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Characteristics and Outcomes of Atrial Tachycardia Originating
from the Sinus Venosus during Catheter Ablation
of Atrial Fibrillation
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Background and Objectives: The sinus venosus (SV) is not a well known source of atrial tachycardia (AT), but it can harbor AT during cathe-
ter ablation of atrial fibrillation (AF).

Subjects and Methods: A total of 1223 patients who underwent catheter ablation for AF were reviewed. Electrophysiological and elec-
trocardiographic characteristics and outcomes after catheter ablation of AT originating from the SV were investigated.

Results: Ten patients (0.82%) demonstrated AT from the SV (7 males, 53.9%16.0 years, 6 persistent) during ablation of AF. The mean cycle
length was 28173 ms. After pulmonary vein isolation and left atrial ablation, AF converted to AT from the SV during right atrial ablation
in 2 patients, by rapid atrial pacing after AF termination in 7 patients, and during isoproterenol infusion in 1 patient. Positive P-waves in in-
ferior leads were shown in most patients (90%). The activation sequence of AT was from proximal to distal in the superior vena cava and
high to low in the right atrium, which was similar to that of AT from crista terminalis. Fragmented double potentials were recorded during
sinus, and a second discrete potential preceded the onset of P wave by 80137 ms during AT. Using 4.4+2.7 radiofrequency focal applica-
tions, ATs were terminated and became no longer inducible in all. After ablation procedure, two patients showed transient right phrenic
nerve palsy. After 19.9414.8 months, all but 1 patient were free of atrial tachyarrhythmia without complications.

Conclusion: The AT which develops during AF ablation is rarely originated from SV, and its electrophysiologic characteristics may be help-

ful in quiding effective focal ablation. (Korean Circ J 2013;43:29-37)
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Introduction

The vast majority of patients convert to atrial tachycardia (AT)
upon atrial fibrillation (AF) termination during catheter ablation for
AF. As such, ablation of these subsequent organized arrhythmias is
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an integral part of the procedure to achieve sinus rhythm."* Alth-
ough catheter ablation can successfully eliminate AT with the use
of electroanatomical and/or entrainment mapping with precision,
these ATs are sometimes difficult to identify and eliminate. More-
over, the sinus venosus (SV) is not a well known source of AT deve-
loped during catheter ablation of AF. The detailed clinical, electro-
physiologic, and electrocardiographic characteristics and outcomes
of AT originating from the SV during ablation of AF have not been des-
cribed before. Thus, the aim of this study is to determine the preval-
ence and characteristics of AT originating from the SV during the
ablation of AF; and to evaluate outcomes of these ATs after catheter
ablation in a series of patients undergoing catheter ablation for AF.

Subjects and Methods

Patients
A total of 1223 consecutive patients who underwent catheter ab-
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lation for drug-refractory AF from June 1998 to October 2011 at our
institution were screened. Among them, 10 consecutive patients de-
monstrated AT originating from SV developed during catheter ab-
lation of AF. These 10 patients were considered for the present an-
alysis and constituted the study population. Electrophysiological
and electrocardiographic characteristics and outcomes after cath-
eter ablation of AT originating from SV were reviewed.

The local Institutional Review Board approved the study, and writ-
ten informed consent was obtained from all patients.

Electrophysiology study and ablation of atrial fibrillation

Treatment with anti-arrhythmic medication was discontinued at
least 5 half-lives before the procedure. Amiodarone was discontinu-
ed at least 6 weeks before the ablation procedure. Transesophageal
echocardiography was performed to exclude the presence of atrial
thrombus within 24 hours prior to the procedure. The ablation pro-
cedure was performed under sedation with propofol, while blood
pressure and oxygen saturation were monitored. The high right atri-
um (RA) was mapped with a decapolar catheter (Bard Electrophysio-
logy Inc., Lowell, MA, USA); and the low RA and coronary sinus (CS)
were mapped with a duo-decapolar catheter (St. Jude Medical Inc,,
Minnetonka, MN, USA). A quadripolar catheter was also placed in
the superior vena cava (SVC). Intracardiac electrograms were re-
corded using an electrophysiology system (Prucka CardiolLab™ Ge-
neral Electric Health Care System Inc,, Milwaukee, WI, USA). After
double transseptal puncture, anticoagulation was started with un-
fractionated heparin, maintaining an activated clotting time between
350 and 400 seconds. We used 3-dimensional (3D) mapping guided
geometry (NavX System, St. Jude Medical Inc,, St. Paul, MN, USA)
for electroanatomical mapping.

