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Change in Distant Atrial Activation Patterns During
Circumferential Pacemapping of Pulmonic Vein Ostium:
Implications for Localizing Triggers for Atrial Fibrillation
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Abstract. Introduction: Unique intracardiac activation
patterns recorded from multipolar catheters in the
coronary sinus (CS) and posteromedial right atrium
(RA) when pacing from ostium (os) of each pulmonic
vein (PV) can serve as template for determining PV of
origin of atrial premature complexes. Development of
an accurate template requires knowledge of variations
in activation pattern during pacing from different as-
pects of same PV.

Methods: In 25 patients undergoing catheter abla-
tion for AF, a decapolar Lasso mapping catheter was
placed at PV os of interest and multipolar catheters
were placed in CS and RA—medial to crista terminalis
(CT). For each PV, pacing was performed from Lasso
catheter poles 1 through 10. For each bipole paced, acti-
vation sequence in CS (proximal to distal & vice-versa)
was assessed, activation time (pacing stimulus to earli-
est electrogram recorded in catheters in CS/along CT)
was measured and difference (CS — CT time) was deter-
mined. Significant interpolar variation was defined as
the difference between the shortest and longest CS — CT
activation time of >25 msec when pacing from different
bipoles of same PV.

Results: In 59 PVs [19 right superior (RS), 20 left supe-
rior (LS), 8 right inferior (RI) and 12 left inferior (LI)],
259 bipoles were paced (median of 4 bipoles/PV). Dur-
ing circumferential PV pacing activation sequence in
CS catheter was distal to proximal in 84.4% left-sided
PVs (LSPV and LIPV) and proximal to distal in 92.6%
right-sided PVs (RSPV and RIPV) with no change in
activation sequence observed during pacing from dif-
ferent bipoles in same PV, Significant interpolar varia-
tion was observed with circumferential pacing in 1 of
19 RSPV (5.3%), 2 of 20 LSPV (10%), 1 of 12 LIPV (8.3%)
and none of RIPV.

Conclusion: Unique intracardiac activation patterns
during ostial pacing from individual PV are not influ-
enced by circumferential location of pacing site.
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Introduction

Atrial fibrillation (AF) is often initiated by atrial
premature complexes (APCs) [1]. In the majority

of cases, APCs initiating AF have been docu-
mented to arise from atrial muscle within or at
the ostium (o0s) of one or more pulmonic veins
(PV) [2,3]. Targeting the PV of origin is critical
for successfully curing AF using catheter based
radiofrequency ablation [4,5]. In a previous study
we had shown that unique intracardiac activation
patterns of multipolar catheters positioned in the
coronary sinus (CS) and along the posteromedial
right atrium (RA) are seen when individual PV
os are paced and these activation patterns could
serve as a template for determining the PV of ori-
gin of spontaneous APC(s) occurring in the electro-
physiology laboratory [6]. However, in that study
pace-mapping was performed from single sites at
the os of each PV. It is possible that pacing from dif-
ferent aspects along the circumference of the same
PV os may alter intracardiac activation patterns
and this information is important in developing an
accurate template for predicting the PV of origin
of APC(s) using pace-mapping.

The objective of the study was to characterize
and quantify variability, if any, in intracardiac ac-
tivation patterns when pacing circumferentially
from different sites along the ostium of individual
Pulmonic Veins.

Methods

Twenty-five patients (mean age 54 £ 7 years) un-
dergoing catheter ablation for AF participated in
the study. All procedures followed the institu-
tional guidelines of the University of Pennsylvania
Health System. All antiarrhythmic drugs except
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amiodarone were stopped five half-lives before the
procedure. Amiodarone was stopped 2 weeks prior
to the date of the procedure. Intravenous seda-
tion was administered with midazolam and fen-
tanyl. Under fluoroscopic guidance, two decapolar
catheters with 5-mm electrodes and 2-mm inter-
electrode spacing were placed in the CS (proximal
electrode pair at the CS os) and posterior RA me-
dial to the crista terminalis (CT) with the most
distal electrode pair positioned in the superior
vena cava. Using long introducer sheaths (n = 2;
USCI Mullins), under fluoroscopic and intracar-
diac ultrasound (Acuson; AcuNav diagnostic ultra-
sound catheter) guidance, two serial transseptal
punctures were made and the ablation catheter
(CARTO-Biosense, Inc., Diamond Bar, CA, USA;
4-mm tip, 1-mm interelectrode spacing) as well as
the decapolar Lasso mapping catheter (Webster,
Inc., CA, USA; 15 mm circumference; 1-2 mm in-
terelectrode spacing) were advanced into the LA.

