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OBJECTIVES This study sought to establish a mapping and ablation strategy to target intramural ventricular

arrhythmias (VAs) by identifying the precise arrhythmia site of origin (SOO).

BACKGROUND Radiofrequency ablation of intramural VAs is challenging because the arrhythmia origin is difficult to

localize.

METHODS In 83 consecutive patients with intramural VAs, a stepwise mapping approach was performed: ablation

targeted directly the SOO when possible followed by the closest adjacent anatomical structure when necessary. If the

SOO could not be identified, the earliest endocardial breakout sites were ablated. Safety and procedural outcomes

between patients in whom the SOO could and could not be identified were compared.

RESULTS The SOO was identified in 19 of 83 (23%) patients, and radiofrequency ablation was effective in eliminating

VAs in all 19 (100%) patients by ablation at the SOO alone (n ¼ 3), at the SOO and an anatomically adjacent area (n ¼ 7),

or at an anatomically adjacent area alone (n ¼ 9). Breakout site mapping and ablation in the remaining 64 patients in

whom the SOO was not identified was effective in 43 of 64 patients, which was significantly less than in patients in whom

the SOO was identified (67% vs. 100%; p < 0.05).

CONCLUSIONS Identification of the SOO was associated with a successful ablation procedure by either targeting the

SOO directly or targeting an adjacent anatomical structure. Ablation at the breakout sites of intramural VAs has a lower

efficacy than when the SOO can be directly targeted. (J Am Coll Cardiol EP 2020;6:1339–48) © 2020 the American

College of Cardiology Foundation. Published by Elsevier. All rights reserved.
R adiofrequency ablation of ventricular
arrhythmias (VAs) is typically guided by acti-
vation mapping and pace mapping to identify

the arrhythmia site of origin (SOO). Intramural
arrhythmias pose a particular challenge because the
origin is more difficult to localize (1). The SOO in
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patients with basal intramural VAs may be identified
through cannulation of the coronary venous system
(CVS) and perforator veins that drain the intraventric-
ular septum. However, direct ablation in this area is
often limited. In such cases, adjunctive strategies tar-
geting the SOO versus targeting a breakout site (2)
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ABBR EV I A T I ON S

AND ACRONYMS

CVS = coronary venous system

EGM = electrogram

LV = left ventricle/ventricular

LVOT = left ventricular outflow

tract

PVC = premature ventricular

complex

RV = right ventricular

RVOT = right ventricular

outflow tract

SOO = site of origin

VA = ventricular arrhythmia

VT = ventricular tachycardia
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have been proposed, but the optimal ablation
approach remains unknown. The purpose of
this study was to establish a mapping and
ablation strategy to target septal intramural
VAs.
SEE PAGE 1349
METHODS

STUDY POPULATION. This was a single-
center, retrospective study conducted
among patients undergoing catheter ablation
of VAs at the University of Michigan using a
predefined mapping and ablation protocol.
Eighty-three consecutive patients were
found to have a focal clinical VA (premature
ventricular complexes [PVCs], nonsustained ventric-
ular tachycardia [VT]) with a septal intramural origin
and were included in this study. No sustained VTs
were included in this study. The patients were
selected from among 433 consecutive patients with
frequent PVCs. Thirty-five (42.0%) patients had non-
ischemic cardiomyopathy, 2 (2.4%) had ischemic
cardiomyopathy, and 7 (8.4%) had PVC-induced car-
diomyopathy. Patients failed 0.6 � 0.8 medications
prior to the ablation, and 32 patients had failed
ablation procedures elsewhere.

