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Conduction Disturbances and Arrhythmia Risk 
After Septal Reduction Therapy with Alternative 
Agents: A Pilot Study with EVOH-DMSO and 
Systematic Review

ABSTRACT

Objective: Surgical septal myectomy and alcohol septal ablation are recommended treatment 
modalities for alleviating Left ventricular outflow tract (LVOT) gradient in obstructive HCM. 
Alcohol septal ablation offers advantages over surgery in many ways. However, it is associated 
with some life-threatening complications. For this purpose, our center used alternative agents 
for septal artery embolization. This study compared and evaluated conduction system defects 
and arrhythmia risk after EVOH-DMSO septal ablation with other alternative agents and alco-
hol septal ablation.

Methods: Twenty-five patients who received septal reduction therapy with EVOH-DMSO were 
analyzed retrospectively, and all non-alcoholic agent’s septal ablation studies were systemat-
ically reviewed and compared.

Results: Twenty-five patients (52% female; mean age: 55.8 ± 17.1) with symptomatic ob-
structive HCM were enrolled. The Peak LVOT gradient was significantly reduced after the pro-
cedure (68 vs. 20 mmHg; P <0.001). During the 12-month follow-up, no mortality occurred. 
The complete atrioventricular block was noted in 2 (8%) patients. The incidence of right 
bundle branch block (RBBB) increased after the procedure (pre-procedural 2 patients (8%), 
post-procedural 9 patients (36%) P = 0.002). On ECG and Holter monitorization, no sustained 
ventricular tachyarrhythmia occurred during follow-up, and no change was found in the fre-
quency of atrial fibrillation. We systematically compared EVOH-DMSO to other non-alcohol 
agents, and we found that EVOH-DMSO can cause conduction system problems more com-
monly than other non-alcohol agents.

Conclusion: EVOH-DMSO could cause conduction system problems more common than other 
non-alcohol agents but less than alcohol septal ablation.

Keywords: Cardiac arrhythmias, alternative septal ablation agents, hypertrophic cardiomyop-
athy, septal reduction therapy

ÖZET

Amaç: Cerrahi septal miyektomi ve alkol septal ablasyonu, obstrüktif HKMP'de sol ventrikül 
çıkım yolu gradiyentini hafifletmek için önerilen tedavi yöntemleridir. Alkol septal ablasyonun 
cerrahiye göre birçok avantajı olmasına rağmen yaşamı tehdit eden bazı komplikasyonlarla da 
ilişkilidir. Bu nedenle merkezimiz septal arter embolizasyonu için alternatif ajanlar kullanmak-
tadır. Bu çalışmada, EVOH-DMSO ile septal ablasyon verilerimiz ışığında, tüm diğer alternatif 
ajan septal redüksiyon yöntemleri ve alkol septal ablasyonu sonrası iletim sistemi bozuklukları 
ve aritmi riski karşılaştırması amaçlanmıştır.

Yöntemler: EVOH-DMSO ile septal redüksiyon tedavisi alan 25 hasta retrospektif olarak, bunun 
yanında tüm alternatif ajan septal redüksiyon çalışmaları sistematik literatür taraması ile ince-
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Hypertrophic cardiomyopathy (HCM) is the most com-
mon genetic heart disease seen in approximately 1:500 

of the population.1 The disease exhibits a heterogeneous 
clinical course, with varying clinical presentations such as 
sudden cardiac death, heart failure, and an asymptomatic 
course. Left ventricular outflow tract (LVOT) obstruction, 
diastolic dysfunction, mitral regurgitation (MR), myocardial 
ischemia, and arrhythmias are held responsible for symp-
toms in HCM.2 

LVOT obstruction is defined as 30 mmHg or higher LVOT 
gradient either at resting or after provocation.3,4 LVOT ob-
struction delays ventricular relaxation by increasing left 
ventricular (LV) systolic pressure, increases LV diastolic pres-
sure, myocardial ischemia, and MR, and causes symptoms 
by decreasing cardiac stroke volume.3,4 The cause of LVOT 
obstruction is generally explained by combining the systolic 
anterior motion of the anterior mitral leaflet (SAM-systolic 

anterior motion) and the venturi effect in systole with the 
hypertrophied septum.3-5 In many studies, the LVOT gradi-
ent is the main factor in the formation of symptoms and is 
the primary determinant of prognosis.5 