Creation of LA Endocardial Shell

and Defining the PV Os

Using the CARTO system, multiple points (range
104-220) were acquired during sinus rhythm

in order to create a three-dimensional magnetic
electro-anatomic map (MEAM) of the LA. Each PV

received a distinct tubular tag on the MEAM. The
location of the PV(s) was confirmed by the follow-
ing characteristics: (1) catheter tip beyond the LA
endocardial shell on MEAM and beyond the car-
diac silhouette on fluoroscopic image, and (2) loss
of atrial electrograms. Also, the os of each PV was
carefully defined by: (1) repeated reengagement
of the PV with the Lasso catheter on fluoroscopy,
(2) localization of the PV os on MEAM, (3) con-
firmation of ostial location of the Lasso mapping
catheter by intracardiac ultrasound imaging and
(4) recording of the characteristic intracardiac sig-
nals (atrial electrogram followed by sharp PV po-
tential) indicating entry into the PV on the bipoles
of the Lasso catheter (Fig. 1).

Circumferential PV Pace-Mapping

After the lasso catheter was adequately positioned
at the PV os of interest, at twice the diastolic
threshold via a programmable digital stimulator
(Bloom Associates Ltd., Reading, PA, USA) at a
cycle length of 500 or 600 msec, serially circumer-
ential pacing was performed from poles 1 through
10 (5 bipoles: 1-2, 3—4, 5-6, 7-8 and 9-10) for
10-15 uninterrupted captured beats. All intrac-
ardiac bipolar electrograms were filtered at 30 to
500 Hz and recorded at a speed of 200 mm/sec
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Fig. 1. Orthogonal fluoroscopic projections of the heart in the left anterior oblique (LAO) and right anterior oblique (RAO)
projections. The right-sided pulmonary veins appear end-on in the LAO projections and the left-sided pulmonary veins appear
end-on in the RAO projections and are shown bi interrupted ovals and bars in the figure. In addition to the circumferential “Lasso”
mapping catheter, also seen are the multipolar catheters in the corornary sinus (CS) and along the crista terminalis (CT). RSPV:
right superior pulmonary vein, LSPV: left superior pulmonary vein, RMPV: right middle pulmonary vein, RIPV: right inferior
pulmonary vein and LIPV: left inferior pulmonary vein. In this particular patient the Lasso catheter is located at the ostium of the

RMPYV.
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on an electrophysiologic recording system (Prucka
Engineering, Houston, TX, USA) and analyzed off-
line using digital calipers. For each Lasso bipole
paced and successfully captured, the intracardiac
recordings in the multipolar CS catheter were an-
alyzed to determine the sequence of activation—
distal to proximal or vice-versa. Also activation
time (msec) from stimulus to the earliest electro-
gram recorded on the multipolar catheter in the
CS and along the CT was measured and the dif-
ference between the onset of the earliest recording
in the CS and the CT was determined (CS—CT
time; msec). In order to quantify the variation
during pace-mapping around the circumference
of each PV os, after determining the CS—CT
time at each bipole, the difference between bipoles
demonstrating the shortest and longest CS — CT
time was calculated. We define this as interpolar
variation in CS — CT time. In a previous study,
we have observed that when repeating intrac-
ardiac measurements there is an intraobserver
variability of 4 msec and an interobserver vari-
ability of 8 msec, which would allow the maxi-
mum error to be 12 msec [6]. Since in assessing
the CS — CT time, two intracardiac measurements
were made, we define significant interpolar vari-

ation if the difference between the shortest and
longest CS — CT activation time was >25 msec.

Overlap in Intracardiac Activation
Patterns Between Pulmonic Veins

Because of time constraints, circumferential os-
tial pace-mapping could not be performed in all
4 PVsin all patients. However, in 18 patients (sub
group of the original 25 patients), pace-mapping
was performed from the PVs on the same side—
left superior (LS) and left inferior (LI) in 11 pa-
tients and right superior (RS) and right inferior
(RI) in 7 patients. In each pair of PVs on the same
side the CS — CT activation time for all the bipoles
pace-mapped was compared to determine if the
numerical values crossed over between the ipsilat-
eral superior and inferior PVs. We define this as
“overlap” in CS — CT time between the same sided
veins.

