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Abbreviations
ICE  Intracardiac echocardiography
CS  Coronary sinus
LV  Left ventricle
PVC  Premature ventricular contraction
RV  Right ventricle
VT  Ventricular tachycardia

Sirs: ventricular tachycardia (VT) comprises a heterogenous 
group of cardiac arrhythmias. VT arising from the papillary 
muscles of the left ventricle was first described as a clinical 
syndrome in 2008 [1]. As a clinical entity, papillary muscle 
VT is uncommon and occurs relatively rare as a sustained 
arrhythmia. VT from papillary muscles mostly occur due 
to focal mechanisms including enhanced automaticity and 
triggered activity [2]. Today, catheter ablation has become 
a well-established therapy for symptomatic patients. In the 
following, we report about successful catheter ablation of 
incessant VT of the anterolateral papillary muscle guided 
by 3D mapping and ablation index only.

A 50-year-old male patient was admitted to the emer-
gency department because of palpitations. The patient was 
on no regular medication and had no pre-existing condi-
tions. A family history of cardiac diseases was not present. 
An echocardiography showed a normal biventricular func-
tion without wall motion abnormalities. The baseline ECG 
showed a tachycardia around 120–140/bpm with broad 
QRS complexes and regular RR intervals with right bundle 
branch block morphology and right axis deviation (Fig. 1A). 
Adenosine was administered for differential diagnosis. After 
18 mg of Adenosine, the tachycardia was not terminated, 

turned irregular and capture beats occurred confirming the 
diagnosis of VT (Fig. 1B). VT morphology was compatible 
with an origin close to the anterolateral left ventricular (LV) 
papillary muscle.

Catheter ablation was scheduled and performed in anal-
gosedation with propofol, midazolam and fentanyl. A decap-
olar catheter was advanced into the coronary sinus (CS). 
A DECANAV (Biosense Webster, Inc., Diamond Bar, CA, 
USA) mapping catheter was utilized for high-resolution 
multielectrode three-dimensional electroanatomical recon-
struction (CARTO® 3 System, Biosense Webster) via fast 
anatomical mapping (FAM) and the CONFIDENSE module 
(Biosense Webster) of the right (RV) and LV. Mapping of 
the LV was conducted via a combined approach by ante-
grade transseptal access and retrograde transaortal access. 
For ablation an 8F, 3.5 mm irrigated-tip catheter Thermo-
Cool© SmartTouch© Surround Flow catheter (Biosense 
Webster) was utilized. Contact force visualization (10–40 g) 
and ablation index (target: 600) were used to guide the 
ablation. Ablation lesions were visualized with the Visitag 
Surpoint module (Biosense Webster). Additional imaging 
techniques such as intracardiac three-dimensional echocar-
diography were not used.

At the beginning of the procedure, the clinical VT with 
a right bundle branch morphology, right axis deviation and 
irregular RR intervals was incessant. The earliest activa-
tion site was found in the anterolateral part of the LV at the 
area of the anterolateral papillary muscle (Figs. 2, 3, video 
1). Within this area, the distal mapping signal preceded 
the QRS onset by 30 ms. Extended radiofrequency current 
ablation was performed in power-controlled mode with a 
limitation to 40 W. For the antegrade approach, no stable 
contact force was achieved on the target area. Therefore, a 
retrograde approach was used. A contact force of 25–40 g 
was achieved in this area via the retrograde approach and 
the VT was terminated after 7 s of radiofrequency current 
application via the transaortic approach. After a waiting 
period of 30 min, no VT or premature ventricular contrac-
tions (PVC) occurred spontaneously or were inducible by 
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programmed stimulation. The procedure duration from groin 
puncture to sheath removal was 150 min. No procedural-
related complications occurred. The patient was followed up 
for 3 months with clinical visits at the outpatient department 
and repetitive Holter ECG. No recurrence of VT or PVC 
was observed.

VT and PVC may arise from endocavitary left or right 
ventricular structures. The papillary muscles of the LV are 
a relatively rare but well-described origin of PVC, non-
sustained or sustained VT [2]. Today, radiofrequency abla-
tion has emerged an effective therapy of VT. Nevertheless, 
ablation of VT from the papillary muscles is known to be 
challenging as the special anatomical features may lead to 
reduced catheter stability and hence to reduced ablation suc-
cess with relatively high recurrence rates up to 71% regard-
ing VT or PVC arising from the anterolateral papillary mus-
cle [3, 4]. Ablation can be challenging not only due to the 
special anatomy of the papillary muscles but also because 
of a deep origin inside the PM and multiple exit sites. The 
implementation of 3D-mapping systems is, therefore, rec-
ommended for endocavitary ablation of PVC and VT [5]. 
The use of intracardiac echocardiography (ICE) may facili-
tate ablation of endocavitary structures such as the papil-
lary muscles. Nevertheless, reimbursement issues and local 
availability of ICE may vary significantly and limit its broad 
usage. Cryoenergy-based ablation has been described as an 

adjunctive or alternative therapy when radiofrequency-based 
ablation for papillary muscle arrhythmia is not available or 
has failed [6, 7]. A definite conclusion on superiority of cry-
oablation-based approaches compared to the standard use of 
radiofrequency ablation cannot be made though due to the 
presence of only smaller case series. Bipolar radiofrequency-
based ablation of papillary muscle PVC has recently been 
described as another alternative approach [8]. As the papil-
lary muscles happen to be delicate anatomical structures 
within the LV concerns regarding safety of bipolar ablation 
approaches remain. At the present state of research, unipolar 
ablation represents the method of choice in the majority of 
cases as the use of bipolar ablation has not been evaluated 
in larger cohorts or prospective studies so far [9].

