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Abstract
Background Location of residual conduction gaps on ablation
lines around pulmonary veins (PV) is challenging, and several
maneuvers have been described. Atrial mapping during PV
pacing—the Bpace and map^maneuver—could localize gaps.
Methods and results We prospectively studied 209 patients
undergoing PV isolation at a single institution over a 25-
month period. In 24 (11.4 %) patients, 26 PV remained con-
nected after an ablation line and an initial conventional gap
closure protocol. The atrial side of the ablation line was
mapped with the ablation catheter during PV pacing, and the
earliest site was considered a gap site. Ablation at these gap
sites resulted in bidirectional PV conduction block in 22 PV
(85 %) in 21 patients (88 %), after 2.2 ± 1.6 radiofrequency
applications and 8.2 ± 4.8 min. Early PV reconnection
(≥20 min) occurred in 0 PV (0 %). During a mean follow-up
of 12 ± 6 months, eight patients (33 %) had arrhythmia
recurrences.
Conclusions The Bpace and map^ maneuver is a relatively
simple and efficacious means to identify gaps in ablation lines
around PV, focusing on the atrial rather than the PV side of the
line. It could be considered among the ways to eliminate re-
sidual conduction gaps.
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Pulmonary veins

Circumferential pulmonary vein (PV) antral ablation with
electrical isolation is the accepted cornerstone of intervention-
al catheter-based therapy of atrial fibrillation (AF) [1]. Point
by point radiofrequency (RF) ablation remains the most fre-
quently used means to perform the procedure [2, 3]. This is
accomplished by the deployment of successive RF lesions
along an imaginary curvilinear line along the antrum of each
individual PV or, encircling the PV on each side by a single
ablation line, usually assisted by nonfluoroscopic navigation
[2, 3].

If, after the completion of the lesion set around a single PV
or the PVof one side, the PVs are not electrically isolated, this
is usually due to one ormore discrete gaps or small areas in the
curvilinear line where electrical conduction remains. The
identification of those gaps can be challenging, and several
maneuvers, based on conduction into the PV [4–7], local ex-
citability [8, 9], or image integration [10], have been described
for that purpose.

We hypothesized that residual conduction gaps could be
identified and subsequently ablated by mapping the atrial side
of the ablation line during PV pacing and conduction out of
the PV. The purpose of this study is to test the feasibility and
efficacy of such a Bpace and map^ strategy.

1 Methods

1.1 Study design

Consecutive patients undergoing circumferential PV ablation
with point by point RF ablation at our institution were pro-
spectively considered potential candidates. After an initial
ablation line along individual PV or along both ipsilateral
PV, electrical conduction in both directions across the
ablation line was studied. If one or more conduction gaps
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were present, they were searched for according to previously
described maneuvers [4–6]. If after this initial standard gap
closure protocol PV-left atrium (LA) or bidirectional con-
duction persisted, the Bpace and map^ protocol (see below)
was performed.

1.2 Patients

Patients undergoing circumferencial PV antral ablation to
treat AF at our institution between April 2013 and May
2015 were included if they met the following criteria: (1)
ablation was accomplished by point by point RF applica-
tions; (2) a deflectable sheath was used for the ablation
catheter; and (3) the index procedure was the first PV
ablation procedure in that patient. These criteria were
met by 209 patients out of the 215 patients that underwent
RF PV antral ablation first procedure during the study
period. The pace and map protocol was applied in 24
patients, that constitute the study group. The study was
approved by the Ethics Committee of the Institution. The
clinical characteristics of the 24 patients of the study
group are presented in Table 1.

1.3 Mapping and ablation procedure

Transesophageal echocardiography was performed either at
the beginning of the procedure or on the day before to exclude

a left atrial (LA) thrombus. Each patient gavewritten informed
consent prior to the procedure. The procedures were per-
formed under general anesthesia, and without stopping
coumadin if the patient was on this agent. Mapping and abla-
tion was performed, if possible, during sinus rhythm;
performing electrical cardioversion after catheters was ad-
vanced to the LA if the patient was in AF. If AF recurred,
cardioversion was performed again after the ablation lines
were completed.

