P < 0.01), septum thickness before ASA (P < 0.01), NYHA class before ASA 

(P = 0.047), and the left ventricular (LV) outflow tract gradient at the last clinical check-up 

(P = 0.048). Alcohol septal ablation reduced the LV outflow tract gradient from 67 ± 36 to 

16 ± 21 mmHg (P < 0.01) and NYHA class from 2.9 ± 0.5 to 1.6 ± 0.7 (P < 0.01). At the last 

check-up, 89% of patients reported dyspnoea of NYHA class ≤2, which was independently 

associated with LV outflow tract gradient (P < 0.01). 

 

Conclusions  

The Euro-ASA registry demonstrated low peri-procedural and long-term mortality after 

ASA. This intervention provided durable relief of symptoms and a reduction of LV outflow 

tract obstruction in selected and highly symptomatic patients with obstructive HCM. As 

the post-procedural obstruction seems to be associated with both worse functional status 

and prognosis, optimal therapy should be focused on the elimination of LV outflow tract 

gradient. 
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Introduction 

 

Hypertrophic cardiomyopathy (HCM) is characterized by the presence of an increased 

thickness of the left ventricular (LV) wall that is not solely explained by abnormal loading 

conditions, including hypertension and/or valvular diseases (1,2). Two-thirds of patients 

with HCM have evidence of LV outflow tract obstruction, which is usually based on basal 

septal hypertrophy in combination with elongated mitral leaflet(s), causing systolic 

anterior motion of the mitral valve (1–3). In patients who remain highly symptomatic 

despite optimal medical therapy, surgical myectomy has traditionally been performed to 

relieve obstruction and its associated symptoms (1,2). Alcohol septal ablation (ASA) was 

introduced two decades ago by Ulrich Sigwart as an alternative percutaneous technique 

(4). He demonstrated that the injection of a small amount of desiccated alcohol into an 

appropriate septal branch of the left anterior descending artery is followed by basal septal 

necrosis and subsequent shrinkage, resulting in a decrease in LV obstruction. Although 

encouraging results of single-centre or national ASA registries have been published, the 

long-term safety and efficacy of the procedure have been debated over the following 

decades (1, 5-16). Twenty years after the introduction of ASA, we therefore report long-

term outcomes from the largest multinational ASA registry (the Euro-ASA registry) to date. 

 

Methods 

 

Patients 

A total of 1275 (58 ± 14 years, 49% females), highly symptomatic, consecutive patients 

treated with ASA were included. Procedures were performed in 10 tertiary invasive 

centres from seven European countries (Germany—Bad Oyenhausen; Czech Republic—

Prague, Trinec, Brno; Denmark—Copenhagen, Gentofte; the Netherlands—Nieuwegein; 

Austria—Innsbruck; Poland—Warsaw; Norway—Oslo) between January 1996 and 

February 2015. All patients had been prospectively included in institutional registries and 

subsequently also in the Euro-ASA registry. Individual centres began with the ASA 

programme in the years 1996–2005.  

The diagnosis of obstructive HCM was made by cardiologists experienced in managing 

patients with this disease, based on typical clinical, electrocardiographic, 

echocardiographic, and/or cardiac magnetic resonance imaging features, with LV 

hypertrophy (wall thickness ≥15 mm) occurring in the absence of any other cardiac or 

systemic disease that could have been responsible for the hypertrophy. Alcohol septal 

ablation was offered to highly symptomatic adult patients in functional (NYHA) class III/IV, 

who were refractory or intolerant to medical therapy. In exceptional cases, patients with 
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severe angina pectoris or documented exertional syncope were also included. The 

maximal (provocable) LV outflow tract gradient had to be ≥50 mmHg in the absence of 

severe mitral valve disease or other indication for cardiac surgery. Decisions regarding the 

choice of ASA or surgical myectomy were made after a detailed multidisciplinary 

evaluation and a consensus among experts in the management of HCM, based on clinical 

experience at the individual sites. 

 

Alcohol septal ablation technique 

All interventions were performed by experienced interventional cardiologists. Details of 

the ASA technique have been published in the past (4,17,18). Although there were some 

small differences in ASA technique among sites, all procedures were guided by myocardial 

contrast echocardiography and the volume of injected alcohol was gradually decreased 

over the study period (19,20). Blood was drawn for determination of the MB fraction of 

creatine kinase (CK-MB) in the first 2 days post-ASA.  

 

Follow-up  

There were differences in post-ASA follow-up between centres participating in the 

registry. Generally, all patients had a routine clinical checkup 3–6 months after ASA and 

then every year. In patients with an implanted pacemaker or cardioverter-defibrillator 

(ICD), devices were evaluated for both implant function and memory, including 

registration of discharges. The survival of patients treated in the Czech Republic and 

Denmark were continuously checked in the National Database of Deaths. The survival of 

patients treated in other countries was updated in 2014–2015, by clinical visit, telephone 

call, or mail communication. For deceased patients who died outside hospitals, interviews 

or mail communication with the general practitioner or next of kin was performed to 

ascertain the cause of death.  

 

Endpoints and definitions  

In this study, we aimed to determine: (i) survival and clinical outcome in patients treated 

with ASA, (ii) predictors of mortality events and clinical outcome, (iii) relationships 

between alcohol dose injected during ASA, improvement of LV outflow tract pressure 

gradient, and the occurrence of complete heart block.  

All-cause mortality was defined as death due to any cause. Sudden mortality events 

included sudden deaths, appropriate ICD discharges, and successful resuscitations. Sudden 

death was defined as sudden and unexpected death within 1 h after a witnessed collapse 

in a previously stable patient or death that occurred during sleep. In patients with an 

implanted ICD, device interventions triggered by ventricular fibrillation (VF) or ventricular   
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 tachycardia (VT) were considered as appropriate discharges. Cardiovascular death was 

defined as death related to any cardiovascular disease, including stroke. 

The relative delta pressure gradient was used to express the percentage reduction of 

LV outflow gradient and was defined as follows: (pressure gradient at baseline – pressure 

gradient at last clinical check-up)/pressure gradient at baseline.  

 

Statistical analysis  

All data were evaluated by two independent statisticians. Data were presented as means ± 

standard deviations (SD) for continuous variables and proportions for categorical variable; 

where continuous variables had skewed distributions (Kolmogorov–Smirnov test), data 

were expressed as median (25th, 75th percentiles—IQRs). Student’s t tests and Wilcoxon 

signed-rank tests assessed the statistical significance of continuous variables, and χ
2
 test 

analysed categorical variables.  

Cox proportional hazard regression was used to identify predictors of mortality. The 

following clinical and echocardiographic variables with a potential impact on patient 

outcome were evaluated, first in a univariate model: age, gender, baseline, and residual 
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NYHA class, baseline and residual left ventricular pressure gradient, baseline and residual 

septal thickness, and amount of alcohol injected during ASA. Variables with a P-value of 

<0.15 were then entered into a multivariable analysis, which was performed using a 

backward stepwise multiple Cox’s regression or logistic regression. Estimates for long-

term survival were made by the Kaplan–Meier method and differences in survival were 

assessed by the log-rank test.  

Median regression was used to describe the relationship between the delta pressure 

gradient and potential predictors. Simple logistic regression was used to describe the 

relationship between alcohol dose and the occurrence of peri-procedural complete heart 

block. Locally weighted scatterplot smoothing curve was used to display the relationship 

between alcohol dose and the occurrence of peri-procedural complete heart block (Figure 

2). A value of P < 0.05 was considered statistically significant. All reported P-values were 

two-sided. The statistical software GraphPad, release 6.05 (GraphPad Software, La Jolla, 

CA, USA), was used. 

 

Results 

 

Baseline and alcohol septal ablation procedure characteristics 

A total of 1275 consecutive patients underwent ASA (49% women, 3.7% with implanted 

pacemaker, and 4.1% with implanted ICD). Baseline clinical and echocardiographic 

characteristics of the patient cohort are summarized in Table 1. During the study period, 

250 patients were sent primarily to surgical myectomy and <5% of ASA procedures have 

been aborted for the lack of an appropriate septal branch.  

The volumes of injected alcohol during ASA were 2.2 ± 0.9 mL, with a subsequent CK-

MB peak of 2.9 ± 2.2 µkat/L (Czech centres, upper limit of normal 0.42 µkat/l) or 141 ± 211 

IU/L (remaining centres, upper limit of normal 80 IU/L). Although the alcohol dose used 

during ASA procedure ranged from 0.4 to 11 mL, the median was 2.0 and 90% of patients 

were treated with an alcohol dose of 1–3 mL.  

A total of 13 (1%) patients died within 1 month of ASA: four died of heart failure, three 

of pulmonary embolism, two of cardiac tamponade, one of sepsis, one of stroke, one of 

carcinoma, and one of sudden cardiac death (VF). Intraprocedural or early post-procedural 

(48 h) sustained VT/VF requiring electrical cardioversion occurred in 16 patients (1.3%) 

and a further 4 (0.3%) patients required electrical cardioversion between 2 and 30 days 

after ASA. The most frequent complication was a transient peri-procedural complete heart 

block. This occurred in 468 (37%) patients until 30 days after ASA, with 151 (12% of all 

patients) patients subsequently requiring permanent pacemaker implantation.  



CHAPTER 6

 

99 

Clinical outcome  

At the latest clinical check-up (median 3.9 

[IQR 1.4–7.4] years), ASA had reduced LV 

outflow tract gradient from 67 ± 36 to 16 ± 

21 mmHg (P < 0.001) and NYHA class from 

2.9 ± 0.5 to 1.6 ± 0.7 (P < 0.001; Table 1); 

89% of patients reported dyspnoea of 

NYHA class ≤2, and 86% of patients 

experienced improvement of ≥1 NYHA 

class. According to multivariable analysis, 

NYHA class ≤2 at the last clinical check-up 

with the absence of myectomy or 

mortality event(s) during follow-up was 

independently associated with LV outflow 

tract gradient at the same check-up (OR 

0.98, 95% CI 0.97–0.99; P < 0.001).  

The relationship between alcohol dose 

and relative delta pressure gradient is 

expressed in Figure 1. According to 

multivariable analysis, independent 

predictors of the delta pressure gradient 

were the volume of injected alcohol 

(regression coefficient 1.77, 95% CI 1.07–

2.47; P < 0.001), septum thickness at the 

last clinical check-up (regression 

coefficient –0.21, 95% CI –0.37 to –0.05; P  
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< 0.001), and also with NYHA class at the last 

check-up (regression coefficient –1.43, 95% CI 

–2.44 to –0.43; P = 0.005). Although a larger 

volume of alcohol was more effective in 

decreasing LV outflow tract gradient, it was 

also associated with a higher occurrence of 

the complete heart block (OR 1.19, 95% CI 1.05–1.35; P = 0.006; Figures 1 and 2). A total 

of 105 (8%) patients were excluded from this analysis because of missing data.  

Up to the last clinical check-up, 87 (7%) patients underwent a re-ASA procedure and 42 

(3%) patients primarily treated by ASA subsequently underwent surgical myectomy. Of 

110 (9%) patients with an implanted ICD, 58 (5%) underwent implantation after ASA.  

  

Survival after alcohol septal ablation  

The median of follow-up time for the survival analyses was 5.7 years. Five (0.4%) patients 

were lost to long-term follow-up. Overall, 171 (13%) patients died during 7057 patient-

years of follow-up, corresponding to a post-ASA all-cause mortality rate of 2.42 (95% CI 

2.07–2.82) deaths per 100 patient-years (Figure 3). Survival rates are summarized in Table 

2 and Figures 3–5. According to multivariable analysis, independent predictors of all-cause 

mortality were higher age at ASA (HR 1.06, 95% CI 1.05–1.08; P < 0.001), septum thickness 

before ASA (HR 1.05, 95% CI 1.01–1.09; P < 0.001), NYHA class before ASA (HR 1.5, 95% CI 

1.00–2.10; P = 0.047), and LV outflow tract gradient at the last clinical check-up (HR 1.01, 

95% CI 1.00–1.01; P = 0.048).  

A total of 197 (15%) patients experienced all-cause death or appropriate ICD discharge 

during 7055 patient-years of follow-up, corresponding to a rate of mortality events of 2.84 

(95% CI 2.46–3.27) per 100 patient-years (Figure 4). In multivariable analysis, independent 

predictors of mortality events were higher age at ASA (HR 1.05, 95% CI 1.04–1.07; P < 

0.001), septum thickness before ASA (HR 1.06, 95% CI 1.03–1.10; P = 0.001), and LV 

outflow gradient at the last check-up (HR 1.01, 95% CI 1.00–1.01; P = 0.020). Table 3 

summarizes the causes of death after ASA.  

Sudden mortality events (sudden death and first appropriate ICD discharge or 

successful resuscitation) occurred in 68 (5.3%) patients, corresponding to an event rate of 



CHAPTER 6

 

101 

0.98 (95% CI 0.76–1.12) per 100 patient-years (Figure 5). Of these, 29 (43%) patients 

survived the first event. The only independent predictor of sudden mortality events was 

the septum thickness before ASA (HR 1.07, 95% CI 1.01–1.12; P = 0.014).  

Sudden or cardiovascular death occurred in 82 (6.4%) patients, corresponding to an 

annual mortality rate of 1.16 (95% CI 0.92–1.44) per 100 patient-years. Mortality events at 

least partially attributable to HCM (peri-procedural events and sudden mortality events or 

cardiovascular death) occurred in 108 (8.5%) patients, corresponding to an annual 

mortality rate of 1.58 (95% CI 1.29–1.90) per 100 patient-years.  

 

Discussion 

 

The Euro-ASA registry was designed as a large, multinational European registry aimed at 

identifying long-term outcomes and their predictors in patients after ASA for highly 

symptomatic obstructive HCM. Two decades after the introduction of ASA, we here report 

the following principal findings: (i) a larger volume of alcohol is more effective in 

decreasing LV outflow tract gradient, but is also associated with a higher occurrence of 

peri-procedural complete heart block; (ii) LV outflow tract gradient is lowered by 76%, and 

86% of patients’ experience improvement of ≥1 class of NYHA; (iii) a more pronounced 

reduction of LV outflow tract gradient is associated with a lower resultant NYHA class; (iv) 

the 30-day post-procedural mortality is 1%, and 12% of treated patients require an early 

post-procedural pacemaker implantation; (v) the annual post-ASA mortality rate is 2.4% 

and the risk of a sudden mortality event is 1% per year; and (vi) the all-cause mortality is 

independently associated with the residual LV outflow tract gradient.  

Based on data from smaller studies describing similar haemodynamic results with the 

use of low or high doses of intracoronary alcohol during ASA (19,29), the low doses (1–2 

mL) have become standard in most ASA centres. The current registry suggests that higher 

doses of alcohol are slightly more effective in decreasing LV outflow tract gradient. This 

has significant clinical consequences, because lower LV outflow tract gradient was 

associated both with better functional class and survival. On the other hand, this 

advantage of higher alcohol doses was balanced by a higher risk of periprocedural 

complete heart block. Based on our findings, we believe that ASA doses of alcohol ranging 

between 1.5 and 2.5 mL are well balanced in terms of efficacy and safety for most 

patients. Nevertheless, the optimal dose of alcohol can vary for each individual patient 

depending on the severity of their symptoms, acceptability of procedural risk, and LV 

morphology.  

Our results suggest that besides the proper selection of patients suitable for ASA, it is 

of a crucial importance to achieve a sufficient thinning of the basal septum, which is 

independently associated with the resultant delta pressure gradient. In other words, 
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limited ablation, even in the correct location, might lead to an insufficient haemodynamic 

result.  

Procedure-related mortality was believed to be low even in the first decade after ASA 

introduction, with a reported mean value of <1.5% (21). In this registry, we found the 30-

day post-ASA all-cause mortality to be even lower (1%) including non-cardiovascular 

mortality. On the other hand, the complication rate related to ASA is still not negligible 

and it is notable that 1/10 of patients will subsequently undergo pacemaker implantation, 

and a few (1.6%) patients experience early post-procedural ventricular arrhythmias. 

Fortunately, the initial fears of late LV dysfunction and arrhythmias, or an increased rate 

of sudden death (15,16), were not observed in our current study. In this registry, with a 

follow-up exceeding 7000 patient-years, the rate of sudden mortality events was 1% per 

year, including 0.6% of sudden deaths, which is lower or similar to results presented from 

HCM registries containing patients without previous ASA (22-24). The combined rate of 

sudden and cardiovascular mortality reported here (1.2%) was also relatively low and not 

even entirely attributable to HCM.  

