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ABSTRACT. The discovery, characterization, and ablation of the papillary muscles have evolved
rapidly since the initial description in 2008. New innovations in pacemapping, intracardiac

imaging, ablation catheters, and ablation methodologies have dramatically impacted the approach
to the treatment of papillary muscle ventricular arrhythmias. This review provides an up-to-date
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summary of these methods, as well as guidance on how to integrate them into clinical practice.
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Introduction

The advent of electroanatomic mapping, intracardiac
echocardiography, and multidetector computed tomo-
graphy has led to the improvement of the identification
and localization of endocavitary ventricular arrhythmias
(VAs). Concomitantly, the role of VAs in the develop-
ment of cardiomyopathies, and the potential reversal of
cardiomyopathies, has expanded the indications for VA
ablation. Endocavitary structures, dubbed the “fourth
dimension,”" had previously been neglected due to a lack
of adequate techniques to accurately characterize them
on available imaging technology. With imaging advances,
the importance of these structures in the origin and prop-
agation of VAs has been elucidated. Some centers report
that up to 24% of VA ablations involve these endocavitary
structures.” In the right ventricle, the moderator band, tri-
cuspid valve, papillary muscles, and false tendons have
been identified as origins of VAs.** In the left ventricle,
the anterolateral and posterolateral papillary muscles
have been confirmed as origins of ventricular tachycar-
dia (VT). This review will focus on the arrhythmogenic
nature of the left ventricular papillary muscles, their
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mechanisms, clinical identification, management, and
future research.

Although previously postulated,”” the earliest reports of
papillary VAs were in late 2007 to 2008.5'° Since then, fur-
ther descriptions, proposed mechanisms, diagnostic fea-
tures, and treatment methodologies have evolved. Papillary
VA is the second rarest form of VA originating from the left
ventricle."! The posterior papillary muscle is a more com-
mon location of origin of ventricular ectopy than the ante-
rior papillary muscle. Papillary VAs have been described in
both structurally normal and abnormal hearts.*” The pap-
illary muscles demonstrate unique anatomy among struc-
tures of the heart. They are among the thickest endocardial
structures, and fibers on the papillary muscles have separa-
tions, likely contributing to anisotropy.?

The original description of posterior papillary VA named
seven key features, including (1) normal baseline electro-
cardiogram (ECG); (2) VA with a pattern of right bundle
branch block (RBBB) with superior axis; (3) an inabil-
ity to induce VA with programmed stimulation; (4) an
inability to entrain; (5) inducibility with isoproterenol or
epinephrine; (6) the earliest activation occurring in the
papillary muscle; and (7) an absence of high-frequency
potentials at the site of origin.'’ Several other clinical fea-
tures were later described. Papillary VAs were observed
to rarely cause sustained VT, were often associated
with exercise,”® and usually carried a benign prognosis.
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Later studies, however, found that premature ventricular
contractions (PVCs) may be triggers of ventricular fibril-
lation™ and that papillary PVCs may induce a cardio-
myopathy, which may be corrected with ablation.'®!”

Mechanismletiology

These observations have led to a comprehensive under-
standing of the mechanism of papillary muscle VA.
Papillary VA is an automatic or triggered focal arrhyth-
mia, which often originates in the deep layers of the
myocardium. This is supported by the pattern of induc-
tion by exercise, isoproterenol usage, lack of entrainment,
tendency against sustained VT, late diastolic activation

J. A. Donnelly, A. Patel, and S. J. Beldner

time at the ablation site, lack of fractionated potentials at
the ablation site,'® acceleration with radiofrequency (RF)
energy application,'® and the observation that the first beat
of the tachycardia has the same morphology as subse-
quent beats. Fascicular VT and papillary VT remain closely
linked, as the reentrant circuit of fascicular VI may involve
the Purkinje fibers surrounding the papillary muscles."