Two catheters were advanced to the LA through a single
transeptal puncture, a 20-pole circular mapping catheter
(Reflexion Spiral, St Jude Medical Inc., St. Paul, Minnesota)
and a 3.5 or 4 mm irrigated ablation catheter (EZ Steer SF,
Biosense Webster, Diamond Bar, California, or Tacticath
Quartz, St Jude Medical Inc., St. Paul, Minnesota). A third,
standard quadripolar catheter was used for reference. Heparin
was infused to maintain a target ACTof ≥350 s. A LA and PV
geometry was created, mostly with the circular catheter, using
the ablation catheter for fine tunning of specific areas. A tem-
perature probe (Sensitherm, St. Jude Medical, Inc., St. Paul,
Minnesota) was introduced in the esophagus and carefully
positioned at the level of the PV to monitor esophageal tem-
perature during RF applications.

RF was delivered in the unipolar mode between the abla-
tion catheter and a back-plate distant skin electrode. RF pa-
rameters were set at a temperature of 43 °C and a power of 25–
30 W except for the posterior wall where the power was de-
creased to 20–25 W. The duration of each application was
generally of 45 s, shorter if the local bipolar electrogram volt-
age decreases markedly in the first seconds of the application,
and up to 60 s in cases of minor decrease of local electrogram
voltage.When using a contact force sensing catheter, a contact
force between 10 and 40 g was aimed, and applications were
stopped if the Blesion size index^ achieved 5 in the posterior
wall or 5.5 elsewhere, before reaching 60 s. Applications near
the esophagus were stopped if the temperature probe reached
38.5 °C, and further applications at such areas were adapted to
the esophageal anatomy to prevent as much as possible a
temperature raise.

The ablation catheter was navigated with a deflectable
sheath in all cases, either a manual sheath (Agilis, St Jude
Medical, Inc., St. Paul, Minnesota) or a robotic sheath
(Artisan, Hansen Medical, Inc., Mountain View, CA, USA).
A curvilinear line was drawn around the antrum of each PVor
the PVon each side (at the discretion of the operator), over the
previously created 3D geometry as a reference for RF lesions.
The ablation was performed as follows: the catheter was
placed on the drawn line, and RF applications were deployed
Bpoint by point^, with the parameters previously described,
and marked with a 4 mm tag on the geometry. After each
RF application, the catheter was advanced along the line to a
contiguous site where an electrogram was observed, to deploy
a subsequent contiguous application. The circular catheter was

Table 1 Clinical and imagine characteristics of the patients

Pace and map (n = 24)

Age, year, mean ± SD 60 ± 18

Men, n (%) 22 (92)

Body mass index, mean ± SD 27.3 ± 2.9

Hypertension, n (%) 7 (29)

Diabetes, n (%) 2 (8)

Structural heart disease, any 4 (17)

Coronary, n (%) 1 (4.2)

Valvular, n (%) 0 (0)

Hypertensive, n (%) 1 (4.2)

Hypertrophic cardiomyopathy, n (%) 1 (4.2)

Amiloidosis, n (%) 1 (4.2)

Tachycardiomyopathy, n (%) 0 (0)

AF type

Paroxysmal, n (%) 10 (42)

Persistent, n (%) 14 (58)

LA area, cm2, mean ± SD 29.4 ± 8.9

Normal LVEF, n (%) 24 (100)

AF atrial fibrillation, LA left atrium, LVEF left ventricular ejection
fraction
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kept inside each PV during applications at each antrum mov-
ing it to the neighboring PV as applications along the line
arrived to its antrum. After an ablation line around ipsilateral
PVs was completed, bidirectional conduction between LA
and the treated PVs was analyzed. If bidirectional conduction
was absent, it was reevaluated after a waiting time of ≥20 min.
Adenosine was not routinely used.

If electrical conduction remained, an initial standard gap
closure protocol was undertaken during sinus rhythm or atrial
pacing. Two basic principles were used to localize conduction
gaps, as previously described [4–6]. (a) A precise localization
of the earliest PV potential from the circular catheter at the PV
antrum, indicating impulses enter the PV at that area. The
circular catheter could be moved more antral in order to be
more precise. (b) Dragging the ablation catheter along the
ablation line to identify sites with a higher voltage and mor-
phologic characteristics of the electrograms, such as fraction-
ation that could be indicative of conduction at those areas.
Further RF applications were deployed at sites were gaps
had been suspected. The Bintensity^ of this standard gap clo-
sure protocol was limited in that applications with an in-
creased power, inside the PV close to its tubular portion or
in close proximity to the esophagus with elevation of its tem-
perature were not performed at this time, and only performed
if the pace and map protocol failed.