ELECTROPHYSIOLOGY STUDY, MAPPING. The study
protocol was approved by the Institutional Review
Board of the University of Michigan. After informed
consent was obtained, multipolar catheters were
inserted into the femoral vein and positioned in
the high right atrium, His bundle, and right ventric-
ular (RV) apex. Mapping was performed with a
3-dimensional mapping system (CARTO 3, Version 6,
Biosense Webster, Diamond Bar, California) and an
8-F irrigated-tip catheter (Thermocool, Biosense
Webster). Intracardiac electrograms (EGMs) were
displayed on a recording system (EP-Workmate, St.
Jude Medical, St. Paul, Minnesota) at a speed of
100 mm/s. Prior to mapping and ablation, pro-
grammed ventricular stimulation was performed in
all patients with 1 to 4 extrastimuli at twice the ven-
tricular capture threshold from 2 RV sites to induce
VT. Clinical VAs were identified based on ambulatory
Holter monitors, 12-lead electrocardiography, and
implantable cardioverter-defibrillator EGMs as
appropriate. RV VAs were mapped after administra-
tion of 3,000 U of heparin initially, followed by
1,000 U every hour. VAs originating in the left
ventricle (LV) were mapped via a retrograde aortic
approach after administration of heparin to obtain an
activated clotting time >250 s.
An intramural origin was defined as an
arrhythmia in which pace mapping at the earliest
site of activation failed to reproduce the same or
similar QRS complex (3,4). Several pre-defined steps
were performed once an intramural focus was
suspected:

1. A coronary venogram was obtained from the CVS
using an occlusive balloon (Figures 1 and 2).

2. An attempt to identify the SOO was pursued by
thoroughly mapping the CVS, including perforator
veins, with the ablation catheter (Figure 1). If the
ablation catheter was unable to be advanced to an
adequate distal location, a multipolar mapping
catheter Map-iT (Access Point Technologies,
Rogers, Minnesota) or a 0.014-inch Vision guide-
wire (Biotronik, Berlin, Germany) was used to
perform activation mapping (Figure 2) (5).

3. To confirm that the SOO was identified, a closely
matching pace map ($10 of 12 matching leads with
the closest match of any pacing site) at the intra-
mural site with the earliest activation time that
was earlier than any site from adjacent anatomic
surfaces (Figure 1) was required (3). Pace mapping
was performed at an output of 10 mA and with a
pulse width of 2 ms. The pulse strength and width
were increased as necessary to achieve capture.
Activation mapping was performed by measuring
the time from the onset of the local bipolar EGM to
the QRS complex onset of the VA. Activation times
were compared at the SOO (EGM-QRSSOO), at the
closest anatomical location opposing the SOO
(EGM-QRSanatomic), and at the earliest breakout site
in any chamber (EGM-QRSbreakout).

4. If the SOO was identified, the proximity to the
closest adjacent anatomical structure outside of
the CVS was measured, and the activation time at
this site was recorded.

5. The endocardial breakout sites were mapped in all
patients, and in patients in whom the SOO was
identified, the distance to the earliest breakout site
was recorded (Figure 2).

RADIOFREQUENCY ABLATION. The ablation strat-
egy depended on whether the SOO was reachable
with the ablation catheter.

In the presence of an intramural focus in which the
ablation catheter was advanced to the intramural SOO
via a perforator vein, an initial power of 20 W was
used and titrated as necessary (Figure 1). If low-power
ablation led to impedance rises, the irrigation flow
rate was increased to a maximum of 30 cm3 normal
saline/min, and ablation was not performed if further
rises in impedance were seen. In the endocardium



FIGURE 1 Intramural PVC Ablated From Within the Perforator Vein

(Left) Three-dimensional reconstruction of echocardiographic contours obtained by intracardiac echocardiography. Shown is a posterior view of

the right ventricle (RV), the left ventricle with the mitral valve annulus (MVA), and the great cardiac vein (GCV). The ablation catheter is located

in a perforator vein (white arrow). (Middle, Top) Occlusive balloon venogram of the great cardiac vein. An arrow indicates the location of a

proximal perforator vein draining the interventricular septum. (Middle, Bottom) Coronary angiogram of the left coronary arteries with the

ablation catheter located in the perforator vein (arrow). The catheter is located 5 mm below the left anterior descending artery. (Right)

Morphology of the targeted premature ventricular complex (PVC) with recordings at the site of origin preceding the QRS complex by 35 ms.