Papillary muscle VAs are often localized to deep myo-
cardial origins. Evidence supporting a deep myocardial
source include (1) the requirement for irrigated catheters
for ablation; (2) poor results with pacemapping (com-
pleted far from the breakout site)*; and (3) a lack of inter-
ruption of VT with mechanical stimulation.'®
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Figure 1: Surface ECGs of patients. A: Surface ECGs of patients with posteromedial papillary muscle VA. B: Surface ECGs of
patients with anterolateral papillary muscle VA. These ECGs demonstrate the morphology and the variable presentation
from isolated PVCs to the salvos of the VA. ECG: electrocardiogram; PVCs: premature ventricular contractions; VA: ventricular

arrhythmia.
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VA Originating from the LV Papillary Muscles

Papillary VT can be seen in patients with both structur-
ally normal and abnormal hearts. Some have noted the
high prevalence of ischemic heart disease with low ejec-
tion fraction, suggesting that the left ventricular dilation
and stretching of the papillary muscles may lead to papil-
lary remodeling and ultimately, to myocardial automatic-
ity.?! To further support this theory, there are reports of
patients with separate VAs originating from both papil-
lary muscles.”! Bogun et al. studied nine patients with a
history of myocardial infarction with papillary VT and
noted that magnetic resonance imaging (MRI) showed
heterogeneous contrast uptake of the arrhythmogenic
papillary muscles in some of these individuals.” The
same author group later studied patients without a his-
tory of myocardial infarction and found that 29% of these
patients also had focal delayed enhancement in the cul-
prit papillary muscles.?

Surface electrocardiogram

Several studies to date have evaluated surface ECG char-
acteristics to identify papillary muscle VA.10151822 yA
originating from the papillary muscles must be differ-
entiated from that from other sources of VA with RBBB
morphology, such as fascicular VA or mitral annular VA.

Patients with papillary VA demonstrate an average QRS
duration of 150 ms,® and episodes of such are usually
greater than 130 ms in duration. The RBBB pattern in V1
is not the typical rSRO pattern of fascicular VT, but rather
is often a monophasic R or qR pattern.® In lead I and a
VL, an R or Rs pattern may predominate.? Positive con-
cordance is not usually seen; however, the precordial
transition occurs early.

Papillary VA originating from the anterolateral papil-
lary muscle has an RBBB morphology with an inferior or
rightward axis. The precordial transition occurs between
V3 and V5, often even before V1. There is also a qR or qr
in lead aVR and an rS in V6 (Figure 1A).

Papillary VT originating from the posteromedial papil-
lary muscle has an RBBB morphology with a superior,
leftward axis. R-wave notching is often present in more
than three consecutive early precordial leads, possibly
due to fractionated conduction through the papillary
myocardium.? The precordial transition also occurs in
V3 to V5 and often before V1. The later precordial leads
do not contain Q waves, and there is usually an 1S in V6.
There is never a qR or qRs in leads I, or a VL (Figure 1B).”

While ventricular arrhythmias originating from the fas-
cicles or mitral annulus may also have an RBBB pattern,
with a similar axis to papillary VT, there are still signifi-
cant differences. Features suggestive of fascicular VT
include a QRS duration of less than 130 ms and an rsR’
pattern in V1.” Fascicular VT is also associated with a
qR or qRs pattern in I, or a VL. Posterior fascicular VT is
associated with a small R wave in lead III. Also, in leads I,
V5, and V6, there is an R/S ratio < 1. Anterior fascicular
VT is associated with RS or QS in lead I, V5, and V6, with
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an R/S ratio < 1. Anterior mitral annular VTs are associ-
ated with positive precordial concordance due to the exit
size near the base. Both anterior and posterior mitral VAs
are associated with R > Sin V5.

Al" Aref et al. devised a simple algorithm to differentiate
these three VT origins using the surface ECG, based on
the features of QRS duration, R/S ratio in V5, and precor-
dial concordance and R/R0 ratio in V1, with an overall
sensitivity and specificity of 83% to 100% for the various
etiologies.”

Papillary ventricular arrhythmias for the inter-
ventional electrophysiologist

Anatomy of the endocavity

Given the unique anatomical aspects of endocavitary
arrhythmias, the ablation of papillary VT is considered
more technically challenging than that of other ventric-
ular VAs®1% Anatomically, VA has been originating
from all possible sites within the papillary muscles, the
top near the chordae tendineae,? the body, and the base.
Successful ablation sites have been found on both the
anterior and posterior sides of the papillary muscles.®
The posteromedial papillary muscles tend to accept
successful ablation on the septal side, whereas the ante-
rolateral papillary muscles have equal success with both
anterior- and posterior-sided ablation.

Four major challenges specific to the ablation of papil-
lary VT were first described by Doppalapudi et al.'
These include (1) the limited efficacy of pacemapping; (2)
repeated changes in the morphology of arrhythmias dur-
ing pacemapping; (3) difficulties in obtaining good con-
tact between the catheter tip and papillary muscle; and
(4) a frequent need for ablation on both sides of the papil-
lary muscles in order to terminate the arrhythmia.