1.4 BPace and map^ maneuver

Electrophysiological mapping indicates that, if pacing is per-
formed inside the PV and there is a single conduction gap
between the PVand the LA, the earliest electrical breakthrough
into the LA will be located at the site of the conduction gap.
Thus, bipolar continuous pacing at a cycle length of 600ms and
an output of 10 mA (2 ms pulse width) were performed from
the circular catheter at a site inside the PV (to avoid direct LA
capture) but with consistent PV capture. Since any PV pacing
site will produce the same result, the PV pacing site was select-
ed taking into consideration: (1) the site is well inside the PVas
shown in the 3-D navigation system; (2) during sinus rhythm,
the activation time is as late as possible as compared with the
other PV recordings; and (3) there is consistent pacing capture.
The pacing site was chosen during PV pacing; the ablation
catheter was dragged along the atrial side of the ablated line,
looking for sites that are clearly in the LA and out of the ablated
line but as close as possible to it and where an electrogram
could be recorded. Conduction time between the pacing stim-
ulus and the local electrogram is measured at each mapped site.
The site with the earliest activation under these circumstances
was identified (Fig. 1) and considered the conduction gap.
There are two steps in the process: first, distant sites along the
ablation line are mapped to detect the general area where the
gap is located, and later fine tuning of close sites determines the
site with earliest activation. In the last 14 cases, a color-coded

representation of the local activation time of the mapped sites
was used to assist in a faster localization of the earliest activa-
tion site (Figs. 2 and 3). In such cases, the window of interest
starts immediately after the stimulus artifact, which is used as
reference, and usually ends at the QRS onset, using the auto-
matic color coding system. RF applications were delivered at
the identified conduction gaps or immediately adjacent sites
during PV pacing until there was PV-LA conduction block. If
this did not occur, two possibilities were contemplated: (1) the
area already ablated remains as the site with the earliest activa-
tion, that would indicate insufficient ablation; and (2) the area
already ablated is now activated later, and a different area is
now the site with the earliest activation, a second gap was
suspected, and the atrial side of the ablated line was explored
again looking for a different electrical breakthrough into the LA
(second gap, Fig. 3). The maneuver was abandoned if the gap
site and adjacent sites remained as the earliest area, and the
investigator judged that appropriate ablation of that area has
already been accomplished.

1.5 Further analysis of gaps

For descriptive purposes, gap location on each PV was divid-
ed into the following segments: anterior, posterior, roof, cari-
na, and floor.

We intended to obtain an idea as to if the identified gaps
with the Bpace and map^ maneuver were located in close
proximity to what could have been considered a likely gap
with the standard gap closure protocol. For that purpose, the
electroanatomical map was Bscaled^ (if needed) to an anatom-
ical representation, and gap sites were considered concordant
if they were located in the same PV segment or discordant if
they were in separate segments. In order to quantify this rela-
tionship, a linear distance was measured between the gap site
according to the Bpace and map^ maneuver and the gap site
according to a standard localization during sinus rhythm.

Electrograms at gap sites were analyzed and classified as
with a single component or fractionated.

1.6 Statistical analysis

Quantitative variables are presented as mean ± SD, and quali-
tative variables are presented as absolute numbers and
percentages.

2 Results

2.1 Procedural results

The initial ablation line combined with the initial standard gap
closure protocol resulted in bidirectional electrical isolation of
all PV in 185 of the 209 patients (88.6 %). The pace and map

J Interv Card Electrophysiol (2016) 47:299–307 301



protocol was attempted in the remaining 24 patients (11.4 %),
treating 26 PV (3.4 % of all treated PV) that remained electri-
cally connected with the LA.

Tables 1 and 2 describe the clinical and procedural vari-
ables of the study group. No procedural complications oc-
curred in the study group.

2.2 Pace and map protocol

The results of the pace and map protocol are summarized in
Table 3. Overall, 26 PV were treated in 24 patients, a single
gap was identified in 22 patient, and in 2 patients was identi-
fied two gaps, and ablation resulted in PV isolation in 22 PV
(85%) with a mean of 2.2 ± 1.6 RF applications, in 21 patients

(88 %). Illustrative examples are shown in Figs. 1, 2, and 3.
The mean time required for gap location and ablation was 8.2
± 4.8 min per PV. In all instances when PV-LA conduction
block developed, there was already LA-PV conduction block
as shown when pacing was terminated.