To control symptoms and improve survival, septal reduction 
therapy is recommended in patients with LVOT obstruc-
tion.3,4 Surgical septal myectomy is an invasive treatment 
approach preferred in experienced centers for appropriate 
patients.3,4 Septal ablation can be applied with similar effi-
cacy and results as an alternative to surgical septal myec-
tomy in percutaneous catheter-based procedures.6 For this 
purpose, alcohol septal ablation (ASA) is an invasive treat-
ment approach that has been applied for about 25 years. 
Furthermore, it significantly improves symptoms with the 
enlargement of the outflow tract and a decrease in the gra-
dient due to the occlusion of the septal perforator vessel.3,4,7 
One of the biggest concerns about ASA is that the need 
for permanent pacemakers between 10% and 20%, due to 
advanced atrioventricular (AV) blocks being more common 
than myectomy.8 

Alcohol-induced septal infarction differs from ischemic ne-
crosis. Alcohol causes tissue injury by a chemical necrotizing 
effect, acute dehydration, and fixation of the surrounding 
tissues.9 Necrotic tissue lacks infiltration and phagocytosis 
by leukocytes and macrophages and does not transform 
into granulation tissue.9 The consequence of ASA is patchy 
necrosis and scar tissue occurring in the interventricular 
septum with unpredictable size and irregular border.9 As a 
result, this increases the risk of damage to the conduction 
system and adjacent tissues (Figure 1). 

Septal reduction treatments with alternative agents have 
come to the fore and are in the trial phase to reduce this 
risk. For this purpose, many substances such as coil, poly-
vinyl alcohol particles, radiofrequency, endocardial abla-
tion with cryo, gelatin particles, glue, and Ethylene-vinyl 
alcohol (EVOH)-dimethyl sulfoxide (DMSO) were used.10-

15 The agents preferred for this purpose generate ischemic 
necrosis, whose necrosis borders, and pathophysiology are 
more clearly known than chemical necrosis. However, some 

ABBREVIATIONS
AF/AFL Atrial fibrillation/atrial flutter
ANOVA Analysis of Variance
ASA Alcohol septal ablation
AV Atrioventricular block
DMSO Dimethyl sulfoxide
ECG Electrocardiogram
EVOH Ethylene vinyl alcohol
HCM Hypertrophic cardiomyopathy
ICD Implantable cardioverter defibrillator
LAD Left anterior descending
LBBB Left bundle branch block
LV Left ventricular
LVOT Left ventricular outflow tract
MR Mitral regurgitation
NSVT Non-sustained ventricular tachycardia
PRISMA Preferred Reporting Items for Systematic  
 Reviews and Meta-Analyses
RBBB Right bundle branch block
RF Radiofrequency
SPSS Statistical Package for Social Sciences
VT Ventricular tachycardia

lendi ve karşılaştırıldı.

Bulgular: Semptomatik obstrüktif HKMP’li 25 hasta (%52 kadın; ortalama yaş: 55,8±17,1) çalışmaya alındı. Pik sol ventrikül çıkım yolu gradiyenti 
prosedürden sonra önemli ölçüde azaldı (68'e karşı 20 mmHg; P <0,001). 12 aylık takipte mortalite olmadı. 2 (%8) hastada tam atriyoventriküler 
blok kaydedildi. İşlem sonrası RBBB insidansı belirgin artmıştı (işlem öncesi 2 hasta (%8), işlem sonrası 9 hasta (%36) p = 0,002). Takipte EKG ve 
Holter monitörizasyonunda sürekli ventriküler taşiaritmi olmadı ve atriyal fibrilasyon sıklığında değişiklik yaşanmadı. EVOH-DMSO'yu diğer alter-
natif ajanlar ile sistematik literatür taraması yaparak karşılaştırdık ve EVOH-DMSO'nun diğer alternatif ajanlardan daha yaygın olarak iletim sistemi 
sorunlarına neden olabileceğini saptadık.