Pacemapping

The mapping of papillary VA presents a distinct set of
challenges. Given that the VA is caused by automatic
or triggered activity, it is usually not sustained and can-
not be entrained. In this regard, the operator must often
rely on pacemapping. However, pacemapping is associ-
ated with inaccurate localization of the VA and failure to
successfully terminate the arrhythmia.'® Yamada et al."®
demonstrated that despite excellent pacemapping scores
of greater than 21, the RF energy delivered to the site of
best match failed to terminate the PVC in 42% of patients.
A change in PVC morphology was usually seen, how-
ever, likely due to the site of the origin of the VT being far
removed from the breakout site.

Almost 50% of patients present with pleomorphic PVC
morphologies.®'®?® Yamada et al.'® reported that 50%
of patients had multiple PVC morphologies. Possible
mechanisms for this include (1) multiple origin sites or
(2) multiple exit sites. The favored theory is that there
are multiple exit sites, which is supported by the finding
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that the electrograms of VA demonstrate a fused form
of multiple QRS morphologies. Also, in some patients,
a single focus point demonstrated complete elimination
upon ablation, supporting the theory of a single origi-
nating point.'®

Chang et al. used pacemapping with an automatic match-
ing algorithm and correlation score map to assist with
multiple breakout sites. As with prior studies, they noted
that 62% of patients had multiple breakout site morphol-
ogies. During the ablation of 13 patients, a total of 34 PVC
morphologies were found. The authors reported a 100%
long-term success rate.”

The weakness of pacemapping, which has been his-
torically observed, is likely to be multifactorial. The
two major limiting factors are technology and patient
anatomy. Since 2008, pacemapping has improved from
initially being visually guided, to currently employing
computer-assisted matching algorithms. This is reflected
in the increasing rates of ablation success seen over time,
which are best demonstrated in the study by Chang
et al.”’ The second factor is the inherent anatomic limita-
tions of pacemapping in the papillary muscle. The nor-
mal vigorous contractions of the papillary muscles limit
catheter placement and stability, and their deep myocar-
dial nature, as well as multiple exit sites, further limits the
accuracy of pacemapping.

Electroanatomic mapping may also be attempted to ease
the localization of VA origin; however, early diffuse acti-
vation sites may be distributed throughout the base of
the papillary muscle. This may especially occur when
the origination of the VA is in the mid-myocardium or
epicardium.?!

Posteromedial

»
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Imaging

Given the historic nature of intracardiac echocardiography
(ICE) in the identification of papillary VA, its use has been
paramount in the localization and confirmation of suc-
cessful ablation sites. Proietti et al. described a case series
of 16 patients undergoing RF ablation of the papillary
muscles assisted by ICE imaging.?! In patients undergoing
papillary VA ablation, the use of ICE guidance improved
success rates from 28.5% to 62.5%. Our practice utilizes
ICE with CartoSOUND™ (Biosense Webster, Diamond
Bar, CA, USA) to create an anatomical map of the anterior
and posterior papillary muscles (Figure 2). Echo bright
areas may also help to identify a site or location or origi-
nation. This may be consistent with the aforementioned
areas of heterogeneous contrast uptake of the arrhythmo-
genic papillary muscles described by Bogun et al.” We also
use echocardiography to assess catheter contact with the
desired papillary muscle (Figures 3 and 4).

Early potentials

Conflicting reports exist as to the presence and utility of
early potentials seen during ablation. While some studies
include the observation,® others do not.!’ Yamada et al.!!3
noted high-frequency potentials at successful ablation sites
in patients during VT and identical appearing late poten-
tials at the same site, respectively, in sinus rhythm. They
suggested that the potentials may be used as markers of a
successful ablation site. Their patients notably had a pre-
ponderance for sustained VT that was inconsistent with the
findings of subsequent studies. Ban et al. later associated
the finding with successful ablations, but also noted that
low frequency potentials may represent far-field sensing of
a deep myocardial source of VA.** The conflicting reports

Anterolateral

T

Figure 2: Intracardiac echocardiography anatomic correlation of posteromedial and anterolateral premature ventricular

depolarizations.
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VA Originating from the LV Papillary Muscles
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Figure 3: Three-dimensional echocardiograph reconstruction of the mitral valve and papillary muscles with CartoSOUND™
(Biosense Webster, Diamond Bar, CA, USA). A: Left anterior oblique view. B: Right anterior oblique view.

