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Aims This study aimed to examine the clinical benefits of targeted ablation of all Premature ventricular complex (PVC) morph-

ologies vs. predominant PVC only.

Methods A total of 171 consecutive patients with reduced left ventricular ejection fraction (LVEF) and >2 PVC morphology with high

and results burden (>10%/day) undergoing their first ablation procedure were included in the analysis. At the initial procedure, preva-
lent PVC alone was ablated in the majority. However, at the redo, all PVC morphologies were targeted for ablation. : At the
first procedure, 152 (89%) patients received ablation of the dominant PVC only. In the remaining 19 (11%) patients, all PVC
morphologies were ablated. At two years, high PVC burden was detected in 89 (52%) patients. Repeat procedure was per-
formed in 78 of 89, where all PYC morphologies were ablated. At 5 years after the repeat procedure, 71 (91%) had PVC
burden of <5% [3.8 + 1.1% vs. 15.4 + 4.3% in successful vs. failed subjects (P < 0.001)]. In patients with low PVC burden after
the initial procedure, LVEF improved from 37.5% to 41.6% [mean difference (MD): 3.39 +2.9%, P < 0.001], whereas a re-
duction in LVEF from 39.8% to 34.5% (MD: 6.45 +4.7%, P < 0.001) was recorded in patients with high PVC burden. One
year after the repeat procedure, LVEF improved from 36.2% to 41.7% (MD: 5.5 +4.3%, P < 0.001) in patients with successful
ablation.

Conclusion In this observational series, ablation of all PYC morphologies was associated with significantly lower PVC burden and im-
provement of LVEF at long-term follow-up, compared with ablation of the dominant morphology only.
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What’s new?

® |n patients presenting with Premature ventricular complexes (PVCs)
with multiple morphology, ablation of all PVCs was associated with
superior outcome in terms of reduction in PVC burden at long-term
follow-up, compared with ablation of prevalent PVC alone.

® |mprovement in left ventricular ejection fraction was substantially
higher in patients in whom the post-ablation PVC burden reduced
to <5%.

® At the repeat procedure, previously non-predominant PVCs were
seen to become more frequent in the majority of patients.

Introduction

Premature ventricular complexes (PVCs) were first described by the
French scientist and physiologist Etienne-Jules Marey in the late
1800s." With the development of Holter monitoring in 1949, further
specifications, quantifications, and a better understanding of the clinical
significance of this arrhythmia became possible.” Premature ventricular
complexes can result from triggered activity, automaticity, or re-entry
and these can be either unifocal or originate from more than one site
showing multiple morphologies.” Although advent of procedural inter-
ventions such as catheter ablation to eliminate PVCs was late owing
mostly to delay in the understanding of their clinical implications, espe-
cially in the development of cardiomyopathy, several series in recent
years have reported high success rate following ablation of predomin-
ant PVCs in patients presenting with monomorphic premature com-
plexes.1’3_7 However, the procedural success with multifocal PVCs,
with most studies reporting ablation of the dominant focus only, has
been seen to be inferior to those with a singular ectopic focus.*®
Therefore, we aimed to compare the long-term improvement in the
PVC burden and left ventricular ejection fraction (LVEF) following ab-
lation of all PVC morphologies vs. the predominant morphology only, in
patients presenting with pleomorphic PVCs and reduced LVEF.

Methods

In this prospective single-centre series, consecutive symptomatic patients
with reduced LVEF and multiple (>2) PVC morphology with high burden

(>10%/day) undergoing their first catheter ablation were included. At the
initial procedure, the decision to ablate either the predominant PVC or
all PVC morphology was taken based on the frequency of non-dominant
PVCs detected following ablation of the prevalent PVC. In other words, if
the non-dominant PVCs were sporadic after ablation of the dominant
morphology PVC, those were not targeted for ablation. During the repeat
procedure, all PVC morphologies were ablated.