Sonuç: EVOH-DMSO, diğer alternatif ajanlardan daha yaygın, ancak alkol septal ablasyondan daha az iletim sistemi sorunlarına neden olabilmektedir. 

Anahtar Kelimeler: Alternatif septal ablasyon ajanları, Hipertrofik kardiyomiyopati, kardiyak aritmiler, septal redüksiyon tedavisi
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of these agents, like coils, could not occlude to arterioles 
and microvascular circulation; the collateral flow that devel-
ops over time may cause LVOT obstruction to recur. Caus-
ing a septal artery occlusion deep down the distal arteri-
oles or even deeper may be promising, which may require 
less viscous fluid embolic agents with better penetration. 
N-butyl-cyanoacrylate (glue), dehydrated ethanol, and a 
composite of EVOH-DMSO (Onyx® and Squid®) are among 
such fluid agents and are mainly used for the treatment of 
arteriovenous malformations by neuroradiological interven-
tions.16 Compared with acrylic agents like cyanoacrylate, 
EVOH-DMSO is nonadhesive, and exhibits a less viscous 
formulation, which can penetrate further into the arteri-
oles.16 This property is the main reason we used it in our 
septal ablation procedures. This study will compare the fre-
quency of conduction system defects with other alternative 
agents in the literature by using the conduction system de-
fects data in our previous septal reduction treatment study 
with EVOH-DMSO.

Methods

Patients who were diagnosed with symptomatic obstruc-
tive HCM and underwent septal ablation with EVOH-DMSO 
between March 2013 and December 2015 were analyzed. 
Inclusion criteria for the study were an age of >18 years old, 
the presence of New York Heart Association class II or more 
symptoms despite optimal medical therapy, and resting, or 
provocation induced LVOT gradient of more than 50 mmHg. 
Patients with any other indication for cardiovascular surgery 
or with a small-sized (<2.5 French) septal artery were ex-
cluded from the study.

After the procedure, all the patients were closely moni-
tored for at least 24 hours, and transthoracic echocardiog-

raphy, and ECG were performed in the coronary care unit. 
If a severe conduction block did not develop, the tempo-
rary pacemaker was withdrawn in the first 24 hours. Car-
diac biomarkers were measured every 6 hr until the peak 
value was reached. The LVOT gradient was measured be-
fore and 24 hours after the procedure, and the patients 
were discharged if no complications occurred after cardi-
ac biomarker levels decreased. Patients were assessed at 
3, 6, and 12-month follow-up visits. Clinical assessment, 
ECG, detailed transthoracic echocardiography, and 24 hr 
Holter monitorization and cardiac device interrogation re-
sults were performed at each visit. All major cardiovascular 
adverse events, including all-cause death, were recorded 
during follow-up if present. Pre-procedural electrocardio-
grams (ECG) were obtained from the files of all patients, 
and comparisons were made with post-procedure and 
follow-up ECGs. Holter records and cardiac device inter-
rogation data were investigated for ventricular and atrial 
tachycardia attacks. Next, by examining the control records 
before and after the procedure, the frequency of arrhyth-
mic episodes was compared in all cases.

EVOH-DMSO Septal Ablation Procedure
All procedures were performed under local anesthesia. At 
first, a temporary pacemaker was introduced via the femo-
ral vein in patients without cardiac pacemaker devices. Ini-
tially, the left main coronary artery was cannulated with 7 
French (F) guiding catheters, and a 0.014-inch guidewire 
was advanced through the septal branch of the LAD artery. 
Afterwards, the septal branch was selectively cannulated 
with a 2.4 French (DMSO)-compatible microcatheter (Ech-
elon or Rebar from EV3, Irvine, California, Sonic from Balt, 
Montmorency, France). In cases with difficult access to the 
target artery, a 4 F catheter (Glide Cath Vertebral, Terumo 
Europe NV, Leuven, Belgium) was used as a support cathe-
ter. Selective coronary angiography of the septal artery was 
performed to show the anatomy and collateral branches 
supplying the septal segment of the left ventricular myo-
cardium. At this stage, to identify the target septal artery, 
myocardial contrast echocardiography was performed. 
Standard intra-arterial contrast agents used for coronary 
angiography were used as an echo contrast agent instead 
of a specific substance, and to identify the appropriate sep-
tal artery, myocardial staining images by the radio-opaque 
agent obtained with selective septal angiography were used. 
Once the microcatheter was positioned at the desired point, 
the injection of EVOH was carried out as follows: the micro-
catheter was flushed with 5 ml of normal saline; DMSO was 
injected into the microcatheter to fill the dead space; EVOH 
aspirated into a 1-ml syringe was slowly injected under con-
tinuous fluoroscopy. EVOH copolymer injection was initiated 
from the distal portion of the septal artery and continues 
until a proximal safe distance of 10 mm to the LAD artery. 