Statistical Analysis

Continuous measures are expressed as mean + SD
and were compared with a ¢ test for paired and
unpaired data, as appropriate. A p value <0.05
was considered statistically significant.
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Fig. 2. A typical example of the activation pattern when pace-mapping (PM) is performed from right superior pulmonary vein
(RSPV) ostium (os). The Lasso mapping catheter located at the os appears end-on in the left anterior oblique (LAO) projection.
Bipole 1-2 is located superiorly and laterally in the PV and the rest follow in a clockwise manner. PM was successfully performed
from bipoles 1-2, 5-6, 7-8 and 9-10. Bipole 3—4 did not capture. In each PM it can be appreciated that sequence of activation of
multipolar catheter in coronary sinus (CS) is proximal to distal and activation of multipolar catheter adjacent to crista terminalis
(CT) precedes CS activation in each panel. For this example, CS — CT time ranges from the 40 msec to 43 msec so that interpolar
variation in CS — CT time was 3 msec. In each panel orientation of electrograms from top to bottom are: surface ECG leads I, II and
V1, Lasso catheter bipole pace-mapped, recordings from multipolar catheter adjacent to CT (CT1 at the junction of right atrium
and superior vena cava) and recordings from multipolar catheter in the CS (CS 9-10 located at the ostium of coronary sinus).
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Fig. 3. A typical example of the activation pattern when pace-mapping (PM) is performed from right inferior pulmonary vein
(RIPV) ostium (Os). The Lasso mapping catheter located at the Os appears end-on in the left anterior oblique (LAO) projection.
Bipole 1-2 is located superiorly and laterally in the PV and the rest follow in a clockwise manner. PM was successfully performed
from bipoles 1-2, 34, 7-8 and 9-10. Bipole 5-6 did not capture. In each PM it can be appreciated that sequence of activation of
multipolar catheter in coronary sinus (CS) is proximal to distal and activation of multipolar catheter adjacent to crista terminalis
(CT) follows CS activation in each panel. For this example, CS — CT time ranges from the —13 msec to —27 msec so that interpolar
variation in CS — CT time is 14 msec. In each panel orientation of electrograms from top to bottom are: surface ECG leads I, I and
V1, Lasso catheter bipole pace-mapped, recordings from multipolar catheter adjacent to CT (CT1 at the junction of right atrium
and superior vena cava) and recordings from multipolar catheter in the CS (CS 9-10 located at the ostium of coronary sinus).

Results

Pace-mapping was successfully performed in 59
PVs. This included 19 RSPV, 20 LSPV, 8 RIPV and
12 LIPV. In the 59 PVs studied, 259 sites (bipoles)
were captured accounting for a median of 4 sites
(bipoles) out of 5 sites (bipoles)/PV that were pace-
mapped in a circumferential distribution.

Activation Sequence in CS

The activation sequence in the multipolar CS
catheter was distal to proximal when pace-
mapping along the ostial circumference of the ma-
jority of (27 of 32; 84.4%) left-sided PVs (LSPV
and LIPV). On the other hand, in the major-
ity of (25 of 27; 92.6%) right-sided PVs (RSPV
and RIPV), circumferential pace-mapping demon-
strated proximal to distal activation along the CS.
In the remaining PVs simultaneous activation of
multiple poles occurred which prevented the de-
termination of a clear pattern of hierarchal acti-
vation from distal to proximal poles and/or vice-
versa. Importantly, in none of the PVs (both left
and right sided) was a change in the CS activation
sequence observed during pace-mapping from dif-

ferent bipoles along the circumference of the same
PV (Figs. 2-5).

Difference in Activation Time to CS

and CT (CS — CT)

The difference in the earliest activation time to the
multipolar catheters in the CS and along the CT
(CS — CT) was distinct between the right and the
left sided PVs (see Table 1). For the RSPV, CS —
CT was 37.5 + 12.4 msec (Range 14 to 70 msec), for
the RIPV CS — CT was 21.7 + 24.8 msec (Range
—27 to 64 msec), for the LSPV CS — CT was 4.9
+ 14.6 msec (Range —27 to 34 msec) and for the
LIPV CS — CT was —10.3 £+ 9.8 msec (Range
—29 to 12 msec). Thus, as a general rule the CT
activates before the CS for the right-sided PVs
and the CS activates before the CT for the left-
sided PVs. Also the activation time to the CT is
shorter for the RSPV compared with RIPV ac-
counting for a higher CS — CT activation time
(87.5 £12.4 vs 21.7 £+ 24.8 msec; p < 0.001). For
the left-sided PVs, the activation time to the CS
was shorter when pace-mapping from the LIPV as
compared with LSPV, resulting in a shorter CS —
CT activation time (—10.3 £9.8 vs 4.9 &+ 14.6 msec;
p < 0.001).
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Fig. 4. A typical example of the activation pattern when pace-mapping (PM) is performed from left inferior pulmonary vein (LIPV)
ostium (Os). The Lasso mapping catheter located at the Os appears end-on in the right anterior oblique (RAO) projection. Bipole 1-2
is located inferiorly and anteriorly in the PV and the rest follow in a clockwise manner. PM was successfully performed all bipoles
(1-2, 34, 5-6, 7-8 and 9-10). In each PM it can be appreciated that sequence of activation of multipolar catheter in coronary sinus
(CS) is distal to proximal and activation of multipolar catheter adjacent to crista terminalis (CT) follows CS activation in each
panel. For this example, CS — CT time ranges from the —25 msec to —32 msec so that interpolar variation in CS — CT time is