All patients initially underwent circumferential antral ablation with
electrical pulmonary vein (PV) isolation, while PVs were mapped with
the bipolar signals recorded by a 20-pole circular Lasso catheter (Bio-
sense Webster Inc,, Diamond Bar, CA, USA). The elimination of the PV
potentials was confirmed. Following antral ablation of PVs in per-
sistent AF patients, electrogram-guided ablation for complex frac-
tionated atrial electrograms (CFAEs) at the left atrium (LA) was per-
formed when AF persisted. CFAE was defined by 3D automated so-
ftware of NavX system as previously demonstrated.” If AF persisted
after LA lesions, radiofrequency (RF) application was continued in
the RA, especially at the cavotricuspid isthmus, SVC, crista termina-
lis, and the RA septum. RF energy was delivered with the target tem-
perature of 48°C and 25 to 35 W power (Stockert generator, Bios-
ense Webster Inc,, Diamond Bar, CA, USA), using a 4-mm open ir-
rigated-tip catheter (Thermocool, Bio-sense Webster, or Duo cool
path, St. Jude Medical Inc., St. Paul, MN, USA).
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Mapping and ablation of atrial tachycardia

Atrial tachycardia was defined, in accordance with the current con-
sensus statement of a joint expert group, as a regular, supraventri-
cular rhythm with a cycle length =200 ms and a consistent atrial ac-
tivation sequence. Macro-reentry was distinguished from focal ta-
chycardia as described previously.” Focal AT was defined as an atrial
activity originating from a discrete site, centrifugally activating the
surrounding tissue and demonstrating features consistent with a
focal mechanism. Entrainment mapping was performed to identify
the site with less than 20 ms of post-pacing intervals compared to
the tachycardia cycle length, which was considered to be in close pro-
ximity to the reentrant circuit of AT Any cycle length irregularity or
an inconsistent post-pacing interval following entrainment pacing
was considered to favor a focal substrate. Focal ATs were firstly
mapped by assessing the earliest endocardial activation in relation
to P wave onset. RF energy was delivered with a 4 mm-irrigated tip
catheter at the same power and temperature settings as used dur-
ing the AF procedure. During RF catheter ablation, when the AT was
not affected at all within 10 seconds, we terminated the RF applica-
tion, and the catheter was repositioned.

P wave morphology in 12-lead electrocardiography

P wave morphology during AT in each of the 12 electrocardiogra-
phy (ECG) leads was analyzed and classified as positive (+), negative
(-), isoelectric, or bi-phasic.

Procedural end points

The end points of the procedure were the termination of the AT by
RF ablation and the inability to re-induce any atrial tachyarrhythmia
by programmed atrial stimulation. The induction test protocol con-
sisted of rapid atrial pacing with 10-second burst pacing in the high
RA or CS with pacing cycle length of 150 ms, resultingina 1: 1 at-
rial capture. This test was repeated at least 3 times. AF and AT were
considered inducible if they persisted for more than 5 minutes and
10 minutes, respectively.” If AF or AT became sustained, additional
mapping and ablation were performed, aiming at termination of
the arrhythmia. If AF had not terminated or was still inducible after
ablation of all target sites, sinus rhythm was restored by cardioversion.

Postprocedural management and follow-up

Patients were monitored and treated with intravenous heparin ov-
ernight, then discharged with a prescription for warfarin, targeting
the international normalized ratio =2.0. Warfarin was continued un-
til at least 3 months after the procedure. Patients resumed the anti-
arrhythmic medications that they had been taking before the pro-
cedure. The patients were seen in an outpatient clinic at 1 week and
1,3, 6,9, and 12 months after the procedure and then every 6
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months thereafter. 12-lead ECG was performed at every visit. A 24-
hour holter ECG monitoring analysis was evaluated at 3, 6, and 12
months after the ablation. A detailed history of the patient symp-
toms suggesting potential AF or AT recurrences was taken. Any ep-
isode of AF or AT, including atrial flutter of at least 30 seconds du-
ration that occurred after the blanking period, was classified as a
recurrence.? At the 3-month visit, treatment with anti-arrhythmic ag-
ents was discontinued if there was no evidence of recurrence. War-
farin therapy was discontinued, and aspirin was substituted if moni-
toring did not reveal any recurrence of AF and/or AT.