The site of origin of the PVC was assessed based on the 12-lead electro-
cardiogram or 12-lead Holter prior to the ablation.”'® Premature ventricu-
lar complex was considered to be originating from the right ventricular
outflow tract (RVOT) if the electrocardiogram (ECG) showed left bundle
branch block (LBBB) morphology in Lead V1 with late precordial R/S tran-
sition (after Lead V3). If the site of origin was left ventricular outflow tract
(LVOT), ECG presented LBBB with early precordial R/S transition (before
Lead V3). Premature ventricular complexes originating from papillary mus-
cle or fascicular system showed right bundle branch block (RBBB) morph-
ology with R (notched) in V1 and transition to rS in V4-6.

Definitions

Premature ventricular complex with multiple morphology (Pleomorphic):
Premature ventricular complexes originating from multiple sites (multifocal).

Premature ventricular complex burden: Proportion of total ventricular
complexes that were PVCs/day.

Frequency: Number of PVCs in 24 h.

Predominant PVC: The most frequent of all PVC morphologies in a patient.

Reduced LVEF: <45%.

Successful ablation: Elimination of all PVCs (absence of targeted PVCs in
all follow-up ECGs) or PVC burden <5% on follow-up monitoring.

Procedures were performed under conscious sedation. Heparin bolus of
10000-12000 units was given to maintain the activated clotting time of
300-350s for all left-sided procedures. The right ventricle was mapped
using the standard femoral approach and the left ventricle was accessed
via transseptal approach or retrograde aortic approach. Intra-cardiac echo-
cardiography was used to guide the transseptal access and monitor catheter
location and 3D electroanatomic mapping was performed in all.

All patients underwent bipolar electroanatomic substrate mapping with
standard scar settings of normal tissue >1.5 mV and severe scar <0.5 mV.
Maps were considered complete when the entire area of interest was com-
pletely mapped and all scar borders were clearly defined.

Anatomic and activation mapping were conducted simultaneously and
the earliest activation point for the specific PVC was targeted for ablation.
For PVCs whose frequency prevented activation mapping, the best correl-
ation with pace mapping was targeted for ablation. Pace mapping was
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Figure 1 Example of a patient with multiple PVCs: PVC#1 (top circle), originating from the LVOT (below the left coronary cusp, near the mitral valve
annulus), and PVC#2 (bottom circle), originating from the left infero-septal PM. From left to right, ECG; Carto3 point-by-point electroanatomical maps
(LAO and RAO projections) of the RVOT (partially transparent), LVOT (bottom), and aortic root/left coronary cusp (top) showing the ablation lesions
at the two separate sites of successful ablation; and fluoroscopic view (AP projection) of the ablation catheter at the site of successful ablation. AP,
anteroposterior; ECG, electrocardiogram; LAO, left anterior oblique; LVOT, left ventricular outflow tract; PM, papillary muscle; PVC, premature ven-
tricular contraction; RAO, right anterior oblique; RVOT, right ventricular outflow tract.

performed just above the capture threshold with the coupling interval being
similar to the targeted PVC. We used the automated PaSo algorithm from
Biosense Webster to guide pace mapping. A median PaSo score of 95% or
above was considered appropriate to deliver ablation lesions. Additionally,
the paced QRS morphology and the targeted PVC morphology were visu-
ally compared for supplemental evidence.

All patients underwent radiofrequency catheter ablation with either a
3.5-mm open-irrigated ablation catheter (NaviStar ThermoCool,
Biosense Webster, Diamond Bar, CA, USA) or with an open-irrigated mag-
netic ablation catheter (NaviStar RMT ThermoCool, Biosense Webster).
The ablation parameters were the following; maximum power 45 W,
3049 s/lesion, temperature cut-off 42°C.

Epicardial mapping either via subxiphoid access or coronary sinus cannu-
lation was performed if needed. A focus was considered epicardial if the ac-
tivation mapping was earliest or pace mapping most closely correlated with
the targeted PVC morphology from the epicardium.

At the end of the ablation procedure, intravenous isoproterenol (up to
10 pg/min for 10 min) was given for induction of ectopy followed by a
20-min waiting period to ensure complete abatement of ectopic triggers.

Patients were monitored overnight and were discharged the following
day. During hospitalization, continuous ECG telemetry was performed to
monitor the arrhythmia.

