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Septal myectomy after failed septal alcohol ablation
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Despite septal myectomy remaining the gold standard septal reduction therapy for hypertrophic obstructive 
cardiomyopathy (HOCM), there has been a disproportionate use of alcohol septal ablation (ASA) worldwide. 
Absolute resolution of left ventricular outflow tract (LVOT) obstruction with ASA is not achieved in a 
substantial proportion of patients. The mechanisms of failure from ASA are partially understood and 
described. Residual obstruction in hypertrophic cardiomyopathy is associated with worse clinical outcomes 
and mortality. There is a growing number of patients who present with significant residual gradients after 
ASA and require a rescue septal myectomy operation, which then carries an increased risk of perioperative 
complications and life-long sequelae. This contrasts with the excellent outcomes achieved by septal 
myectomy without previous percutaneous intervention. Despite complete resolution of obstruction in rescue 
myectomy, the outcomes remain compromised by the prior ASA. 
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Perspective

Introduction

Septal myectomy is considered the gold standard septal 
reduction therapy for patients with left ventricular outflow 
tract (LVOT) obstruction refractory to medical treatment (1). 
This procedure has been performed for about 50 years and 
continues to provide long-lasting and dramatic symptomatic 
improvement (2-4). For a heart surgeon practicing across 
the spectrum of surgical heart diseases, isolated septal 
myectomy may constitute the operation that offers the most 
rewarding change in quality of life and potentially restoring 
normal life span. The procedural mortality is currently 
described to be well below 1% and could be even safer than 
isolated mitral valve repair (5). 

Worldwide, and particularly in Europe, alcohol septal 
ablation (ASA) has eclipsed surgery for hypertrophic 

obstructive cardiomyopathy (HOCM) in terms of procedures 
performed per year. In the 5 to 7 years preceding 
2007, there had been more ASA procedures (estimated 
>5,000) performed than myectomies in over 45 years (2). 
However, this incremental switch in practice has not been 
accompanied by the expected solid and long-term follow-up 
literature that one would expect in a procedure that started 
in 1995 (6). It is important to acknowledge that ASA has 
been adopted regardless of the evidence that early outcomes 
are inferior to those of septal myectomy in an equally 
experienced operator’s hands. In fact, it has been described 
that periprocedural mortality and morbidity are higher with 
ASA (2,4,7-9). 

Only scant data on long term survival following ASA is 
available. According to the two most important multicenter 
ASA reported registries, the average median survival follow 
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up for the European registry is 5.7 years (10) and the mean 
follow up for the North American registry is 2.1 years (11).  
Nevertheless, the surge in unsuccessful ASA continues to 
increase, leading to the need for rescue septal myectomy. 
The outcomes of septal myectomy following a failed ASA 
remain underreported. It is the intention of this perspective 
article to provide additional insight into a poorly recognized 
clinical situation that HOCM surgeons face with increasing 
frequency. 

Residual gradients and need for reoperation 
after ASA

Obstruction in hypertrophic cardiomyopathy (HCM) is 
inherently associated with heart failure symptoms, risk of 
arrhythmia and early death (12,13). Even after a substantial 
LVOT obstruction relief, residual gradients affect long-
term survival (14,15).

During surgery, by virtue of direct inspection of septal 
anatomy, the operating surgeon can customize the resection 
purely according to individual differences. It is well known 
that septal myectomy provides resolution of LVOT 
obstruction virtually in all patients and provides superior 
outcomes in terms of LVOT obstruction resolution, than 
ASA (9,16-19).

Unfortunately, significant residual gradients are frequent 
after ASA. Historically, hemodynamic success after ASA is 
reported to be 70%, with an approximate 20% incidence 
of recurrence of severe symptoms (20). In the most recent 
registries (10,11), the percentage of patients who are lost at 
gradient/symptomatic follow-up or suffering obstruction 
requiring repeated SRT is 15–18%. Such numbers should 
be taken in serious considerations especially in view of the 
aforementioned limited follow-up in ASA and with the low 
rates of reoperation after septal myectomy that nowadays 
are well below 2% (21).