In the present case, we performed successful radiofre-
quency-based ablation of incessant anterolateral papillary 
muscle VT without ICE. Catheter stability and tissue con-
tact was guided only by use of contact force and the abla-
tion index module of the CARTO-3 system. Under guidance 
of 3D mapping and implementation of contact force and 
ablation index, a stable catheter position could be achieved 
and ablation was successful. Ablation index is an objective 
marker of lesion quality incorporating contact force, time, 
power and catheter stability in a weighted formula. When 
performing radiofrequency-based ablation of papillary mus-
cle VT, the implementation of contact force and ablation 

Fig. 1  Baseline surface ECG at timepoint of admission. A The base-
line surface ECG showed an incessant regular broad complex tachy-
cardia with right bundle branch block morphology and right axis 

deviation. B After administration of 18 mg Adenosine, the tachycar-
dia did not terminate but converted into an irregular rhythm. The red 
box indicates a capture beat during incessant ventricular tachycardia
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index may be the significant factor of successful ablation due 
to improvement of catheter stability and vector orientation.

Ablation of PVC, non-sustained or sustained VT arising 
from the anterolateral papillary muscle is challenging due 
to the special anatomy. We demonstrate a case of successful 
radiofrequency-based ablation of an incessant VT arising 
from the anterolateral papillary muscle in an ablation index-
guided procedure with antegrade and retrograde access with-
out additional use of ICE, bipolar ablation or cryothermal 
energy ablation.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00392- 021- 01923-x.
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Fig. 2  High-resolution three-dimensional electroanatomical recon-
struction of the right and left ventricle. Assessment of local activation 
time via high-resolution multielectrode 3D electroanatomical recon-
struction of the right and left ventricles with the CARTO-3 system. 
Earliest local activation time was found to be at the anterolateral left 
ventricle. The activation pattern showed a focal VT origin

Fig. 3  Intracardiac eletrograms. A Surface and intracardiac electro-
grams during mapping on the target area at the anterolateral papillary 
muscle. The distal map signal is preceding the QRS onset by 30 ms. 

B Surface and intracardiac electrograms during ablation at the antero-
lateral papillary muscle and termination of the VT after 7 s
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included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Doppalapudi H, Yamada T, McElderry HT et al (2008) Ventricu-
lar tachycardia originating from the posterior papillary muscle 
in the left ventricle: a distinct clinical syndrome. Circ Arrhythm 
Electrophysiol 1(1):23–29

 2. Yamada T, Doppalapudi H, McElderry HT et al (2010) Idiopathic 
ventricular arrhythmias originating from the papillary muscles in 
the left ventricle: prevalence, electrocardiographic and electro-
physiological characteristics, and results of the radiofrequency 
catheter ablation. J Cardiovasc Electrophysiol 21(1):62–69

 3. Madhavan M, Asirvatham SJ (2010) The Fourth Dimension: endo-
cavitary ventricular tachycardia. Circ Arrhythm Electrophysiol 
3(4):302–304

 4. Yamada T, McElderry HT, Okada T et  al (2009) Idiopathic 
focal ventricular arrhythmias originating from the anterior pap-
illary muscle in the left ventricle. J Cardiovasc Electrophysiol 
20:866–872

 5. Kim Y-H, Chen S-A, Ernst S et al (2020) 2019 APHRS expert 
consensus statement on three-dimensional mapping systems for 
tachycardia developed in collaboration with HRS, EHRA, and 
LAHRS. J Arrhythm. 36(2):215–270

 6. Gordon JP, Liang JJ, Pathak RK et al (2018) Percutaneous cry-
oablation for papillary muscle ventricular arrhythmias ater failed 
radiofrequency catheter ablation. J Cardiovasc Electrophysiol 
29(12):1654–1663

 7. Rivera S, de la Paz RM, Espinoza J et al (2015) Cryoablation for 
ventricular arrhythmias arising from the papillary muscles of the 
left ventricle guided by intracardiac echocardiography and image 
integration. JACC Clin Electrophysiol 1(6):509–516

 8. Arai M, Fukamizu S, Kawamura I et al (2019) Successful bipolar 
radiofrequency catheter ablation of ventricular premature com-
plexes arising from the anterolateral papillary muscle of the left 
ventricle. HeartRhythm Case Rep 5(9):472–475

 9. Soucek F, Starek Z (2018) Use of bipolar catheter ablation in the 
treatment of cardiac arrhythmias. Curr Cardiol Rev 14(3):185–191

http://creativecommons.org/licenses/by/4.0/

	Ablation index-guided catheter ablation of incessant ventricular tachycardia originating from the anterolateral papillary muscle
	References




