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ABSTRACT: Catheter-based radiofrequency (RF) ablation is an effective, well-established therapy for ventricular tachycardia (VT). However, a large 

number of patients still have recurrences, particularly those with substrates arising from intramural locations that are inaccessible through endo- or 

epicardial catheter approaches. Several unconventional ablation techniques have been proposed to treat RF-refractory VT, including transarterial 

coronary ethanol ablation and retrograde coronary venous ethanol ablation. We review the evidence regarding the mechanisms, procedural aspects, 

and alcohol ablation outcomes for ventricular arrhythmias. 

VT in dogs via intramyocardial injection of aconitine and then 
suppressed it by injecting phenol or ethanol (at least 50% 
concentration) into the artery supplying the aconitine-injected 
myocardial tissue. Myocardial necrosis and arterial thrombus 
formation were associated with successful VT elimination, although 
it was not achieved with lower (25%) ethanol concentrations.  

Brugada et al. reported cases of 3 patients with incessant 
post-myocardial-infarction (MI) VAs in which transcoronary 
chemoablation in a target arrhythmogenic artery prevented further 
episodes of VT.10,14 Following this case series, additional case 
and series reports of the use of TCEA have been published.15-17  

Successful TCEA depends on both the presence of an arterial 
branch that supplies blood to arrhythmogenic ventricular tissue 
and the feasibility of selective cannulation with an angioplasty 
balloon. Identifying at least one blood supply to the previous 
infarction area is possible in most but not all patients with late-
occurring sustained VT after MI.18 Collateral circulation to the 
targeted arrhythmogenic myocardial territory may affect the 
efficacy of the ablation. After ethanol ablation, reported rates 
of VT noninducibility ranged from 56% to 84%, with 64% of 
later any-VT recurrence.19-21 Approximately 14% of patients are 
unsuitable to receive TCEA.16 Reasons for unsuitability are failure 
to identify proper coronary artery targets and multiple collateral 
vessels that are concerning for collateral damage.16  

Reported complications include reentrant VT because ethanol 
ablation produces an incomplete lesion, leaving surviving 
myocardial cells to create reentry circuits.22 Other described 
complications include complete atrioventricular block when 
targeting basal septal VA substrate, nontarget coronary vessel 
occlusion, contrast nephropathy, systemic embolization, coronary 
vasospasm, arterial perforation,16 myocardial dissection,23 and 
potential damage outside the targeted area by unintended 
ethanol reflux into nontargeted arterial branches.24  

INTRODUCTION

Catheter-based radiofrequency (RF) ablation is a well-established, 
guideline-recommended therapy for ventricular tachycardia (VT).1,2 
However, it is not universally effective, especially in patients 
with substrates arising from intramural locations that are not 
accessible by conventional catheter-based endo- or epicardial 
approaches.3,4 Even when a catheter can reach an intramural 
substrate via an epicardial approach, there are other impediments 
to RF ablation, such as proximity to coronary vessels and possible 
collateral or phrenic nerve damage.5,6 This is particularly true for 
VT that originates from the left ventricular summit (LVS).5 The LVS 
lies underneath the left main coronary artery bifurcation, in the 
most superior and septal region of the LV outflow tract, and its 
boundaries are the left anterior descending artery, left circumflex 
coronary artery, and great cardiac vein (GCV). Radiofrequency 
ablation of the LVS is especially challenging given the difficulty 
reaching this region by either trans-septal, retroaortic, or epicardial 
approaches.3,4 For RF-refractory VT, numerous unconventional 
ablation approaches have been described, including simultaneous 
unipolar right ventricular (RV) ablation,7 bipolar RF ablation,8 
needle ablation,9 and ethanol ablation. Transarterial coronary 
ethanol ablation (TCEA) and retrograde coronary venous ethanol 
ablation (RCVEA) are two alternative treatment options for 
ventricular arrhythmias (VAs) arising from intramural substrates 
that cannot be targeted.5,10,11 Branches of the coronary arteries 
and coronary veins offer a unique opportunity to reach intramural 
substrates and effectively deliver ethanol to areas that are 
not accessible to conventional RF catheter ablation. High 
concentrations of ethanol solubilize the cell membranes and cause 
immediate cell destruction.12  

TRANSARTERIAL ETHANOL FOR VENTRICULAR TACHYCARDIA 

The first transcoronary arterial ethanol injection for VT was 
described in 1987 by Inoue et al.13 The team induced focal 
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Although not consistently effective, TCEA 
remains a feasible alternative for those 
who were unsuccessful with previous RF 
ablation attempts. To that effect, case 
reports continue to be published on the 
bail-out technique of ethanol ablation for 
RF ablation refractory VT.25-27  