Results

Study population and baseline characteristics

Ten patients (0.829%) showed AT from SV (7 males, 53.9£16.0
years, 6 persistent and 4 paroxysmal), developed during ablation of
AF. The baseline clinical characteristics are summarized in Table 1. The

Table 1. Baseline characteristics of the study patients
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mean duration from the first diagnosis of AF to ablation was 5.9+
3.1 (range 2-10) years. The LA diameter was 40.1£6.0 mm in the pa-
rasternal window, and left ventricular ejection fraction was 51.7+
7.0%. Patients No. 2, 7, 8, and 10 had hypertensive heart disease.
Patients No. 2, 4, 6, 8, 9, and 10 had received prior catheter ablation
for AF, among them patient 6 and 9 had undergone two procedures
of catheter ablation for AF before.

Electrophysiologic characteristics

Electrophysiologic characteristics in each patient are summariz-
ed in Table 2. AT was sustained in 9 and non-sustained in 1 patient.
The mean cycle length was 281273 ms. After PV isolation and LA
ablation, patients No. 2 and 3 spontaneously developed AT from
SV during RA ablation; patients No. 1, 4, 5, 7, 8,9 and 10 developed
AT by rapid atrial pacing; and patient No. 6 showed AT during isopro-
terenol infusion. The activation sequence of AT was from proximal
to distal in SVC and high to low at RA in all patients (Fig. 1). The ac-

Patient  Age/Sex Clinical diagnosis Duration of AF (years) HTN CAD LVEF (%) LA diameter (mm) Previous RFCA
1 29/M PeAF 3 No No 56 480 No
2 78/M PeAF 10 Yes Yes 48 39.2 Yes
3 33/M PeAF 4 No No 53 39.2 No
4 50/F PeAF 10 No No 58 48.2 Yes
5 39/M PAF/AFL 4 No No 51 450 No
6 55/M PAF 10 No No 4 37.0 Yes
7 69/F PAF/AFL 5 Yes No 58 428 No
8 62/F PAF 7 Yes No 57 33.4 Yes
9 65/M PAF/AFL 4 No No 40 29.8 Yes

10 60/M PeAF/AFL 2 Yes No 58 38.6 Yes

AF: atrial fibrillation, AFL: atrial flutter, CAD: coronary artery disease, F: female, HTN: hypertension, LA: left atrium, LVEF: left ventricular ejection fraction, M:
male, PAF: paroxysmal atrial fibrillation, PeAF: persistent atrial fibrillation, RFCA: radiofrequency catheter ablation

Table 2. Electrophysiologic characteristics of the study patients

E. TCL AT type AT induction Activation sequence EA-P No..of BF Complication
(ms) method SvVC RA cs (ms) application
1 285 Sustained RAP PtoD Htol PtoD 97 10 No
2 280 Sustained Spontaneous PtoD Htol DtoP 87 5 No
3 228 Sustained Spontaneous PtoD Htol PtoD 54 5 No
4 360 Sustained RAP PtoD Htol PtoD 50 3 No
5 244 Sustained RAP PtoD Htol PtoD 96 3 Yes
6 240 Sustained Isoproterenol infusion PtoD Htol PtoD 50 8 Yes
7 246 Non-sustained RAP PtoD Htol PtoD 73 2 No
8 207 Sustained RAP N/E Htol PtoD 29 2 No
9 453 Sustained RAP N/E HtolL DtoP 106 2 No
10 268 Sustained RAP PtoD Htol DtoP 155 4 No

AT: atrial tachycardia, CS: coronary sinus, D: distal, EA-P: interval from earliest potential at the successful ablation site to P-wave onset, H: high, L: low, N/E:
not evaluated, P: proximal, RA: right atrium, RAP: rapid atrial pacing, RF: radiofrequency, SVC: superior vena cava, TCL: tachycardia cycle length

www.e-kgej.org
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Fig. 1. A representative example of activation sequence during atrial tachycardia from SV in patient No. 3. Activation sequence was proximal (P) to distal
(D) in the SVC and CS and from high to low at the RA. The earliest potential at the distal ablation catheter (ABL) preceded the onset of P wave at surface
ECG by 97 ms. CS: coronary sinus, HRA: high right atrium, SV: sinus venosus, SVC: superior vena cava, ECG: electrocardiograpy.