7 msec. In each panel orientation of electrograms from top to bottom are: surface ECG leads I, I and V1, Lasso catheter bipole
pace-mapped, recordings from multipolar catheter adjacent to CT (CT1 at the junction of right atrium and superior vena cava) and
recordings from multipolar catheter in the CS (CS 9-10 located at the ostium of coronary sinus).

Interpolar Variation in CS — CT During
Circumferential PV Pace-Mapping

The variation in the CS — CT time during indi-
vidual circumferential PV pace-mapping was: 8.3
+ 7.6 msec (Range 0 to 30 msec) for RSPV, 11.8
+ 6.6 msec (Range 3 to 23 msec) for RIPV, 14.2 +
7.3 msec (Range 5 to 28 msec) for LSPV and 9.6 +
7.9 msec (Range 0 to 30 msec) for LIPV. The mean
interpolar variation in CS — CT was higher for
the LSPV as compared with RSPV (p = 0.02) but
was comparable to the mean interpolar variation
in the LIPV (p = NS). More importantly, signifi-
cant interpolar variation (>25 msec) was observed
during circumferential pace-mapping in only 1 of
19 RSPV (5.3%), none of the 8 RIPV, 2 of 20 LSPV
(10%) and 1 of 12 LIPV (8.3%) (Table 1).

Overlap in CS — CT During
Circumferential Pace-Mapping of Same
Sided PVs

In the subgroup analysis of 18 patients in whom
circumferential pace-mapping was successfully
performed from same sided PVs (LSPV/LIPVin 11
patients and RSPV/RIPV in 7 patients), overlap in
the CS — CT time was seen in 3 of 11 left sided PVs
(27.2%) and 5 of 7 right sided PVs (71.4%).

Discussion

In this study we have shown that pace-mapping
from around the os of PVs manifest distinct in-
tracardiac AP as recorded by multipolar catheters
placed in the CS and along the CT in RA that
can help in localization. Unique to the study is
the observation that the intracardiac activation
patterns in the majority of PVs remain consis-
tent with insignificant interpolar variation despite
pace-mapping circumferentially at the os of indi-
vidual PV.

Based on the seminal studies from the group
in Bordeaux and observation of other investiga-
tors, it is now widely accepted that AF is fre-
quently initiated by APC(s) originating from one
or more PVs [1-5,7]. Targeting the PV of origin of
APC(s) has been shown to cure AF. This has re-
sulted in renewed interest in developing accurate
strategies for localizing the vein of origin of ec-
topic activity. Pace-mapping to mimic intracardiac
activation patterns of both atrial and ventricular
arrhythmias has been successfully used in facili-
tating ablation [6,8,9]. Unique activation patterns
(sequence of activation/earliest activation) in mul-
tipolar catheters placed in strategic locations (in
the RA, in the CS, at the His-Bundle, in the lower
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Fig. 5. This is a typical example of the activation pattern when pace-mapping (PM) is performed from left superior pulmonary
vein (LSPV) ostium (Os). The Lasso mapping catheter located at the os appears end-on in the right anterior oblique (RAO)
projection. Bipole 1-2 is located superiorly and posteriorly in the PV and the rest follow in a counter-clockwise manner. PM was
successfully performed from bipoles 3—4, 5-6, 7-8 and 9-10. Bipole 1-2 did not capture. In each PM it can be appreciated that
sequence of activation of multipolar catheter in coronary sinus (CS) is distal to proximal and activation of multipolar catheter
adjacent to crista terminalis (CT) precedes CS activation all but one panel (except when PM bipole 3—4). For this example, CS — CT
time ranges from the —16 msec to 18 msec so that interpolar variation in CS — CT time is 34 msec. In each panel orientation of
electrograms from top to bottom are: surface ECG leads I, II and V1, Lasso catheter bipole pace-mapped, recordings from
multipolar catheter adjacent to CT (CT1 at the junction of right atrium and superior vena cava) and recordings from multipolar

catheter in the CS (CS 9-10 located at the ostium of coronary sinus).