There is a pace map that closely matches with the spontaneous PVC morphology. Ablation at this site eliminated the patient’s PVCs.
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radiofrequency energy was delivered at 25 W initially
and was titrated up to 50 W as needed to achieve an
impedance drop of 10 U. Coronary angiography was
performed prior to ablation within the great cardiac
vein or anterior intraventricular vein, and ablation
was not performed within 5 mm of coronary arteries.
High-output pacing (amplitude: 20 mA with a pulse
width of 2.0 to 10 ms) was used to assess for phrenic
nerve capture. Bipolar ablation, simultaneous uni-
polar ablation, and retractable needle catheters were
not used in this study.

If the ablation catheter did not reach the SOO or if
ablation was precluded by proximity to the coronary
arteries or a rise in impedance during ablation, an
anatomically based ablation strategy was used, tar-
geting the closest adjacent anatomic surface to the
SOO (Figure 2), as determined by examining the
electroanatomic mapping system, biplane fluoros-
copy, and intracardiac ultrasound.

If the VA was not eliminated with these attempts,
the earliest endocardial breakout sites in all nearby
cardiac chambers were targeted.

In patients with intramural VAs in which the SOO
could not be identified, ablation targeted the earliest
endocardial breakout sites in adjacent anatomic
structures (Figure 3).
EJECTION FRACTION AND PVC BURDEN. The ejec-
tion fraction before and after the procedure was
assessed by transthoracic echocardiograms per-
formed within 2 weeks prior to the procedure. The
pre- and post-procedure PVC burden was assessed
with ambulatory 24-h Holter monitoring obtained
within 3 months before and 3 to 6 months after
ablation.

ACUTE PROCEDURAL OUTCOMES AND FOLLOW-UP.

Successful ablation was defined as a reduction of the
PVC burden and VAs by $80% compared with pre-
ablation (9), at 3 months post-ablation. Patient out-
comes were followed until death or loss to clinical
follow-up. All patients were seen in follow-up 3 to
6 months after the ablation procedure and subse-
quently every 6 to 12 months, and patients with
implanted devices were followed with regular home
monitoring reports.

STATISTICAL ANALYSIS. Continuous variables were
expressed as a mean � SD or median (interquartile
range) and compared using Student’s t-test or Mann-
Whitney U-test as appropriate. Categorical variables
were displayed as absolute numbers and percentages
and were compared using the Fisher exact test or by
chi-square analysis, as appropriate. Patients in whom



FIGURE 2 Intramural PVC Ablated at the Anatomically Nearest Site in LVOT

(Left) Three-dimensional reconstruction of echocardiographic contours obtained by intracardiac echocardiography. Shown is a posterior view of

the RV, the left ventricle with the MVA, and the GCV. The GCV and its continuation in the anterior interventricular veins are colored in pink, and

the perforator vein is colored in purple. The ablation catheter is located in the left ventricular outflow tract (LVOT) (yellow arrow). A mapping

wire (gray icon) is located in the distal perforator vein (asterisk). (Middle, Top) Left anterior oblique (LAO) view showing selective cannulation

of a perforator vein with a unipolar mapping wire (arrows). (Middle, Center) LAO view of an occlusive venogram showing the GCV, the anterior

interventricular vein, and a perforator vein (arrows). (Middle, Bottom) LAO view with the mapping wire located in the proximal perforator vein

(white arrows). The ablation catheter (yellow arrow) is placed in the LVOT in close proximity to the tip of the mapping wire that is indicating

the location of the site of origin. (Right) Recording from the mapping wire, which precedes the onset of the PVC-QRS complex by 40 ms.