Figure 1. Schematic illustration of the septal arteries and the 
conduction system.
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If 1 ml of EVOH was not found to be sufficient, the injection 
was continued until the targeted blockage was achieved in 
the septal artery. The main factor determining the amount 
of EVOH used is the size of the septal artery; after the oc-
clusion to the safe area was reached, the infusion was ter-
minated. Due to the nonadhesive property of EVOH, the 
filling of the septal artery was checked under fluoroscopy or 
angiography during its injection. After the occlusion of the 
septal artery, the microcatheter, and the whole system were 
withdrawn together15 (Figure 2).

Literature Search and Data Extraction
We accomplished a computerized literature search of all 
English language publications in PubMed. The systemat-
ic literature review we conducted for our study aimed to 
examine the leading non-alcohol septal ablation studies. 

Next, a search was performed using three sets of keywords 
in combination. The first set included “cardiomyopathy, fa-
milial” or “cardiomyopathy, hypertrophic.” The second set 
included the terms “ASA” or “septal reduction” or “septal ab-
lation,” and the third set included the terms “non-alcohol 
agent” or “glue” or “coil” or “endocardial RF” or “Polyvinyl al-
cohol” or “Ethylene-vinyl alcohol.” The search was conduct-
ed following the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines.

The study was organized according to the World Medical 
Association Declaration of Helsinki revised form in 2013, 
and the local ethics committee approved the study protocol 
(Ethics Committee Decision no: GO 15/785-20, evaluation 
date 16.12.2015).

Figure 2. (A) Appropriate Septal branch was selectively cannulated with a 2.4 French (DMSO)-compatible microcatheter. (B) Basal 
septum images with contrast echocardiography during selective septal angiography (red arrow). (C) EVOH-DMSO injection from 
the distal segment to the proximal. (D) Final angiography septal artery occlusion.
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Statistical Analysis
Statistical analysis was performed using the Statistical 
Package for Social Sciences (SPSS) for Windows 20 (IBM 
SPSS Inc., Chicago, IL). The normal distribution of the data 
was evaluated with the Kolmogorov-Smirnov test. Among 
the numerical variables, those with normal distribution 
were shown as mean ± standard deviation, and those with 
abnormal distribution were shown as median (min-max). 
Next, categorical variables were expressed as numbers and 
percentages. “Paired samples t-test” was used for pre-and 
post-process comparisons, and “Wilcoxon signed-rank 
test” was used for data that were not normally distributed. 
In comparing all follow-up periods, the “repeated samples 
ANOVA test” was used for normally distributed variables, 
and the “Friedman test” was used for non-normally distrib-
uted variables. A Bonferroni correction was made in a dou-
ble comparison of the significant follow-up times. A p value 
of <0.05 was considered significant in statistical analyses.

Results

A total of 25 obstructive HCM patients (13 women (52%); 
mean age 55.8 ± 17.1 years) who underwent septal abla-
tion with EVOH-DMSO were included in the study. Baseline 
characteristics of the study population are shown in Table 

1. The median peak-to-peak LVOT gradient measured in 
the catheter laboratory of the patients before the procedure 
decreased significantly after the procedure (68 mmHg vs. 
20 mmHg; P <0.001). A significant decrease in the LVOT 
gradient continued in the follow-up, and it was found to be 
23 (0–145) mmHg at the 12th-month follow-up (P <0.001) 
(Figure 3).