Left ventricular ejection fraction was assessed by echocardiogram at baseline
and 12 months after the procedure. Premature ventricular complex burden
was monitored using 7-day Holter telemetry at 3, 6, and 12 months of post-
procedure and once a year for the rest of the follow-up period. If the burden
was <5% at the follow-up, the procedure was considered to be effective long-
term. Patient data were prospectively collected in our institutional review
board approved VT registry that allows for data collection and analysis.

Statistical analysis

Clinical characteristics were summarized as frequency and percentage for cat-
egorical variables and mean =+ SD for continuous variables. Student’s t-test and
Fisher’s exact test were used to compare differences across groups.

Freedom from arrhythmia recurrence was the primary endpoint of the
study. Assessment of PVC burden and change in LVEF at follow-up were
the secondary endpoints.
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Figure 2 Electroanatomic map showing three PVC morphologies
(A: postero-medial papillary muscle, B: antero-lateral papillary muscle,
and C: left coronary cusp) in Participant II.

Arrhythmia recurrence was compared by log-rank test. Event-free dur-
ation was defined as time from the procedure to occurrence of outcome
event (arrhythmia recurrence). Patients event-free at end of follow-up
were censored on date of last assessment. Premature ventricular complex
burden and change in LVEF were compared between groups using two
sample t-tests. All tests were two-sided, and a P-value of <0.05 was consid-
ered statistically significant.

Results

Baseline

A total of 171 consecutive patients with reduced LVEF and pleomorph-
ic (two or more morphology) PVCs in the baseline ECG and high PVC
burden (>10%), undergoing their first catheter ablation at our institu-
tion were included in this analysis. Figures 1 and 2 illustrate examples of
PVCs with multiple morphology in two patients included in the current
analysis.

Conventional mapping was performed manually in 119 (69.6%) pa-
tients and with the robotic system (Stereotaxis, St. Louis, MO, USA)
in the remaining participants. Baseline and procedural characteristics
of the study population are presented in Table 1. Majority (83.7%) of
the patients had two PVC morphology detected. Premature ventricular
complex burden at baseline was 23.5 +8% (median 24.3, IQR 15.6—
28.6). Average burden of predominant PVC was 21.6 + 10.0% (median
20.6, IQR 15.2-27.3) and non-predominant PVC was 7.5 +9.6% (me-
dian 7.8, IQR 4.5-10.1). The distribution of the site of origin of PVCs
was as following: RVOT (n=110, 64.3%) and papillary muscle (n=
51, 29.8%). The remaining were from the left ventricle: coronary

Table 1 Baseline characteristics of the study population

Demographics and clinical characteristics N=171
Age 66+12

Male 135 (79%)
LVEF 38.6 £6.11
LVEF (<40%) 86 (50.3%)

Hypertension 112 (65.5%)
Type Il diabetes 36 (21%)
Coronary artery disease 82 (48%)
Obstructive sleep apnoea 37 (21.6%)
Number of PVC morphology 31+12
2 morphologies 143 (83.7%)
3 morphologies 24 (14%)
>4 morphologies 4 (2.3%)

Sites of origin
Right ventricle 110 (64.3%)
45 (26.3%)

51 (29.8%)

Left ventricle

Papillary muscle

PVC burden 235+8%
Mean duration of PVC before ablation (years) 29+14
Procedure time (min) 97.6+23.4

LVEF, left ventricular ejection fraction; PVC, premature ventricular complex.

cusp (38/45, 84.4%), left ventricular (LV) summit (41/45, 91.1%), sub-
aortic valvular region (37/45, 82.2%), and coronary venous system
(33745, 73.3%). The mean pre-QRS activation time was —23 + 6 ms.
Left ventricular ejection fraction was <40% in 48 (28%) patients.

Premature ventricular complexes originated from within the scar in
9/54 (16.7%), adjacent to the scar in 13/54 (24.1%), and away from the
scar in 49 (90.7%) patients.

Baseline medications included beta-blockers (97, 56.7%), flecainide
(27, 15.8%), dofetilide (14, 8.2%), dilitiazem or verapamil (28, 16.3%),
sotalol (11, 6.4%), and amiodarone (9, 5.2%).