Figure 4: Intracardiac echocardiograph imaging demonstrat-
ing contact on the posteromedial papillary muscle.

of early potentials likely demonstrate the heterogenicity
of depth of VA foci, with high frequency potentials being
observed when the VA originate from more endocardial
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sites, versus in the case of deeper foci, in which early
potentials may either be of a low frequency, or not present
at all. Studies in patients with ischemic papillary VA have
failed to report these high frequency potentials, perhaps
due to the presence of scar tissue.’

Role of cryoablation

RF application, most commonly via irrigated tipped cath-
eters, has been the prevailing modality of papillary VA
ablation, with the hypothesis of needing to create deep
lesions in order to secure success. However, with the high
recurrence rate, it has been postulated that the vigorous
contractions associated with normally functioning papil-
lary muscles make it difficult to maintain catheter contact
during RF delivery. These contractions have remained
problematic, despite the use of contact force measure-
ment. An alternative approach using cryoablation has
thus emerged, with various benefits.

Rivera et al. reported a small case series of successful cry-
oablations of papillary VAs in 2015.%® Ten patients under-
went cryoablation for symptomatic, drug-refractory VAs
using a transmitral approach. Cryoenergy was delivered
to the earliest site of bipolar activity, earliest QS unipolar
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patterns, or earliest Purkinje network activity preceding
the QRS. Electroanatomic mapping was performed with
the EnSite™ NavX™ system (Abbott Laboratories, Chi-
cago, IL, USA), and pacemapping was used. Immediate
success rates were 100% non-inducibility and 100% cath-
eter stability. One of the 10 patients had recurrence of VA
on follow-up.

The same author group also published a retrospective
series comparing 12 patients who underwent cryoabla-
tion with nine patients who underwent RF ablation. Anti-
arrhythmics were held in all patients post-ablation. With
success defined as a > 50% reduction in VAs, at a mean
follow-up of 360 days, the cryoablation group had a 100%
success rate versus a 56% success rate at 87 days follow-
up in the RF group.?”’ Cryoablation was also associated
with a decrease in multiple VA morphologies observed
during ablation (0% versus 77%).

The success of cryoablation is likely due to improved
catheter stability with cryoablation versus RF ablation,
while the better catheter stability observed is likely to
be due to an improved adherence of the catheter to the
ablation site. There were fewer changes in VA morphol-
ogy observed by Rivera et al., which may indicate the
decreased thermal and mechanical effects that RF cath-
eters might have on the myocardium.

The limitations of cryoablation remain problematic,
including the tradeoff in catheter maneuverability,
decreased lesion size and depth, and lack of integration
with the CARTO™ system (Biosense Webster, Diamond
Bar, CA, USA). However, it is compatible with the
EnSite™ NavX™ system (Abbott Laboratories, Chicago,
IL, USA). Marai et al. reported successful cryoablation
of papillary VA using the combination of a cryocatheter
with ICE alone, which is a feasible option in centers that
only have the CARTO™ system (Biosense Webster, Dia-
mond Bar, CA, USA) on hand.*

Circumferential ablation

Wo et al. reported their experience with RF ablation using
irrigated catheters with respect to the best pacemap site,
augmented by circumferential ablation at the base of the
papillary muscles. At a mean follow-up of 20 months, they
had a 0% recurrence rate. Success was defined as the absence
of VA on 24-hour Holter monitor three months after abla-
tion, while the patient was off antiarrhythmic medications.
No patients developed significant mitral regurgitation.!

Risks

The risks of papillary muscle ablation are similar to those
of other ventricular ablation procedures. The risk of stem
pops may be worsened by restricted catheter mobility
resulting from a tendency towards catheter wedging in the
trabeculations between the myocardium and the papillary
muscle insertion. This is particularly a concern with abla-
tion performed at the base of the papillary muscles. Mitral
regurgitation also remains a concern for the clinician;
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however, only two known case reports exist. One case
involves a woman with preexisting mitral valve prolapse
who worsened from moderate to severe after RF ablation.*
The other occurred in a 48-year-old man who developed
severe mitral regurgitation requiring surgical correction.®

Future research

Papillary muscle VT has been postulated to play a role
in sudden cardiac arrest in patients with mitral valve
prolapse.®* In a postmortem analysis of 43 young adults
in whom mitral valve prolapse was the only abnormal-
ity on autopsy, all had RBBB pattern VAs on prior ECGs,
and had papillary muscle fibrosis on histology. It is likely
that there is a role of mechanical stretching of the papil-
lary muscles involved in the genesis of papillary VA, as
patients with mitral valve prolapse and VA from both
papillary muscles have been described.?