tivation sequence of CS was proximal to distal in all, except three
patients who received linear peri-mitral ablation with a bidirectional
block before developing AT from SV. Fragmented double potentials
were recorded during sinus, and a second discrete potential preceded
80237 ms before the onset of P wave during AT (Figs. 1 and 2). Pa-
tient No. 4 revealed that the potential at SV to other areas was 2 : 1
conduction (Fig. 3). RA activation mapping using 3D was performed
in patient No. 2 and 3. Both patients revealed that the earliest acti-
vation site was SV (Fig. 4). During atrial overdrive pacing at SV, the
difference between post-pacing interval and tachycardia cycle
length was less than 10 ms in all patients. Three patients received RF
application at the crista terminalis (mean: 3.7+2.5; range: 1-6) for
the target of AT before ablation at SV, and AT sustained. Patients No.
4, 5,9, and 10 showed different morphology of AT originating from
the RA septum, LA anterior wall, crista terminalis, and CS ostium, re-
spectively, before developing AT from SV.

P wave morphology

The results of a comparison of P wave morphology during AT are
given in Table 3. All but one patient showed positive P waves in in-
ferior leads (Il Ill and aVF). Four patients showed negative P waves
in the V 1 lead, and 2 patients showed a positive-negative bi-phasic
wave. Only 3 patients (30.0 %) exhibited positive P wave in aVL

http://dx.doi.org/10.4070/kc}.2013.43.1.29

Radiofrequency application

Using focal RF applications in those regions with mean frequency
of 4.412.7, ATs were successfully terminated, as shown in Fig. 5. A
representative example of the fluoroscopic and three-dimensional
images of the ablation site is shown in Fig. 6. All the patients re-
vealed that the precise location of ablation was the superior part of
the SV. Focal RF ablation was successful in eliminating AT, and atrial
tachyarrhythmias were no longer inducible in any patient.

Complications and ablation outcomes

Two patients showed transient right phrenic nerve palsy (PNP),
which induced dyspnea and coughing after the ablation procedure.
The PNP was transient in both patients, and the elevated right diaph-
ragm was fully resolved in the chest roentgenogram 6 months af-
ter the ablation procedure. No patient showed sinus node dysfunc-
tion after ablation. There were no serious complications such as per-
foration, thromboembolism, or atrioesophageal fistula related to the
ablation procedure. After a mean follow-up of 19.9£14.8 months,
AT recurred in only 1 patient; this patient underwent a repeated abla-
tion procedure. Critical termination site of AT was left inferior PV in
this patient. AF recurred in 3 patients; cardioversion restored sinus
rhythm and well controlled with anti-arrhythmic drugs; in 2 patients
and 1 patient remained in AR
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Other than this one patient, all patients were free from any ar-  Discussion
rhythmia recurrences thereafter. Six patients did not require anti-

arrhythmic drugs. This study demonstrates that the incidence of AT from SV devel-
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Fig. 2. Double potentials were recorded during sinus (A), and a second discrete potential (*) preceded the onset of P wave during atrial tachycardia by
mean of 80+37 ms (B). ABL: ablation catheter, HRA: high right atrium, CS: coronary sinus, AT: atrial tachycardia.
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Fig. 3. Patient No. 4 showed 2 : 1 conduction potentials from the SV (*) to other areas. SV: sinus venosus, ABL: ablation catheter, HRA: high right atrium,
CS: coronary sinus.
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Fig. 4. RA activation mapping revealed that the earliest activation site (white
arrow) was SV. RA: right atrium, SV: sinus venosus.