In the arena of HCM prognostication and choosing the optimal septal reduction 

therapy, there is still a knowledge gap with regard to post-procedural mortality and 

risk/benefit of ASA compared with surgical myectomy. Long-term survival in the current 

study was comparable with similar reports of patients treated by myectomy. In this study 

(n = 1275, mean age at ASA 58 years), 10-year survival was 77%, compared with two 

surgical Mayo Clinic studies with survival rates of 77% (Schaff et al., 749 patients, mean 

age at surgery 52 years [25]) and 83% (Ommen et al., 289 patients, mean age at surgery 45 

years [26]). Similar to our data, the North American ASA Registry (874 patients, mean age 

at ASA 55 years) demonstrated a 9-year survival rate of 74% (5), but their patients were 

younger than those included in our registry. An identical 10-year survival rate of 77% was 

also reported by Sorajja et al. in 544 consecutive patients with obstructive HCM (mean age 

59 years), who were mildly symptomatic or asymptomatic and did not require septal 

reduction therapy (27). All these data, albeit reported from cohorts with a lower number 

of patients, seem to be consistent with our results and suggest that the long-term survival 

of patients treated by both techniques for septal reduction therapy is similar. Indeed, this 

view has also been confirmed by several meta-analyses (28,29).  

Prediction of post-ASA clinical outcome is challenging because of the marked 

heterogeneity of the treated HCM cohort. In this study, the independent predictors of all-

cause mortality were higher age, septum thickness, and NYHA class before ASA, and the 

only predictor of sudden mortality events was septum thickness before ASA. In the 

context of the known risk factors for long-term mortality in HCM patients, these results 

are not surprising (1,2). However, the residual LV outflow tract gradient at the last clinical 

check-up was also independently associated with all-cause mortality, and all-cause 
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mortality and risk of appropriate ICD discharge, respectively. Our results suggest that each 

mmHg increase in residual LV obstruction was associated with ~1% increase in long-term 

risk of all-cause death. It is also worth noting that in post-surgical myectomy patients, an 

association of incomplete relief of the LV outflow obstruction with worse survival has also 

been demonstrated (30). Nagueh et al. demonstrated in the North American ASA registry 

that mortality after ASA was predicted by the baseline LV ejection fraction, pre-procedural 

functional class, the number of septal arteries injected with ethanol, post-ablation septal 

thickness, beta-blocker use, and the number of ablation procedures (5). In line with this 

evidence, our data emphasize the importance of the LV outflow obstruction elimination 

and inherent patient’s characteristics including the age at ASA, baseline functional status, 

and baseline septum thickness.  

Based on the summary of evidence, we speculate that with the exception of ICD 

implantation for prevention of sudden cardiac death, reduction of LV outflow gradient is 

the most important therapeutic procedure affecting long-term survival of highly 

symptomatic patients with obstructive HCM, and that the means used to accomplish this 

reduction are less important. In other words, it matters less whether the LV outflow 

obstruction is eliminated by means of myectomy or ASA; the most important 

considerations are the safety of the procedure and the final haemodynamic result.  

The present study was observational and the current results may not be entirely 

generalizable, since the patients were treated at tertiary centres that had great 

experience with HCM. Also, a key factor influencing the results of ASA is probably the 

optimal selection of HCM patients who are appropriate for this therapy. Typically, patients 

with less basal hypertrophy, long mitral leaflets, and marked hypertrophy of (bifid) 

papillary muscles are good candidates for septal myectomy and simultaneous surgical 

procedures on mitral valve and/or papillary muscles (3). On the other hand, patients with 

hypertrophy localized mainly in the basal part of the septum without elongated mitral 

leaflets are effectively and safely treated by ASA.  

 

Conclusion 

 

Patients with obstructive HCM treated at tertiary centres have both low peri-procedural 

and long-term mortality after ASA. Higher doses of alcohol are slightly more effective in 

reducing LV obstruction and result in a higher incidence of peri-procedural complete heart 

block. Since the post-procedural LV outflow tract obstruction is independently associated 

with both worse functional status and prognosis, the choice of optimal therapy in these 

patients should be focused on elimination of LV outflow tract gradient. 
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Abbreviations 

 
AAE = adverse arrhythmic event 

ASA = alcohol septal ablation 

HCM = hypertrophic cardiomyopathy 

ICD = implantable cardioverter-defibrillator 

LVOT = left ventricular outflow tract 

LVWT = left ventricular wall thickness 

NYHA = New York Heart Association 

SCD = sudden cardiac death  



Long-term Outcome of ASA in the Young and the Elderly

 

    112 

Abstract 

 

Objectives 

The aim of this study was to compare outcomes of alcohol septal ablation (ASA) in young 

and elderly patients with obstructive hypertrophic cardiomyopathy (HCM). 

 

Background  

The American College of Cardiology Foundation/American Heart Association guidelines 

reserve ASA for elderly patients and patients with serious comorbidities. Information on 

long-term age-specific outcomes after ASA is scarce. 

 

Methods 

This cohort study included 217 HCM patients (age 54 ± 12 years) who underwent ASA 

because of symptomatic left ventricular outflow tract obstruction. Patients were divided 

into young (age ≤55 years) and elderly (age >55 years) groups and matched by age in a 1:1 

fashion to nonobstructive HCM patients. 

 

Results  

Atrioventricular block following ASA was more common in elderly patients (43% vs. 21%; p 

= 0.001), resulting in pacemaker implantation in 13% and 5%, respectively (p = 0.06). 

Residual left ventricular outflow tract gradient, post-procedural New York Heart 

Association functional class, and necessity for additional septal reduction therapy was 

comparable between age groups. During a follow-up of 7.6 ± 4.6 years, 54 patients died. 

The 5- and 10-year survival following ASA was 95% and 90% in patients age ≤55 years and 

93% and 82% in patients age >55 years, which was comparable to their control groups. 

The annual adverse arrhythmic event rate following ASA was 0.7%/year in young patients 

and 1.4%/year in elderly patients, which was comparable to their control groups.  

 

Conclusions  

ASA is similarly effective for reduction of symptoms in young and elderly patients; 

however, younger patients have a lower risk of procedure-related atrioventricular 

conduction disturbances. The long-term mortality rate and risk of adverse arrhythmic 

events following ASA are low, both in young and elderly patients, and are comparable to 

age-matched nonobstructive HCM patients. 
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Introduction 

If patients with obstructive hypertrophic cardiomyopathy (HCM) remain severely 

symptomatic despite optimal medical therapy, septal reduction therapy should be 

considered. This can be done either by surgical myectomy or alcohol septal ablation (ASA) 

(1,2). ASA was introduced as a percutaneous alternative to surgical myectomy and has 

been shown to be effective in reducing left ventricular outflow tract (LVOT) obstruction 

and associated symptoms in the 20 years since (3–5). Concerns about ASA remain, 

however, especially about the possible arrhythmogenic effect of the ablation scar in 

patients who are already at an increased risk of life-threatening arrhythmias (6). The 

American College of Cardiology Foundation/American Heart Association guidelines on 

HCM state that ASA should be reserved for elderly patients and patients with serious 

comorbidities (1). Little is known about the differences in outcome of the procedure 

between young and elderly patients. The aim of this study was to compare complication 

rates, symptom relief, and long-term outcomes of ASA in young and elderly patients. 

 

Methods 

 

Study design and patient population 

A multicenter observational cohort design was used. The study population consisted of 

217 consecutive HCM patients who underwent ASA in the St. Antonius Hospital 

Nieuwegein, Nieuwegein, the Netherlands (n = 147), or the Thoraxcenter, Erasmus 

Medical Center, Rotterdam, the Netherlands (n = 70). All patients met the criteria for 

invasive treatment: 1) ventricular septal thickness ≥15 mm; 2) (provocable) LVOT gradient 

≥50 mm Hg; and 3) persistent New York Heart Association (NYHA) functional class III/IV 

dyspnea or Canadian Cardiovascular Society class III/IV angina despite optimal medical 

therapy (1,2). The choice of ASA instead of surgical myectomy was made on the basis of 

patient profile (age, comorbidities, and so on) and patient preference. ASA was performed 

as described previously (7,8). All patients gave informed consent prior to the procedure. 

Local institutional review board approval was obtained. Patients were divided into groups 

by age: ≤55 and >55 years. The cutoff of 55 years was chosen because this was the median 

age of the study population (range 18 to 80 years). For the long-term outcomes, 2 control 

groups were selected from a cohort of 349 nonobstructive HCM patients, also used as the 

control group in a previous analysis (9). These patients, from the St. Antonius Hospital 

Nieuwegein, Erasmus Medical Center Rotterdam, and University Hospital Leuven 

(Belgium), all had an LVOT gradient of <30 mm Hg after provocation. Control subjects 

were matched by age to within 1 year of patients who underwent ASA.  
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Follow-up and endpoints 

Follow-up started at the time of ASA or, for the nonobstructive patients, at first outpatient 

clinic contact after January 1, 1990. At baseline, all patients were evaluated for the 

following characteristics: age, sex, NYHA functional class, maximum left ventricular wall 

thickness (LVWT), maximum (provocable) LVOT gradient, left ventricular function, 

coronary artery disease, atrial fibrillation, and conventional risk factors for sudden cardiac 

death (SCD) (1).  

The primary endpoints of this study were all-cause mortality and adverse arrhythmic 

events (AAEs) during long-term follow-up (i.e., after 30 days post-procedure). AAEs 

consisted of SCD, resuscitated cardiac arrest due to ventricular fibrillation or tachycardia, 

and appropriate implantable cardioverter-defibrillator (ICD) shock. Secondary endpoints 

were HCM-related death (death due to heart failure, stroke, or SCD); periprocedural (≤30 

days) mortality and AAEs; new right bundle branch block; (temporary) atrioventricular 

block; permanent pacemaker implantation; ICD implantation; reduction in LVWT, LVOT 

gradient, and NYHA functional class >3 months post-procedure; and reintervention (ASA 

or myectomy).  

Mortality and adverse events were retrieved from hospital patient records at the 

center where follow-up occurred, from civil service population registers, and from 

information provided by patients themselves and/or their general practitioners. All ICD 

shocks were evaluated by an experienced electrophysiologist who was unaware and 

independent of the study purpose and endpoints. If no events occurred during follow-up, 

the administrative censoring date was set at November 1, 2012. Mortality and adverse 

events were retrieved from hospital patient records at the center where follow-up 

occurred, from civil service population registers, and from information provided by 

patients themselves and/or their general practitioners. All ICD shocks were evaluated by 

an experienced electrophysiologist who was unaware and independent of the study 

purpose and endpoints. If no events occurred during follow-up, the administrative 

censoring date was set at November 1, 2012.  

 

Statistical analysis 

SPSS version 20.0 (IBM, Armonk, New York) and Microsoft Excel 2010 (Microsoft 

Corporation, Redmond, Washington) were used for all statistical analyses. Categorical 

variables were summarized as percentages. Normally distributed continuous data are 

expressed as mean ± SD, and non-normally distributed data are expressed as median 

(interquartile range). To compare continuous variables, the Student t test or Mann-

Whitney U test were used, and to compare categorical variables, the chi-square test was 

used. Because age does not allow for exact matching, analyses were performed on 
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independent groups. Kaplan-Meier graphs were used to show survival rates. In all 

analyses, a p value <0.05 was considered significant. 

 

Results 

 

Clinical characteristics  

The baseline characteristics of the 217 patients who underwent ASA and their age-

matched control subjects are shown in Table 1. The mean age of the patients ≤55 years 

was 43 ± 8 years, and the mean age of the patients >55 years was 64 ± 6 years. There were 

more nonobstructive patients with systolic dysfunction compared with patients who 

underwent ASA. A higher alcohol dose was used for ASA in patients age ≤55 years 

compared with patients age >55 years 

(p = 0.013). 

 

Procedural outcomes 

Procedural outcomes of the patients 

who underwent ASA are shown in 

Table 2. Atrioventricular block 

following ASA was more common in 

patients age >55 years compared with 

patients age ≤55 years (43% vs. 21%; p 

= 0.001), resulting in permanent 

pacemaker implantation in 13% and 

5%, respectively (p = 0.06). Other 



Long-term Outcome of ASA in the Young and the Elderly

 

    116 

periprocedural complications, including AAEs and mortality, were similar in both groups. 

Residual LVWT, LVOT gradient, and NYHA functional class >3 months post-procedure were 

comparable in both age groups, as was the necessity for additional septal reduction 

therapy. 

 

Long-term outcomes 

During a mean follow-up of 7.6 ± 4.6 years, there were a total of 20 deaths in the ASA 

cohorts and 34 deaths in the control groups (Tables 3 and 4). Follow-up was complete in 

98% of patients. The 5- and 10-year survival following ASA of patients age ≤55 years was 

94.9% (95% confidence interval [CI]: 90.4% to 100.0%) and 90.2% (95% CI: 82.2% to 

98.1%), respectively, compared with 98.0% (95% CI: 95.4% to 100.0%) and 88.1% (95% CI: 

80.1% to 96.1%) in the control group (p = 

0.87) (Figure 1). The 5- and 10-year survival 

following ASA of patients age >55 years was 

93.2% (95% CI: 88.0% to 98.5%) and 81.9% 

(95% CI: 71.8% to 91.9%), respectively, 

compared with 91.7% (95% CI: 86.1% to 

97.3%) and 82.7% (95% CI: 72.9% to 92.6%) in 

the control group (p = 0.51) (Figure 2). The 

annual AAE rate following ASA in patients age 

≤55 years was 0.7%/year compared with 

1%/year in the control group (p = 0.6). The 

annual AAE rate following ASA in patients age 

>55 years was 1.4%/year compared with 

0.5%/year in the control group (p = 0.07). 
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Discussion 

 

The most important result of this 7.6-year 

follow-up study is that long-term survival 

following ASA in young and elderly patients is 

comparable to survival in age-matched 

nonobstructive HCM patients, and the same 

holds true for AAE rates. Furthermore, ASA is 

similarly effective for reduction of symptoms 

in young and elderly patients, although 

younger patients have a lower risk of 

procedure-related atrioventricular conduction 

disturbances.  

 

Previous age-specific ASA studies 

Currently, information on the long-term age-specific outcomes after ASA in patients with 

obstructive HCM is scarce. Two previous studies (10,11) have evaluated age-specific 

outcomes of ASA patients during a follow-up period of 1 and 5.1 years, respectively. 

Leonardi et al. (10) compared the outcomes of 360 HCM patients undergoing ASA in 3 age 

categories (<45, 45 to 64, and >65 years). Likewise, they found that the reductions in LVOT 

gradient and NYHA functional class following ASA were similar independent of age and 

that elderly patients more often required pacemaker implantation after the procedure. 

There were no control groups, however, and not surprisingly, the mortality rate after a 

follow-up of 1 year was highest in patients age >65 years. Veselka et al. (11) assessed the 

5.1-year outcomes following ASA in 75 patients age 42 ± 7 years, which is comparable to 

the mean age of our young patients. They found a survival free of all-cause mortality at 5 

and 10 years of 94% each, which is in line with our findings. No comparisons with elderly 

patients were made, however. 

 

Current guidelines  

The American College of Cardiology Foundation/American Heart Association guidelines on 

HCM of 2011 state that ASA should be reserved for elderly patients and patients with 

serious comorbidities, and gives a Class III recommendation (Level of Evidence: C) to ASA 

for younger patients if myectomy is a viable option (1). The procedural mortality rate is 

reported to be <1% for myectomy versus up to 4% for ASA (1,12–14). Larger, more recent 

ASA studies have shown rates of 0.3% to 0.6%, however (15,16). Also, a recent meta-

analysis comparing ASA to myectomy showed similarly low periprocedural and long-term 

mortality rates (17). Furthermore, subsequent to the publication of the 2011 guidelines, 



Long-term Outcome of ASA in the Young and the Elderly

 

    118 

the post-ASA prognosis was demonstrated to be comparable with the sex- and age-

matched population (15,16,18) and with matched post-myectomy patients (18). Notably, 

these and other studies (15,16,19) showed that age was the only independent predictor of 

mortality following ASA, implying that survival in patients after ASA is not determined by 

ASA, but by HCM itself. 

One of the main concerns about ASA in younger patients is the potential  

arrhythmogenic effect of the ablation scar in patients who are already at an increased risk 

of life-threatening arrhythmias (6). Recent studies have shown, however, that the long-

term risk of SCD after ASA is low and comparable to patients who undergo myectomy 

(9,17,18). This study showed an annual AAE rate following ASA of 0.7%/year in the young 

patients, which was similar to age-matched nonobstructive HCM patients and one-half the 

rate of elderly patients.  

Another conceivable reason to choose myectomy instead of ASA in younger patients is 

the >2x higher risk of atrioventricular block requiring pacemaker implantation following 

ASA (17,20). This higher need for pacemaker implantation may at least partly be explained 

by the higher age of the patients undergoing ASA: the ASA patients from both meta-

analyses were on average 9 years older than the myectomy patients. The present and 

previous studies have shown that atrioventricular conduction disturbances following ASA 

are mainly seen in elderly patients (10,21), with a need for pacemaker implantation in only 

5% of the young patients, despite a higher amount of alcohol use in the young patients. 