Radiofrequency energy was successful when ablation was performed from the ablation catheter located in the LVOT (left and middle, yellow

arrow). Abbreviations as in Figure 1.
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the SOO was identified were compared with patients
in whom the SOO was not identified. Owing to a small
number (<5) of patients with recurrent PVCs at
follow-up, the Fisher exact test was used to compare
outcomes between these 2 groups. The PVC burden
before and after ablation was compared using a paired
Student’s t-test. A receiver-operating characteristic
curve was created using local EGM-QRS activation
times to distinguish between the SOO versus early
breakout sites; the area under the curve was calcu-
lated, and a cutoff value was determined using the
Youden index. Two-sided values of p < 0.05 were
considered significant. All statistical analyses were
performed using R version 3.6.1 (R Foundation for
Statistical Computing, Vienna, Austria).
RESULTS

BASELINE CHARACTERISTICS. There were 83 pa-
tients included in the study (52 men, mean age
60 � 13 years, mean ejection fraction 47 � 14%). The
pre-procedure PVC burden was 26 � 13% (Table 1). All
patients in this series had a predominant PVC
originating from an intramural origin, and these were
the targeted VAs. In 30 of 83 patients the predomi-
nant PVC was monomorphic. In the remaining pa-
tients, other PVC morphologies were also observed
(5 � 4 different morphologies). PVCs were targeted
in 80 of 83 patients, and spontaneous nonsustained
VTs were targeted in 3 of 83 patients. Fifty-three of
83 (63%) of the targeted PVCs had a left bundle
branch block morphology, and 73 of 83 (88%) had an
inferior axis.

ACUTE ABLATION OUTCOMES: SOO-GUIDED

APPROACH. All patients undergoing PVC ablation
had their clinical arrhythmia occur spontaneously at
the time of mapping. All patients underwent mapping
of the endocardium and CVS. No patients underwent
epicardial mapping via a subxiphoid puncture.

An intramural SOO was identified in 19 patients
through cannulation of the CVS and the perforator
veins. The average EGM-QRSSOO interval was 37 �
13 ms at the SOO. The SOO was accessed in 19 of 19
cases with a multielectrode catheter or a mapping
wire; the ablation catheter reached the SOO in 13 of 19
cases. A QS pattern was present at all sites of origin



FIGURE 3 Intramural PVC Where the Site of Origin Was Not Identified

Activation mapping was performed to identify the breakout sites. (Left) Tracings obtained from the right ventricular outflow tract (RVOT). The

earliest activation time is shown and was –40 ms. A pace map is shown without a matching pace map when pacing was performed from the

RVOT breakout site. (Middle) Three-dimensional reconstruction of echocardiographic contours of the RV obtained by intracardiac echocardi-

ography. Superimposed are activation maps of both the RVOT and the right sinus of Valsalva (RSV). Catheter locations are shown at the earliest

activation site in the RVOT (white arrow) and RSV (yellow arrow). Ablation was performed sequentially at the sinus of Valsalva and the RVOT.

Ablation from both sites was required to eliminate this PVC. (Right) Activation timing in the RSV. Despite an earlier timing (–60 ms), the pace

map does not match with the targeted PVC. Abbreviations as in Figure 1.
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where unipolar recordings were available. Ablation
was performed directly at the SOO in 10 of 13 patients
accessible with the ablation catheter. In the remain-
ing 3 of 13 patients, ablation in the perforator vein
was not performed due to proximity to the coronary
arteries (n ¼ 2), or patient discomfort with ablation
(n ¼ 1). Ablation at the SOO led to complete sup-
pression of the targeted VAs in 7 of 10 patients.