Table 3. Electrocardiographic findings in all patients

Patient | Il ] avL aVR aVF V1
1 (-) + (-) (0 ()
2 @] (+)  (+) Isoelectric  (+) (+) (+-
3 (+) + - (-) () ) )
4 (+) + (+) () ) (-)
5 (+) + - (-) ) ) (+)
6 Isoelectric  (+)  (+) ) (Y] (+)
7 (+) + - (+) S (-)
8 (+) (+) (+#) Isoelectric (<)  (+) lIsoelectric
9 (+) + ) (+) S (+-)

10 Isoelectric  (-) () () + () (+)

All patients showed positive P waves in inferior leads (II, Ill and aVF), and 6
patients (71.4%) showed negative or positive-negative bi-phasic P wave in
lead V1. Pt: patient, No: number

oped during AF ablation is as rare as 0.82% among patients under-
going AF ablation. The activation sequence of AT was from proximal
to distal in SVC and CS, and from high to low at RA in all patients,
which was similar to AT from crista terminalis. In electrocardio-
graphic analysis, all except one patient showed positive P waves in
inferior leads, and 6 patients (60.0%) showed negative or positive-
negative bi-phasic P wave in lead V 1. Focal application of RF was
successful in all patients, and most patients remained arrhythmia-
free at follow-up. Transient right PNP developed in two patients
(20.0%).

Sinus venosus as the origin of focal atrial tachycardia during
ablation of atrial fibrillation

Atrial tachycardias often occur immediately after termination of
AF by RF application or during follow-up. AT during AF ablation has
been reported to occur in 10-30% of patients with paroxysmal and
persistent AF¥®" The development commonly originates from ar-

http://dx.doi.org/10.4070/kc}.2013.43.1.29
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ound the PVs related to the ablation procedure and arrhythmoge-
neicity of the PV antrum.™ Additionally, the superior base of the left
atrial appendage, inside CS, crista terminalis, and SVC were reported
as the origins of ATs.""™ The SV is a smooth-walled structure and has
no grossly distinguishable structural barriers, but there are abrupt
changes in the thickness and orientation of the muscle fibers, as
well as in the collagen content." Such microscopic discontinuities
have been suggested to provide a basis for rate-dependent conduc-
tion blocks during transverse atrial activation." Among atrial ar-
rhythmia patients, SV was sometimes observed as a low voltage
zone forming the borders of the slow conduction isthmus for the
critical reentrant circuit.'® SV is anatomically in close proximity to
the crista terminalis anteriorly and the septum at the insertion of Ba-
chmann's bundle and to the SVC superiorly. Detailed mapping is
required to differentiate AT from these neighboring structures. The
SV has not previously been studied as the focal origin of AT during
ablation of AF. To our knowledge, this study is the first study eval-
uating AT from SV developed during ablation of AF.

Mapping strategy

Mapping ATs during ablation of AF is sometimes challenging be-
cause of coexisting multiple tachycardias and frequent and subtle
changes in the activation sequence due to previous ablation lines.
Detailed entrainment mapping has the potential to gain informa-
tion on the arrhythmia mechanism, for example, by observing in-
consistent post-pacing responses at a single pacing site in a case
of focal AT. This is particularly useful when focal AT appears to have
stable cycle lengths. Furthermore, the length and range of variation
of the post-pacing interval provides information about the distance
of the pacing site to the AT reentrant circuit or focus.” Recently a
new mapping algorithm for subsequent ATs occurring immediately
after AF termination was reported.' In that approach, the degree of
AT cycle length stability was assessed as the first step, followed by
construction of a detailed activation map to delineate the propag-
ation direction of the macro-reentrant AT. Entrainment mapping at
the deduced critical site of the focal AT was used to confirm the diag-
nosis. With this deductive mapping algorithm, the accuracy was 97%
with a relatively brief mapping time of 11 minutes per AT.'® In our
study, the combination of activation mapping and detailed entrain-
ment was used. We first suspected the SV as the origin of focal AT
by activation sequence, from proximal to distal in SVC and CS and
from high to low at the crista terminalis and RA and centrifugal ac-
tivation from SV. The diagnosis was confirmed by entrainment pac-
ing showing the shortest post-pacing interval at SV and centrifugal
mode of post-pacing interval response. Concealed entrainment pac-
ing at SV was performed in 5 patients, and all patients showed less
than 10 ms difference between post-pacing interval and tachycardia

www.e-kej.org
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Fig. 5. Effects of radiofrequency ablation. Radiofrequency energy delivery at the SV slowed the tachycardia cycle length from 345 to 355 ms (A) and finally
resulted in sinus rhythm within 56 seconds (B). There were no inducible tachycardias thereafter. SV: sinus venosus, RFCA: radiofrequency catheter ablation,