Gaps were present more often (50 % of the gaps) in the
right superior PV (Fig. 2) with similar prevalence in the re-
maining PVand had multiple locations within the anatomy of
the antrum. Gaps were concordant with a likely gap during
sinus rhythm (SR) in 6 PV (25 %) and discordant in the re-
maining 18 (75 %). The mean distance between the gap and a
likely gap during SR was 20 ± 9 mm (range 4–39 mm). The
morphology of the electrogram at gaps sites had a single com-
ponent in 75 % of cases and was fractionated in 25 %.

(a) Anterior (b) Posterior (c) Roof 

A

C

B

Fig. 1 Superior panel.
Representative example of
tracings during a pace and map
maneuver localizing a gap on the
roof of the left PV. Each tracing
shows one surface ECG, the distal
bipolar recording from the
ablation catheter, one recording
from the circular (pacing)
catheter, and a right atrial
electrogram. Note that the
activation time at the ablation
catheter is shorter at the roof (site
c) than at the anterior or posterior
PV wall (sites a and b), indicating
a gap at the roof. Inferior panel:
schematic representation of
location of sites a–c
superimposed on the 3-D atrial
geometry. The arrow represents
conduction exiting from the PV
through the gap. Ablation at site c
resulted in PV isolation
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In the reevaluation ≥20 min after PV isolation, reconnec-
tion had occurred in zero patient (0 %) in the study group,
Table 2.

In the four PV that remained connected after the pace and
map maneuver, further attempts were made to localize and
ablate the gaps with the standard method. Two PV could be
isolated by RF applications sligthly inside the ablation line; in

another PV, unidirectional LA-PV block was obtained and the
remaining PV persisted connected.

2.3 Clinical follow-up

Patients were followed up for a mean of 12 ± 6 months. Five
patients (20 %) have recurred with AF, and three (12 %) have

(a)

(b)

Fig. 2 Representative examples
of color-codded activation maps
showing one gap on the ablation
line around PV. All panels depict
the LA anatomy with an
activation map obtained with a
limited number of points around
ipsilateral PV, during PV pacing.
The brown dots represent RF
applications sites from the initial
ablation line and the green dots
depict the successful RF
application based on the pace and
map maneuver. The black arrows
indicate earliest sites inside the
PV during sinus rhythm. Panel a:
Gap on the roof of the right
superior PV. The activation map,
was obtained during right inferior
PV pacing. On this site, one
radiofrequency application
resulted in isolation of both right
PV. Panel b: Gap on the posterior
aspect of the right superior PV

(a) (b)Fig. 3 Representative example
of a color-coded activation map
showing two gaps during ablation
of the both left PV. The map was
obtained during left superior PV
pacing. a The first gap was on the
roof of the left superior PV. b
Second gap was on the floor of
the left inferior PV. RF
application at this second gap
resulted in left superior PV
isolation
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recurred with atrial tachycardia/flutter (Table 2). Two of the
three patients in whom the pace and map maneuver was un-
successful had arrhythmia recurrences.

3 Discussion

The main findings of this prospective, nonrandomized, non-
comparative, Bproof of concept^ study are as follows: (1) con-
duction gaps that remain after point by point circumferential
antral PV radiofrequency ablation and an initial standard gap
closure protocol can be identified by the application of elec-
trophysiologic mapping principles at the outside of the abla-
tion line during PV pacing (Bpace and map^ maneuver); (2)
ablation at those sites results in bidirectional LA-PV conduc-
tion block in the majority of cases; and (3) gaps located with
this maneuver are frequently discordant with and at a consid-
erable distance from the likely gap during LA-PV conduction
as recognized by the site in the line in front of the earliest PV
site.

3.1 Difficulties in conduction gap identification during PV
ablation

PV is known to have muscle sleeves that run from the LA into
the distal PV [11]. Electrophysiologic principles can then be
used to localize such sleeves by mapping electrical activation
of so called PV potentials during LA to PV conduction in
sinus rhythm or atrial pacing. In fact, such principles allowed
the identification and subsequent ablation of multiple and dis-
crete breakthroughs into the PV [12], and this same principle

is also used to localize conduction gaps after a circumferential
ablation line is attempted [4].