First procedure

In 152 (88.9%) patients, only the prevalent PYC morphology was ab-
lated. In the remaining 19 subjects, all PYC morphologies were targeted
for ablation. Site of origin of the predominant PVC was epicardial in 11
(6.4%) patients. Total mean fluoro time was 17 + 3.8 min and radiofre-
quency time was 7 + 3 min. Myocardial scar was detected in 54 (31.6%)
patients of which 33 (61%) had LVEF <40%.

Electroanatomic map in Figure 2 demonstrates ablation points in
the coronary cusp and papillary muscle area in one of the study
participants.

At 2 years after the first procedure, 82 (48%) patients had either
elimination of all PVCs or the PVC burden was reduced to <5%. This
included 16 of the 19 (84%) subjects that received ablation of all PVC
morphologies and 66 of the 152 (43.4%) patients in whom only pre-
dominant PVC was targeted for ablation (P =0.0008). High PVC bur-
den was persistent in the remaining 89/171 (52%) patients (3/19
(15.7%) receiving ablation of all PVC morphology vs. 86/152 (56.5%)
that had only the prevalent PVC ablated, P < 0.001).

The success rate was similar between patients with vs. without myo-
cardial scar [25/54 (46.3%) vs. 57/117 (48.7%), P=0.76].
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Change in LVEF after the first procedure
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Figure 3 Bar diagram shows change in LVEF after the first procedure. In patients with successful ablation after the initial procedure, LVEF improved
from 37.5% to 41.6% [mean difference (MD): 3.39 & 2.9%, P < 0.001], whereas a reduction in LVEF from 39.8% to 34.5% (MD: 6.45 +4.7%, P < 0.001)
was recorded in patients with high PVC burden. LVEF, left ventricular ejection fraction; PVC, premature ventricular complex.

Repeat procedure

Repeat procedure was performed in 78 of 89 (87.6%) patients. Return
of the predominant PVC that was ablated in the 1st procedure was de-
tected in 6 (7.7%), previously non-predominant PVCs were seen to be-
come more frequent in 73 (93.6%), and new PVCs were observed in 5
(6.4%) patients. All received ablation of both dominant and non-
dominant PVC morphology at the repeat procedure.

At 5 years of follow-up after the repeat procedure, 71 of 78 (91%)
had either all PVC eliminated or the burden was <5%. Premature ven-
tricular complex burden was 3.8 +1.1% (median 3.7, IQR 2.6-4.8) vs.
15.4 +4.3% (median 14.8, IQR 12.61-18.38) in successful vs. failed sub-
jects (P <0.001).

Effect of ablation on left ventricular

ejection fraction

In patients with successful ablation after the initial procedure, LVEF im-
proved from 37.5% to 41.6% [mean difference (MD): 3.39 +2.9%, P <
0.001], whereas a reduction in LVEF from 39.8% to 34.5% (MD: 6.45 +
4.7%, P<0.001) was recorded in patients with high PVC burden
(Figure 3).

Of the 82 patients that were PVC-free at follow-up after the initial
procedure, LVEF was normalized to >50% in 9 (10.9%), and improved
>10% in 55 (67%) patients.

After the repeat ablation, LVEF improved from 36.2% to 41.7% (MD:
55+4.3%, P <0.001) in the 71 patients that either remained PVC free
or had the PVC burden <5% [LVEF normalized in 8 (11.2%) and an im-
provement of >10% was documented in 54 (76%)]. Of the 25 patients
with scar that had successful ablation of PVC, LVEF was normalized in
none (0%), improved >10% in 22 (88%), and <10% in 3 (12%). Of the

57 patients with successful ablation and no scar, LVEF improved in all
(100%); normalized in 9 (15.8%), improved >10% in 33 (57.9%), and im-
proved <10% in the remaining 15 patients.

The main findings are summarized in a flow chart in Figure 4.