Large outcome studies following myectomy in HCM patients of similar age categories 

(mean age 37 to 47 years) showed incidences of atrioventricular block requiring 

pacemaker implantation of 1% to 6% (12,13,22,23).  

Because the improvement in functional status following ASA in young and elderly 

patients is similarly good, we propose that the indication for ASA can be broadened to 

younger patients. In other words, younger age alone should not be a reason to exclude 

ASA. For children and adolescents, however, little to no results are available following 

ASA, although there is substantial experience with myectomy (24). We therefore 

recommend against ASA in this age group until studies have proven the safety and efficacy 

of the procedure in these very young patients.  

 

Patients selection and specialized care 

In line with the 2011 American College of Cardiology (1) and the 2014 European Society of 

Cardiology (2) guidelines, we recommend that all patients considered for septal reduction 

therapy are assessed by a multidisciplinary heart team (consisting of at least 1 

cardiothoracic surgeon, an interventional cardiologist, and a cardiologist specialized in the 

care of patients with HCM) to determine the optimal therapy by taking into account not 

only age, but also factors such as mitral valve anatomy, coronary anatomy, septal 
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thickness, and comorbidities. When both procedures are possible, shared decision making 

between the informed patient and treating physician should also be part of the equation. 

Furthermore, septal reduction therapy should be performed by experienced operators 

and confined to centers with substantial and specific expertise in HCM care.  

 

Study limitations 

There were significant differences in baseline characteristics between the young and 

elderly patients who underwent ASA. Besides the expected differences in prevalence of 

systolic dysfunction and coronary artery disease, we noted higher amounts of alcohol use 

in the age ≤55 years population. The same also held true in a recent study comparing the 

use of low (≤2 ml) versus high (>2 ml) doses of alcohol for ASA (25). In this study of the 

same patient population as the present study, patients from the high-dose group were 

significantly younger than those from the low-dose group. Although the 2 groups did not 

differ in maximal LVWT or LVOT gradient, the patients from the high-dose group did have 

larger target septal perforator(s), which might explain the difference.  

This study has several other limitations. The study was performed in tertiary referral 

centers for the care of HCM, and the patient population might not represent the general 

HCM population. This referral and selection bias could have influenced the results. Data 

collection was limited to variables that were routinely collected. We did not correct for 

individual or local alterations of percutaneous technique. However, all procedures were 

performed by experienced interventional cardiologists, and this implies that our findings 

are more generalizable than those of single-center investigations. 

 

Conclusions 

 

ASA is similarly effective for reduction of symptoms in young and elderly patients; 

however, younger patients have a lower risk of procedure-related atrioventricular 

conduction disturbances. The long-term mortality rate and risk of AAEs following ASA is 

low, both in young and elderly patients, and is comparable to age-matched nonobstructive 

HCM patients. We propose that the indication for ASA can be broadened to younger 

patients. 
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“Age is an issue of mind over matter. 

If you don’t mind, it doesn’t matter.” 

—Mark Twain (1) 

 

Septal reduction therapy plays an important role in the treatment of patients with 

hypertrophic cardiomyopathy (HCM) and symptoms due to a dynamic left ventricular 

outflow tract obstruction refractory to medical therapy. Surgical resection of septal 

hypertrophy has been an established treatment for over 5 decades, with excellent 

symptomatic and hemodynamic improvement and a mortality rate of 0.4% among the 

most experienced centers (2). Although percutaneous transcatheter alcohol septal 

ablation (ASA) was first introduced 20 years ago (3), data regarding the long-term 

outcome of patients receiving this treatment have become available only in recent years 

(4,5). The 2011 American College of Cardiology Foundation/American Heart Association 

(ACCF/AHA) guideline for the diagnosis and treatment of hypertrophic cardiomyopathy 

had previously recommended ASA as an alternative to myectomy in the presence of 

advanced age or other comorbidities (Class IIa) or due to patient preference (Class IIb) (6). 

These recommendations were made on the basis of: 1) the lack of long-term follow-up 

with concern regarding long-term arrhythmic potential related to iatrogenic infarction; 

and 2) lesser efficacy in terms of symptom relief, particularly in the younger patient.  

The study by Liebregts et al.(7) in this issue of JACC: Cardiovascular Interventions is a 

valuable contribution to the accumulating knowledge regarding long-term outcome of 

patients undergoing ASA. In their retrospective observational study at 2 tertiary referral 

centers, the outcomes of young (≤55 years) and older (>55 years) patients undergoing ASA 

(n = 217) were compared with nonobstructive HCM patients managed medically. Five- and 

10-year survival following ASA in young (95% and 90%, respectively) and older (93% and 
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82%, respectively) groups were quite favorable and were similar to an age-matched 

control group of patients with nonobstructive HCM. Furthermore, short-term procedural 

efficacy was similar between young and older patients (>90% of patients having New York 

Heart Association [NYHA] functional class I or II symptoms after 3 months of follow-up), as 

was the rate of additional septal reduction therapy (13% and 12%, respectively). The mean 

maximal left ventricular septal wall thickness was similar in young and older patients (20 ± 

6 and 19 ± 4 mm, respectively). As expected, the rate of atrioventricular block requiring 

permanent pacemaker implantation appeared to be higher in older (13%) compared with 

younger patients (5%).  

This study provides some reassurance regarding longer-term survival and procedural 

efficacy in young patients undergoing ASA, challenging the recommendation that ASA be 

reserved for older patients (6). However, despite the low event rate observed in the 

present study (5 arrhythmic events and 3 cardiac deaths), it is difficult to ignore prior 

warnings of increased ventricular arrhythmogenicity following ASA (8–10), compared with 

a signal for reduced rates of ventricular arrhythmia following myectomy (11), when 

considering treatment options for a young individual with many decades of a good quality 

of life ahead of them. On the basis of results to date, it is probable that ASA does not 

increase the overall risk of malignant arrhythmias, but myectomy may decrease this risk 

(12,13). The ACCF/AHA guidelines also hinge on the concept that septal myectomy is a 

more effective procedure, with a higher percentage of patients having complete relief of 

symptoms as well as a lower rate of repeat procedures compared with ASA, particularly 

for younger patients <65 years of age (14). The study by Liebregts et al.(7) did not include 

a surgical myectomy group for comparison, and thus, conclusions regarding the efficacy of 

ASA relative to myectomy in this population cannot be drawn from this investigation. 

Although the outcome measures of NYHA functional class at 3 months were promising, 

what patients really desire is long-term durability of symptom relief to allow return to a 

normal lifestyle, which was not addressed.  

At HCM centers of excellence where both myectomy and ASA are offered, patient 

selection for septal reduction therapy is highly nuanced and patient-centered, with a 

shared decision-making approach. Older patients and those with multiple comorbidities 

may be at higher risk for complications from septal myectomy, making a less-invasive 

option potentially more attractive for these patients (6). Multiple other actors must be 

taken into consideration, including the degree of septal hypertrophy, the location and size 

of septal perforators relative to septal hypertrophy, concomitant mitral valve pathology 

including aberrant papillary muscle insertion, as well as baseline conduction system 

disease and patient preference, which all may affect the risk–benefit ratio of ASA. 

Accordingly, age may only be 1 factor in the integration of all clinical data to arrive at a 

patient-centered recommendation for therapy. Local institutional expertise is another 



Long-term Outcome of ASA in the Young and the Elderly

 

    124 

critical factor weighing on the choice of septal reduction therapy. At a HCM center of 

excellence with experience in septal myectomy, the weight of evidence continues to favor 

this option for a young patient being considered for septal reduction therapy, due to very 

low operative mortality, superior efficacy and lesser need for subsequent procedures. 

However, growing evidence supports that ASA is not fraught with the high risk that had 

been suspected and that long-term survival after ASA may be comparable to that of 

myectomy, potentially opening this treatment modality to a younger population as well as 

to centers that do not have the surgical expertise. It must be remembered that, as with 

any interventional technique, outcomes are highly dependent upon the knowledge and 

experience of the operators, and the excellent results in this study may not necessarily be 

extrapolated to all other centers.  

Future studies comparing the long-term clinical outcomes of ASA directly with surgical 

myectomy in patients across a broad age spectrum at institutions with expertise in both 

techniques may help answer the question of whether ASA should be considered in a 

younger population. Additionally, even longer-term data will be required to determine the 

lasting impact of the iatrogenic septal infarction of ASA on lifetime arrhythmogenic risk in 

a younger population. Until that time, the question of how much age really matters in 

patient selection for ASA will remain. 
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Abbreviations 

 
AAE = adverse arrhythmic event 

ASA = alcohol septal ablation 

HCM = hypertrophic cardiomyopathy 

ICD = implantable cardioverter-defibrillator 

LVOT = left ventricular outflow tract 

NYHA = New York Heart Association 

SCD = sudden cardiac death 

VT = ventricular tachycardia 
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Abstract 

 

Objectives 

The aim of this study was to describe the safety and outcomes of alcohol septal ablation 

(ASA) in younger patients with obstructive hypertrophic cardiomyopathy. 

 

Background 

The American College of Cardiology Foundation/American Heart Association guidelines 

reserve ASA for older patients and patients with serious comorbidities. Data on long-term 

age-specific outcomes after ASA are scarce. 

 

Methods 

A total of 1,197 patients (mean age 58 ± 14 years) underwent ASA for obstructive 

hypertrophic cardiomyopathy. Patients were divided into young (≤50 years), middle-age 

(51 to 64 years), and older (≥65 years) groups. 

 

Results 

Thirty-day mortality and pacemaker implantation rates were lower in young compared 

with older patients (0.3% vs. 2% [p = 0.03] and 8% vs. 16% [p < 0.001], respectively). 

Ninety-five percent of young patients were in New York Heart Association functional class 

I or II at last follow-up. During a mean follow-up period of 5.4 ± 4.2 years, 165 patients 

(14%) died. Annual mortality rates of young, middle age, and older patients were 1%, 2%, 

and 5%, respectively (p < 0.01). Annual adverse arrhythmic event rates were similar in the 

3 age groups at about 1% (p = 0.90). Independent predictors of mortality in young patients 

were age, female sex, and residual left ventricular outflow tract gradient. Additionally, 

young patients treated with ≥2.5 ml alcohol had a higher all-cause mortality rate (0.6% vs. 

1.4% per year in patients treated with <2.5 ml, p = 0.03). 

 

Conclusions 

ASA in younger patients with obstructive hypertrophic cardiomyopathy was safe and 

effective for relief of symptoms at long-term follow-up. The authors propose that the 

indication for ASA can be broadened to younger patients.  
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Introduction 

 

Alcohol septal ablation (ASA) for the treatment of obstructive hypertrophic 

cardiomyopathy (HCM) was introduced in 1995 as a percutaneous alternative to surgical 

myectomy (1). The American College of Cardiology Foundation/American Heart 

Association guidelines on HCM state that ASA should be reserved for older patients and 

patients with serious comorbidities and give a Class III recommendation (Level of 

Evidence: C) for ASA in younger patients if myectomy is a viable option (2). These 

recommendations reflected the lack of ASA studies with long-term follow-up, whereas 

myectomy had already been proved to be safe and effective. As a result, most studies 

comparing long-term outcomes of ASA and myectomy have significant age differences (3–

5). Thus, in a recent meta-analysis of long-term outcomes following septal reduction 

therapy, the ASA patients (n = 2,013) were 9 years older than the myectomy patients (n = 

2,791) (6). Studies on long-term outcome of young ASA patients are scarce. A recent 

smaller study (n = 217) showed that ASA in patients ≤55 years of age was effective for 

reduction of symptoms at short-term follow-up and had low mortality and adverse 

arrhythmic event (AAE) rates at long-term follow-up, comparable with patients with 

nonobstructive HCM (7). The aim of the present study was to further assess if ASA is safe 

and effective for younger patients by comparing complication rates, treatment effects, 

and long-term outcome of young, middle-age, and older patients after ASA. 

 

Methods  

 

Study design and patient population 

An international multicenter observational cohort design was used. The study population 

consisted of 1,197 consecutive patients with HCM (mean age 58 ± 14 years; range 13 to 88 

years; 49% female) who underwent ASA because of highly symptomatic left ventricular 

outflow tract (LVOT) obstruction despite optimal medical therapy. Procedures were 

performed at 7 tertiary invasive centers from 4 European countries (Germany–Bad 

Oyenhausen; Czech Republic–Prague, Trinec, and Brno; the Netherlands–Nieuwegein; 

Denmark–Copenhagen and Gentofte) between January 1996 and August 2015. Studies 

reporting outcomes of subsets of this cohort have been published before (8–11).  

Patients met the criteria for invasive treatment, including: 1) ventricular septal 

thickness ≥15 mm; 2) (provocable) LVOT gradient ≥50 mm Hg; and 3) persistent New York 

Heart Association (NYHA) functional class III or IV dyspnea or Canadian Cardiovascular 

Society class III or IV angina (2,12). In exceptional cases, patients with documented 

exertional syncope were also included. The choice of ASA instead of surgical myectomy 
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was based on patient profile (age, comorbidities, and so on) and patient preference. All 

patients gave informed consent before the procedure. Details of the ASA technique have 

been published before (1,10). All procedures were performed by experienced 

interventional cardiologists and guided by myocardial contrast echocardiography.  

Patients were divided into 3 age groups: young (≤50 years), middle-age (51 to 64 

years), and older (≥65 years). Survival rates in the 3 groups were compared with the 

general population using age-, sex-, and country-specific mortality rates obtained from the 

respective national registries (http://www.destatis.de [Germany]; http://www.czso.cz 

[Czech Republic]; http://www.cbs.nl [the Netherlands]; http://www.dst.dk [Denmark]). 

Because of the controversy regarding the use of ASA in very young patients, the subgroup 

≤35 years of age was also subjected to a separate descriptive analysis. 

 

Follow-up and endpoints  

Follow-up started at the time of ASA. There were some differences in post-ASA follow-up 

among the centers. Conventionally, all patients had first clinical checkups 3 to 6 months 

after the procedure and annual routine checkups after that. Adverse events were 

retrieved from national patient registries, from hospital patient records at the center at 

which follow-up occurred, and from information provided by patients themselves and/or 

their general practitioners. All implantable cardioverter defibrillator (ICD) shocks were 

evaluated by an experienced electrophysiologist, unaware and independent of the study 

purpose and endpoints.  

The primary endpoints of this study were all-cause mortality and AAEs during long-

term follow-up. AAEs consisted of sudden cardiac death (SCD), resuscitated cardiac arrest 

due to ventricular fibrillation or ventricular tachycardia (VT), and appropriate ICD shock, 

respectively. Secondary endpoints were periprocedural (≤30 days) atrioventricular block, 

cardiac tamponade, AAEs and mortality; pacemaker implantation, ICD implantation, 

(provocable) LVOT gradient, NYHA functional class, and need for reintervention at last 

clinical checkup, respectively. The study was in compliance with the Declaration of 

Helsinki.  

 

Statistical analysis  

SPSS version 24 (IBM, Armonk, New York), R version 3.1.1 (R Foundation for Statistical 

Computing, Vienna, Austria), and Microsoft Excel 2010 (Microsoft, Redmond, Washington) 

were used for all statistical analyses. Categorical variables are summarized as percentages. 

Normally distributed continuous data are expressed as mean ± SD and skewed data as 

median (interquartile range). To compare continuous variables, the Student t test or 

Mann-Whitney U test was used, and to compare categorical variables, the chi-square test 

was used.  
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Cox proportional hazard regression was 

used to identify predictors of all-cause 

mortality and AAEs during long-term 

(>30 days) follow-up. The following 

variables with a potential impact on 

primary endpoint rates were 

evaluated, first in a univariate model: 

age, sex, baseline and residual NYHA 

functional class, baseline and residual 

LVOT gradient, conventional risk 

factors for SCD (family history of SCD, 

history of unexplained syncope, 

maximum left ventricular wall 

thickness ≥30 mm, nonsustained VT on 

Holter monitoring, abnormal blood pressure response to exercise), volume of alcohol 

injected during ASA, and need for reintervention. Variables with p values <0.15 were then 

entered into a multivariate analysis, which was performed using backward stepwise 

multiple Cox regression. Predictors of the primary endpoints are expressed as hazard 

ratios (HRs) with 95% confidence intervals (CIs). Kaplan-Meier graphs were used to show 

survival rates, and differences in survival were assessed using the log-rank test. All tests 

were 2 sided, and p values <0.05 were considered to indicate statistical significance. 