Mechanisms of failed ASA: anatomic and 
pathologic factors

The mechanism in which ASA relies on to address LVOT 
obstruction is a targeted iatrogenic myocardial infarction at 
the septal level, by means of ethanol injection into one or 
more septal branches. With the use of preoperative imaging 
and intraprocedural echo contrast guidance, results may 
have improved over time. It is important to acknowledge 
that scarce information is available to understand the true 
pathological mechanisms of ethanol-induced myocardial 

injury in humans after ASA. 
Different mechanisms of failure of ASA procedures could 

be summarized as follows:

Inadequate preoperative patient selection

Despite improved understanding of this disease by the 
medical community, poor indications leading to failure 
are still made. There are several anatomic features that 
can predict failure or poor outcome with ASA. Abnormal 
papillary muscle or secondary chordae attachment to 
the anterior mitral valve leaflet or subvalvular apparatus 
will continue to favor LVOT obstruction. This should 
constitute an additional reason for not pursuing ASA. 
In a significant proportion of patients, these anatomic 
features can be recognized beforehand with the use of 
magnetic resonance studies, 4D CT scan or occasionally by 
echocardiography. 

Anomalous chordae attachments between the septum and 
the mitral valve apparatus can also contribute to obstruction 
and are not easily recognized preoperatively. This can 
constitute another mechanism of ASA failure that is not 
well acknowledged.

In patients with basal (LVOT) obstruction, the structures 
anatomically and physiologically leading to obstruction are 
the anterior septum, anterior free wall and the mitral valve. 
These areas are well targeted by a surgical approach. In 
contrast, ASA tends to impact on a more inferior region of 
the ventricular septum and usually extends into the right 
ventricular side of the septum at the midventricular level. 
Importantly, in up to 25% of patients undergoing ASA, 
the basal septum is spared (22). This again points into a 
frequent limitation of ASA.

Massive septal hypertrophy patients are another 
subgroup with poor expected ASA outcomes. Unfortunately, 
the likelihood of addressing different septal regions 
percutaneously is small, given the reasons provided here. 
Such cases can be challenging even for a surgical approach 
in very experienced hands and they depict a more complex 
phenotype. In certain instances, it can be necessary to offer 
a combined surgical transaortic and transapical approach, 
with excellent long-term outcomes (23).

Unpredictable effects of ethanol at the septal level

The ASA technique continues to be performed widely despite 
a poor understanding of its effects in the human heart. It 
appears that the mechanism by which the myocardium 
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becomes altered differs from that of an atherosclerotic 
coronary occlusion myocardial infarction (24).

When suitable septal perforator arteries are present and 
ethanol is deployed to the selected septal myocardium, 
different histological changes may occur. One would expect 
the affected septum would ultimately “melt” or decrease 
in width, providing a consistent resolution of obstruction. 
While the septal reduction does occur in some patients, for 
many others it does not. An explanation for the persistent 
obstruction has to be provided by means of pathologic and 
histologic analysis. 

Ethanol fixes the tissue in natural structures and 
stimulates polymorphonuclear leukocytes that are recruited 
into the affected area. At the coronary vessel level, the lumen 
becomes filled with thrombotic material and engorged with 
leukocytes but there is no extravasation. However, these 
cells cannot reach the fixed areas to start a cell-lytic process 
and the same occurs at the borders, where leukocytes 
concentrate but do not permeate. In fact, a few days after 
ASA, myofibrils and Z lines are still present in histologic 
specimens. Interestingly though, the necrotic area later 
stabilizes and shadowy myofibrils or “ghost cells” remain as 
fibrotic tissue, accounting for the remaining septal tissue (25). 
Thus, enzymatic degradation of septal tissue is prevented 
and can explain the considerable rate of ASA failure.