Since the shift in ablation strategies to target the atrial tissue
located in the antrum rather than the PV itself [1], localizing
conduction gaps has become more complicated for a number
of reasons: (1) the course of muscle sleeves may be circular or
spirally oriented with additional bundles longitudinal or
obliquely oriented [11]; and (2) PVs are funnel-shape struc-
tures, and PVostia are oblong in shape with an anteroposterior
dimension less than the superoinferior dimension [13], so a
circular mapping catheter does not always fit inside the PV
with an orthogonal angle or at the right level. Thus, gap

Table 2 Procedural and follow-up variables

Pace and map (n = 24)

Procedural duration, min, mean ± SD 240 ± 36

Agilis sheath, n (%) 11 (46)

Hansen robotic sheath, n (%) 13 (54)

Contact force sensing catheter, n (%) 19 (79)

Sinus rhythm at procedure onset, n (%) 9 (37.5)

No. RF applications, mean ± SD 56 ± 10

Left PV: no. RF applications, mean ± SD 26 ± 7

Right PV: no. RF applications, mean ± SD 31 ± 8

Early PV reconnection (per PV)a, n (%) 0 (0)

Fluoroscopy time, min, mean ± SD 32 ± 11

Periprocedural complications, n (%) 0 (0)

Follow-up, months, mean ± SD 12.7 ± 6.4

Atrial fibrillation recurrence, n (%) 5 (20)

Atrial tachycardia/flutter recurrence, n (%) 3 (12)

PV pulmonary vein, RF radiofrequency
aOnly in PVafter pace and map was performed

Table 3 Pace and map results

No.
cases

No. success (%)

Overall, patients 24 21 (88)

Overall, PV 26 22c (85)

No. RF applications to close gap, mean ± SD b 2.2 ± 1.6

Duration of gap mapping and ablation,
min, mean ± SD

8.6 ± 5.9 8.2 ± 4.8

PV

Left superior 2 1 (50)

Left inferior 3 3 (100)

Left common trunk 1 1 (100)

Right superior 15 12 (80)

Right inferior 5 4 (100)

Gap location b 24

Roof 9 (37.6)

Carina 4 (16.6)

Posterior 6 (25)

Anterior 4 (16.6)

Floor 1 (4.2)

Concordance between gap location and
earliest PV EG in the circular catheter
during pace

b

Concordanta 6 (25)

Discordant 18 (75)

Distance: gap to site in front of
earliest PV EG
(mm) voltage, ms, mean ± SD

20.4 ± 9.6

0.22 ± 0.12

EG width, ms, mean ± SD 34.1 ± 15.3

EG morphology at the gap b

Single component 18 (75)

Fractionated 6 (25)

EG electrogram, PV pulmonary vein, RF radiofrequency, SR sinus
rhythm
aConcordant: when gap location as determined by the circular catheter
during sinus rhythm and by the pace and map maneuver were in the same
PV segment. Otherwise, gap location was considered discordant
b Only applicable in cases with gap closed successfully
c In one vein, the gap, was successfully identified, and RF application
resulted in PV isolation, but it was stopped because of increase in esoph-
ageal temperature, and PV conduction returned
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detection is not always as simple as identification of the site on
the ablation line in front of the earliest PV potential.

3.2 Methods proposed for identification of conduction
gaps in the ablation line

In this context, several maneuvers have been proposed for
conduction gap localization and ablation. Liu et al. compared
an approach that targeted the site with the earliest electrical
activation on the circular catheter inside a PV with an ap-
proach that delivered further applications at the previous ab-
lation line, at sites found to be activated early just inside the
ablation line [4]. Acutely, the former was successful in all 50
patients and the latter in 48 of 50 patients, but the latter ap-
proach resulted in a lower arrhythmia recurrence rate over a
mean follow-up period of 12 months. A subsequent study of
the same group with similar design included the exclusive use
of the ablation catheter to map just inside the ablation line, and
both groups were found to be equally successful acutely and
during follow-up [6]. A characteristic morphology of the local
electrogram of the ablation catheter with multiple components
but without an isoelectric line was found to predict 85 % of
conduction gaps on the ablation line at which further ablation
resulted in PV disconnection, although it was less useful dur-
ing AF as compared to sinus rhythm [5]. More recently, an
electroanatomical map inside the PV was advocated for gap
localization and used in 18 patients; it was successful at clos-
ing gaps in 24 out of 26 PV [7].

