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Introduction

Ventricular arrhythmias originating from the 
left ventricular (LV) summit can be challenging [1].  
The LV summit region can be reached from inside 
the great cardiac vein (GCV) and anterior inter-
ventricular vein [2]. Consequently, general interest 
in ablation techniques utilizing three-dimensional 
(3D) navigation systems without fluoroscopy 
increases according the ALARA “as low as rea-
sonably achievable” principle [3]. Previous data 
demonstrated that ablation of supraventricular 
and ventricular tachycardias can be safely and ef-
fectively performed without the guidance of fluor-
oscopy [4–7]. This manuscript addresses technical 
issues in terms of epicardial catheter navigation 
within the great cardia vein and successful ablation 
of ventricular arrhythmias originating from the LV 
summit without the use of radiation.

Current situation according  
to published literature

Once faced with LV summit arrhythmia, we 
have to map carefully all possible access sites to 
this region: right ventricular outflow tract (RVOT), 
left ventricular outflow tract (LVOT), coronary 
cusp, and distal coronary sinus (CS) venous sys-
tem/great cardiac vein. LV-summit arrhythmia fre-

quently should be targeted from two or three of the 
above-mentioned sites. There is a lack of informa-
tion about zero-fluoroscopy ablation of this region 
using a 3D navigation system only. Nevertheless, 
the available publications about limited- to zero-
-fluoroscopy of idiopathic ventricular arrhythmias 
can be helpful in understanding the topic. 

Wang et al. [8] presented the largest cohort 
of patients with idiopathic ventricular arrhythmia 
in a multicenter study ablated with conventional  
(n = 326) and zero-fluoroscopy (n = 163) tech-
nique. 94.4% of patients were successfully treated 
with a non-fluoroscopy approach. The only reason 
for switching to fluoroscopy (5.6%) was the need 
for coronary angiography. There were no significant 
differences in terms of success rate, arrhythmia 
recurrence, and complications, but detailed infor-
mation of the arrhythmia origin was not provided 
by this study [8].

Coronary angiography for visualization of the 
anatomical proximity of the ablation target to the 
coronary artery is a standard procedure during  
epicardial ablation of the LV-summit through 
the GCV. Steven et al. [9] showed that ablation 
of idiopathic ventricular arrhythmias can safely 
be performed from the GCV without significant 
permanent coronary artery stenosis. Moreover, 
the coronary spasms showed complete regression 
over time [9]. 
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Today many centers are using different ad-
vanced imaging tools (integration of 3D recon-
structed computed tomography [CT] or magnetic 
resonance imaging data or intracardiac echocar-
diography) for this purpose. Notably, in 5–6% of 
zero fluoroscopy cases rescue fluoroscopy is still 
required [10]. Some colleagues completely abandon 
coronary angiography, but there are no published 
data concerning the safety aspects of this approach.

Recently Rivera et al. [7] published the larg-
est series of zero-fluoroscopic catheter ablation of 
arrhythmias with origin at the summit of the left 
ventricle. They used intracardiac echocardiogra-
phy (ICE) for the verification of the safe distance 
between the ablation point and surrounded coro-
nary arteries [7]. Indeed, it is an elegant solution 
for non-fluoroscopic technique, but there are still 
problems with reimbursement in many countries 
when using ICE.

Karkowski et al. [11] compared zero-fluoros-
copy (n = 88) with conventional (n = 40) ablation 
strategies for the treatment of right- and left-sided 
ventricular arrhythmias. One third of the patients 
in the zero-fluoroscopy group underwent ablation 
of left-sided ventricular arrhythmias, which were 
equally distributed into three regions: the aortic 
cusp, LVOT, and left ventricle. The authors dem-
onstrated that the zero-fluoroscopy approach is safe 
and equally effective compared to the conventional 
technique, and it should be implemented as often 
as possible for protection of patients and electro-
physiologycal lab staff [11].

We report two successful epicardial ablation 
approaches for LV summit ventricular tachycardias 
(VT) with two different 3D mapping systems, with-
out the use of fluoroscopy or other imaging tools.

Case 1
A 77-year-old male patient with frequent 

polymorphic premature ventricular contractions 
(PVCs) and episodes of non-sustained VT with 
history of aortic valve replacement and coronary 
artery bypass graft (CABG) surgery was admitted 
to our Electrophysiology Department. A 12-lead 
electrocardiogram (ECG) demonstrated a left 
antero-basal morphology of PVCs (Fig. 1). The 
ablation procedure was conducted using a contact  
3D-mapping system (Carto System®, Biosense Web-
ster Inc.) and irrigated ablation catheter (4-mm tip)  
(SmartTouch D/F®, Biosense Webster Inc.). The 
earliest activation (–20 ms) was observed at the 
septal aspects of the RVOT. The attempt of radio - 
frequency (RF) ablation with 35 W at this point did 
not suppress the PVCs. Activation mapping distally 

inside the GCV showed the earliest activation  
(–33 ms). The pacemapping approach failed in the 
GCV (see Fig. 1). After two RF applications (with 
energy titration in the range 15–18–20 W, contact 
force 15–20 g, maximal 30 s at one point) the PVCs 
were suppressed. No PVC recurrence was reported 
after a follow-up period of more than 1 year. 