Our method/summary

We recommend an approach tailored to the patient’s
anatomy. This includes localization of the VT using the
surface ECG, as well as long-term ECG monitoring to
assess for PVC burden, and for multiple PVC morpho-
logies. The use of cardiac MRI may also confirm the loci
of the VT, as 29% of papillary VTs demonstrated enhance-
ment on MRI prior to electrophysiology study.®

The approach may be transseptal or retroaortic. No data
exist on the efficacy differences between the two; we
recommend a retroaortic approach for the anterolateral
papillary muscle and a transseptal approach for the pos-
teromedial papillary muscle. We find these approaches to
be more suited anatomically to the respective papillary
muscles, though success is possible using either approach.

Ablation should be assisted by imaging, which may
include ICE, computed tomography imaging, or a com-
bination of the two. Arrhythmia localization is per-
formed via a combination of activation mapping and
pacemapping. Pacemapping should be used with cau-
tion, however, due to the aforementioned studies. If an
RF approach is to be used, we recommend using an irri-
gated catheter, targeting the exit site on the myocardium
with the earliest bipolar activity preceding the QRS onset
during arrhythmia, ideally more than 30 ms pre-QRS. If
pacemapping is used, the operator should use the earliest
activity obtained during the best example of pacemap-
ping obtained. A target contact force of 10 g is recom-
mended. If a papillary VT is confirmed, then irrigated
catheters should be considered as they offer improved
success rates due to the ability to ablate the deeper myo-
cardial origin of the VI. However, irrigated catheters
increase the risk of steam pops; thus, particular caution
for rises in impedance should be undertaken. A recom-
mended impedance drop is 10 ohms. Circumferential iso-
lation of the papillary base may improve outcomes.

If poor results are achieved with RF ablation, or if there
is significant catheter movement, then a cryoablation
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VA Originating from the LV Papillary Muscles

approach should be attempted. We recommend a trans-
septal approach with a cryocatheter. We also recommend
assistance be provided via use of an available mapping
system, or ICE if no compatible mapping system is avail-
able. We prefer the use of the EnSite™ NavX™ system
(Abbott Laboratories, Chicago, IL, USA), though we
have also used the CARTO™ system (Biosense Webster,
Diamond Bar, CA, USA).

Features suggestive of a good target site for ablation
include (1) early activation—more than 30 ms prior to
QRS; (2) early sharp signals (the presence of which sug-
gests endocardial location); (3) late potential in sinus
rhythm that becomes pre-systolic during PVC/VT; (4)
greater R-wave amplitude at distal bipolar ECG; (5) slow
downstroke of initial Q wave on unipolar ECG; and (6)
good catheter stability. In contrast, findings associated
with ablation failure include (1) poor catheter stability;
(2) a far-field appearance; and (3) reliance on pacemap-
ping alone.

The discovery, characterization, and ablation of the papil-
lary muscles have evolved rapidly since the initial descrip-
tion 10 years ago. Early studies had long-term success rates
of ablation of 42% to 67% procedural success.'®** With
expanded use of cryoablation, circumferential ablation,
and automatic pacemapping, current generation success
rates are quoted to be as high as 90% to 100%.%”%**! These
advances have rapidly transitioned ablation of papillary
VA from one of the least successful ablation procedures to
one of high probability of cure. The lessons learned from
papillary muscle arrhythmia are being applied to other
endocavitary structures and may help to improve proce-
dural success rates elsewhere in the future.

References

1. Madhavan M, Asirvatham SJ. The fourth dimension: endo-
cavitary ventricular tachycardia. Circ Arrhythm Electrophysiol.
2010;3(4):302-304.

2. Abouezzeddine O, Suleiman M, Buescher T, et al. Relevance of
endocavitary structures in ablation procedures for ventricular
tachycardia. | Cardiovasc Electrophysiol. 2010;21(3):245-254.

3. Santoro F, Di Biase L, Hranitzky P, et al. Ventricular
tachycardia originating from the septal papillary muscle
of the right ventricle: electrocardiographic and electro-
physiological characteristics. | Cardiovasc Electrophysiol.
2015;26(2):145-150.