RETROGRADE CORONARY VENOUS ETHANOL 
ABLATION FOR VENTRICULAR TACHYCARDIA 

A priori, retrograde coronary venous 
ethanol ablation (RCVEA) for VT is 
advantageous compared with transarterial 
coronary ethanol ablation. First, it reduces 
the risk of collateral myocardial damage 
since the backflow of ethanol is diluted by 
retrograde flow into the coronary sinus, 
rendering it harmless. Second, it does 
not require the same technical expertise 
and equipment other than those used in 
cardiac resynchronization. And third, it 
avoids complications related to arterial 
vessel cannulation. The approach was first 
reported in animal studies.13,28  

PROCEDURAL APPROACH FOR RETROGRADE 
CORONARY VENOUS ETHANOL ABLATION 

The initial procedural approach for 
RCVEA is similar to RF catheter ablation. 
The patient, under conscious sedation, 
undergoes endocardial 3-dimensional 
(3D) mapping with a conventional 
mapping system (eg, CARTO® from 
Biosense Webster, or EnSite NavX™ 
from St Jude Medical) to identify the 
PVC or VT site of origin. For focal 
LVS VAs, initial mapping also includes 
endocardial mapping of the left and 
right ventricular outflow tracts using a 
retrograde approach. Either activation or 
pace-map correlation mapping methods 
can be used. After identifying the VT’s 
endocardial earliest activation site, the 
coronary sinus (CS) is cannulated. 
We usually advance a long 8F sheath 
through the right femoral vein into the 
CS. Then we insert a multipolar catheter 
(DECANAV®, Biosense Webster) in 
the CS for 3D local activation time or 
pace-map correlation maps. New smaller 
multipolar catheters (2F EPstar, Baylis 

Medical, and 3F duodecapolar Map-
iT™, APT EP) can penetrate smaller CS 
tributaries and also be used to map.  

After delineating the earliest site in the GCV 
and anterior interventricular vein (AIV), we 
perform coronary venograms to locate 
suitable target branches close to that site. 
Finding the best fluoroscopic projection 
for visualization is essential and also highly 
variable. The use of balloon occlusion 
venograms is ideal although not mandatory, 
and it has to be used with care since 
dissection of the GCV is possible. Next, 
angioplasty guidewire (Balance Middleweight 
0.014 inches, Abbott) is advanced into the 
vein with the help of a left internal mammary 
artery or JR4 angioplasty guide catheter 
(Boston Scientific) to add stability and 
torquability. The wire can be used for unipolar 

mapping, pacing, and selective cannulation 
of the targeted branches. Any electrically 
conductive wire can be used, including a 
targeted designed wire with an active distal 
electrode (VisionWire, Biotronik).12  

As a reference electrode, we can use: (1) 
a needle in the skin at the groin, (2) the 
Wilson central terminal, or (3) an electrode 
at the inferior vena cava. Appropriate pace 
maps and unipolar signals help to verify the 
targeted vein’s candidacy for ethanol ablation. 
Then, a preloaded angioplasty balloon 
(typically 6x2 mm) is advanced, leaving the 
wire’s most distal portion (approximately 3 
mm) exposed; this is configured as a unipolar 
electrode connected with an alligator clip 
to the input of the recording amplifier.29 A 
Finecross® microguide catheter (Terumo) 
can be used instead of the angioplasty 

Figure 1.
Venous mapping and ethanol ablation technique. (A) Coronary sinus venogram (left anterior oblique 
caudal projection) showing two septal branches at the take-off of the anterior interventricular vein 
(AIV). (B) Octapolar catheter in the first septal vein. Intramural vein signals precede QRS by 58 ms, 
and pace-mapping reproduces exact QRS morphology (inset). (C) 3-dimensional activation map shows 
early (red) signals in the AIV and the location of the octopolar catheter. (D) Balloon cannulation of the 
septal vein. (E) Intramural echogenicity after venous ethanol, which leads to elimination of ectopy 
(bottom). (F) Kaplan-Meier plot of ablation success over 1-year follow-up in 55 patients with previous 
failed radiofrequency ablations. CS: coronary sinus; LVOT: left ventricle outflow tract
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balloon if the targeted branch is tortuous. 
Once the signals from the wire in the 
cannulated vein support adequacy, the 
wire is removed, the angioplasty balloon 
is inflated, and contrast is injected in the 
targeted venule to determine the size and 
extent of myocardial staining (indicating that 
the tissue has been reached).  