ABL: ablation catheter, HRA: high right atrium, CS: coronary sinus.

cycle length. Although these pacing maneuvers have the potential
to terminate or convert the interrogated AT, such counterproductive

entrainment is rarely observed in clinically stable ATs.'®

P wave morphology in 12-lead electrocardiography

Prediction of foci using the algorithm of the P wave is useful for
catheter ablation of ATs with structurally normal atria. Several stu-
dies have demonstrated that P wave morphology in lead aVL or V 1
could distinguish between AT foci in the RA and those in the LA, and
that the polarity of the P wave in the inferior leads was helpful in

www.e-kej.org

predicting whether AT foci were located in the superior or inferior
portion of the atrium.”""¥ However, the accuracy of P wave mor-
phology is limited when there is significant atrial disease, which is
most commonly seen after catheter ablation for AF. Furthermore,
the accuracy in predicting AT from SV using the algorithm of a po-
sitive P wave in aVL, negative in VV 1, and positive in the inferior leads
had not been examined before. In the current study, most patients
(90.0%) showed a positive P wave in the inferior leads, suggesting
origination from a superior portion of the atrium. But it is difficult to
localize the site precisely in the superior portion of atrium and to

http://dx.doi.org/10.4070/kcj.2013.43.1.29
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Fig. 6. A representative example of fluoroscopic and three-dimensional images of the ablation site, SV (white arrow). Right-anterior oblique projection
view 35° (A); left-anterior oblique projection view 35° (B); and three-dimensional images, white arrow and yellow dot indicates SV where AT terminated
during RF application (C). ABL: ablation catheter, CS: coronary sinus, HRA: high right atrium, RF: radiofrequency, SV: sinus venosus, SVC: superior vena cava,

AT: atrial tachycardia.

differentiate with AT especially from crista terminalis by electrocar-
diographic finding only® Substantial ratio of patients (60.0%) re-
vealed negative or positive-negative bi-phasic P wave in lead VV 1, but
only 30.0% showed a positive P wave in aVL. These results suggest
that some caution should be exercised in the interpretation. An in-
tegrative analysis of activation and entrainment mapping in con-
junction with ECG are warranted for efficient localization of these
ATs.

Complications

In a previous report, right PNP developed during ablation of the
right superior PV or SVC disconnection. Ablation of the postero-sep-
tal part of the SVC was likely to be associated with right PNP2" Also,
an anatomical study revealed that the course of the right phrenic
nerve runs over part of the junction between the SVC and RA, which
is close to the SV.2 Therefore, right PNP may occur during catheter
ablation at the site of SV of the RA. Two patients developed tran-
sient right PNP with full recovery within 6 months in our study. Pac-
ing at maximum output should be considered prior to applying RF at
the SV to avoid such complication.

Limitations

This is a retrospective study which has some known limitations,
with the small sample size of the study group being the major lim-
itation. Total incidence of AT developed during AF ablation was not
evaluated. No comparisons were made with other sources of AT dur-
ing ablation of AF, because the incidence of AT from SV was too low.
Site of ablation, SV was only guided by fluoroscopic anatomy. In ad-
dition, the clinical significance of AT originating SV during AF abla-
tion has not been determined as yet; further observation is needed
on whether these tachycardias resolve spontaneously with time or
sustain. Previously, a substantial number of patients who developed
macro-reentrant AT during LA circumferential ablation for AF sh-

http://dx.doi.org/10.4070/kcj.2013.43.1.29

owed spontaneous resolution.” Lastly, the patients were followed for
a relatively short duration, constituting a limitation with respect to
AT developing over the long-term.

Conclusions

Sinus venosus needs to be considered as the origin of secondary
AT during catheter ablation of AF, although it is very rare. Electro-
cardiographic and electrophysiologic findings are helpful in identi-
fying the origin of AT and in avoiding unnecessary multiple ablation
lines. Although catheter ablation of this tachycardia may be chal-
lenging, it is highly effective when using focal ablation and has an
excellent success rate in most patients. Special caution is needed to
avoid right PNP in such cases.
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