4. Crawford T, Mueller G, Good E, et al. Ventricular arrhyth-
mias originating from papillary muscles in the right ventricle.
Heart Rhythm. 2010,7(6):725-730.

5. Pak HN, Kim YH, Lim HE, et al. Role of the posterior pap-
illary muscle and Purkinje potentials in the mechanism
of ventricular fibrillation in open chest dogs and swine:
effects of catheter ablation. | Cardiovasc Electrophysiol.
2006;17(7):777-783.

6. Kim YH, Xie F, Yashima M, et al. Role of papillary muscle in
the generation and maintenance of reentry during ventricular
tachycardia and fibrillation in isolated swine right ventricle.
Circulation. 1999;100(13):1450-1459.

7. Chen PS, Karagueuzian HS, Kim YH. Papillary muscle
hypothesis of idiopathic left ventricular tachycardia. | Am
Coll Cardiol. 2001;37(5):1475-1476.

3012

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Good E, Desjardins B, Jongnarangsin K, et al. Ventricular

arrhythmias originating from a papillary muscle in patients
without prior infarction: a comparison with fascicular
arrhythmias. Heart Rhythm. 2008;5(11):1530-1537.

. Bogun F, Desjardins B, Crawford T, et al. Post-infarction

ventricular arrhythmias originating in papillary muscles.
J Am Coll Cardiol. 2008;51(18):1794-1802.

Doppalapudi H, Yamada T, McElderry HT, Plumb V],
Epstein AE, Kay GN. Ventricular tachycardia originating
from the posterior papillary muscle in the left ventricle: a
distinct clinical syndrome. Circ Arrhythm Electrophysiol.
2008;1(1):23-29.

Yamada T, Tabereaux PB, Doppalapudi H, McElderry HT,
Kay GN. Successful catheter ablation of a ventricular tachy-
cardia storm originating from the left ventricular posterior
papillary muscle involved with a remote myocardial infarc-
tion. | Interv Card Electrophysiol. 2009;24(2):143-145.

Spach MS, Miller WT 3+, Miller-Jones E, Warren RB, Barr
RC. Extracellular potentials related to intracellular action
potentials during impulse conduction in anisotropic canine
cardiac muscle. Circ Res. 1979;45:188-204.

Yamada T, McElderry HT, Okada T, et al. Idiopathic focal
ventricular arrhythmias originating from the anterior papil-
lary muscle in the left ventricle. ] Cardiovasc Electrophysiol.
2009;20(8):866-872.

Yamada T, Doppalapudi H, McElderry HT, et al. Idiopathic
ventricular arrhythmias originating from the papillary mus-
cles in the left ventricle: prevalence, electrocardiographic
and electrophysiological characteristics, and results of the
radiofrequency catheter ablation. | Cardiovasc Electrophysiol.
2010;21(1):62-69.

Santoro F, Di Biase L, Hranitzky P, et al. Ventricular fibril-
lation triggered by PVCs from papillary muscles: clini-
cal features and ablation. | Cardiovasc Electrophysiol.
2014;25(11):1158-1164.

Seiler J, Lee JC, Roberts-Thomson KC, Stevenson WG. Intra-
cardiac echocardiography guided catheter ablation of inces-
sant ventricular tachycardia from the posterior papillary
muscle causing tachycardia—mediated cardiomyopathy.
Heart Rhythm. 2009;6(3):389-392.

Sternick EB, Correa F, Negri R, Scarpelli RB, Gerken LM.
Reversible cardiomyopathy provoked by focal ventricu-
lar arrhythmia originating from the base of the posterior
papillary muscle. | Interv Card Electrophysiol. 2009;25(1):
67-72.

Yamada T, Doppalapudi H, McElderry HT, et al. Electro-
cardiographic and electrophysiological characteristics in
idiopathic ventricular arrhythmias originating from the
papillary muscles in the left ventricle: relevance for catheter
ablation. Circ Arrhythm Electrophysiol. 2010;3(4):324-331.
Komatsu Y, Nogami A, Kurosaki K, et al. Fascicular ven-
tricular tachycardia originating from papillary muscles:
Purkinje network involvement in the reentrant circuit. Circ
Arrhythm Electrophysiol. 2017;10(3):e004549.