The closest anatomic sites were located 6 � 2 mm
from the SOO and included the LV outflow tract
(LVOT) (n ¼ 7), RV outflow tract [RVOT] (n ¼ 4), aortic
cusps (n ¼ 5), and anterior mitral annulus (n ¼ 3). The
mean EGM-QRSanatomic interval at the closest
anatomic sites was 13 � 4 ms. There were no differ-
ences in these values between patients with and
without prior ablation (p > 0.05 for both). Ablation
targeting these sites was performed in 16 of 19 cases.
This included the 6 patients in whom the SOO was
inaccessible with an ablation catheter, 3 patients in
whom ablation could not be safely performed at the
SOO, 3 patients in whom ablation at the SOO did not
completely suppress the arrhythmia, and 4 patients
in whom ablation at the SOO was effective but
additional reinforcement lesions were applied from
an adjacent anatomical site. All patients who had the
SOO identified and underwent only SOO ablation
(n ¼ 3), anatomically based ablation (n ¼ 9), or both
SOO and anatomically based ablation (n ¼ 7) had
complete acute suppression of their VAs (Figure 1).
The earliest breakout sites were recorded at the aortic
cusps (n ¼ 7), LVOT (n ¼ 7), RVOT (n ¼ 2), mitral
annulus (n ¼ 2), and anterior intraventricular vein
(n ¼ 1). The mean EGM-QRSbreakout interval at these
sites was 20 � 7 ms.

The site of earliest activation and the closest
anatomically opposed area to the SOO was distinct in
17 of 19 patients, and they were located an average of
15 � 6 mm apart. In 7 of 17 patients, these sites were
located in the same chamber yet at distinct sites
(LVOT: n ¼ 4, cusps: n ¼ 2, mitral annulus: n ¼ 1), and
in 10 of 17 patients, they were located at different
chambers (i.e., breakout site in the cusp, anatomically
closest site in the LVOT). The anatomically closest
site to the SOO coincided in 2 patients with the
breakout site. This site was located at the mitral
annulus and the aortic cusp, respectively. The



TABLE 1 Patient Characteristics

Total
(N ¼ 83)

Site of Origin
Identified
(n ¼ 19)

Site of Origin
Not Identified

(n ¼ 64) p Value

Male 52 (62.7) 8 (42.1) 44 (68.8) 0.06

Age, yrs 59.72 � 12.24 58.15 � 12.68 60.44 � 12.23 0.31

BMI, kg/m2 30.86 � 7.99 29.95 � 5.32 31.13 � 8.64 0.58

HTN 41 (49.4) 8 (42.1) 33 (51.6) 0.64

DM 11 (13.3) 1 (5.6) 10 (15.6) 0.43

AF 11 (13.3) 4 (28.6) 7 (10.9) 0.45

CKD 1 (1.2) 1 (5.6) 0 (0.0) 0.47

LVEF, % 46.99 � 14.24 41.53 � 12.92 48.61 � 14.30 0.056

PVC burden, % 25.73 � 13.30 26.39 � 13.57 25.54 � 13.32 0.81

Structural heart disease 0.78

NICM 35 (42.2) 8 (42.1) 27 (42.2)

ICM 2 (2.4) 1 (5.3) 1 (1.6)

PVC cardiomyopathy 7 (8.4) 2 (10.5) 5 (7.8)

Medications

Beta-blockers 60 (74.1) 15 (78.9) 45 (72.6) 0.79

Amiodarone therapy 11 (13.3) 4 (21.1) 7 (10.9) 0.45

Other AAD 25 (30.1) 5 (26.3) 20 (31.2) 0.9

Procedure times

Procedure time, min 355 � 83 338 � 88 360 � 82 0.32

Fluoroscopy time, min 54� 28 55 � 28 53 � 28 0.79

RFA time, min 30 � 20 18 � 8 30 � 16 <0.001

Values are n (%) or mean � SD.

AAD ¼ antiarrhythmic medication; AF ¼ atrial fibrillation; BMI ¼ body mass index; CKD ¼ chronic kidney
disease; DM ¼ diabetes mellitus; HTN ¼ hypertension; ICM ¼ ischemic cardiomyopathy; LVEF ¼ left ventricular
ejection fraction; NICM ¼ nonischemic cardiomyopathy; PVC ¼ premature ventricular complex;
RFA ¼ radiofrequency ablation.