 

Results 

 

Clinical characteristics 

The baseline characteristics of the young (n = 369, mean age 42 ± 8 years), middle-age (n = 

423, mean age 58 ± 4 years), and older (n = 405, mean age 73 ± 5 years) patients are 

shown in Table 1. Figure 1 depicts the distribution of age at ASA within the different age 

groups. More older patients were in NYHA functional class III or IV before ASA compared 

with young patients (90% vs. 80%, p < 0.001). More young patients had at least 2 

conventional risk factors for SCD (22% vs. 5% of older patients, p < 0.001), and more 

young patients had ICDs implanted (8% vs. 1% of older patients, p < 0.001). In 456 patients 

(38%), <60% of the conventional risk factors for SCD were available. These patients were 

therefore considered not to be risk stratified at all. During the study period, 210 patients 

were sent primarily to surgical myectomy.  



Outcome of ASA in Younger Patients with Obstructive HCM 

 

    134 

Procedural outcomes  

Periprocedural (≤30 days) outcomes in the 3 

age groups are shown in Table 2. 

Periprocedural mortality was higher in older 

patients compared with younger patients (2% 

vs. 0.3%, p = 0.03), and the incidence of AAEs 

was similar (p = 0.45). The AAEs within the 

first month all occurred in-hospital: 2 patients 

died of ventricular fibrillation (day 2 in a 42-

year-old man, day 9 in an 86-year-old 

woman), and 22 patients received successful 

electric cardioversion for VT or ventricular 

fibrillation (16 within 48 h and 2 on the 2nd, 

4th, and 10th days, respectively). Cardiac 

tamponade complicated the procedure in 3% 

of the older patients, compared with 0.3% of the young patients (p < 0.01). All cases of 

cardiac tamponade were thought to be related to temporary pacing. In young patients, 

more alcohol was used, compared with older patients (mean 2.4 ml vs. 2.1 ml, p < 0.01), 

which did not result in larger infarcts as assessed by creatinine kinase-MB measurements 

(maximum creatinine kinase-MB 77 IU/l vs. 82 IU/l, respectively, p < 0.01). Complete 

(transient) atrioventricular block occurred in 32% of patients ≤50 years, compared with 

42% of patients ≥65 years (p < 0.01), resulting in permanent pacemaker implantation after 

ASA in 8% and 16%, respectively (p < 0.001), at last follow-up visit.  

 

Treatment effects  

Long-term outcomes are shown in Table 3. At 

last checkup, 95% of the young patients were 

in NYHA functional class I or II, compared with 

81% of the older patients (p < 0.001). 

Likewise, 89% of the young patients had 

improved at least 1 NYHA functional class, 

compared with 80% of older patients (p < 

0.001). Residual LVOT gradient, reduction in 

LVOT gradient, and number of reinterventions 

during follow-up were similar between the 

different age groups.  
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Long-term outcomes  

Follow-up was complete in 99.6% of 

patients. The long-term (>30 days) AAE 

rates following ASA in young, middle-

age, and older patients were 0.8%, 

0.8%, and 1.0% per year, respectively 

(p = 0.90) (Figure 2). Approximately 

two-thirds of the AAEs were fatal in 

both young and older patients (Table 

3). No independent predictors of AAEs 

in young and middle-age patients were 

found. In older patients, ≥2 

conventional risk factors for SCD 

predicted AAEs during long-term 

follow-up (HR: 5.26; 95% CI: 1.13 to 

24.51; p = 0.03). ICD implantation 

following ASA was more common in young compared with older patients (6% vs. 3%, p = 

0.04).  

During a mean follow-up of 5.4 ± 4.2 years, there were 165 deaths in total, which 

translates into mortality rates of 1% per year in young, 2% per year in middle-age, and 5% 

per year in older patients (Table 3). The 1-, 5-, and 10-year survival rates of all ASA 

patients were 97% (95% CI: 96% to 98%), 89% (95% CI: 89% to 91%), and 76% (95% CI: 

73% to 80%), compared with 98%, 92%, and 80%, respectively, in the age- and sex-

matched general population (p < 0.05) (Figure 3A). The 1-, 5-, and 10-year survival rates of 

patients ≤50 years were 99% (95% CI: 98% to 100%), 95% (95% CI: 92% to 97%), and 91% 

(95% CI: 88% to 95%), compared with 100%, 99%, and 97%, respectively, in the age- and 

sex-matched general population (p < 0.05) (Figure 3B). The 1-, 5-, and 10-year survival 

rates of patients 51 to 64 years were 98% (95% CI: 97% to 99%), 92% (95% CI: 89% to 

95%), and 80% (95% CI: 74% to 86%), compared with 99%, 96%, and 89%, respectively, in 

the age- and sex-matched general population (p < 0.05) (Figure 3C). The 1-, 5-, and 10-year 

survival rates of patients ≥65 years were 94% (95% CI: 92% to 97%), 79% (95% CI: 74% to 

84%), and 55% (95% CI: 47% to 64%), compared with 97%, 85%, and 64%, respectively, in 

the age- and sex-matched general population (p < 0.05) (Figure 3D). The cause of death 

was HCM related (SCD, heart failure, or stroke) in 70% of the young, 55% of the middle-

age, and 31% of the older patients. The opposite pattern was the case for noncardiac 

deaths (17%, 43%, and 51%, respectively). According to multivariate analyses, 

independent predictors of all-cause mortality in young patients were age at ASA (HR: 1.09; 

95% CI: 1.02 to 1.17; p = 0.02), female sex (HR: 3.03; 95% CI: 1.28 to 7.18; p = 0.01), 
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volume of alcohol injected during ASA 

(HR: 1.55; 95% CI: 1.04 to 2.30; p = 

0.03), and LVOT gradient at last 

checkup (HR: 1.01; 95% CI: 1.00 to 

1.02; p = 0.02). No independent 

predictors of mortality in middle-age 

patients were found. Independent 

predictors of all-cause mortality in 

older patients were age at ASA (HR: 

1.14; 95% CI: 1.07 to 2.21; p < 0.001), 

and ≥2 conventional risk factors for 

SCD (HR: 3.13; 95% CI: 1.40 to 7.00; p < 

0.01).  

The role of alcohol volume in young 

ASA patients was further explored by 

dividing the cohort into a high and low 

alcohol dose groups. A cutoff of 2.5 ml 

was chosen because in a previous 

analysis, a volume between 1.5 and 2.5 

ml was found to be well balanced in 

terms of efficacy and risk for 

conduction disturbances (11). Six patients (1.6%) were excluded from this analysis because 

data regarding the volume of alcohol could not be retrieved. Patients who received ≥2.5 

ml alcohol (n = 150) had a significantly higher all-cause and HCM-related mortality rate 

compared with patients who received <2.5 ml (n = 213). The 1-, 5-, and 10-year survival 

rates of patients who received <2.5ml alcohol were 99% (95% CI: 99% to 100%), 98% (95% 

CI: 95% to 100%), and 94% (95% CI: 90% to 99%), compared with 98% (95% CI: 96% to 

100%), 91% (95% CI: 86% to 96%), and 89% (95% CI: 83% to 94%), respectively, in patients 

who received a higher alcohol volume (p = 0.03) (Figure 4). The annual HCM-related 

mortality rate was found to be 0.2% in the <2.5 ml alcohol group, compared with 1.2% in 

the higher alcohol volume group (p < 0.01). Furthermore, patients who received the 

higher volume of alcohol developed larger infarcts (maximum creatinine kinase-MB 89 IU/l 

vs. 69 IU/l, p < 0.001), whereas there were no differences in LVOT gradient or NYHA 

functional class at long-term follow-up between the 2 groups (Table 4).  
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Outcomes in the very young  

Of the young patients, 82 (21%) were ≤35 

years of age and therefore considered to be 

“very young” (Figure 1). None of these 

patients died in relation to the procedure or 

within the first 30 days post-ASA. One patient 

(1.2%) experienced in-hospital VT requiring 

electric cardioversion. Twenty-one patients 

(26%) developed (transient) complete 

atrioventricular block, resulting in permanent 

pacemaker implantation in 4 patients (5%) at 

last follow-up visit. Thirteen patients (16%) 

underwent repeat ASA, and only 1 patient 

(1%) remained in NYHA functional class III or 

IV at last follow-up. Nine patients had 

received ICDs before ASA, and 6 patients were implanted with ICDs after the ASA 

procedure. Of these 15 patients (18%), 3 received an appropriate ICD shocks during 

follow-up. Combined with 2 SCDs (4 years after ASA in a 25-year-old man, 10 years after 

ASA in a 24-year-old woman) and 1 resuscitated cardiac arrest (9 years after ASA in a 35-

year-old man), this translated to an AAE rate of 1.0% per year during long-term follow-up. 

With no other deaths in the very young, this made for an all-cause mortality rate of 0.3% 

per year.  

 

Discussion  

 

With almost 1,200 patients from 4 European countries, this is the largest ASA cohort to 

date. The principal findings of this 5.4-year follow-up study were that: 1) young (≤50 

years) patients had favorable long-term survival following ASA, with an all-cause mortality 

rate of 1% per year; 2) despite more risk factors for SCD, young patients had a similar AAE 

rate (0.8% per year) compared with middle-age and older patients; 3) symptom alleviation 

following ASA in young patients was excellent, with 95% of patients functioning in NYHA 

functional class I or II at long-term follow-up; 4) the 30-day mortality rate in young 

patients undergoing ASA was very low (0.3%); 5) young patients had one-half the risk for 

permanent pacemaker implantation compared with older patients; 6) the use of <2.5 ml 

alcohol for ASA was associated with an improved survival rate in young patients; and 7) 

ASA in very young (≤35 years) patients was safe and effective as well. 
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 Previous age-specific ASA studies 

Studies reporting on long-term outcomes of young patients following ASA are scarce. In 

2014, a study was conducted that included 75 patients ≤50 years of age with a median 

follow-up of 5 years (13). Survival free of all-cause mortality following ASA at 10 years was 

found to be 94%. In 2016, a study was reported that included 217 ASA patients who were 

divided into young (≤55 years) and older (>55 years) groups and followed for 7.6 ± 4.6 

years (7). ASA was similarly effective in both age groups for reduction of symptoms at 

short-term follow-up, and young patients were found to have a lower risk for procedure 

related atrioventricular conduction disturbances. The 5- and 10-year survival of young 

patients was 95% and 90%, respectively, which was comparable with age- and sex-

matched patients with nonobstructive HCM. These results are in line with those of the 

present study, except that along with a difference in (transient) atrioventricular block, we 

also found a 50% lower need for pacemaker implantation in young patients (8% vs. 16% in 

older patients). Furthermore, periprocedural cardiac tamponade and death were less 
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frequent in young patients compared 

with older patients (0.3% vs. 3% and 

0.3% vs. 2%, respectively). Symptom 

alleviation was excellent in young 

patients, with improvement of at least 

1 NYHA functional class in 89% of 

patients to an NYHA functional class of 

I or II in 95% of patients at long-term 

follow-up. Of the older patients, only 

81% were in NYHA functional class I or 

II at last checkup. However, residual 

LVOT gradient, reduction in LVOT 

gradient, and number of 

reinterventions were comparable in 

both groups, and clearly other factors can cause exertional dyspnea, especially in older 

patients.  

Outcomes of very young patients following ASA were favorable as well, with 99% of 

them functioning in NYHA functional class I or II at last checkup and a further decline in 

the need for permanent pacemaker implantation to 5%. Moreover, the AAE rate was 

similar to the other age groups, and the all-cause mortality rate was only 0.3% per year. 

 

ASA and surgical myectomy  

The American College of Cardiology Foundation/American Heart Association guidelines on 

HCM from 2011 state that ASA should be reserved for older patients and patients with 

serious comorbidities and give a class III recommendation (Level of Evidence: C) for ASA in 

younger patients if myectomy is a viable option (2). These recommendations reflected the 

lack of ASA studies with long-term follow-up, whereas myectomy had been proved to be 

safe and effective. Despite these recommendations, recent reports show that about 43% 

of U.S. patients undergo ASA instead of myectomy (14), and these numbers are known to 

be even higher in Europe (15). Most of the studies comparing long-term outcomes of ASA 

and myectomy were reported after publication of the 2011 HCM guidelines (3–5,10,16). 

These more recent studies all showed similar mortality rates following ASA and 

myectomy, which clearly supports the long-term safety of ASA, especially considering that 

most of the ASA cohorts were on average older than their surgical counterparts. A recent 

meta-analysis of long-term outcomes of septal reduction therapy found an all-cause 

mortality rate of 1.5% per year following ASA compared with 1.4% per year following 

myectomy, and similar annual (aborted) SCD rates as well (6). Of the 50 studies examined 

in the systematic review that accompanied this meta-analysis, only 7 compared survival 
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rates of their patients with HCM with the sex- and age-matched general population: 

Smedira et al. (17) (n = 323, Cleveland Clinic) and Ommen et al. (18) (n = 289, Mayo Clinic) 

found survival rates following myectomy to be comparable with the general population; 

Schaff et al. (19) (n = 749, Mayo Clinic), Woo et al. (20) (n = 388, Toronto General 

Hospital), and Sedehi et al. (5) (n = 171, Stanford University Medical Center) found survival 

rates following myectomy to be worse than the general population; Jensen et al. (8) (n = 

279, 4 Scandinavian centers), Veselka et al. (9) (n = 178, 2 Czech centers), and Sedehi et al. 

(5) (n = 52, Stanford University Medical Center) found survival rates following ASA to be 

comparable with the general population; and Sorajja et al. (16) (n = 342, Mayo Clinic) 

found post-ASA survival to be comparable with the general population and with sex- and 

age-matched myectomy patients. What primarily differentiates these studies is that the 

ones with post-intervention survival rates comparable with the general population had 

<1,700 patient-years of follow-up, whereas the studies with a significant survival 

difference had follow-up of >2,300 patient-years. The present study, with about 6,500 

patient-years of follow-up, belongs to the second category. Consequently, our results 

support that irrespective of septal reduction therapy, patients with severe symptomatic 

obstructive HCM have reduced long-term survival compared with the general population. 

Apart from comparisons with the general population, Ommen et al. (18) also reported 

specifically on survival of patients ≤45 years of age and found 92% of these to be alive 10 

years post-myectomy. Woo et al. (20) did the same for patients <50 years of age and 

found a 10-year survival of about 90% following myectomy. These results correlate well 

with the 91% 10-year survival of young ASA patients found in the present study. Because 

symptom improvement was excellent and long-lasting in young ASA patients as well, we 

therefore propose that the indication for ASA can be broadened to younger patients. 

 

ASA and alcohol volume  

To date, there has been only 1 other study that showed a significant survival benefit from 

the use of a lower alcohol volume for ASA. This study, by Kuhn et al. (21), comprised 2 

series: 329 patients treated in a dose-finding study with decreasing amounts of alcohol 

until 2001 (on average 2.9 to 0.9 ml) and 315 patients in the subsequent “low alcohol dose 

era” treated until 2005 (mean volume 0.8 ml). In the first group, patients treated with >2 

ml of alcohol showed a higher mortality rate than patients treated with ≤2 ml. The mean 

follow-up period for this cohort was only 2 years, however, and the patients treated with a 

higher alcohol volume were by definition the first patients to undergo ASA at this center.  

In the present study, the use of a higher volume of alcohol was found to predict all-

cause mortality in young patients. In a recent analysis, alcohol volume of 1.5 to 2.5 ml was 

found to be well balanced in terms of efficacy and risk for conduction disturbances (11). 

After we divided our young cohort accordingly, the patients who received <2.5 ml alcohol 
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were found to have a significantly lower all-cause and HCM-related mortality rate 

compared with patients who received ≥2.5 ml (Figure 4). Furthermore, although the high-

volume group developed larger infarcts, the LVOT gradient and NYHA functional class at 

last checkup were comparable between the 2 groups. Of note, patients who received ≥2.5 

ml alcohol were treated on average 5 years earlier than those treated with <2.5 ml. This 

trend of decreasing volumes of alcohol over the years is seen in most ASA studies and may 

thus further improve survival rates in young patients following ASA in the future. 

 

Patient selection and specialized care  

In a previous analysis, a higher residual LVOT gradient after ASA was found to predict long-

term mortality (11). The present study documented the same association, but only in 

young patients, with an approximate 1% increase in all-cause mortality for each millimeter 

of mercury residual LVOT gradient. This emphasizes the importance of proper selection of 

patients suitable for ASA, especially in patients ≤50 years of age.  