A possible explanation on why ethanol sometimes works 
is that some leukocytes reach the associated myocardium 
by collateral capillary networks and this allows an extent of 
enzymatic destruction of the injured myocardium. While 
speculative, this possibly explains the septal tissue “melting” 
associated with successful ASA. 

Coronary anatomy 

ASA is strongly limited by the coronary anatomy, which can 
vary significantly between individuals. In many instances, 
there may not be an available septal perforator artery that 
provides selective blood flow to the specific targeted area 
alone. The use of echocardiographic contrast allows for 
assessment and confirmation that the cannulated septal 
artery supplies the targeted septal region. Absence of a 
reliable available perforator artery should preclude ASA.

Ethanol injection is carried out with proximal balloon 
occlusion of the septal perforator artery to prevent injury 
to other myocardial areas (26). Usually these septal arteries 
arise from the left anterior descending (LAD) system, with 
the first or the second perforator being the most targeted 
vessels. In a recent study, 15% of patients undergoing 

ASA had a non-LAD septal perforator target artery for 
the ASA. Failing to identify this characteristic can account 
for a proportion of failed ASA procedures; and in fact, 
half of those patients will have had a previously failed ASA 
procedure (27). 

The different specifics of ethanol deployment such as 
volume infused, timing of balloon septal occlusion, flushing 
of saline (and volumes used) or simply direct reperfusion 
without flushing may vary according to the operator. All 
these factors may play a role in potential technical failures, 
however, this is still a matter of debate.

Collateralization (coronary vascular network/collateral 
recruitment from septal branches)

In the absence of coronary occlusions or obstructions, 
the traditionally held view is that the coronary arteries 
are functional end-arterial systems. With this physiology 
in mind, any occlusion to blood flow would lead to 
necrosis of the supplied area. This has already been 
proven not true for all cases. In fact, there can be adjacent 
or distal myocardial areas with overlapping circulation 
in a considerable proportion of normal hearts (28-31). 
Collateral arteries or arterioles extending beyond the 
vascular territorial borders (even to other main epicardial 
vessels) can exist. Interestingly, there has been collateral 
flow to a briefly occluded coronary artery sufficient to avoid 
electrocardiographic changes in 20–25% of individuals with 
normal coronary arteries (32). It is important not to forget 
this proven concept.

Recruitment of collaterals and extravasation of ethanol 
may carry extreme risk at the time of ASA. While this has 
been described [mainly in clinical case reports (33-38)],  
the risk is poorly detailed or even absent in current 
guidelines (1,39). While ethanol flow to untargeted 
regions is a potential mechanism of failure of ASA, it can 
more importantly have devastating effects on untargeted 
myocardium. 

Inability to address endocardial fibrotic scar tissue

Ethanol reaching the targeted muscle can eventually cause 
necrosis and melting of septal tissue, reducing LVOT 
obstruction. However, in no case will alcohol change the 
volume of fibrotic tissue. In most of the true HOCM cases, 
a dense contact lesion at the endocardial level (mitral-septal 
contact lesion) has developed over time. Another potential 
mechanism of failure of ASA is the inability to eradicate 
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a fixed subaortic scar that remains well adhered to the 
myocardium. In these cases, ASA may create a shelf at the 
LVOT significant enough to account for residual fixed or 
dynamic obstruction (Figure 1).

Arrhythmia following ASA

Particular lesions correspond to divergent post procedural 
character ist ics  among ASA and septal  myectomy 
procedures. While ASA typically produces a right bundle 
branch block (in 36% of the patients), septal myectomy 
leaves a left bundle branch block (in approximately 40% of 
patients) (40). In terms of atrioventricular (AV) conductance, 
the risk of complete AV block following ASA is 10–20% 
and for isolated septal myectomy, around 2% (9). 

There is still conflicting evidence regarding ventricular 
arrhythmia risk following ASA. A perceived increased risk 
secondary to the fibrotic scar left behind after ASA may 
justify the extensive use of cardioverter-defibrillators (ICDs) 
following this approach (41). There have been numerous 
reports pointing to potential increased risk of sudden 
death or need for ICD discharges following ASA (42-45). 
Conversely, myectomy does not add any extra risk (1). In fact, 
myectomy appears to protect from ventricular arrhythmia or 
post procedural ICD discharges in HOCM (46).