Ghannam et al. J A C C : C L I N I C A L E L E C T R O P H Y S I O L O G Y V O L . 6 , N O . 1 1 , 2 0 2 0

Ablation of Intramural Ventricular Arrhythmias O C T O B E R 2 6 , 2 0 2 0 : 1 3 3 9 – 4 8

1344
anatomically closest site was located closer to the
SOO than to the earliest breakout site (6 � 2 mm vs. 14
� 7 mm; p < 0.001).

The EGM-QRSSOO (37 � 13 ms) interval was earlier
than the EGM-QRSbreakout (20 � 7 ms) interval and
earlier than the EGM-QRSanatomic (13 � 4 ms) interval
(p < 0.001 for both). There were no differences in
these values between patients with and without prior
ablation (p > 0.05 for all). The EGM-QRSbreakout in-
terval was earlier than the EGM-QRSanatomic interval
(p < 0.01). There was no difference in the EGM-
QRSSOO between patients with and without prior ab-
lations (40.8 � 17 ms vs. 33.1 � 8 ms; p ¼ 0.24).

Comparing the earliest activation times of breakout
sites with the earliest activation times at the SOO, a
cutoff interval of >28.5 ms distinguished an SOO from
breakout sites, with an area under the curve of 0.84
(sensitivity of 83%, specificity of 78%).

Eight of 53 (15%) patients with a left bundle branch
block VA had an SOO identified within the CVS and
perforator veins, compared with 11 of 30 (37%) pa-
tients with a right bundle branch block VA (p ¼ 0.23).
An inferior axis was present in 16 of 19 VAs and in a
superior axis in 3 of 19 VAs in which an SOO was
identified.
ACUTE ABLATION OUTCOMES: BREAKOUT SITE–GUIDED

APPROACH. The remaining 64 of 83 patients did not
have an SOO identified, and all underwent ablation at
the site of the earliest endocardial activation (Figure
4). The site of earliest breakout was identified in the
coronary cusps (n ¼ 17), CVS (n ¼ 9), LVOT (n ¼ 9),
pulmonary artery (n ¼ 3), RVOT (n ¼ 17), or parahisian
region (n ¼ 9). The EGM-QRSbreakout interval in these
patients was 24 � 8 ms. Acute procedural success was
less common in this group than in the patients with
an identified SOO (19 of 19 [100%] vs. 43 of 64 [67%];
p < 0.005).

There were no procedure-related deaths, pericar-
dial tamponade, myocardial infarctions, or major
vascular complications in either group. One patient
with an existing biventricular implantable
cardioverter-defibrillator developed complete heart
block after ablation near the basal RV septum that
persisted post-procedure.

FOLLOW-UP. The mean follow-up time was 32 �
29 months, and 4 of 83 patients were lost to follow-
up. Two patients died from noncardiovascular cau-
ses (sepsis and complications related to cancer treat-
ment). There was a significant reduction of the PVC
burden on follow-up Holter monitor (26.5% [17.0% to
32.3%] vs. 0.9% [0.0% to 5.0%]; p < 0.001). Patients
with an acutely successful procedure had a lower
burden of PVCs on follow-up testing (0.5% [0.0% to
2.0%] vs. 6.5% [3.0% to 22.4%]; p < 0.001). All pa-
tients with successful ablation procedures were free
from antiarrhythmics at the time of follow-up, and
6 of 21 patients with an unsuccessful ablation pro-
cedure remained on antiarrhythmic medications.

During follow-up, 17 patients had recurrence of
PVCs, including 1 of 19 (5%) patients in whom the SOO
was identified versus 17 of 64 (27%) patients in whom
the SOO was not identified (p ¼ 0.06).