In line with the 2011 American College of Cardiology and 2014 European Society of 

Cardiology HCM guidelines (1,12), we recommend that all patients undergoing septal 

reduction therapy should be discussed by a multidisciplinary heart team (consisting of an 

imaging cardiologist, an interventional cardiologist experienced with ASA, and a surgeon 

experienced with myectomy) to determine the optimal therapy, by taking into account not 

only age but also factors such as mitral valve anatomy, coronary anatomy, existing 

conduction disturbances, septal thickness, comorbidities, and so on. When all of these 

factors have been weighted against one another, the heart team can provide optimal 

advice, leaving the final decision up to the patient. When an adult patient has no 

complicating factors, the advice should be that ASA and surgical myectomy are both safe 

and effective for relief of symptoms. However, ASA has a 5% to 16% (depending on the 

patient’s age) risk for permanent pacemaker implantation, compared with about 4% after 

myectomy (6). Furthermore, there is a higher risk for the need for reintervention following 

ASA (9% in the present study) compared with myectomy (6). Patients can subsequently 

weigh these higher risks following ASA against the somewhat higher burden of 

(rehabilitation from) open heart surgery and make a measured decision. 

 

Study limitations  

The retrospective, nonrandomized nature of the present study has several limitations. In 

the analysis concerning the role of alcohol volume in young patients, there was a potential 

for bias by indication, because patients who received a higher alcohol volume for ASA 

might have had different coronary artery anatomy and/or septal pathology (e.g., more 

fibrosis) compared with patients who received less alcohol. However, a Cox proportional 

regression analysis in young patients with use of basal septal thickness data in millimeters 
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(as opposed to the binary conventional risk factor of maximum left ventricular wall 

thickness ≥30 mm) found the same results (not shown). Similar to other reported studies 

(5,8,9,16–18), the survival analyses in the very young patients and young patients treated 

with <2.5 ml of alcohol were underpowered. Therefore, no comparisons with the general 

population were made, and the results of these analyses should be interpreted with 

caution. Finally, we did not correct for individual or local alterations of percutaneous 

technique. However, all procedures were performed by experienced interventional 

cardiologists, and this implies that our findings are more generalizable than those of 

single-center investigations.  

 

Conclusions  

 

ASA in young patients with obstructive HCM is safe and effective for relief of symptoms at 

long-term follow-up. We propose that the indication for ASA can be broadened to younger 

patients. 
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Of patients with hypertrophic cardiomyopathy (HCM), those who have left ventricular 

outflow tract gradients of at least 30 mmHg at rest, or with provocation such as the 

Valsalva maneuver or exercise, are deemed to have hypertrophic obstructive 

cardiomyopathy. Many patients with hypertrophic obstructive cardiomyopathy have no 

symptoms. When symptoms are present, they can usually be adequately controlled with 

beta-blockers, verapamil, and disopyramide, alone or in combination (1,2). For patients 

with symptoms that interfere with life-style despite optimal medical therapy, septal 

reduction therapy with alcohol septal ablation (ASA) or septal myectomy may be 

considered. The choice between ASA and myectomy has been controversial (3,4).  

The 2011 American College of Cardiology Foundation (ACCF)/American Heart 

Association (AHA) guideline for the diagnosis and treatment of HCM favored myectomy 

over ASA, in particular for younger patients (5). According to a “Class III: Harm” 

designation, “alcohol septal ablation should not be done in patients with HCM who are 

<21 years of age and is discouraged in adults <40 years of age if myectomy is a viable 

option”; the “Level of Evidence: C” highlighted the need for more data for outcomes of the 

procedure in younger patients.  

On the other side of the Atlantic, the 2014 European Society of Cardiology guideline on 

the diagnosis and management of HCM was less directive than the 2011 ACCF/AHA 

guideline on the subject of ASA in younger patients: “septal alcohol ablation is 

controversial in children, adolescents and young adults because there are no long-term 

data on the late effects of a myocardial scar in these groups” (6). Once again, there was 

emphasis on the paucity of data for younger patients.  

The decision process between ASA and myectomy includes, of course, prediction of 

the efficacy and safety of ASA. There are a number of potential factors in this 

determination. These include patient age, septal thickness, and ethanol dosage. 
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Age 

Faber et al. (7) administered ethanol to 312 patients with hypertrophic obstructive 

cardiomyopathy. One-year hemodynamic success was defined as a Doppler left ventricular 

outflow tract gradient <16 mm Hg at rest and <60 mm Hg with provocation and was 

achieved in 239 patients (80%). Although this absolute echocardiographic endpoint was 

achieved less often in younger patients, these patients also had higher baseline gradients, 

raising the possibility that a relative criterion on the basis of percentage gradient 

reduction may not have shown the same dependence on patient age. Patient age was not 

a predictor of 1-year clinical success, defined as being in New York Heart Association 

functional class I or II and demonstrating an increase in exercise capacity of >20 W. Sorajja 

et al. (8) reported similar overall outcomes after ASA and myectomy in age- and sex-

matched patients; in a post hoc analysis of patients ≤65 years of age, survival free of New 

York Heart Association functional or Canadian Cardiovascular Society class III or IV 

symptoms at 4 years was 71% for ASA and 89% after myectomy, a difference that 

remained statistically significant after adjustment for other factors.  

In this issue of JACC: Cardiovascular Interventions, Liebregts et al. (9) report on the 

outcomes of a large number of patients undergoing ASA at 7 institutions in the Czech 

Republic, Denmark, Germany, and the Netherlands. The patients were divided on the 

basis of age into roughly tertiles. The youngest group (≤50 years of age) had lower rates of 

intraprocedural pericardial tamponade, periprocedural death, and permanent pacemaker 

implantation (8% in the youngest group) than did the oldest group (≥65 years of age). In 

the longer term, the youngest patients had more improvement in New York Heart 

Association functional class than did the oldest patients. There were no differences among 

the 3 age groups in the incidence of adverse arrhythmic events. 

 

Ethanol dosage 

In the youngest patient group, a higher volume of ethanol injected during ASA was a 

predictor of long-term mortality. Investigators at 1 of the 7 centers participating in this 

study previously reported a high incidence of adverse events in a cohort of patients 

treated with unusually high dosages (mean 3.5 ml) of ethanol (10); these patients are 

presumably included in the present study cohort. Given the trend toward the use of lower 

ethanol dosages (11), a potential confounding factor, as pointed out by the investigators 

of the present study, is that ethanol dosages are decreasing at the same time that 

programs and operators are acquiring greater experience in the performance of ASA. 

Patients treated with more ethanol may also have greater septal thickness. 

 



Outcome of ASA in Younger Patients with Obstructive HCM 

 

    146 

Wall thickness 

Another potential confounder is the inverse relationship that has been noted in patients 

undergoing ASA between age and septal thickness (7,12). The relationship between septal 

thickness and outcome of ASA was the subject of a recent report (13) and editorial (14). 

The investigators in that study observed that mean septal thickness was 23 mm in patients 

with successful ASA and 28 mm in those with unsuccessful ASA, with success defined as 

≥50% gradient reduction 6 months after the procedure. In the present study, septal 

thickness was slightly but statistically significantly greater in the youngest group than in 

the other 2 groups. 

 

Implications of the present study 
 

Although the present study, a comparison of outcomes of ASA among different age 

groups, does not provide a direct comparison of outcomes after ASA and myectomy in 

younger patients, it provides reassuring data regarding the efficacy and safety of ASA in 

such patients. One potential caveat, as discussed earlier, would be the use of higher doses 

of ethanol in younger patients with greater septal thickness. Another is the long-term 

morbidity of pacemaker implantation in younger patients.  

Published research on septal myectomy is dominated by the excellent outcomes 

reported in North American and, to a lesser extent, European high-volume surgical 

programs. In the “real world,” however, outcomes from a cross section of institutions 

performing myectomy are decidedly more mixed, with a clear inverse relation between 

procedure volume and outcomes (15). (Interestingly, the same study failed to 

demonstrate a similar relationship for ASA.) High-volume myectomy centers are few and 

far between. At 3 Czech hospitals, for example, surgeons performed a total of 16 

myectomies during a period in which 290 ASA procedures were done (16).  

The present study provides the most robust data to date regarding the outcomes of 

ASA in younger patients, precisely the type of data that were missing at the time of writing 

of the ACCF/AHA and European Society of Cardiology guidelines. Given the favorable 

outcomes of ASA in this age group, and the unavailability of high-volume myectomy 

programs in many geographic regions, the time has come to liberalize the indication for 

ASA in younger patients. A reassessment of the ACCF/AHA guideline in particular would be 

timely. 
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Validation of the HCM Risk-SCD model for 

patients with hypertrophic cardiomyopathy 

following alcohol septal ablation 
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Abbreviations 

 
AHA = American Heart Association 

ASA = alcohol septal ablation 

ACC = American College of Cardiology 

CK = creatine kinase 

HCM = hypertrophic cardiomyopathy 

ESC = European Society of Cardiology 

ICD = implantable cardioverter-defibrillator 

LA = left atrial 

LVOT = left ventricular outflow tract 

LVWT = left ventricular wall thickness 

NSVT = non-sustained ventricular tachycardia 

NYHA = New York Heart Association 

SCD = sudden cardiac death 

VF = ventricular fibrillation 

VT = ventricular tachycardia 
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Abstract 

 

Aims  

The HCM Risk-SCD model for prediction of sudden cardiac death (SCD) in hypertrophic 

cardiomyopathy recommended by the 2014 European Society of Cardiology (ESC) 

guidelines has not been validated after septal reduction therapy. The aim of this study was 

to validate the HCM Risk-SCD model in patients undergoing alcohol septal ablation (ASA) 

and to compare its performance to previous models. 

 

Methods and result 

A total of 844 ASA patients without prior SCD event were included. The primary endpoint 

was a composite of SCD and appropriate implantable cardioverter defibrillator (ICD) 

therapy, identical to the HCM Risk-SCD endpoint. A distinction between periprocedural 

(≤30 days) and long-term (>30 days) SCD was made to discern procedure-related adverse 

arrhythmic events caused by the ASA-induced myocardial infarction from long-term SCD 

risk. Twenty patients reached the SCD endpoint within the first 30 days. During a follow-

up of 6.5 ± 4.2 years, another 46 patients reached the SCD endpoint. The predicted 5-year 

SCD risk according to the HCM Risk-SCD model was 5.1%, and the observed 5-year SCD risk 

was 4.0%. The C-statistics for the use of the HCM Risk-SCD model was 0.61 (P = 0.02), the 

C-statistics for the use of the 2003 American College of Cardiology/ESC guidelines was 

0.59 (P = 0.051), and the C-statistic for the use of the 2011 American College of Cardiology 

Foundation/American Heart Association guidelines was 0.58 (P = 0.054). Maximal left 

ventricular wall thickness, syncope after ASA, and fulfilling the 2014 ESC recommendations 

for primary ICD implantation according to the HCM Risk-SCD model, respectively, 

predicted SCD during long-term follow-up.  

 

Conclusion  

The HCM Risk-SCD model can be used for SCD prediction in patients undergoing ASA. 
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Introduction 

 

Hypertrophic cardiomyopathy (HCM) is the most common inherited cardiac disease 

(prevalence 1:500) and carries a risk for sudden cardiac death (SCD) of 0.5 to 1% per year 

(1). Predicting which patients are at risk of SCD has proven difficult. The 2003 American 

College of Cardiology (ACC)/European Society of Cardiology (ESC) and 2011 American 

College of Cardiology Foundation (ACCF)/American Heart Association (AHA) guidelines use 

5 conventional risk factors to estimate the risk for SCD: a family history of SCD, maximal 

left ventricular wall thickness (LVWT) ≥30mm, unexplained syncope, non-sustained 

ventricular tachycardia (NSVT), and abnormal blood pressure response to exercise (2,3). 

O’Mahony et al. demonstrated in 2013 that the models based on these conventional risk 

factors were limited in distinguishing high from low-risk patients (4). The following year, 

the HCM Outcomes Investigators presented a novel risk prediction model (HCM Risk-SCD), 

which provided a calculated 5-year SCD risk using 4 of the conventional (family history of 

SCD, NSVT, maximal LVWT, and unexplained syncope) and 3 additional risk factors: age, 

left atrial (LA) diameter, and left ventricular outflow tract (LVOT) gradient (5). This model 

was more accurate in predicting SCD risk compared to the previous models and was 

commended in the 2014 ESC guidelines. However, the HCM Risk-SCD model has not been 

validated in patients with obstructive HCM who have undergone surgical myectomy or 

alcohol septal ablation (ASA), and application of the model in these patients is therefore 

not recommended (1). Since its introduction over 20 years ago, a main concern regarding 

ASA has been its possible effect on SCD risk, due to the intracoronary injection of ethanol, 

creating a potentially arrhythmogenic ablation scar. On the other hand, LVOT obstruction 

has been independently associated with SCD, and was therefore incorporated in the HCM 

Risk-SCD model (5-10). The aims of this study were to i) validate the HCM Risk-SCD model 

in patients undergoing ASA and to compare its performance to previous models; and ii) 

identify predictors of SCD in HCM patients after ASA. 

 

Methods 

 

Patient population 

An international multicenter observational cohort design was used. The study population 

consisted of 1146 consecutive HCM patients (mean age 58 ± 14 years; 47% female) who 

underwent ASA because of symptomatic LVOT obstruction despite optimal medical 

therapy. Procedures were performed in 6 European tertiary invasive centers (Germany [n 

= 513]: Bad Oyenhausen; the Netherlands [n = 314]: Nieuwegein and Rotterdam; Czech 

Republic [n = 161]: Prague; Scandinavia [n = 158]: Copenhagen and Oslo) between January 
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1996 and August 2015. Each patient had an established diagnosis of HCM (based on 

otherwise unexplained left ventricular hypertrophy of ≥15 mm) and a (provocable) LVOT 

gradient ≥50 mmHg. The choice of ASA instead of surgical myectomy was based on patient 

profile (age, coronary anatomy, comorbidities, etc.) and patient preference.  

 

Follow-up and endpoints 

Follow-up started at the time of ASA. There were some differences in post-ASA follow-up 

regimens between the centers. In general, all patients had a first clinical follow-up 3-6 

months after the procedure and annual routine checkups thereafter. Adverse events were 

retrieved from national patient registries, from hospital patient records at the center 

where follow-up was performed, and from information provided by patients themselves 

and/or their general practitioners. All implantable cardioverter-defibrillator (ICD) shocks 

were evaluated by an experienced electrophysiologist, unaware and independent of the 

study purpose and endpoints. 

The primary endpoint of SCD was equivalent to the endpoint used in the HCM Risk-SCD 

study (5). It was a composite endpoint consisting of (1) instantaneous and unexpected 

death within 1 hour of a witnessed collapse in patients who were previously in a stable 

clinical condition or nocturnal death with no antecedent history of worsening symptoms, 

(2) successful resuscitation after cardiac arrest, and (3) appropriate ICD interventions for 

ventricular fibrillation (VF) or fast VT (>200 beats per minute). Patients who reached the 

SCD endpoint were censored at the time of its occurrence. A distinction between 

periprocedural (≤30 days) and long-term (>30 days) SCD was made to discern procedure-

related adverse arrhythmic events caused by the ASA-induced myocardial infarction from 

long-term SCD risk.  

 

Risk stratification 

Conventional risk factors for SCD and additional variables necessary to calculate the 5-year 

SCD risk according to the HCM Risk-SCD model were evaluated at baseline (before ASA). 

The following risk factors were identified: 1) a family history of SCD in ≥1 first-degree 

relatives aged <40 years or in a first-degree relative with confirmed HCM at any age, 2) 

maximal LVWT, 3) history of unexplainable syncope, 4) documented NSVT ≥3 beats at a 

rate of ≥120 beats per minute, 5) abnormal blood pressure response during exercise, 6) 

(provocable) LVOT gradient, 7) LA diameter measured in parasternal long axis, and 8) age. 

Patients with >2 missing risk factors, or with a history of cardiac arrest or sustained VT 

were excluded. 

The 5-year SCD risk for individual patients were calculated using the HCM Risk-SCD 

formula: PSCD at 5 years  = 1 − 0.998
exp(Prognostic Index) 

, where Prognostic Index = 0.15939858 × 
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maximal LVWT (mm) − 0.00294271 × maximal LVWT
2
 (mm

2
) + 0.0259082 × LA diameter 

(mm) + 0.00446131 × maximal LVOT gradient (mmHg) + 0.4583082 × family history of SCD 

+ 0.82639195 × NSVT + 0.71650361 × unexplained syncope − 0.01799934 × age at 

evaluation (years) (5). According to the 2014 ESC guidelines, a calculated 5-year SCD risk of 

≥6% confers a recommendation (class IIa) for ICD implantation for primary prevention of 

SCD (1). 

For comparison, risk profiles based on the 2003 ACC/ESC and 2011 ACCF/AHA 

guidelines were calculated. In the 2003 ACC/ESC guidelines, ≥2 conventional risk factors 

(factors 1-5 above) conferred a recommendation for ICD implantation for primary 

prevention of SCD (2). SCD risk stratification according to the 2011 ACCF/AHA guidelines is 

similar, except that family history of SCD, maximal LVWT ≥30 mm, or unexplained syncope 

as a sole risk factor are also considered to confer an ICD recommendation (class IIa) (3). 