No therapeutic effect is expected if the 
injected vein has collateral vessels back to 
the CS, circumventing the myocardium, or if 
targeted signals are only present proximally 
to the injected large vein. Typically, we start 
with 1 cc of 96% to 98% ethanol infused 
over 2 minutes. Then contrast is injected to 

verify myocardial staining. The angioplasty 
balloon stays inflated until a therapeutic 
response is detected. Since leaked ethanol 
is diluted by CS flow in the right atrium, a 
complete seal is not required. Up to four 
1-cc doses of ethanol, each injected over 
2 minutes, are needed for a full therapeutic 
effect since myocardial tissue accessed 
by retrograde venous ethanol may be 
compromised by competing anterograde 
arterial flow.12 The VT recurrences 
noted in our first experience have been 
reduced by repeat injections.11 An area 
of increased echogenicity in intracardiac 
echocardiograms and myocardial staining 
indicates ethanol tissue ablation.  

As with collateral vein–ethanol shunting 
or no intramural veins at the targeted site, 
unfavorable venous anatomy reduces the 
efficacy of this technique. Using a “double-
balloon technique” that blocks collateral 
flow with a second balloon can enhance 
ethanol delivery to target isolated vein 
segments or target extensive areas and 
broaden the utility of venous ethanol for VA 
treatment.30 Figure 1 shows an example of 
venous mapping and ethanol ablation. 

For VT substrates that do not originate 
from the left ventricular summit, we 
explore potential veins in the area of the 
substrate after conventional endocardial 
mapping and RF ablation. Signals from 
the CS, GCV, AIV, or lateral veins are 
collected, and appropriate veins can 
be targeted. Figure 2 is an example 
of mapping and ethanol ablation of an 
infarct-related vein in a patient with 
nonischemic cardiomyopathy.12 

OUTCOMES 

Our group reported the initial feasibility, 
efficacy, and safety of retrograde 
venous ethanol infusion in two small 
case series.5,11 Multiple groups have 
reproduced the technique in patients 
with LVS VAs.31-34 We recently published 
a report on the technical aspects of 
RCVEA, presented our approach for LVS 
substrates, and expanded the use of 
RCVEA to non-LVS VT substrates.12,34 As 
opposed to LVS substrates, non-LVS VTs 
are usually complex scar-related VTs in 
the context of structural cardiomyopathy. 

A multicenter international registry of 
long-term efficacy and other outcomes 
of RCVEA for refractory VAs was 
recently completed; the majority of the 
56 described cases had VT originating 
from the LVS (76%) while the remaining 
were from a non-LVS origin (24%). 
Overall, RCVEA was acutely successful 
in 55 out of 56 patients (98%). After 
1-year follow-up, 77% of patients had 
no recurrent arrhythmias, and there were 
only two venous dissections leading to 
pericardial effusions.35  

Figure 2.
Mapping and ethanol ablation of an infarct-related vein in ischemic ventricular tachycardia (VT). (A) 
Endocardial 3-dimensional bipolar voltage map of the left ventricle (LV) showing a dense (< 0.5 mV) 
scar, with a scar vein directly on its epicardial aspect. (B) Venography. (C) Octapolar catheter in the 
vein. (D) Localization of octapolar relative to scar. (E) Entrainment and mid-diastolic signals confirm 
participation in VT circuit. (F) Double balloon ethanol vein injection. (G) Transmural echogenicity in 
lateral LV after ethanol.
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LIMITATIONS 

RCVEA requires procedural skills including coronary sinus 
venography, selective venous cannulation and wiring (similar to 
LV lead placement), ethanol injection, and angioplasty balloon 
inflation. RCVEA can be technically challenging and may have 
limited reproducibility, but new operators can successfully adopt 
it despite the steep learning curve. 

CONCLUSION  

Radiofrequency refractory VT poses a challenge for the invasive 
electrophysiologist. RCVEA offers an effective treatment for both 
LVS and non-LVS substrates and is found to be generally safe 
in observational data. This is an inexpensive and readily available 
technique that has utility in a range of health systems using routine 
existing equipment. 

KEY POINTS  

	• Transarterial coronary ethanol ablation has been 
described as an alternative treatment option for 
ventricular arrhythmias arising from intramural 
substrates that cannot be targeted with endocardial 
or epicardial catheter approaches.

	• Retrograde coronary venous ethanol ablation (RCVEA) 
is an effective tool for ventricular arrhythmia arising 
from the left ventricular summit and challenging non-left 
ventricular summit areas.  

	• RCVEA has the advantage of causing less collateral 
myocardial damage and avoiding complications related 
to arterial vessel cannulation.  

	• RCVEA is an inexpensive and readily available 
approach that can be used with existing equipment. 
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