During the procedure, septal ablation was performed by oc-
clusion of one septal branch in 20 patients (80%), while two 
septal branches were occluded in 5 patients (20%). While 
no mortality was detected during the procedure, compli-
cations developed in 3 (12%) patients. Of these complica-
tions, 2 (8%) are complete AV block that need to be treated 
with a permanent pacemaker, and 1 (4%) is EVOH-DMSO 
embolization. Embolization occurred to the first diagonal 
artery and did not result in adverse clinical outcomes. Pro-
cedural details are shown in Table 2.

ECG recordings before the procedure revealed that 23 
patients (92%) were in sinus rhythm, and two patients 
(8%) were in AF. Three (12%) patients with sinus rhythm 
demonstrated left bundle branch block (LBBB), and 2 
demonstrated right bundle branch block (RBBB). While the 
number of patients with RBBB increased to 9 (36%) after 
the procedure, researchers showed that the number of pa-
tients with LBBB decreased to 1, and complete AV block 
developed in 2 patients who demonstrated pre-procedural 
LBBB (P = 0.002). In one patient who developed a com-
plete AV block, one septal artery ablation was performed; 
two septal artery ablations were performed on the other. 
Next, AV blocks were treated with permanent pacemakers, 
but in the follow-up, researchers observed that they were 
not pacemaker dependent and returned to LBBB again. 
Similarly, researchers observed that four patients who de-

Table 1. Demographic characteristics of the study population
Variables Patients (n=25)
Age (years) 55.8 ± 17.1

Gender

Women 13 (52.0)

Men 12 (48.0)

Body mass index (kg/m²) 30.1±4.8

Diabetes mellitus 22 (88%)

Hypertension 11 (44%)

Chronic kidney disease 1 (4%)

Chronic obstructive lung disease 1 (4%)

Coronary artery disease 1 (4%)

Disease duration (month) 36 (2-240)

Medical treatment

Beta blockers 21 (84.0)

Calcium channel blockers 4 (16.0)

Pre-procedural pacemaker/ICD status

No 15 (60.0)

VVI-PM 1 (4.0)

DDD-PM -

VVI-ICD -

DDD-ICD 9 (36.0)
Numerical variables with normal distribution were shown as mean ± 
standard deviation. Categorical variables were shown as numbers (%).
ICD: Implantable cardioverter defibrillator.

Figure 3. Echocardiographic gradient change of the left ven-
tricular outflow tract.
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veloped RBBB returned to sinus rhythm with narrow QRS. 
Although no significant difference was found in the average 
PR interval and QRS duration during the entire follow-up 
(P >0.05), researchers determined that the average PR 

interval decreased in the 12th month, and the QRS dura-
tion was at the longest level after the procedure and in the 
3rd-month control. ECG change findings are summarized in 
Table 3.

Table 2. Procedural details
Variables Pre-procedural Post-procedural P
LVOT gradient (mmHg) measurements with the catheter (mmHg) 68 (50-110) 20 (0-70) <0.001*

Number of occluded septal branches with EVOH-DMSO

1 20 (80.0) - -

2 5 (20.0) -

Mortality - - -

Complication

No - 22 (88.0) -

Yes - 3 (12.0)

Complete AV block 2 (8.0)

EVOH-DMSO embolization 1 (4.0)
Numerical variables with normal distribution were shown as mean ± standard deviation.
Categorical variables were shown as numbers (%).
*P <0.05 is statistically significant
LVOT: Left ventricular outflow tract; EVOH-DMSO: Ethylene-vinyl alcohol, dimethyl sulfoxide; AV: Atrioventricular.

Table 3. Changes in electrocardiography parameters in pre-procedural and follow-up periods
Variables Pre-procedural Post-procedural Control visits P

3. Month 6. Month 12. Month
ECG 0.002*

Sinus rhythm 23 (92.0) 21 (84.0) 22 (91.7) 22 (91.7) 22 (91.7)

LBBB 3 (12.0) 1 (4.0) 3 (12.5) 3 (12.5) 3 (12.5)

RBBB 2 (8.0) 9 (36.0) 8 (33.3) 6 (25.0) 5 (20.8)

AF 2 (8.0) 2 (8.0) 2 (8.3) 2 (8.3) 2 (8.3)

Complete AV block - 2 (8.0) - - -

PR interval (mm) 172 ± 40 188 ± 43 172 ± 22 172 ± 32 166 ± 18 0.108

QRS duration (mm) 107 ± 24 121 ± 29 120 ± 31 111 ± 27 115 ± 26 0.111
Numerical variables with normal distribution were shown as mean ± standard deviation.
Categorical variables were shown as numbers (%).
*p <0.05 indicates statistical significance.
ECG: Electrocardiography, LBBB: Left bundle branch block, RBBB: Right bundle branch block, AF: Atrial fibrillation, AV: Atrioventricular.