 

Statistical analysis 

SPSS version 24 (IBM, Armonk, NY, USA), and Microsoft Excel 2010 (Microsoft 

Corporation, Redmond, WA, USA) were used for all statistical analyses. Categorical 

variables are summarised as percentages. Normally distributed continuous data are 

expressed as mean ± standard deviation and non-normally distributed data as median 

(interquartile range [IQR]). To compare continuous variables Student t test or Mann-

Whitney U test were used, and to compare categorical variables the χ
2
-test was used.  

The performance of the novel risk model, and the models based on conventional risk 

factors for SCD, was determined by the C-statistic, which in the current context indicates 

how well the model discriminates between high and low risk of SCD in post-ASA patients. 

A C-statistic of 0.5 indicates no predictive value, and 1.0 indicates perfect discrimination. 

Univariate Cox regression analysis was performed to identify predictors of outcome. 

Kaplan-Meier graphs were used to show SCD rates and differences in SCD rate were 

assessed by the log-rank test. All tests were 2-sided, and P <0.05 was considered 

statistically significant. To handle missing data, we used a similar approach outlined in the 

HCM Risk-SCD study where missing data were identified and imputed using multiple 

imputation techniques based on chained equations (5). A total of 25 imputed data sets 

were generated and pooled.  

 

Results 

 

Clinical characteristics 

After exclusion of patients with a history of aborted SCD (n = 27) or with >2 missing SCD 

risk factors, 844 patients (mean age 56 ± 14 years; 46% female) were available for further 
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analyses. Table 1 lists the baseline characteristics of these patients. An ICD had been 

implanted for primary prevention in 18 (2%) patients before ASA (Table 2). Risk 

stratification was complete in 536 (63%) patients; exercise testing was lacking in 212 (25%) 

patients, Holter monitoring in 202 (24%) patients, and LA diameter in 21 (2%) patients. 

The remaining five risk factors were missing in <0.5% of patients. 

 

Periprocedural SCD 

Twenty patients (mean age 60 ± 15 years; 55% female) reached the SCD endpoint within 

the first 30 days post-ASA, and were therefore excluded from model validation. One 

patient died of VF, and 19 patients received successful electrical cardioversion for VT/VF. 

Patients with a periprocedural SCD endpoint had larger infarcts following ASA (maximum 

creatine kinase [CK]-MB 168 [IQR 468] vs 87 [IQR 107] IU/L, P <0.01). A maximum CK-MB 

>240 IU/L was found to be the only significant predictor of periprocedural SCD (hazard 

ratio [HR] 7.51, 95% confidence interval [CI] 2.29-24.61, P <0.01). The 240 IU/L cut-off was 

based on a previous analysis showing an increased risk of adverse arrhythmic events 

during follow-up above this level (11). Volume of injected alcohol was not associated with 

periprocedural SCD. 

 

Predicted vs observed SCD endpoints 

In the 824 patients who did not reach the SCD endpoint within the first 30 days, the 

follow-up duration was 6.5 ± 4.2 years. A total of 29 (4%) patients had an ICD implanted 

after ASA (Table 2). During long-term follow-up, 46 patients (mean age 54 ± 16 years; 50% 

female) reached the SCD endpoint, which translated to 0.8 events per 100 patient-years; 
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30 patients died suddenly (mean age 57 ± 15 

years; 63% female; mean follow-up 4.4 ± 2.7 

years), 4 patients were successfully 

resuscitated (mean age 40 ± 22 years; 25% 

female; mean follow-up 3.9 ± 3.9 years), and 

12 patients received an appropriate ICD shock 

(mean age 50 ± 15 years; 25% female; mean 

follow-up 3.7 ± 3.5 years). 

The predicted 5-year SCD risk according to 

the HCM Risk-SCD model was 5.1 ± 4.5%, and 

the observed 5-year SCD risk was 4.0% (Figure 

1). The C-statistic for use of the HCM Risk-SCD 

model was 0.61 (95% CI 0.52-0.69, P = 0.02). 

The C-statistic for risk stratification with use of 

the 2003 ACC/ESC guidelines was 0.59 (95% CI 

0.50-0.67, P = 0.051), and the C-statistic for 

the 2011 ACCF/AHA guidelines was 0.58 (95% 

CI 0.50-0.67, P = 0.054). The performance of 

the different SCD risk prediction models is 

summarised in Table 3. 

 

Predictors of SCD 

Predictors of SCD during long-term follow-up were maximal LVWT ≥30 mm (HR 3.48, 95% 

CI 1.62-7.46, P <0.01), syncope after ASA (HR 2.88, 95% CI 1.37-6.06, P <0.01), and a 2014 

ESC recommendation for primary prophylactic ICD implantation according to the HCM 

Risk-SCD model (HR 1.96, 95% CI 1.09-3.54, P = 0.02; Table 4). An indication for primary 

prophylactic ICD implantation according to the 2003 ACC/ESC and 2011 ACCF/AHA 

guidelines was not predictive of SCD (HR 1.74, 95% CI 0.89-3.39, P = 0.10, and HR 1.63, 

95% CI 0.91-2.90, P = 0.10, respectively). Kaplan-Meier estimates for risk of SCD are shown 
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in Figure 2. Compared to the different SCD risk 

prediction models, the risk factors LVWT ≥30 

mm and syncope after ASA retained a high 

specificity, but lower sensitivity for predicting 

SCD (Table 3). 

 

Discussion 

 

This is the first study to validate the HCM Risk-

SCD model in patients undergoing ASA. The 

principal findings of this study were that i) the 

HCM Risk-SCD model discriminated better 

between patients with high or low risk of SCD 

following ASA, as compared to the models 

proposed by the 2003 ACC/ESC and 2011 

ACCF/AHA guidelines; and ii) maximal LVWT, 

syncope after ASA, and fulfilling the 2014 ESC 

recommendations for primary prophylactic 

ICD implantation according to the HCM Risk-

SCD model, respectively, predicted SCD during 

long-term follow-up. 

From 2011 the American and European 

HCM guidelines differentiated in their 

approach to SCD risk stratification. The 2011 

ACCF/AHA guidelines continued the path of 

the 2003 ACC/ESC guidelines in using the 

conventional risk factors for SCD, with the modification that the individual risk factors 

family history of SCD, maximal LVWT ≥30 mm, and unexplained syncope alone were also 

considered sufficient for a primary ICD recommendation (3). However, O’Mahony et al. 

demonstrated in 2013 that the models based on these conventional risk factors were 

limited in distinguishing high-risk from low-risk patients (4). The HCM Outcomes 

Investigators introduced the novel HCM Risk-SCD model based on an initial systematic 

review, identifying risk factors independently associated with SCD in at least one 

published multivariable analysis. A subsequent univariate Cox regression analysis on a 

population of 3675 consecutive HCM patients found seven out of the eight pre-specified 

risk factors to be associated with SCD at a 15% significance level. Finally, these predictors 

and their respective statistical weights were used to build an equation that calculated the 
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risk of SCD in 5 years for an individual HCM patient. The model was internally validated 

using bootstrapping and incorporated in the 2014 ESC guidelines (1,5). Subsequently, an 

external validation in 706 HCM patients, also found the HCM Risk-SCD model (C-statistic 

0.69) to perform better than the 2003 ACC/ESC guidelines (C-statistic 0.55) and 2011 

ACCF/AHA guidelines (C-statistic 0.60) (12). Conversely, an external validation study by 

Maron et al. found the HCM Risk-SCD model to be unreliable for prediction of SCD in a 

cohort of 1629 consecutive HCM patients, where only 11% of patients who experienced a 

SCD event, and only 26% of patients who received an appropriate ICD intervention, 

respectively, were found to have a high predicted risk (≥6%/5 years) consistent with an 

ICD recommendation (13). In the latter report, however, no direct comparisons with SCD 

risk stratification according to the 2003 ACC/ESC and 2011 ACCF/AHA guidelines were 

made. Ruiz-Salas et al. conducted a study of 48 HCM patients who had received an ICD for 

primary SCD prevention, and found the HCM Risk-SCD model to be the only independent 

predictor of appropriate ICD therapy during a mean follow-up of 4 years (14). Also, none 

of the 11 patients with estimated low risk using the HCM Risk-SCD model experienced 

appropriate ICD therapy. Very recently, Fernandes et al. conducted a fourth HCM Risk-SCD 

validation study in a South-American HCM population of 502 patients, and found the 

model to be an excellent predictor of SCD with a C-statistic of 0.93, compared to 0.76 and 

0.71 when using the 2003 and 2011 models, respectively (15). These findings are in line 

with the present study which showed the HCM Risk-SCD model to be more predictive of 

SCD following ASA when compared to risk models used in previous guidelines. However, 

the performance of the HCM Risk-SCD model is far from perfect, and considering ICD 

implantation for primary prevention of SCD in patients with HCM obviously does not stop 

at a low calculated 5-year SCD risk. Therefore the model should be used, as also stated by 

the model developers, to complement clinical reasoning by providing objective 

individualised prognostic information (5). Moreover, the C-statistic of the HCM Risk-SCD 

model in the present study was lower compared to the original HCM Risk-SCD study (0.61 

vs 0.70, respectively). This might be explained by the fact that ASA can alter some of the 

risk factors in the HCM Risk-SCD model. Additional studies will be necessary to investigate 

if the HCM Risk-SCD model performs better when using parameters post-ASA. 

 

Limitations 

This study had several limitations. Patients who reached the SCD endpoint were censored 

at the time of its occurrence, and a distinction between periprocedural (≤30 days) and 

long-term (>30 days) SCD was made to discern procedure-related adverse arrhythmic 

events caused by the ASA-induced myocardial infarction from long-term SCD risk. 

Consequently, 20 patients who reached the SCD endpoint within the first 30 days post-
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ASA were excluded from model validation. When the long-term follow-up data of these 

patients were included, however, a 2014 ESC recommendation for primary prophylactic 

ICD implantation according to the HCM Risk-SCD model remained a predictor for SCD (HR 

2.00, 95% CI 1.13-3.56, P = 0.02), and an indication for primary prophylactic ICD 

implantation according to the 2003 ACC/ESC and 2011 ACCF/AHA guidelines remained not 

predictive of SCD. The comparison of the different risk models was limited by the small 

number of SCD events. Finally, risk stratification was not complete in all patients, with one 

or two risk factors missing in 309 (37%) patients. However, since abnormal blood pressure 

response during exercise is not incorported in the HCM Risk-SCD model, risk stratifiction 

for calculating the 5-year SCD risk according to the 2014 ESC guidelines was incomplete in 

only 222 (26%) patients. Consequently, more missing data were imputed using multiple 

imputations for calculating the C-statistics of the 2003 ACC/ESC and 2011 ACCF/AHA 

guidelines, compared to the HCM-Risk SCD model. The same approach to missing data was 

used in the HCM Risk-SCD study, in which risk stratification was incomplete in 22% of 

patients (5). 

 

Conclusion 

 

The HCM Risk-SCD model can be used for SCD prediction in patients undergoing ASA. 
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Abbreviations 

 
AHA = American Heart Association 

ASA = alcohol septal ablation 

ACC = American College of Cardiology 

CK = creatine kinase 

CMRI = contrast cardiac magnetic resonance imaging 

HCM = hypertrophic cardiomyopathy 

ESC = European Society of Cardiology 

ICD = implantable cardioverter-defibrillator 

LGE = late gadolinium enhancement 

LVOT = left ventricular outflow tract 

LVWT = left ventricular wall thickness 

MCE = myocardial contrast echocardiography 

NSVT = non-sustained ventricular tachycardia 

NYHA = New York Heart Association 

SCD = sudden cardiac death 
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Alcohol septal ablation (ASA) for the treatment of obstructive hypertrophic 

cardiomyopathy (HCM) was introduced as a percutaneous alternative to surgical 

myectomy in 1995 (1). Initial performance of ASA was shrouded in safety concerns, due to 

the intracoronary injection of ethanol, creating a potentially arrhythmogenic ablation scar. 

In the polarizing debate concerning the role of ASA in the treatment of obstructive HCM, 

most arguments were based on short-term follow-up studies. In the present thesis we set 

out to provide long-term results following ASA to 1) decide on its  role in the treatment of 

obstructive HCM, as compared to myectomy; 2) seek ways to improve the outcome of 

ASA; 3) investigate which patients can benefit from ASA, outside of current expert opinion 

guidelines; 4) engage ASA patients in current sudden cardiac death (SCD) risk prediction 

models. 

  

Needle vs knife 

 

Alcohol septal ablation and surgical myectomy are, apart from having the same objective, 

two completely different procedures, making comparisons difficult. Ideally, a randomised 

controlled trial were to be set up to end the discussion about which procedure is “best". 

This would require 1200 patients eligible and willing to be randomised to ASA or surgical 

myectomy. Seen as the prevalence of HCM is 1 in 500 and <10% of these patients require 

septal reduction therapy, such a trial is practically impossible, as Olivotto et al. clearly 

demonstrated (2). Hence, the only way to compare the two procedures at this time is by 

retrospective analyses.  

We started by comparing the two procedures in a single-center study, focusing on 

peri-procedural complications and clinical efficacy (3). A total of 161 patients after ASA 

and 102 patients after myectomy were compared during a maximal follow-up period of 11 

years. The rate of periprocedural severe complications (death, CVA, and ventricular 

arrhythmias) after ASA and myectomy was not significantly different. Tamponade and 

urgent (repeat) thoracotomy were more frequent following myectomy, however all repeat 

thoracotomies were performed successfully and were not associated with a worse long-

term outcome. Other peri-procedural complications, including permanent pacemaker 

implantation, were comparable between ASA and myectomy. The median length of 

hospital stay following myectomy was 9 days, compared to 5 days following ASA. At late 

follow-up the gradient over the left ventricular outflow tract (LVOT) was slightly higher 

following ASA, and reintervention following ASA was more frequent compared to 

myectomy. Questionnaires were send to all patients at late follow-up and showed no 

differences in symptomatic status following ASA and myectomy. 
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In CHAPTER 3 we combined data from multiple hospitals and emphasised on long-term 

outcomes. With 1,047 HCM patients from the St. Antonius Hospital Nieuwegein, Erasmus 

MC Rotterdam and University Hospital Leuven, it is the largest study comparing ASA and 

myectomy to date. Of the 690 patients (66%) with a LVOT gradient >30 mmHg, 124 (12%) 

were treated medically, 316 (30%) underwent ASA, and 250 (24%) underwent myectomy. 

Long-term outcomes were compared to 349 (34%) nonobstructive HCM patients during a 

mean follow-up of 7.6 years. After ASA and myectomy, both mortality and SCD risk were 

found to be similarly low, and comparable to patients with nonobstructive HCM. 

At the time, only 3 other studies comparing long-term outcomes after ASA and 

myectomy had been conducted (4-6). Because of some conflicting reports between these 

and the above studies a systematic review and meta-analysis on long-term outcomes after 

ASA and myectomy was conducted in CHAPTER 4. Twenty-four studies were selected for 

inclusion, containing 16 myectomy cohorts (n = 2,791; mean follow-up 7.4 years) and 11 

ASA cohorts (n = 2,013; mean follow-up 6.2 years). Periprocedural mortality was found to 

be 1.3% after ASA and 2.5% after myectomy; permanent pacemaker implantation was 

more frequent following ASA compared to myectomy (10.0% vs 4.4%, P <0.001); 

periprocedural ventricular arrhythmia occurrence was comparable after ASA and 

myectomy; and the incidence of tamponade and stroke was also similar at <1% after both 

procedures. When studies from before 2000 were excluded in light of potentially less 

developed periprocedural care in the 20th century, the periprocedural mortality rate of 

myectomy further approximated that of ASA (1.1% vs 1.3%, respectively). Pooled all-cause 

mortality rates after myectomy and ASA were similar (1.4% per year vs 1.5% per year, 

respectively). The rate of (aborted) SCD during follow-up was 0.4% per year after ASA and 

0.5% per year after myectomy. Improvement of functional status and LVOT gradient 

reduction at long-term follow-up were similar following both procedures. However, the 

number of reinterventions (either ASA or myectomy) was significantly higher after ASA 

(7.7%) compared with myectomy (1.6%, P = 0.001).  

 

Alcohol and its effects 

  

In the early days of ASA, relatively high volumes of alcohol were used. The first 3 cases 

described by Sigwart were treated with an average of 4.5 mL, for example (1). Over time, 

clinical experience combined with better strategies to identify the target septal branches 

(e.g. the use of myocardial contrast echocardiography [MCE]) has led to the use of lower 

volumes of alcohol during ASA. However, the effect of alcohol dosage on LVOT gradient 

reduction and complication rate is still not well understood. The amount of alcohol used 
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for ASA has been related to infarct size (7-9), and one of the main concerns of ASA is the 

possible arrhythmogenicity of the ablation scar. 