Complications

No major complications such as phrenic nerve palsy, coronary vessel
damage, pericardial effusion, or stroke/transient ischaemic attacks
were reported peri-procedurally following the first and the repeat
procedure. Access-site haematoma were reported in 4 (2.3%) cases
after the first procedure that were conservatively managed. After
the repeat procedure, one case of access-site haematoma was re-
ported in Groups 1 and 2 minor vascular complications in Group 2
patients.

Discussion

To the best of our knowledge, this is the first study that directly com-
pared the benefits of targeting all PVC morphologies vs. prevalent
morphology only, in patients presenting with multifocal PVCs. Our
main findings were the following: (i) significantly lower PVC burden
was observed at long-term follow-up when all PYC morphologies
were ablated vs. only the prevalent one, (i) safety of the procedure
was demonstrated by very low complication rate and no major
complications, and (i) improvement in LVEF was substantially higher
in patients after complete elimination of all PYC morphologies or re-
duction in the burden to <5%.

In order to understand the clinical significance of the above findings,
the first and foremost question that is needed to be addressed is why it
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Figure 4 Flowchart shows the main results summarized.

is important to eliminate all PVC morphologies (originating from more
than one site) and not just the prevalent form. Based on available evi-
dences, there are multiple reasons that justify ablation of all PVC
morphologies.

Multifocal premature ventricular
complexes are known to be associated

with poor cardiovascular outcome

Premature ventricular complexes with multiple morphology (multi-
form) can have a single focus of origin (unifocal) and yet produce
distinctly different morphologies owing to variable exit pathways
and pattern of propagation or these can have multiple origin sites
(multifocal PVC). In our series, all patients had PVCs originating
from multiple locations. The presence of multiform PVCs and
the number of PVC morphologies were reported to be directly
correlated with left ventricular dysfunction, cardiovascular (CV) ad-
verse events, all-cause mortality, new-onset atrial fibrillation and
heart failure, hospitalization, and cerebral thrombo-embolic
events. 31112 Pleomorphic PVCs might be associated with under-
lying subclinical heart disease that led to subsequent CV complica-
tions in these patients.?

Ablation success is evidently affected by
the presence of premature ventricular

complexes with multiple morphology

Catheter ablation is a preferred therapeutic option in patients pre-
senting with high burden of PVCs and signs of cardiomyopathy.'® In
a survey conducted by the European Heart Rhythm Association on
the management of idiopathic monomorphic PVC, 99% of responders
considered catheter ablation as an important option with some opt-
ing for it as the first-line treatment.'® Moreover, the majority of the
participants was in accordance with therapeutic intervention for PVC
burden exceeding 10% in a 24-h Holter ECG recording.”® However,
PVCs often arise from multiple locations and the presence of pleo-
morphic PVCs is known to affect ablation outcomes.* In a series of
patients with 30% presenting with pleomorphic PVCs, Sheldon
et al.* observed the presence of PVCs with multiple morphology as
an independent predictor of unsuccessful ablation, although most of
the recurrences were detected to be due to re-emergence of the ori-
ginally targeted predominant PVC morphology. One plausible explan-
ation for this observation is that the pleomorphic PVCs described in
this study were most likely PVCs with single origin but multiple exit
sites and/or were originating from locations that were challenging
to ablate (papillary muscle, LV summit).” Recurrence after successful
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ablation is possible due to remodelling of the arrhythmogenic sub-
strate or reconnection to exit sites.” In addition, PVCs originating
from papillary muscle are known to be associated with higher failure
rate although these can be successfully eliminated in the hands of
skilled operators resulting in freedom from recurrent ventricular ar-
rhythmia at long-term follow-up."* Sheldon et al.* described the other
reason of high failure rate to be the ‘frequency cut-off for non-
prevalent PVCs of > 156 beats differentiating between ineffective
and effective ablation procedure. Moreover, they observed the trans-
formation of previously detected non-predominant PVCs to become
the dominant PVC at recurrence, when those were not targeted dur-
ing the prior procedure.* In agreement with their results, we ob-
served non-frequent PVCs at the baseline procedure to become
more frequent and contributing to the maintenance of a high burden,
if only prevalent PVC was ablated at the initial procedure. Of note,
our results demonstrated significantly higher success rate in the group
that had all PVC morphologies targeted for ablation compared with
those where only predominant PVC was ablated and non-
predominant PVCs were not addressed. Thus, whenever warranted,
the operators should consider ablating all PVC morphologies instead
of targeting the dominant only.