Table 4. Arrhythmia episodes evaluation before the procedure and at the controls
Variables Pre-procedural Post-procedural Control visits P

3. Month 6. Month 12. Month
Holter monitorization/ Pacemaker, ICD control

Normal 21 (84.0) - 19 (79.2) 19 (79.2) 19 (79.2) 0.949

VT - - - - -

NSVT 1 (4.0) - - 1 (4.2) 2 (8.3)

AF/AFL 3 (12.0) - 5 (20.8) 4 (16.7) 3 (12.5)

AV block - - - - -
Numerical variables with normal distribution were shown as mean ± standard deviation.
Categorical variables shown as numbers (%)
*p <0.05 indicates statistical significance
ICD: Implantable cardioverter defibrillator; VT: Ventricular Tachycardia; NSVT: Non-sustained ventricular tachycardia; AF/AFL: Atrial fibrillation/atrial flutter; 
AV: Atrioventricular block.
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No change was found in AF and ventricular tachycardia fre-
quency after the procedure and in the controls (P = 0.949). 
However, one patient suffering from frequent paroxysmal 
AF attacks both before and after the septal ablation proce-
dure demonstrated a cryoballoon AF ablation performed in 
the follow-up period. The findings are summarized in Table 
4.

Discussion

LVOT gradient is the primary determinant in develop-
ing symptoms and treatment approaches in patients with 
HCM.3,4 In cases whose symptoms persist despite med-
ical treatment, surgical myectomy and ASA are the main 
treatment options applied to reduce septal thickness.3,4 This 
study highlighted successful septal reduction therapy with 
acceptable conduction system defect rates with an alterna-
tive septal embolization agent, EVOH-DMSO.

In our study, complete AV block developed in 2 patients 
(8%), and RBBB developed in 9 patients (36%). Research-
ers observed that the patients who developed complete AV 
block did not need a permanent pacemaker at the third-
month follow-up and pacemaker dependency <1% in the 
last month. Permanent pacemaker implantation due to AV 
block is a fundamental problem in surgical myectomy and 
ASA. While the risk of complete AV block after surgical sep-
tal myectomy is around 1%–4%, the rate of development 
of LBBB reaches 40%.17,18 ASA is a treatment method in 
experienced centers with long-term results as effective as 
surgery.6,19 The risk of developing complete AV block after 
ASA varies between 7%–20%.4,8,19-21 Due to the high fre-
quency of procedure-related complications with ASA, a 
need exists for percutaneous ablation techniques with al-
ternative septal embolization agents.15 

The most common conduction system problem after ASA is 
the development of RBBB, and studies showed that RBBB 
does not affect prognosis.22 Researchers even showed that 
the development of RBBB may be correlated with the ne-
crotic area's size and the procedure's success.23 The inci-
dence of RBBB in our study was 36% (9 patients) and was 
similar with ASA studies. During the follow-up period, RBBB 
was ameliorated in 4 patients, like the patients with com-
plete AV block.