DISCUSSION

MAIN FINDINGS. The SOO of intramural septal PVCs
could be identified within the CVS and perforator
veins in 23% of patients. Radiofrequency ablation
targeting the PVC SOO directly or through an SOO-
guided approach resulted in a high acute and long-
term success rate. Patients in whom the SOO could
not be identified and in whom ablation targeted early
breakout sites had modest acute and long-term out-
comes (Central Illustration).

INTRAMURAL VAs. Identifying the SOO of intramural
VAs with endocardial mapping can be challenging.
Myocardial activation propagating outward from an
intramural source can lead to multiple sites of early



FIGURE 4 Patient Outcomes

Patient outcomes based on identification of the SOO versus breakout site mapping. IM ¼ intramural; PVC ¼ premature ventricular complex;

RFA ¼ radiofrequency ablation; SOO ¼ site of origin.
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endocardial activation (6). In such cases, the SOO is
inferred by finding the earliest site of activation in
each chamber and assuming that the SOO lies be-
tween these areas. Preferential conduction along
insulated myocardial fibers from the arrhythmia
origin to breakout sites have been described for VAs
targeted in the aortic cusps (7), and may render
traditional mapping less accurate. Mapping of the
breakout site in proximity to the aortic cusps may
allow effective ablation in most cases, as demon-
strated by Yamada et al. (7), because the distance
between the RVOT and the aortic cusps often is small.
However, if thicker parts of the septum harbor the
SOO, ablation at the breakout sites may not be suc-
cessful. Interestingly, we demonstrated that the areas
of earliest endocardial activation were distinct from
sites that were anatomically closer to the SOO in most
patients (n ¼ 17 of 19) in whom the SOO was clearly
identified. In over one-half of the cases, the site of
earliest endocardial activation and the closest
anatomical sites were in different cardiac chambers.
Sites closer to the SOO demonstrated a relatively late
endocardial activation and would therefore not be
favorable target sites if activation mapping alone is
used. Yet, ablation at these sites alone led to com-
plete PVC elimination in 9 of 9 patients in whom the
SOO was identified but could not be directly ablated
at the SOO.
The feasibility and benefits of CVS cannulation for
identifying an intramural substrate and targeting
septal intramural arrhythmias has been previously
reported (2,3,5). Consistent with these reports,
direct ablation within the CVS or perforator veins
was not always possible because of an inability to
advance the ablation catheter to the SOO, patient
discomfort, proximity to the coronary arteries, or
rapid rises in impedance with ablation. Even in such
cases, using the SOO as a landmark for an SOO-
guided ablation yielded a high procedural success
rate. This underlines the importance of identifica-
tion of the SOO for intramural VAs as the most
important step in the mapping procedure of these
arrhythmias. In contradistinction to other reports
(5,6), a pre-defined protocol for intramural VA was
used in the present study in order to determine the
optimal approach for targeting intramural VAs.
Although others have reported a beneficial outcome
if multiple breakout sites are targeted (6), the pre-
sent report demonstrates the limitation of such an
approach that often results in failed ablations, most
likely due to preferential conduction and early
activation of sites remote from the SOO. This was
demonstrated by the larger distance of breakout
sites to the SOO as compared with the distance to
the closest adjacent anatomic sites where ablation
was ultimately effective.



CENTRAL ILLUSTRATION Site of Origin Based Ablation of Intramural PVCs

Ghannam, M. et al. J Am Coll Cardiol EP. 2020;6(11):1339–48.

Intramural PVCs were ablated using a strategy focused on identifying and directly targeting the arrhythmia site of origin (SOO). When

identified, the SOO was ablated directly via the coronary venous system and/or by ablation at endocardial sites immediately opposing the SOO.

When the SOO was not identifiable, ablation was performed based on traditional activation mapping only. A SOO based approach had superior

outcomes compared to the traditional approach. PVC ¼ premature ventricular contraction; VA ¼ ventricular arrhythmia.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Intramural VAs

are challenging to treat with catheter-based ablation; identifi-

cation of the arrhythmia SOO through mapping of the CVS can be

safely performed and yields higher procedural success rates than

do traditional mapping and ablation techniques.