It is worth pointing out a very high incidence of 
inappropriate ICD discharges (affecting 25% of patients in ≥1 
occasions) and the worrying incidence of other complications 
(including endocarditis, lead dislodgment, tricuspid valve 
regurgitation and the need for reoperations) (47). Little is 

said about the long-term disturbance in the quality of life 
associated with this preventive strategy in HCM. 

Septal myectomy after failed ASA

A thorough preoperative evaluation is required including 
24 hours Holter electrocardiogram to rule out intermittent 
AV conduction abnormalities, ventricular tachycardia or 
atrial fibrillation (if patients do not have an ICD before 
the operation). Routine echocardiographic evaluation 
and magnetic resonance (or 4D CT scan in case of MRI 
incompatible ICD) study appear to be mandatory to assess 
the degree of scar tissue left behind (Figure 2) and judge the 
extent of resection required. Even if the ASA procedure was 
performed recently (e.g., months ago), the need for a repeat 
coronary angiogram should be considered, as iatrogenic 
lesions at the left main or the LAD system may have 
occurred. This is particularly true if patients suffer from 
angina.

Incidence of complete AV block after myectomy following 
failed ASA has been reported as high as 20% (41). Special 
attention needs to be paid to the presence of iatrogenic 
right bundle branch block before surgery, as RBBB 
presence marks an increased risk of new complete AV block 
after myectomy (beyond 30%), (Figure 3). 

Figure 1 Transesophageal long axis view of the LVOT where a 
shelf in a subaortic position is visualized (arrow). Septal myectomy 
after failed alcohol septal ablation was performed in this patient. 
LVOT, left ventricular outflow tract. Figure 2 Cardiac magnetic resonance. (A) Cine image in short 

axis view. Severe midventricular septal hypertrophy is seen; (B) 
at the same level, late enhancement imaging showing focal area 
in the right side of midventricular septum, with bright (almost 
transmural) enhancement secondary to induced infarction from the 
alcohol septal ablation (arrow).

A B
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Surgery

The general approach does not vary from regular isolated 
septal myectomy: full median sternotomy, ascending aorta/
right atrium cannulation, normothermic cardiopulmonary 
bypass and antegrade only cold blood cardioplegia are used. 
In the event other procedures are concomitantly required, 
the perfusate temperature and myocardial protection may 
vary accordingly. 

In brief, after a low aortotomy extending into the non-
coronary sinus, the aortic valve leaflets are separated with 
the same pump sucker and a malleable flat blade retractor. 
A left ventricular vent is not usually necessary. Identification 
of scar tissue helps in understanding the dynamic physiology 
(contact lesion) and guiding the resection. Scalpel resection is 
usually started at the nadir of the right cusp, 3–4 mm below 
the aortic valve and extending leftwards to the left trigone. 
The mitral valve is freed from scar attachments close to the 
left trigone. All anomalous chordae between the septum 
and mitral valve leaflet or anterior papillary muscle are 
divided. The depth of resection varies according to individual 
characteristics but is usually less than 1 cm. After the first 
line of resection, better exposure of the caudal portion of the 
septum can be achieved by pressing with a sponge on the 
epicardium at the level of the right ventricle free wall. The 

use of skin hooks allows mobilization of distal muscle towards 
the LVOT and facilitates resection. An extended septal 
myectomy is performed as described before (48).

In patients suffering complete AV block after ASA, resection 
can be more aggressive and extend rightwards as well. In this 
case, the operation is simplified, as a proximal wider resection 
allows for simpler midventricular muscle excision.