A different approach was reported by two groups on the
same year; they explored if gaps could be identified by a
preserved excitability during pacing at the previously ablated
line [8, 9]. One group performed bipolar pacing at 10 V/
2 ms with the ablation catheter that was moved along the
ablated line, and a gap was considered to be present at sites
with capture. Gap identification and closure, as performed
with this method, were considered successful in 95 % of 147
patients and confirmed with a circular catheter in 94 % [8].
In a group of 30 patients, this same approach successfully
produced electrical isolation of 57 of 60 PV pairs [9]. A
subsequent randomized study of this group showed that loss
of excitability along the ablated line resulted in PV isolation
in 98 % of 50 left PV pairs and 96 % of 50 right PV pairs,
and these patients had lower arrhythmia recurrence rate than
the control group [14].

An even different approach have been described that with
the use of cardiac magnetic resonance with delayed enhance-
ment was able to identify conduction gaps prior to redo pro-
cedures that matched electrical gaps in 79 % of PV [10].

3.3 The Bpace and map^ maneuver

Pacing within the PV consistently results in capture and im-
pulse propagation out of the LA [15], and some groups use

exit block (in addition to entrance block) as a requirement for
demonstration of PV isolation [1]. Localization and ablation
of conduction gaps on the atrial side of an ablation line during
PV pacing have certain theoretical advantages: (1) conduction
is expected to be less circuitous and/or complex than on the
PV antrum itself, and more amenable to electrophysiological
mapping principles; (2) electrogram amplitude and morphol-
ogy is expected to be less abnormal than in the ablation line
itself; and (3) strict catheter stability is not particularly re-
quired during the mapping process.

The pace and map maneuver as such is simple and lasted a
mean of 9 min including RF application time (Table 3).
Although electroanatomical mapping is not strictly necessary
and was not used in our initial cases, we found color-coded
representation of electrical activation particularly useful and
sped up the process. The maneuver was efficacious in the
majority of cases and located the gaps with precision since
only a mean of two RF applications were needed. Of note,
once exit block was observed, entrance block was present in
all cases. However, it has to be realized that the method was
applied after failure of a conventional gap closure protocol. As
such, the value of the pace and map method as a primary gap
closure maneuver was not tested since it was felt that it should
initially be employed in cases resistant to conventional ma-
neuvers. The gap site was at a considerable distance (mean
20 mm, Table 3) from the likely gap as detected during sinus
rhythm, probably expression of the tortuous anatomy of PV
sleeves and attesting to the uniqueness of this maneuver, that
locates Ba different gap site for the same gap^. This situation
may be analogous to what is seen with slant accessory path-
ways having an atrial insertion not in front of their ventricular
insertion. Probably expression of this same phenomenon is
that the electrogram at successful sites was rarely fractionated.

A potential advantage of Bpace and map^ over maneuvers
based on gap localization inside the ablation line is that RF
applications will be delivered at or outside the original abla-
tion line, thus decreasing the possibility of PV stenosis; it has
been recognized that, with the conventional approach, RF
applications at the tubular part of the PV are occasionally
needed [7]. Also, in cases with unidirectional entrance block
into the PV, these maneuvers cannot be applied [15, 16]. A
potential advantage over maneuvers based on excitability is
that they require catheter stability at all sites of the ablation
line to check for pace capture, and increase significantly pro-
cedure time (a mean of >40 min in one study) [14].

The maneuver was unsuccessful in four PV in three pa-
tients. The reasons for that are unknown. An increase in atrial
muscle thickness, edema from prior applications, or inade-
quate mapping precision can potentially explain such failures.

The observation of a low acute reconnection rate and a
recurrence rate, that can be considered on the lower side of
what is usually reported, also suggest clinical usefulness of
this maneuver.
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3.4 Limitations

Our PV isolation rate (89 % of patients and 96 % of PV) with
initial conventional maneuvers is rather low. Some studies
report 100 % PV isolation rate, although not all check for
bidirectional block. However, this is not universal, and some
other well performed and controlled studies report similar re-
sults to ours, for example, Piorkowski et al. reported 88 and
78 % PV isolation rate with and without steerable sheath [17],
and Eitel et al. reported 95 and 94 % PV isolation rate [8]. We
also recognize that our initial gap closure protocol had a lim-
ited Bintensity^ having the expectation of performing the pace
and map maneuver. Without such expectation, we had proba-
bly insisted more in the conventional maneuvers and had a
better PV isolation rate.

The pace and map maneuver cannot be performed during
AF. However, this was not a problem in our study, since 13 of
the 14 patients of the study group in whom the procedure was
initiated in AF were successfully cardioverted at the initiation
of the procedure, and the remaining patient could be
cardioverted after the initial ablation of the PV. In addition,
it cannot be performed if there is unidirectional exit block, but
we did not find such a situation in our study population.