esophagus) have been shown to help in localizing
the vein of origin of spontaneous APC(s) in pa-
tients undergoing AF ablation [5,10]. In a previous
study by pace-mapping from all the 4 PVs, using
multipolar catheters placed in the CS and along
the posteromedial RA adjacent to the CT, we had
developed criteria that allowed us to successfully
identify the vein of origin of spontaneous APCs.
These criteria were based on pace-mapping from
single sites at the os of each PV [6]. Whether in-
tracardiac activation patterns can be influenced
by the site of pacing around the circumference of
the PV was not addressed in that study. This is
especially important to know because as has been

shown by Hocini and colleagues, APCs can result
from more than one location in the same PV(s)
[11]. However in their study, the authors do not
report the influence of the different sites of origin
of APCs on intracardiac activation patterns once
they exited out of the vein. Our observations from
the current study, would suggest that in the major-
ity of cases, each PV manifests unique intracardiac
activation patterns that seem to occur regardless
of the site of pace map around the circumference
of the vein. While the mechanism for this observa-
tion was beyond the scope of this study, we spec-
ulate that each PV is connected to the LA by a
limited number of inputs/points of continuation of

Table 1. Results of circumferential ostial pace-mapping for all the pulmonary veins

RSPV (n=19) RIPV (n = 8) LSPV (n = 20) LIPV (n = 12)
Mean CS — CT time (msec) 375 +124 21.7 +£24.8 49+ 14.6 -10.3 +£9.8
Mean Interpolar variation in CS — CT time (msec) 83+176 11.8 £ 6.6 142+73 96+79
Range of Interpolar variation in CS — CT time (msec) 0-30 3-23 5-28 0-30
Pulmonary Veins with significant interpolar variation 1/19 (5.3%) 0/8 (0) 2/20 (10.0%) 1/12 (8.3%)

(>25 msec)

RSPV: right superior pulmonary vein, LSPV: left superior pulmonary vein, RIPV: right inferior pulmonary vein and LIPV: left inferior pulmonary

vein. (see text for details).
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atrial muscle sleeve into the PV and regardless
of the site of pacing around the PV circumference,
exit from the vein into the LA would occur at these
specific site(s) only, resulting in similar conduc-
tion patterns regardless of the circumferential lo-
cation of the pace map site and hence the insignifi-
cant variationin the interpolar CS — CT activation
time. Furthermore the observation that complete
PV isolation can be achieved by ablating at a lim-
ited number of sites at the PV os also supports the
deduction of limited connections between the LA
and the PVs [12,13]. Similar to our findings, in a
recent study, Yamane and colleagues had observed
that during pacing, each PV manifests unique sur-
face P wave morphology that did not change when
pace-mapping was performed from diametrically
opposite locations (superior and inferior) at the os
of the left and right superior PVs. While they do
not report the intracardiac AP in that study, the
lack of any appreciable change in the surface P
wave would imply similar intracardiac activation
patterns [14].

Lack of influence of the site of pace-mapping
around the PV circumference on the intracardiac
activation patterns has important implications
in developing an accurate template in predicting
the vein of origin of spontaneous APCs. How-
ever, both the current study and our previous
observations suggest an overlap in the intracar-
diac activation patterns when pace-mapping from
same-sided PVs. In the current study, the overlap
seemed to be higher for the right-sided as com-
pared with the left-sided PVs. While the reason
for this is not clear, one possible explanation could
be the presence of special connections between the
LSPV and the LA (Ligament of Marshall) allowing
distinct activation patterns when pacing around
the LSPV circumference which would not result
when pacing around the circumference of LIPV
and hence lack of overlap between the two. The
absence of such a connection(s) for the right-sided
PVs can be one reason for the observed overlap
[15—-17]. The other possibility is that the observed
overlap in the circumferential pace-maps of RSPV
and RIPV is artificial, and subtle changes in the
activation sequence of multipolar catheters in the
CS and along the crista may allow for differ-
entiating RS from RIPV circumferential ostial
pace-maps. Also, just two intracardiac locations
of multipolar catheters may lack sufficient reso-
lution for detecting subtle differences in the in-
tracardiac activation patterns of RSPV and RIPV
pace-maps.

Conclusion

Unique intracardiac activation patterns are seen
during pace-mapping from individual pulmonic

veins that are not influenced by the circumferen-
tial location of the site of pace map. However, over-
lap in the activation patterns were observed when
pace-mapping around the circumference of the ip-
silateral veins.
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