The high conduction system complication rates of ASA 
therapy led to search for alternative treatment approaches. 
For these purposes, septal ablation studies were performed 
with the endocardial approach. Lawrenz et al.24 performed 
septal ablation with endocardial radiofrequency (RF) energy 
in 19 patients, found that the method effectively reduced 
the LVOT gradient, and reported that four patients (21%) 
developed complete AV block. In the same study, research-

ers observed that patients were also pacemaker dependent 
when they checked after six months.24 In 2016, Crossen et 
al.25 applied RF ablation to 11 patients using the 3D map-
ping method and showed LVOT gradient continued decline 
in long-term follow-up in 10 patients. In this study, intra-
ventricular conduction delays were developed in 5 patients 
after the procedure, and two patients (17%) underwent 
permanent pacemaker implantation due to complete AV 
block.25 In another RF endocardial ablation study conduct-
ed with 25 patients in 2021, researchers reported that no 
patients demonstrated complete AV block and conduction 
defects.26 In a recent review of septal reduction studies with 
the endocardial method, 91 patients were examined, and 
researchers reported that complete AV block developed 
in 8 (8.8%) patients.27 In light of these data, especially 
in patients who are not candidates for myectomy due to 
comorbidities and trans coronary septal reduction therapy 
due to septal artery anatomy, septal reduction therapy with 
the endocardial method can be applied with a frequency of 
conduction defects similar to ASA.

In a septal reduction study with another alternative agent, 
Durand et al.28 applied septal ablation with a coil to 20 pa-
tients with 90% success. However, in the follow-up, they 
determined that the decrease in the LVOT gradient and sep-
tal thickness of the patients was lower than in ASA studies, 
and the LVOT gradient continued to be more than 50mmHg 
in 25% of the patients, despite no ventricular tachycardia, 
and complete AV block being observed.28 Guerrero et al.’s29 
coil septal ablation study with 24 patients gave similar re-
sults, and only one patient required permanent pacemaker 
implantation. Due to the incomplete occlusion of all thin 
branches in the septal ablation procedure with the coil, 
transmural infarction cannot occur. The development of 
collateral vessels in the follow-up is thought to be the most 
critical factor limiting the success of the coil method and 
reducing the possible complication rate.

The first of the septal reduction studies with liquid-based 
embolic agents instead of alcohol was performed by Gross 
et al.11 This study applied polyvinyl ASA to 18 patients, and 
symptomatic benefit, and gradient reduction were achieved 
in all patients.11 Although transient AV block developed in 3 
patients during the procedure, all of them recovered in the 
follow-up, and no need exists for a permanent pacemaker. 
However, this study stated that a need exists for repeat pro-
cedures during the follow-up period in 4 patients.11 Septal 
ablation with cyanoacrylate (glue), another liquid-based 
embolic agent, was successfully applied to 18 patients 
without complications.14 While ventricular tachycardia and 
complete AV block were not reported after the procedure, 
RBBB was reported in 3 patients (16.6%) and left axis devi-
ation in 2 patients (11.1%). In a review, in which 17-month 
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mean follow-up data were published, researchers reported 
that hemodynamic and symptomatic benefits continued. 
No late ventricular tachycardia and complete AV block were 
detected.30 Conduction system defects in primary septal 
reduction therapy studies performed with the alternative 
agents in the literature are summarized in Table 5.

Further, the chemical necrosis in ASA patients is like tis-
sue melting, with unpredictable size, and irregular borders.9 
However, alternative septal ablation agents usually cause 
ischemic necrosis, tissue viability may be regenerated with 
distal collateral flows over time, and conduction defects may 
recover, but this may create the risk of recurrence of LVOT 
obstruction.14 Here, the main factor determining the effec-
tiveness of non-alcoholic septal ablation agents is the ex-
tent of ischemic necrosis that a particular agent causes and 
how far it penetrates further into the distal vascular bed and 
arterioles. Next, EVOH-DMSO could be the most effective 
non-alcoholic agent because of the penetration capability 
to the distal arterioles. In addition, ischemic necrosis with a 
demarcation line and the collateral flow that develops over 
time in the distal arteries protects the patient against con-
duction system problems, but it brings a recurrence risk of 
the gradient. In our series, recurrence of LVOT gradient oc-
curred in 3 (12%) patients at a 6-month follow-up visit.

Due to the possibility of conduction system recovery, pace-
maker implantation time is critical. Intraprocedural or early 
post-procedural transient complete AV block may be re-
lated to septal ablation, causing inflammation, and edema. 
Generally, in ASA trials, pacemakers are implanted within 
2–4 days of ASA if complete AV block persists; however, 
some authors reported that AV nodal recovery may still oc-
cur beyond this period, suggesting to defer pacemaker im-
plantation may be appropriate.31-33 In septal ablation with 

non-alcoholic agents, AV node recovery may occur more 
extended. Therefore, although it seems reasonable to wait 
longer, no recommendation for this exists. Pacemaker im-
plantation time should be determined with an individual 
approach and decided according to patient clinical charac-
teristics and conduction defect characteristics.