The precise width of a conduction gap can be difficult to
determine. The earliest site is considered the gap site and
neighboring sites with later electrical activation time are con-
sidered part of the line of block. However, the gap may be
wider and conduction may be occurring (although with slight-
ly lower velocity) at sites in the vicinity of the earliest site.
Such situation may be difficult to recognize and could actually
be the reason for some of our failures. It is conceivable that
such situation would result in closer isochrones in the activa-
tion map, and be identified, but we need more experience to
clarify this subject.

A potential pitfall should be stressed; the ablation catheter
could record short activation times if it is placed on the antral
side of the PV, recording in fact antral, or PV potentials rather
than atrial potentials during PV pacing. This could be totally
misleading in gap localization, but it can be easily detected by
moving the catheter out of the ablation line to its atrial side; in
fact, a big change in activation time when such maneuver is
performed speaks against a conduction gap at that site.

The study was not designed to compare the pace and map
maneuver with other maneuvers to locate conduction gaps and
was performed after initial conventional maneuvers have failed.
As such, and despite the solid electrophysiologic basis of the
maneuver, this study could be considered a proof of concept
study, and we felt that this situation required a design in which
conventional maneuvers had been used first. Further studies are
necessary to compare different maneuvers and to test the utility
of the pace and map as the first maneuver in gap location.

The ablation catheter (although with irrigated tip in all in-
stances) was not the same in all procedures, and some were

contact force sensing catheters, reflecting the changing trends
in our laboratory during the study period. Similarly, although
deflectable sheaths were used in all cases, some were manual
and other robotic. Although these differences could have af-
fected the incidence of gaps at the ablation line, it is unlikely
that they could have influenced the performance and success
of a method to detect and close conduction gaps once they are
present.

All except one of our PV with gaps had a single gap. The
method could theoretically detect more than one gap before or
after closure of the first gap (Fig. 3) depending upon differ-
ences in conduction time, but this was only tested once in our
study population.

4 Conclusions

We describe a maneuver to detect conduction gaps on the
atrial side of an ablation line around PV based on PV pacing
and conventional mapping (Bpace and map^ maneuver). It was
found useful in the majority of a consecutive series of 24
patients in whom conventional maneuvers had failed.
Further studies are necessary to compare this maneuver with
the other previously described to complete PV electrical
isolation.

Acknowledgments We acknowledge the cooperation of Rosa Crespo,
RN, Cristina Junco, RN, and Miguel Hernández who helped in
performing the procedures.

Compliance with ethical standards The study was approved by the
Ethics Committee of the Institution.

Funding sources Dr. Salas has an educational grant from CR-Medical,
and Dr. Madero has a training grant from the Fundación HM Hospitales.

Conflict of interest Dr. Almendral has received honoraria for lectures
from St Jude Medical and Boston Scientific and consulting fees from
Sanofi-Aventis.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Calkins H, Kuck KH, Cappato R, Brugada J, Camm AJ, Chen SA,
et al. 2012 HRS/EHRA/ECAS expert consensus statement on cath-
eter and surgical ablation of atrial fibrillation: recommendations for
patient selection, procedural techniques, patient management and
follow-up, definitions, endpoints, and research trial design. Heart
Rhythm. 2012;9(4):632–96.

306 J Interv Card Electrophysiol (2016) 47:299–307



2. Cappato R, Calkins H, Chen SA, Davies W, Iesaka Y, Kalman J, et
al. Updated worldwide survey on the methods, efficacy, and safety
of catheter ablation for human atrial fibrillation. Circ Arrhythm
Electrophysiol. 2010;3(1):32–8.

3. Inoue K, Murakawa Y, Nogami A, Shoda M, Naito S, Kumagai K,
et al. Current status of catheter ablation for atrial fibrillation—up-
dated summary of the Japanese Catheter Ablation Registry of Atrial
Fibrillation (J-CARAF). Circ J. 2014;78(5):1112–20.

4. Liu X, Dong J, Mavrakis HE, Hu F, Long D, Fang D, et al.
Achievement of pulmonary vein isolation in patients undergoing
circumferential pulmonary vein ablation: a randomized comparison
between two different isolation approaches. J Cardiovasc
Electrophysiol. 2006;17(12):1263–70.