In CHAPTER 5 we sought to find out if there is a relationship between alcohol volume 

used for ASA and adverse events during long-term follow-up. During 6.3 years of follow-

up, the 124 patients treated with >2 mL alcohol were found to have a similar all-cause 

mortality and adverse arrhythmic event (AAE) rate compared to the 143 patients treated 

with ≤2 mL. However, a larger infarct (maximum creatinine kinase [CK]-MB >240 IU/L) was 

found to be an independent predictor of AAEs during long-term follow-up (Hazard Ratio 

[HR] 3.3). Although no direct effect of alcohol dosage on AAE rate was observed, a higher 

amount of alcohol was associated with higher CK-MB levels. Furthermore, caliber of the 

target septal perforator(s) and left ventricular wall thickness (LVWT) also showed a 

positive correlation with CK-MB levels. The infarct size and concomitant risk of AAE may 

therefore be the resultant of a combination of these variables. In CHAPTER 9, a maximum 

CK-MB level >240 IU/L was found to predict periprocedural (<30 days) AAEs in a cohort of 

844 ASA patients (HR 7.5). After censoring of these patients, larger infarcts were not found 

to be predictive of long-term SCD risk however. 

In CHAPTER 6 we reported on the largest multinational ASA registry (Euro-ASA 

registry), which was conducted to determine predictors of long-term outcome following 

ASA. A total of 1275 patients were included who underwent ASA in one of 10 European 

tertiary centers between 1996 and 2015. The 30-day mortality was 1%, similar to the 

periprocedural mortality rates following ASA and myectomy in our meta-analysis. Survival 

estimates at 1, 5 and 10 years were 98%, 89%, and 77%, respectively. Remarkably, this 

means that the 10-year survival rates of the largest ASA and largest myectomy cohort to 

date are identical (Schaff et al.[10] reported a 10-year survival of 77% in 749 patients 

operated on at the Mayo Clinic). Baseline predictors of mortality were higher age, New 

York Heart Association (NYHA) class, and septal thickness. The volume of alcohol used for 

ASA was found to be a predictor of LVOT reduction, and was associated with a higher 

incidence of complete heart block. Reduction of the LVOT gradient was found to be of 

particular importance since it was an independent predictor of survival and symptom 

relief at last follow-up. On the other hand, a (transient) periprocedural complete heart 

block resulted in permanent pacemaker implantation in one-third of patients (12% of all 

patients). Based on these findings, ASA alcohol volumes ranging between 1.5 mL and 2.5 

mL were deemed well balanced in terms of efficacy and safety for most patients.  
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Expanding the indication 

 

One of the reasons why the updated guidelines on the management of HCM are not 

shared between America and Europe like they were in 2003 (11), is that the ASA versus 

myectomy debate is predominantly a trans-Atlantic one. The 2011 American College of 

Cardiology Foundation(ACCF)/American Heart Association (AHA) guidelines state that 

surgical myectomy is the gold standard for treatment of medical therapy resistant 

obstructive HCM, and that ASA should be reserved for elderly patients or patients with 

serious comorbidities, not suitable for surgery (12). The 2014 European Society of 

Cardiology (ESC) guidelines do not make this distinction (13). 

In CHAPTERS 7 & 8 we set out to describe outcomes of ASA in younger HCM patients 

in cohorts of 217 and 1197 patients, respectively, divided by age. Young patients (≤55 and 

≤50 years, respectively) were found to have 1) a favourable long-term survival following 

ASA; 2) a similar AAE rate, as compared to non obstructive (CHAPTER 7), middle-aged and 

elderly HCM patients (CHAPTER 8); 3) excellent symptom improvement at short-term 

(CHAPTER 7) and long-term (CHAPTER 8) follow-up; and 4) a markedly lower risk of 

procedure related atrioventricular conduction disturbances as compared to older patients. 

We therefore propose that the indication for ASA can be broadened to younger patients, 

as agreed upon by dr. Fifer (Harvard Medical School, Boston, Massachusetts) in his 

editorial of CHAPTER 8. 

 

Adverse arrhythmic events 

 

From 2011 the American and European HCM guidelines differentiated in their approach to 

SCD risk stratification. The 2011 ACCF/AHA guidelines continued the path of the 2003 

ACC/ESC guidelines in using 5 conventional risk factors for SCD (a family history of SCD, 

maximal LVWT ≥30mm, unexplained syncope, non-sustained ventricular tachycardia 

[NSVT], and abnormal blood pressure response to exercise)(11,12). In 2014 the HCM 

Outcomes Investigators presented a novel risk prediction model (HCM Risk-SCD), which 

provided a calculated 5-year SCD risk using 4 of the conventional (family history of SCD, 

NSVT, maximal LVWT, and unexplained syncope) and 3 additional risk factors: age, left 

atrial diameter, and LVOT gradient (14). The model was internally validated using 

bootstrapping and incorporated in the ESC guidelines that same year (13). 

We started by conducting the first external validation of the HCM Risk-SCD model (15). 

The study population consisted of a consecutive cohort of 706 HCM patients without prior 

SCD event, from 2 tertiary referral centers. The C-statistic of the HCM Risk-SCD model was 

0.69 (P = 0.008), which performed significantly better than the conventional risk factor 
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models based on the 2003 ACC/ESC guidelines (C-statistic 0.55; P = 0.3), and 2011 

ACCF/AHA guidelines (C-statistic 0.60; P = 0.07).  

The HCM Risk-SCD model has not been validated in patients with obstructive HCM who 

have undergone septal reduction therapy, and application of the model in these patients 

is therefore not recommended (13). CHAPTER 9 reports on the first validation of the HCM 

Risk-SCD model in patients undergoing ASA for obstructive HCM. A total of 844 ASA 

patients from 6 European tertiary invasive centers were included. Again, we found the 

HCM Risk-SCD model to discriminate better between patients with high or low risk of SCD, 

as compared to the models proposed by the 2003 ACC/ESC and 2011 ACCF/AHA 

guidelines.  

 

Future perspectives 

 

Twenty years after the introduction of ASA, the arrhythmogenicity of the ablation scar 

appears to be overemphasized. Instead, the focus should be shifted towards how to lower 

the rate of reinterventions and pacemaker implantations following ASA, since in this area 

ASA still appears to be inferior to myectomy.  

Kim et al. recently showed that 67% of American ASA centers had performed <10 

procedures during a 9 year study period (16). The first step in improving outcomes of ASA 

is to confine septal reduction therapy to centers of excellence with high operator volumes, 

which is also recommended by both ACCF/AHA and ESC guidelines (12,13). After a patient 

is referred to a HCM center of excellence, the choice between ASA and myectomy should 

be discussed in a multidisciplinary heart team, consisting of an imaging cardiologist, an 

interventional cardiologist experienced with ASA, and a surgeon experienced with 

myectomy. Here, patient factors such as co-morbidities, anatomical features (e.g. septal 

anatomy, mitral valve abnormalities), and patient preference can be taken into account. 

The ASA procedure should be guided using MCE. The use of this technique has proved 

to be useful by influencing the interventional strategy in 15-20% of cases, by either 

changing the target vessel or prompting the procedure to be aborted when remote parts 

of the myocardium light up. Also, it has improved the success rate of ASA despite lower 

infarct sizes (17,18). The latest innovation in ASA is three-dimensional MCE-guided ASA 

(19). With added accuracy and the ability to quantify the expected size of myocardial 

tissue affected by the ablation, this new technique has the potential to further improve 

the safety and effectivity of ASA. However, outcome studies on the use of three-

dimensional MCE have yet to be conducted. Finally, use of the appropriate amount of 

alcohol for ASA is of importance, which may reduce the rate of pacemaker implantations 

following ASA. Also, reducing the amount of alcohol for ASA results in smaller infarcts, 
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which in turn may reduce periprocedural AAEs. Since most dedicated ASA centers show a 

trend of decreasing amounts of alcohol over the years, future studies may show improved 

outcomes following ASA. 

 

We reported on favourable outcomes following ASA in younger patients with obstructive 

HCM and proposed to broaden the ACCF/AHA indication for ASA to younger patients. In 

the future, we might consider to take it another step further. Since the outcome of ASA in 

mildly symptomatic patients is not known, current guidelines recommend ASA only in 

highly symptomatic patients (NYHA III/IV)(12,13). However, recent data has suggested a 

significant impact of LVOT obstruction on long-term outcome in patients with HCM, 

independent of symptoms (20). This finding is important, especially in light of the ≤1% 

ASA-related mortality reported in CHAPTERS 4 & 6, with an enduring effect on LVOT 

obstruction and associated symptoms following the procedure. In a recent study (21), we 

found that carefully selected, mildly symptomatic HCM patients (NYHA II) with severe 

LVOT obstruction treated with ASA in dedicated centers have long-term prognosis 

comparable with that of the age- and sex- matched general population. Furthermore, 

these patients were at minimal risk for developing severe heart failure and most of them 

achieve long-term functional class NYHA I and LVOT gradient ≤30 mmHg. Although the 

cohort was relatively small (n = 161), these results challenge the established clinical 

standard of treating only highly symptomatic obstructive HCM patients with ASA. 

 

We validated the HCM Risk-SCD model for the prediction of SCD in patients with HCM and 

patients with obstructive HCM undergoing ASA. The HCM Risk-SCD model is far from 

perfect, however. To improve the performance of the model it is conceivable that 

additional risk factors may be added in the future. The use of contrast cardiac magnetic 

resonance imaging (CMRI) with late gadolinium enhancement (LGE) for quantification of 

myocardial fibrosis has received considerable attention in recent years, but was not 

independently linked to SCD until recently. Around the time that the 2014 ESC guidelines 

were published, a large multicenter study of 1293 HCM patients reported LGE to be an 

independent predictor for SCD with a continuous relationship between the extent of LGE 

and risk of SCD (a 40% increase in SCD risk per 10% increase in LGE)(22). A subsequent 

meta-analysis which included 5 additional studies confirmed a correlation between the 

presence of LGE and risk of SCD but not between the extent of LGE and SCD (23). Although 

LGE is a good tool for detecting focal myocardial fibrosis, detection of diffuse fibrosis 

remains challenging, since normal myocardium is required as a reference. A promising 

new CMRI technique is T1 mapping, which unlike LGE, does not rely upon nulling 

techniques and allows for fibrosis identification even in the absence of gadolinium 
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administration. Several investigators have begun to look at T1 mapping within HCM 

(24,25). However, no prognostic studies with T1 mapping have been conducted yet. 

Genetics is another domain with the potential to enter SCD risk stratification. Patients 

with multiple sarcomere gene mutations have been shown to be at an increased risk of 

end-stage progression and SCD (26,27). With next-generation sequencing it will be 

possible to screen for a larger number of culprit genes, which may lead to identification of 

more patients carrying mutations that can be useful for SCD risk stratification. Finally, as 

the SCD event rate is low in these patients, multicenter collaborations at a larger scale will 

likely be mandatory to optimize future SCD risk prediction models. 
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Nederlandse Samenvatting 
 

Alcohol septum ablatie (ASA) voor de behandeling van obstructieve hypertrofische 

cardiomyopathie (HCM) werd in 1995 geïntroduceerd als een percutaan alternatief voor 

chirurgische myectomie (1). Omdat er door de intracoronaire injectie van alcohol een 

potentieel aritmogeen ablatie-litteken ontstaat, waren er veel zorgen over de veiligheid 

van ASA. In het polariserende debat over de rol van ASA dat volgde zijn de meeste 

argumenten gebaseerd op kortlopende follow-up studies. Het doel van deze thesis is om 

met behulp van lange-termijn resultaten 1) te kunnen beslissen over de rol van ASA 

binnen de behandeling van obstructieve HCM, ten opzichte van myectomie; 2) manieren 

te vinden om de uitkomst van ASA te verbeteren; 3) te onderzoeken welke patiënten baat 

kunnen hebben bij ASA, buiten de huidige ‘expert opinion’ richtlijnen om; 4) ASA-

patiënten te betrekken bij de huidige risicostratificatie-modellen voor de voorspelling van 

plotse hartdood. 

 

Naald vs mes 

 

Alcohol septum ablatie en chirurgische myectomie zijn, buiten dat ze hetzelfde doel 

hebben, twee totaal verschillende procedures, wat vergelijkingen moeilijk maakt. Idealiter 

zou er een prospectieve gerandomiseerde studie opgezet moeten worden om een einde 

te maken aan de discussie over welke procedure "het beste" is. Hiervoor zijn 1.200 

patiënten nodig die bereid zijn om willekeurig naar ASA of chirurgie gerandomiseerd te 

worden. Gezien de prevalentie van HCM 1 op de 500 mensen is en slechts <10% van deze 

patiënten septum reductie therapie nodig heeft, is zo'n onderzoek praktisch onmogelijk, 

zoals Olivotto et al. duidelijk aangetoonden (2). Vandaar dat de enige manier om de twee 

procedures te vergelijken momenteel middels retrospectieve analyses is. 

We begonnen met het vergelijken van de twee procedures in een single-center studie 

met de nadruk op periprocedurele complicaties en effectiviteit van de procedures (3). 

Hierin werden 161 patiënten na ASA en 102 patiënten na myectomie vergeleken 

gedurende een maximale follow-up periode van 11 jaar. Het optreden van 

periprocedurele ernstige complicaties (overlijden, CVA en ventriculair aritmieën) na ASA 

en myectomie was niet significant verschillend. Tamponade en spoed (re-)thoracotomie 

kwamen vaker voor na een myectomie, doch alle rethoracotomieën werden succesvol 

uitgevoerd en waren niet geassocieerd met een slechtere uitkomst op lange-termijn. 

Andere periprocedurele complicaties, waaronder permanente pacemaker implantatie, 

waren vergelijkbaar tussen ASA en myectomie patiënten. De mediane lengte van 

ziekenhuisopname na myectomie was 9 dagen, vergeleken met 5 dagen na ASA. Bij de 
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laatste klinische controle was de gradiënt over de linkerventrikel uitstroombaan iets hoger 

na ASA, en kwam reïnterventie na ASA vaker voor in vergelijking met myectomie. Er 

werden vragenlijsten gestuurd naar alle patiënten aan het einde van de follow-up, welke 

geen verschillen toonde in symptomatische status na ASA en myectomie. 

 

In HOOFDSTUK 3 hebben we gegevens van meerdere ziekenhuizen gecombineerd en ons 

op de lange-termijn resultaten gefocust. Met 1.047 HCM-patiënten van het St. Antonius 

Ziekenhuis Nieuwegein, Erasmus MC Rotterdam en Universitair Ziekenhuis Leuven, is het 

de tot op heden grootste vergelijkende studie. Van de 690 (66%) patiënten met een 

gradient over de linkerventrikel uitstroombaan van >30 mmHg werden er 124 (12%) 

medicamenteus behandeld, ondergingen er 316 (30%) ASA en 250 (24%) myectomie. 

Lange-termijn uitkomsten werden vergeleken met 349 (34%) niet-obstructieve HCM-

patiënten gedurende een gemiddelde follow-up van 7,6 jaar. Na ASA en myectomie waren 

zowel het sterftecijfer als het risico op plotse hartdood laag en vergelijkbaar met 

patiënten met niet-obstructieve HCM. 

Op dat moment waren er slechts 3 andere studies uitgevoerd waarin de lange-termijn 

resultaten na ASA en myectomie met elkaar werden vergelijken (4-6). Vanwege een aantal 

tegenstrijdige bevindingen tussen deze en onze studies hebben we vervolgens in 

HOOFDSTUK 4 een systematische review en meta-analyse over de lange-termijn 

resultaten na ASA en myectomie uitgevoerd. Hierin werden 24 studies geincludeerd met 

daarin 16 myectomie cohorten (n = 2.791, gemiddelde follow-up 7,4 jaar) en 11 ASA-

cohorten (n = 2.013, gemiddelde follow-up 6,2 jaar). De periprocedurele mortaliteit was 

1,3% na ASA en 2,5% na myectomie; permanente pacemaker implantatie was frequenter 

na ASA vergeleken met myectomie (10,0% versus 4,4%, P <0,001); het optreden van 

periprocedurele ventriculaire aritmie was vergelijkbaar na ASA en myectomie; en de 

incidentie van tamponade en beroerte was ook vergelijkbaar en <1% na beide procedures. 