Kawakami H, Noda T, Miyamoto K, Satomi K, Shimizu
W, Kusano KE. Successful catheter ablation of idiopathic
ventricular tachycardia originating from the top of the
left ventricular posterior papillary muscle near the chordae
tendineae: usefulness of intracardiac three-dimensional echo-
cardiography. HeartRhythm Case Rep. 2015;1(3):110-113.
Proietti R, Rivera S, Dussault C, et al. Intracardiac echo-
facilitated 3D electroanatomical mapping of ventricular
arrhythmias from the papillary muscles: assessing the ‘fourth
dimension” during ablation. Europace. 2017;19(1):21-28.
Sadek MM, Benhayon D, Sureddi R, et al. Idiopathic ven-
tricular arrhythmias originating from the moderator band:

The Journal of Innovations in Cardiac Rhythm Management, February 2018



23.

24.

25.

26.

27.

28.

29.

The Journal of Innovations in Cardiac Rhythm Management, February 2018

electrocardiographic characteristics and treatment by
catheter ablation. Heart Rhythm. 2015;12(1):67-75.

Deyell M, Man ], Supple G, Hutchinson M, Frankel D,
Marchlinski F. ECG differentiation of ventricular arrhyth-
mias arising from the left posterior fascicle and postero-
medial papillary muscle. Heart Rhythm. 2012,9:5474.

Ban JE, Lee HS, Lee D], et al. Electrophysiological character-
istics related to outcome after catheter ablation of idiopathic
ventricular arrhythmia originating from the papillary mus-
cle in the left ventricle. Korean Circ J 2013;43(12):811-818.
Al Aref S, Ip JE, Markowitz SM, et al. Differentiation of pap-
illary muscle from fascicular and mitral annular ventricular
arrhythmias in patients with and without structural heart
disease. Circ Arrhythm Electrophysiol. 2015;8(3):616-624.
Yokokawa M, Good E, Desjardins B, et al. Predictors of suc-
cessful catheter ablation of ventricular arrhythmias aris-
ing from the papillary muscles. Heart Rhythm. 2010;7(11):
1654-1659.

Chang YT, Lin Y], Chung FP, et al. Ablation of ventricu-
lar arrhythmia originating at the papillary muscle using an
automatic pacemapping module. Heart Rhythm. 2016;13(7):
1431-1440.

Rivera S, de la Paz Ricapito M, Espinoza ], et al. Cryoabla-
tion for ventricular arrhythmias arising from the papillary
muscles of the left ventricle guided by intracardiac echocar-
diography and image integration. JACC Clin Electrophysiol.
2015;1(6):509-516.

Rivera S, Ricapito Mde L, Tomas L, et al. Results of cryoen-
ergy and radiofrequency-based catheter ablation for treating

30.

31.

32.

33.

34.

35.

J. A. Donnelly, A. Patel, and S. J. Beldner

ventricular arrhythmias arising from the papillary muscles
of the left ventricle, guided by intracardiac echocardio-
graphy and image integration. Circ Arrhythm Electrophysiol.
2016;9(4):e003874.

Marai I, Andria N, Gurevitz O. Cryoablation for ventricular
tachycardia originating from anterior papillary muscle of
left ventricle guided by intracardiac echocardiography. Case
Rep Cardiol. 2017,2017:9734795.

Wo HT, Liao FC, Chang PC, et al. Circumferential abla-
tion at the base of the left ventricular papillary muscles: a
highly effective approach for ventricular arrhythmias origi-
nating from the papillary muscles. Int | Cardiol. 2016;220:
876-882.

Mochizuki A, Nagahara D, Takahashi H, Saito R, Fujito
T, Miura T. Worsening of mitral valve regurgitation after
radiofrequency catheter ablation of ventricular arrhythmia
originating from a left ventricular papillary muscle. Heart-
Rhythm Case Rep. 2017;3(4):215-218.

Desimone CV, Hu T, Ebrille E, et al. Catheter ablation related
mitral valve injury: the importance of early recognition
and rescue mitral valve repair. | Cardiovasc Electrophysiol.
2014;25(9):971-975.

Sriram CS, Syed FF, Ferguson ME, et al. Malignant bileaflet
mitral valve prolapse syndrome in patients with otherwise
idiopathic out-of-hospital cardiac arrest. ] Am Coll Cardiol.
2013;62(3):222-230.

Basso C, Perazzolo Marra M, Rizzo S, et al. Arrhythmic
mitral valve prolapse and sudden cardiac death. Circulation.
2015;132(7):556-566.

3013



