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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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