Wanneer studies van voor het jaar 2000 werden geëxcludeerd, omwille van de potentieel 

minder ontwikkelde periprocedurele zorg in de 20e eeuw, benaderde het periprocedurele 

sterftecijfer van myectomie dat van ASA (1,1% versus 1,3%, respectievelijk). De pooled all-

cause mortaliteit na myectomie en ASA was vergelijkbaar (1,4% per jaar versus 1,5% per 

jaar, respectievelijk). Het optreden van plotse hartdood tijdens follow-up was 0,4% per 

jaar na ASA en 0,5% per jaar na myectomie. Verbetering van de functionele status en 

reductie van de gradiënt over de linkerventrikel uitstroombaan na lange-termijn follow-up 

waren vergelijkbaar na beide procedures. Echter, het aantal reinterventies (ASA of 

myectomie) was significant hoger na ASA (7,7%) vergeleken met myectomie (1,6%, P = 

0,001). 
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Alcohol en zijn effecten 

 

In het begin werden bij  ASA relatief hoge dosissen alcohol gebruikt. De eerste 3 patiënten 

beschreven door Sigwart werden bijvoorbeeld behandeld met een gemiddelde van 4,5 mL 

(1). Na verloop van tijd heeft klinische ervaring in combinatie met betere strategieën voor 

het identificeren van de juiste septale takken (bijvoorbeeld door middel van myocardiale 

contrast-echocardiografie [MCE]) geleid tot het gebruik van lagere doseringen alcohol. Het 

effect van de hoeveelheid alcohol op de reductie van de gradiënt over de linkerventrikel 

uitstroombaan en het optreden van complicaties is echter nog steeds niet goed begrepen. 

De hoeveelheid gebruikte alcohol bij ASA is gerelateerd aan de infarct grootte (7-9), en 

een van de grootste zorgen van ASA is de mogelijke arrhythmogeniciteit van het ablatie 

litteken. 

In HOOFDSTUK 5 hebben we getracht uit te zoeken of er een relatie bestaat tussen de 

hoeveelheid alcohol gebruikt voor ASA en het optreden van complicaties tijdens 

langdurige follow-up. Gedurende 6,3 jaar bleek de overleving en het optreden van 

aritmische complicaties vergelijkbaar in 124 patiënten behandeld met >2 mL alcohol en 

143 patiënten behandeld met ≤2 mL. Een groter infarct (maximum creatininekinase [CK]-

MB >240 IE/L) was wel een onafhankelijke voorspeller voor aritmische complicaties tijdens 

langdurige follow-up (Hazard Ratio [HR] 3,3). Hoewel er geen direct effect van de alcohol 

dosering op het optreden van aritmische complicaties werd gevonden, was een hogere 

hoeveelheid alcohol wel geassocieerd met hogere CK-MB spiegels. Bovendien vertoonden 

het kaliber van de gebruikte septum tak(ken) en de wanddikte van de linker ventrikel ook 

een positieve correlatie met CK-MB spiegels. De infarct grootte en het gerelateerde risico 

op aritmische complicaties zou daarom het gevolg kunnen zijn van een combinatie van 

deze factoren. In HOOFDSTUK 9 bleek een maximum CK-MB niveau >240 IE/L 

periprocedurele (<30 dagen) aritmische complicaties te voorspellen in een cohort van 844 

ASA-patiënten (HR 7,5). Na censurering van deze patiënten bleken grotere infarcten niet 

voorspellend te zijn voor het lange-termijn risico op aritmische complicaties.  

In HOOFDSTUK 6 rapporteerde we over het grootste multi-nationale ASA-register 

(Euro-ASA registry), met als doel om de voorspellers van lange-termijn uitkomsten van 

ASA te bepalen. In totaal werden 1.275 patiënten geïncludeerd die ASA ondergingen in 

een van 10 Europese tertiaire centra tussen 1996 en 2015. De 30-dagen mortaliteit was 

1%, vergelijkbaar met de periprocedurele sterftecijfers na ASA en myectomie uit onze 

meta-analyse. Overleving na 1, 5 en 10 jaar was respectievelijk 98%, 89% en 77%. 

Opmerkelijk is dat de 10-jaars overleving van de grootste ASA cohort en de grootste 

myectomie cohort daarmee identiek zijn (Schaff et al. [10] rapporteerden een 10-jaars 

overleving van 77% bij 749 patiënten die in de Mayo Clinic werden geopereerd). Baseline-
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voorspellers van mortaliteit waren hogere leeftijd, New York Heart Association (NYHA) 

klasse en septumdikte. Het voor ASA gebruikte volume alcohol bleek een voorspeller voor 

de reductie van de gradiënt over de linkerventrikel uitstroombaan en was geassocieerd 

met een hogere incidentie van totaal hartblok. Reductie van de gradiënt bleek van 

bijzonder belang, omdat het een onafhankelijke voorspeller was van overleving en 

symptoomvermindering op lange termijn. Aan de andere kant resulteerde een (tijdelijk) 

periprocedureel totaal hartblok in een permanente pacemaker implantatie bij een derde 

van de patiënten (12% van alle patiënten). Op basis van deze bevindingen werden ASA-

alcoholvolumes tussen 1,5 en 2,5 mL als goed uitgebalanceerd beschouwd in termen van 

werkzaamheid en veiligheid voor de meeste patiënten. 

 

Uitbreiding van de indicatie 

 

Een van de redenen waarom de richtlijnen voor de behandeling van HCM niet meer 

worden gedeeld tussen Amerika en Europa zoals in 2003, is dat het ASA versus myectomie 

debat voornamelijk een transatlantisch debat is (11). Volgens de richtlijnen van de 

American College of Cardiology Foundation (ACCF)/American Heart Association (AHA) uit 

2011, is een chirurgische myectomie de gouden standaard voor de behandeling van 

therapie-resistente obstructieve HCM en moet ASA gereserveerd blijven voor oudere 

patiënten en patiënten met ernstige co-morbiditeiten, ongeschikt voor een operatie (12). 

In de European Society of Cardiology (ESC) richtlijnen uit 2014 wordt dit onderscheid niet 

gemaakt (13).  

In HOOFDSTUKKEN 7 & 8 beschrijven we de uitkomsten van ASA in jongere HCM-

patiënten in cohorten van respectievelijk 217 en 1197 patiënten, verdeeld naar leeftijd. 

Jonge patiënten (≤55 en ≤50 jaar, respectievelijk) bleken 1) een goede lange-termijn 

overleving te hebben; 2) net zoveel aritmische complicaties te krijgen als niet-obstructieve 

(HOOFDSTUK 7), middelbare en oudere HCM-patiënten (HOOFDSTUK 8); 3) uitstekende 

symptoomverlichting te hebben op korte (HOOFDSTUK 7) en op lange termijn 

(HOOFDSTUK 8); en 4) een aanzienlijk lager risico op het optreden van atrioventriculaire 

geleidingsstoornissen te hebben, in vergelijking met oudere patiënten. We stellen daarom 

voor dat de indicatie voor ASA kan worden uitgebreid naar jongere patiënten, in 

overeenstemming met Dr. Fifer (Harvard Medical School, Boston, Massachusetts) zijn 

editorial van HOOFDSTUK 8.  

 

Levensbedreigende aritmieën  

 

Sinds 2011 verschillen de Amerikaanse en Europese HCM-richtlijnen in hun benadering 
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van risicostratificatie voor plotse hartdood. De 2011 ACCF/AHA-richtlijnen zetten de weg 

van de 2003 ACC/ESC-richtlijnen voort met het gebruik van 5 conventionele risicofactoren 

voor plotse hartdood (plotse hartdood bij een eerstegraads familielid, maximale 

linkerventrikel wanddikte ≥30 mm, onverklaarde syncope, non-sustained ventriculaire 

tachycardie [NSVT] en abnormale bloeddrukrespons tijdens inspanning) (11,12). In 2014 

presenteerde de HCM Outcomes-investigators een nieuw risicostratificatie model (HCM 

Risk-SCD), dat een berekend 5-jarig plotse dood risico berekend met 4 van de 

conventionele risicofactoren (plotse hartdood bij een eerstegraads familielid, maximale 

linkerventrikel wanddikte ≥30 mm, onverklaarde syncope en NSVT) en 3 aanvullende 

risicofactoren: leeftijd, linker atrium diameter en gradiënt over de linkerventrikel 

uitstroombaan (14). Het model werd intern gevalideerd met behulp van bootstrapping en 

opgenomen in de ESC-richtlijnen van datzelfde jaar (13).  

Wij voerden de eerste externe validatie van het HCM Risk-SCD-model uit (15). De 

studie populatie bestond uit een cohort van 706 HCM-patiënten uit 2 tertiaire centra. 

Patiënten met een hartstilstand in hun verleden werden geëxlcudeerd. De C-statistiek van 

het HCM Risk-SCD model was 0,69 (P = 0,008), die daarmee significant beter presteerde 

dan de modellen op basis van conventionele risicofactoren in de ACC/ESC-richtlijnen van 

2003 (C-statistiek 0,55; P = 0,3), en de ACCF/AHA-richtlijnen van 2011 (C-statistiek 0,60; P 

= 0,07).  

Het HCM Risk-SCD model is niet gevalideerd voor patiënten met obstructieve HCM die 

septumreductie-therapie hebben ondergaan, en de toepassing van het model bij deze 

patiënten is daarom niet aanbevolen (13). HOOFDSTUK 9 bevat de eerste validatie van het 

HCM Risk-SCD model voor patiënten die ASA ondergaan. In totaal werden er voor deze 

studie 844 ASA-patiënten uit 6 Europese tertiaire centra geïncludeerd. Wederom vonden 

we dat het HCM Risk-SCD model beter discrimineerde tussen patiënten met een hoog en 

een laag risico op plotse hartdood, in vergelijking met de modellen voorgesteld door de 

2003 ACC/ESC- en 2011 ACCF/AHA-richtlijnen.  

 

Toekomstperspectieven  

 

Twintig jaar na de introductie van ASA blijkt er teveel nadruk gelegd te zijn op de 

aritmogeniciteit van het ablatie litteken. In plaats daarvan zou de focus verlegt moeten 

worden naar hoe we het aantal re-interventies en pacemaker-implantaties na ASA kunnen 

verminderen, omdat op dit gebied ASA nog altijd ondergeschikt is aan myectomie.  

Kim et al. toonden onlangs aan dat 67% van de Amerikaanse ASA-centra <10 procedures 

hadden uitgevoerd gedurende een 9-jarige studieperiode (16). De eerste stap in het 

verbeteren van de uitkomsten van ASA is het centraliseren van septumreductie-therapie 
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naar expertise-centra met een hoog operator-volume, zoals aanbevolen door zowel de 

ACCF/AHA- als de ESC-richtlijnen (12,13). Nadat een patiënt naar een HCM expertise-

centrum wordt verwezen, moet de keuze tussen ASA en myectomie worden besproken in 

een multidisciplinair heart team, bestaande uit een beeldvormend cardioloog, een 

interventie cardioloog bekwaam in ASA en een cardiochirurg bekwaam in myectomie. Hier 

kunnen patiënt-factoren zoals co-morbiditeiten, anatomische kenmerken (septale 

anatomie, mitralisklepafwijkingen, enz.) en voorkeur van de patiënt tegen elkaar worden 

afgewogen.  

De ASA-procedure moet worden uitgevoerd met gebruik van MCE. Het gebruik van 

deze techniek is noodzakelijk gebleken doordat het de interventionele strategie in 15-20% 

van de gevallen veranderd. Dit kan gebeuren door een wijziging van het te gebruiken 

bloedvat of door het volledig afbreken van de procedure, wanneer er op afstand gelegen 

delen van het myocard oplichten. Ook heeft het de slagingskans van ASA verbeterd, 

ondanks een afname in de grootte van de infarcten (17,18). De nieuwste innovatie in ASA 

is driedimensionale MCE-geleide ASA (19). Met meer nauwkeurigheid en het vermogen 

om de verwachte omvang van het door de ablatie aangetaste myocard te kwantificeren 

heeft deze techniek het potentieel om de veiligheid en effectiviteit van ASA verder te 

verbeteren. Outcome-studies met driedimensionale MCE-geleide ASA moeten echter nog 

worden uitgevoerd. Ten slotte is het gebruik van de juiste hoeveelheid alcohol voor ASA 

van belang. Om te beginnen zou het aantal pacemaker implantaties na ASA hiermee 

verminderend kunnen worden. Tevens zorgt het verminderen van de hoeveelheid alcohol 

voor kleinere infarcten, waarmee mogelijk het aantal periprocedurele aritmische 

complicaties verminderd zou kunnen worden. Aangezien de meeste toegewijde ASA-

centra in de loop der jaren reeds kleinere hoeveelheden alcohol zijn gaan gebruiken, 

zullen toekomstige ASA-studies mogelijk betere resultaten laten zien. 

 

We rapporteerde over gunstige resultaten na ASA bij jongere patiënten met obstructieve 

HCM en stelde voor de ACCF/AHA-indicatie voor ASA uit te breiden naar jongere 

patiënten. In de toekomst kunnen we overwegen om nog een stap verder te gaan. Omdat 

de uitkomst van ASA bij mild symptomatische patiënten niet bekend is, bevelen de huidige 

richtlijnen ASA alleen aan voor ernstig symptomatische (NYHA III/IV) patiënten (12,13). 

Recente gegevens hebben echter een significante invloed van obstructie op de lange-

termijn prognose van patiënten met HCM laten zien, onafhankelijk van de ernst van de 

symptomen (20). Deze bevinding is belangrijk, vooral gezien de ≤1% ASA-gerelateerde 

mortaliteit gerapporteerd in HOOFDSTUK 4 & 6, met een blijvende afname van de 

obstructie en bijbehorende symptomen na de procedure. Dit was de basis voor een 

onderzoek waarin wij vonden dat zorgvuldig geselecteerde, mild symptomatische HCM-
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patiënten (NYHA II) met ernstige obstructie die werden behandeld met ASA in 

gespecialiseerde centra, een goede lange-termijn prognose hadden, vergelijkbaar met de 

leeftijd en geslacht gematchte algemene populatie (21). Bovendien hadden deze 

patiënten een minimaal risico op het ontwikkelen van ernstig hartfalen (NYHA III/IV) en 

bleven de meeste in NYHA klasse I op lange-termijn. Hoewel deze cohort relatief klein was 

(n = 161), dagen deze resultaten de gevestigde klinische standaard uit om alleen ernstig 

symptomatische obstructieve HCM-patiënten met ASA te behandelen.  

 

We valideerde het HCM Risk-SCD model voor de voorspelling van plotse hartdood bij 

patiënten met HCM en patiënten met obstructieve HCM die ASA ondergingen. Het HCM 

Risk-SCD model is echter verre van perfect. Om de prestaties van het model te verbeteren, 

is het denkbaar dat in de toekomst nog meer risicofactoren toegevoegd zullen worden. 

Het gebruik van contrast MRI met late gadolinium enhancement (LGE) voor kwantificering 

van myocardiale fibrose heeft de laatste jaren veel aandacht gekregen, maar was tot voor 

kort niet onafhankelijk voorspellend voor plotse hartdood. Rond de tijd dat de ESC-

richtlijnen van 2014 werden gepubliceerd, rapporteerde een grote multicenter studie, met 

1.293 HCM-patiënten, dat LGE een onafhankelijke voorspeller voor plotse hartdood is, 

met een continue relatie tussen de mate van LGE en het risico op plotse hartdood (een 

40% toename van het risico op plotse hartdood per 10% toename in LGE) (22). Een 

daaropvolgende meta-analyse die 5 extra studies bevatte, bevestigde een correlatie 

tussen de aanwezigheid van LGE en het risico op plotse hartdood, maar niet tussen de 

omvang van LGE en plotse hartdood (23). Hoewel LGE een goed hulpmiddel is voor het 

detecteren van focale myocardiale fibrose, blijft detectie van diffuse fibrose uitdagend. Dit 

komt omdat normaal myocard als referentie nodig is. Een veelbelovende nieuwe contrast 

MRI techniek is T1-mapping, die in tegenstelling tot LGE niet op nulling-technieken berust 

en identificatie van fibrose zelfs in afwezigheid van gadolinium toediening mogelijk maakt. 

Verschillende onderzoekers zijn begonnen met het bestuderen van T1-mapping binnen 

HCM (24,25). Er zijn echter nog geen prognostische onderzoeken met T1-mapping 

uitgevoerd. Genetica is een ander domein met het potentieel om plotse hartdood 

risicostratificatie te veranderen. In patiënten met meerdere sarcomere gen-mutaties is 

een verhoogd risico op progressie naar eindstadium HCM en plotse hartdood aangetoond 

(26,27). Met next-generation sequencing zal het mogelijk zijn om op grotere aantallen 

culprit genen te screenen, wat kan leiden tot identificatie van meer patiënten met 

mutaties, wat dan weer bruikbaar zou kunnen zijn voor risicostratificatie. Tot slot, gezien 

de incidentie van plotse hartdood laag is bij deze patiënten, zullen multi-center 

samenwerkingen op grotere schaal nodig zijn om toekomstige risicostratificatie modellen 

te kunnen verbeteren. 
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