TRANSLATIONAL OUTLOOK: Proposed techniques for

ablating intramural arrhythmias often involve experimental

equipment and off-label procedures. The technique described

here could be used as a safe and effective alternative and should

be incorporated into future investigations.
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PRIOR STUDIES. The findings in this study need to be
distinguished from reports targeting an epicardial
SOO of VAs via the CVS or adjacent areas (2,8). Abla-
tion often cannot be performed safely from within the
CVS for epicardial SOOs, and an anatomic approach
targeting the closest adjacent structure is often
beneficial. The relevance of the results of these
studies to patients with an intramural SOO is uncer-
tain. Briceno et al. (5) reported on 12 patients with
septal intramural VAs undergoing ablation. Nonfocal
VAs were included in this series, and extensive
endocardial ablation was performed targeting the
intramural substrate. The current study employed a
focused approach targeting the SOO of a focal
arrhythmia. The results indicate that an effort should
be made to identify and target the SOO from within
the CVS or from an adjacent anatomic structure close
to the SOO.

APPROACH TO INTRAMURAL ARRHYTHMIAS. The
optimal approach to mapping and ablating intramural
arrhythmias remains to be determined. Careful map-
ping of all chambers should be performed to deter-
mine the sites of earliest endocardial activation.
Cannulation of the CVS and perforator veins should
be performed routinely; lower-profile mapping cath-
eters or coronary wires should be used if an ablation
catheter cannot be safely advanced to a distal loca-
tion. The SOO should be targeted directly if possible,
followed by the anatomically closest adjacent sites.
These steps eliminated the majority of arrythmias
when the SOO was identified. In patients in whom the
SOO was not identified, ablation at early sites of
endocardial activation can be successful in some but
not all patients. In such cases, novel ablation tech-
niques (needle ablation, simultaneous unipolar abla-
tion, bipolar ablation, etc.) may be considered. These
adjunctive measures have shown promising early re-
sults; however, long-term efficacy and safety studies
are needed before they can be widely adopted.

STUDY LIMITATIONS. This was a small, single-center
study. Although there was a predefined protocol used
in all patients when an intramural origin was sus-
pected, the analysis was retrospective. We did not
employ adjunctive measures to target intramural scar
such as bipolar ablation, ablation with half-normal
saline as irrigation fluid, or retractable needle abla-
tion. Endocardial mapping was performed point by
point with an ablation catheter. Future studies should
incorporate high-density mapping to further explore
the relationship between sites of early endocardial
activation and sites anatomically closest to the SOO.
The pace-mapping protocol did not require pacing at
capture threshold in all cases, which might have
influenced the mapping results.

No sustained VTs were included in this study,
and only focal arrhythmias were targeted. Although
mapping was limited to only spontaneous ar-
rhythmias, we cannot rule out with certainty that
in few patients there were indeed reentrant ar-
rhythmias that might have precluded identification
of an SOO.

Differences in scar characteristics or arrhythmia
mechanisms may require different mapping and
ablation techniques, future studies incorporating
delayed-enhancement cardiac magnetic resonance
and high-density mapping may be able to address this
further. Routine substrate evaluation was not per-
formed in this study.

Finally, epicardial mapping was limited to the CVS,
and although most focal epicardial VAs arise close to
the mitral annulus and would have been identified
from within the CVS, it is possible that an epicardial
VA might have been mistaken for an intramural VA
where the SOO was not identified.

CONCLUSIONS

In patients with VAs of basal intramural origin, the
ability to identify the SOO was associated with a
successful ablation procedure and improved long-
term outcomes by targeting the SOO either directly
or anatomically from adjacent structures. When
feasible, an SOO-guided ablation approach is prefer-
able to targeting early sites of activation.
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