High premature ventricular complex
burden and higher prevalence of multifocal
premature ventricular complexes increase

the risk of cardiomyopathy

The concept of PVC-induced cardiomyopathy was first proposed
by Duffee and co-workers, who observed a small group of patients
with cardiomyopathy recovering normal LV function after pharma-
cological suppression of frequent PVCs.'> Premature ventricular
complex ablation currently holds a Class 1 indication for treating
high-burden symptomatic drug-refractory PVCs, as high PVC bur-
den is known to increase the risk of cardiomyopathy in addition
to affecting the quality of life and overall well-being because of
the symptoms.” Although PVC burden of >24% was identified
by one study as a cut-off for risk of cardiomyopathy, findings
from other studies showed the burden as low as 5-6% to be asso-
ciated with increased risk of the same.'®"” Higher prevalence of
multiform PVCs was also reported to be associated with reduced
LVEF in a retrospective series.'® Regardless of whether the pleo-
morphic PVCs were the cause or the manifestation of a pre-
existing cardiomyopathy, several trials have demonstrated signifi-
cant reduction in PVC burden and improvement in LVEF following
catheter ablation, in agreement with our current findings.>” It is
noteworthy to mention here that in patients with no structural
heart disease, survival analysis did not show any difference in mor-
tality between the strata when patients were classified according to
PVC burden."

Of note, studies have reported improvement in NYHA class from
3.0 to 2.0, enhancement in the efficacy of cardiac resynchronization
therapy in non-responders and improvement in survival in patients
with PVC cardiomyopathy following substantial betterment in LVEF
after successful PVC ablation.?**!

Premature ventricular complexes with
multiple morphologies have been shown
to be associated with underlying

arrhythmogenic substrate

In a prospective series, Oebel et al?* showed the presence of RBBB
pattern and multiple PVYC morphology to be independent predictors
of underlying ventricular fibrotic substrate identified by cardiac

magnetic resonance imaging. In agreement with our findings, PVCs
were reported to be terminated equally successfully in patients with
structural substrate and those without.”*?* Baser et al.>* observed pa-
tients with multiple PVCs to experience recurrence of arrhythmia and
reappearance of cardiomyopathy significantly more often than those
without, as non-dominant PVCs were not targeted for ablation in the
earlier procedure.

Lastly, we encountered very few procedural complications as well as
no major adverse events at long-term follow-up after the PVC ablation
targeting all morphologies. Our findings were in agreement with earlier
reports.

Limitations

We acknowledge few limitations of the current study. (i) It was a single-
centre non-randomized analysis. However, consecutive patients were
included and the procedural and follow-up data were collected pro-
spectively. In addition, our institution is a high-volume centre with a
wide diversity of patient population receiving interventions for their ar-
rhythmic disorders. (ii) Cardiac magnetic resonance imaging was not
performed routinely that could have provided more information re-
garding the underlying fibrotic substrate. However, we did not observe
any correlation between presence of scar and ablation success. (iii) The
sample size was relatively small. A larger population comparing the ben-
efits of ablation of all sites vs. just the prevalent location in patients pre-
senting with PVCs originating from multiple sites will be more
elucidative. (iv) Spontaneous resolution of PVCs has been reported to
happen over time. However, in our patients with long history of
drug-refractory symptomatic PVCs, the possibility of spontaneous reso-
lution was very unlikely.

Conclusion

In this prospective series of patients with multiple PVYC morphologies,
ablation of the prevalent PVCs alone was associated with effective re-
duction of PVC burden to <5% in only 43% of patients, whereas with
ablation of all PVC morphologies, the same outcome was achieved in
84% of cases. Furthermore, persistence of high PVC burden was asso-
ciated with significant worsening of the LVEF. In subjects with reduction
in PVC burden to <5%, we observed a substantial improvement in the
left ventricular ejection fraction at 1 year of follow-up.
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