Case 2
A 74-year-old male patient was admitted to 

our hospital because of frequent monomorphic 
PVCs with bi- and trigemini pattern, as well as 
couplets, triplets, and non-sustained VTs. The 
LV ejection fraction (LVEF) was calculated to be 
45–50%. The diagnostic coronary angiography 
ruled out a relevant coronary heart disease, but 
pronounced allergic reaction (despite prophylaxis) 
to the contrast agent was noted. The procedure 
was conducted with a 3D-mapping system (NavX 
Precision, Abbott). An irrigated 4-mm tip ablation 
catheter (Flexibility D/F, Abbott) was utilized 
for advanced mapping and ablation (Fig. 2). The 
activation map during the PVC episodes of the 
RVOT and LVOT structures did not reveal the 
optimal site for ablation. Activation mapping during 
the PVC episodes showed the earliest activation 
(–60 ms) distal in the GCV with long fragmented 
pre-potentials. Pacemapping was not possible at 
this location. Three RF applications with energy 
titration (in the range 15–18–20 W) with a total 
duration of 80 s were applied at this zone. The 
PVCs were suppressed immediately after the 
second RF application. One-year follow-up showed 
freedom from any PVC recurrence, and the LVEF 
improved to 54%.  

Discussion

The epicardial origin of these arrhythmias is 
frequently located at the LV summit. The GCV 
divides the LV summit into two parts and might be 
accessible with an RF catheter [1]. Unfortunately, 
ablation in this region is not always possible due to 
several anatomical considerations [2]. Therefore, 
it might be beneficial to gain additional informa-
tion about the individual anatomical relationship 
between the coronary arteries and cardiac veins 
from pre- and post-procedural coronary angio-
graphy [12]. 

We report two successful epicardial ablation 
approaches for LV summit VTs without the use of 
fluoroscopy with two different 3D mapping sys-
tems. This emphasizes that the current generation 
of 3D electroanatomical mapping systems allows 
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for precise and safe navigation within complex 
cardiac structures without the general need for 
radiation. 

The zero-fluoroscopy approach protects the 
patients and the staff, and offers new perspectives. 
For example, Mueller-Leisse et al. [13] suggested 
that many young women are concerned about ra-
diation exposure, and this issue may explain the 
low number of female colleagues in interventional 
cardiology. The non-fluoroscopic approach is attrac-
tive also in this sense [13].

Due to the history of CABG we omitted an-
other pure diagnostic coronary angiography in the 
first case. In the second case, coronary angiogra-
phy was not performed because of two important 
observations: 1) the previous severe anaphylactic 
response to contrast agents (even despite prophy-
laxis) and 2) the epicardial activation map in the LV 
summit area found a very early, fragmented local 
activation, indicating extremely close proximity to 
the arrhythmia focus. Moreover, we used careful 
energy titration in both cases. Despite the report 

Figure 1. Top: Three-dimensional anatomical reconstruction (patient no. 1) of the inferior vena cava and right atrium 
(cyan), right ventricle (RV), and right ventricular outflow tract (RVOT) (gray), coronary sinus and great cardiac vein 
(violet). Left panel: Right anterior oblique (RAO) projection, RV, and RVOT with high transparency. Right panel: Left 
anterior oblique (LAO) projection. Bottom: 12-lead electrocardiogram of patient no. 1. A. QRS-morphology of the 
premature ventricular contractions; B. Sustained ventricular tachycardias during electrophysiologycal study; C. Earli-
est activation in the distal great cardiac vein.
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of straightforward procedures in this manuscript 
we do not want to suggest a general adoption of 
catheter navigation and ablation without the guid-
ance of fluoroscopy. 

Conclusions

Epicardial ablation of ventricular arrhythmias 
originating from the LV summit area without the 
need of fluoroscopy guided only with 3D navigation 
systems can be safely and effectively performed 
only under special anatomical and clinical condi-
tions. Good anatomical knowledge and standardized 
mapping approaches together with stabile sedation 
conditions are major requirements for successful 
procedures without complications. Ideally, the 

procedure should be guided by a previous coronary 
angiography or by using modalities with pre- or 
periprocedural image integration in 3D mapping 
systems (X-ray, CT, or ICE). A careful titration of 
the RF energy seems to be beneficial.
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