No statistically significant change was found in arrhyth-
mic episodes during the follow-up in our study. Studies are 
found on the increase in the frequency of arrhythmias due 
to scar tissue after ASA, and the frequency of sudden cardiac 
death after ASA is reported to be 3%–10%.34 In published 
studies, the frequency of ventricular tachycardia in the first 
30 days after the procedure varies between 1%–4%.35,36 In 
our study, non-sustained ventricular tachycardia runs were 
observed in 2 patients (8%) at the 12th-month follow-up 
in Holter records, but no general increase was found in ar-
rhythmic episode frequency.

AF risk is increased 4–6 times in patients with HCM, and it 
is the most common arrhythmia.3,4 In a review published in 
2013, the frequency of AF was 22.5%, and the incidence 
was 3.1%.37 Researchers reported that the frequency of AF 
can reach 37% from the data obtained by examining the 
post-ASA records of patients with permanent pacemak-
ers.38 In this study, 2 (8%) patients demonstrated perma-
nent AF, and one patient demonstrated paroxysmal AF be-
fore the procedure. Also, no statistically significant increase 
was found in the frequency of AF during the follow-up (P 
>0.05). Cryo-AF ablation was performed in 1 patient due 
to frequent paroxysmal AF attacks after six months of fol-
low-up, and a significant benefit was observed.

Since septal ablation methods with alternative agents act 
with ischemic necrosis rather than chemical necrosis, ne-

Table 5. Conduction system disturbances in main septal reduction therapy studies performed with the alternative agents in the 
literature
Author Patient number Septal reduction AV block LBBB RBBB
Lawrenz T et al24 19 Endocardial RF 4 (21%) - -

Crossen et al25 11 Endocardial RF 2 (17%) 5 patients (45.4%) developed 
intraventricular conduction delays

Kong et al26 25 Endocardial RF - - -

Durand E et al28 20 Coil - 1 (5%) 1 (5%)

Guerrero et al29 24 Coil 1 - -

Gross et al11 18 Polyvinyl alcohol 3 (16.6%)
(Early phase 
transient)

Oto et al14 18 Cyanoacrylate (glue) - - 3

Asil et al15 25 Ethylene-vinyl 
alcohol

2 (8%)
(Late phase 
transient)

- 7 (28%) 
(4 patients returned 

to sinus in long 
term)

RF: Radiofrequency; AV: Atrioventricular; LBBB: Left bundle branch block; RBBB: Right bundle branch block.
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crosis occurs in a more limited area, and the risk of com-
plications is lower.14,28,30 The liquid embolic agents, glue, 
EVOH-DMSO, and dehydrated alcohol result in some differ-
ences. Penetration of glue particles into vessels and tissues 
is successful.39 However, the most significant disadvantage 
is that it can polymerize very quickly when in contact with 
liquid or blood, causing adhesion, and avulsion in the mi-
crocatheter.39 For this reason, a swift, and continuous injec-
tion is required.39 Because EVOH-DMSO is less adhesive and 
exhibits better deep vessel penetration than other agents, 
it penetrates up to the distal bed of the septal vessel and 
causes extensive ischemic necrosis. Thus, while EVOH-DM-
SO septal ablation provides a gradient decrease similar to 
ASA, it is thought that the risk of AV block may be lower 
than ASA and higher than other trans coronary alternative 
agents.

Conclusion

EVOH-DMSO can cause conduction system problems less 
than alcohol but more frequently than other alternative 
agents in septal reduction therapy. Considering the correla-
tion of post-ASA conduction system problems with efficacy, 
EVOH-DMSO could be an alternative agent closest to ASA 
because of its alcohol content and less viscous formulation, 
which can penetrate further into the arterioles. However, 
comparative studies are needed to identify the best non-al-
coholic septal ablation agent.
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