5. Arenal A, Atea L, Datino T, González-Torrecilla E, Atienza F,
Almendral J, et al. Identification of conduction gaps in the ablation
line during left atrium circumferential ablation: facilitation of pul-
monary vein disconnection after endpoint modification according
to electrogram characteristics. Heart Rhythm. 2008;5(7):994–1002.

6. Dong J, Liu X, Long D, Yu R, Tang R, Lü F, et al. Single-catheter
technique for pulmonary vein antrum isolation: is it sufficient to
identify and close the residual gaps without a circular mapping
catheter? J Cardiovasc Electrophysiol. 2009;20(3):273–9.

7. Miyamoto K, Tsuchiya T, Yamaguchi T, Nagamoto Y, Ando S,
Sadamatsu K, et al. A new method of a pulmonary vein map to
identify a conduction gap on the pulmonary vein antrum ablation
line. Circ J. 2011;75(10):2363–71.

8. Eitel C, Hindricks G, Sommer P, Gaspar T, Kircher S, Wetzel U, et
al. Circumferential pulmonary vein isolation and linear left atrial
ablation as a single-catheter technique to achieve bidirectional con-
duction block: the pace-and-ablate approach. Heart Rhythm.
2010;7(2):157–64.

9. Steven D, Reddy VY, Inada K, Roberts-Thomson KC, Seiler J,
Stevenson WG, et al. Loss of pace capture on the ablation line: a

new marker for complete radiofrequency lesions to achieve pulmo-
nary vein isolation. Heart Rhythm. 2010;7(3):323–30.

10. Bisbal F, Guiu E, Cabanas-Grandío P, BerruezoA, Prat-Gonzalez S,
Vidal B, et al. CMR-guided approach to localize and ablate gaps in
repeat AF ablation procedure. JACC Cardiovasc Imaging.
2014;7(7):653–63.

11. Ho SY, Cabrera JA, Tran VH, Farré J, Anderson RH, Sánchez-
Quintana D. Architecture of the pulmonary veins: relevance to ra-
diofrequency ablation. Heart. 2001;86(3):265–70.

12. Haïssaguerre M, Shah DC, Jaïs P, Hocini M, Yamane T,
Deisenhofer I, et al. Electrophysiological breakthroughs from the
left atrium to the pulmonary veins. Circulation. 2000;102(20):
2463–5.

13. Kato R, Lickfett L, Meininger G, Dickfeld T, Wu R, Juang G, et al.
Pulmonary vein anatomy in patients undergoing catheter ablation of
atrial fibrillation: lessons learned by use of magnetic resonance
imaging. Circulation. 2003;107(15):2004–10.

14. Steven D, Sultan A, Reddy V, Luker J, Altenburg M, Hoffmann B,
et al. Benefit of pulmonary vein isolation guided by loss of pace
capture on the ablation line: results from a prospective 2-center
randomized trial. J Am Coll Cardiol. 2013;62(1):44–50.

15. Gerstenfeld EP, Dixit S, Callans D, Rho R, Rajawat Y, Zado E, et al.
Utility of exit block for identifying electrical isolation of the pul-
monary veins. J Cardiovasc Electrophysiol. 2002;13(10):971–9.

16. Chen S, Meng W, Sheng He D, Chen G, Zhang F, Yan Y, et al.
Blocking the pulmonary vein to left atrium conduction in addition
to the entrance block enhances clinical efficacy in atrial fibrillation
ablation. Pacing Clin Electrophysiol. 2012;35(5):524–31.

17. Piorkowski C, Eitel C, Rolf S, Bode K, Sommer P, Gaspar T, et al.
Steerable versus nonsteerable sheath technology in atrial fibrillation
ablation: a prospective, randomized study. Circ Arrhythm
Electrophysiol. 2011;4:157–65.

J Interv Card Electrophysiol (2016) 47:299–307 307


	Atrial mapping during pulmonary vein pacing: a novel maneuver to detect and close residual conduction gaps in an ablation line
	Abstract
	Abstract
	Abstract
	Abstract
	Methods
	Study design
	Patients
	Mapping and ablation procedure
	&ldquo;Pace and map&rdquor; maneuver
	Further analysis of gaps
	Statistical analysis

	Results
	Procedural results
	Pace and map protocol
	Clinical follow-up

	Discussion
	Difficulties in conduction gap identification during PV ablation
	Methods proposed for identification of conduction gaps in the ablation line
	The &ldquo;pace and map&rdquor; maneuver
	Limitations

	Conclusions
	References