After the desired resection is made, it is important to 
be able to appreciate the head of the papillary muscle 
through the LVOT. This typically helps to ensure that the 
basal subaortic septum and the midventricular areas will 
not cause residual obstruction. The left ventricle is then 
liberally irrigated with saline to remove any residual debris. 
Examination of aortic valve leaflets before aortotomy 
closure is warranted in order to identify inadvertent 
iatrogenic lesions to the aortic cusps. In patients with 
extensive diffuse septal hypertrophy or in a minority 
where exposure of distal LVOT segments is not feasible, 
a transapical approach may be judged as necessary (49). 
The operation then continues in a routine fashion: atrial 
and ventricular temporary epicardial pacing electrodes are 
placed and cardiopulmonary bypass abandoned. 

It is routine practice and strongly suggested to invasively 
measure and document left ventricle to aorta gradients 
with direct needle puncture (50); this is done before and 

Figure 3 Preoperative surface electrocardiogram in a patient after failed septal alcohol ablation and prior to myectomy. Represents the same 
patient as in Figure 2. Second degree auriculoventricular (AV) block and right bundle branch block are both present. This patient developed 
complete AV block after successful myectomy.
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after cardiopulmonary bypass. Provocative maneuvers 
are performed to ensure no residual gradients are left 
behind. Occasionally after myectomy (at the discretion of 
the experienced team), isoprenaline challenge can be used 
to elucidate suspicious residual obstruction. This is not 
routinely done in our practice if a satisfactory myectomy has 
been performed, no provoked post-extrasystolic gradient 
is present and the septal morphology by echocardiography 
raises no concern. 

The variability of macroscopic findings after ASA is 
high. In many patients, the septal tissue does not differ at all 
from myectomy without previous ASA. Occasionally only 
a small depression at the septal side is appreciated, in other 
instances, the septum shows no macroscopic alteration at 
all. Sometimes, a gritty texture is felt and at times, a fibrotic 
septum is encountered. 

From a surgeon’s perspective, septal myectomy following 
ASA is not more technically demanding. In fact, if there has 
been a true fibrotic reaction at the septum, increased tissue 
consistency facilitates tissue grasping and helps expose more 
distal ventricular areas. As a consequence of this, easier “en bloc” 
mobilization of muscle (by pulling it towards the aortic 
valve) facilitates a wide excision. 

Postoperative period and long-term follow up

As indicated, in a substantial proportion of patients, 
complete AV block will occur regardless of an exquisite 
surgical technique. In this case, a dual chamber-pacing 
device should be placed very early after surgery as the 
likelihood of recovery beyond 4–5 days is low.

Beta-blocker therapy or baseline calcium channel 
b lockers  a re  re ins t i tu ted  ear ly  pos topera t ive ly . 
Disopyramide should not be reinitiated. There is no need 
for anticoagulation in the absence of other reasons. 

It has been observed that diastolic dysfunction occurs 
more frequently in myectomy after failed ASA. There has 
been a clear association of increased myocardial fibrosis 
(histologically) translating into worse diastolic function 
(measured by strain echocardiographic imaging). This 
is a consequence of scarring affecting LV areas beyond 
the previous obstructive regions and may account for 
residual heart failure symptoms. Perioperative mortality 
in myectomy after failed ASA was higher (6%) than in 
matched patients undergoing septal myectomy as the first 
(and only) septal reduction therapy (0%) (41).

Regardless of a successful septal myectomy with no 
residual obstruction, life-long follow-up is advised. Holter 

monitoring every 6–12 months is recommended to screen 
for atrial or ventricular arrhythmias and to continue to 
judge the need for ICD implantation. 

Conclusions

Residual gradients and need for reoperation are both 
frequent after ASA. The mechanisms of ASA failure are 
varied and partially understood but are mostly ignored. A 
growing population requiring rescue septal myectomy after 
failed ASA is to be expected in the near future. A prior failed 
ASA compromises early outcomes of septal myectomy. 
Despite resolution of the obstruction, patients may 
experience life-long adverse and unexpected consequences 
from the initial attempt. Septal myectomy should remain 
the low-risk, first-line septal reduction therapy that offers 
excellent durable outcomes.
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