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Pulmonary Vein Electrical Isolation for the Cure of Paroxysmal
Atrial Fibrillation Guided by a Novel Geometry Mapping System
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LU ET AL.: Pulmonary Vein Electrical Isolation for the Cure of Paroxysmal Atrial Fibrillation Guided by a
Novel Geometry Mapping System. Objectives: The purpose of the study is to evaluate the feasibility and effect
of left wall (LA) ablation guided by a novel geometry mapping system in the treatment of older patients with
paroxysmal atrial fibrillation (PAF). Methods: Regular electrophysiological study was conducted to exclude
atrioventricular reentrant tachycardia (AVRT) with accessory pathways, atrioventricular nodal reentrant
tachycardia (AVNRT) and other inducible tachyarrhythmias. Twice transseptal puncture was achieved with L1
and R1 Swartz sheaths. Pulmonary vein (PV) angiographies were conducted to evaluate their orifices and
branches. LA geometry was constructed under either sinus rhythm or PAF using Ensite3000 Navx system. Two
lesion loops and three lines (see details in the text) for electrical isolation were outlined and created by
radiofrequency catheter ablation on the three-dimension geometry of LA. Each lesion point was ablated in 30
seconds with preset temperature 50°C and energy 30W. The disappearance or 80% decrease of the amplitude
of LA target potential and 10 to 20 Ω decrease of ablation impedance were used as effective index. Results:
Three patients included two males and one female of age 67.3±3.6. PAF history was 7.4±5.1 years. Mean 3.5±
1.2 antiarrhythmic agents were used in 5.7±2.3 years without PAF effectively prevention. No organic heart
diseases and stroke complications were founded. Left atrium was 38.7±3.2 mm and LVEF was 58.6±4.3 on
echocardiography. Altogether 59-126 (63.7±11.2) lesion points were created to complete two loops and
three lines. Rapid burst pacing up to 600 beats per minute was delivered from the distal coronary sinus
electrode pair without PAF provoked. The procedure time was 2.8±0.7 hours and fluoroscopy time was 19.6±
8.3 minutes. Patients were discharged with long-term oral warfarin and without any antiarrhythmic agent.
During the follow up of 5.6±2.3 months, one patient was free of symptom and PAF attacks were decreased more
than 80% in the other two patients by evaluation of Holter monitoring. Conclusions: Ensite3000 Navx guided
LA wall ablation near PV orifice to cure PAF in the elderly is safe and feasible and has the advantages of clear
procedure endpoint, shorter X-ray exposure, less complication and satisfied long-term effect. Large number of
cases and long-term follow up data are needed to validate these primary results. (J HK Coll Cardiol 2004;12:
58-63)
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Paroxysmal atrial fibrillation (PAF) in elderly
is usually triggered or driven by electrical foci
originated from atrial muscle sleeves (AMS) mostly
from pulmonary veins.1 PAF could be cured either
by ablating AMS focus or isolating target AMS
electrically.2,3 Due to the high recurrence rate of the
former technique, later therapies are more frequently
used in clinical interventive electrophysiology.4

Radiofrequency (RF) catheter ablation at the orifice
of target pulmonary vein (TPV) was used at first in
the cure of PAF, but early and long-term stenosis of
TPV limited the usage of the method.3-5 Therefore,
novel non-contact geometry mapping systems are
used to guide the isolation of AMS in the left atrial
wall just near their orifice.6 Ensite3000 Navx is one
of these new systems. The main difference between
Ensite3000 Navx and Carto quick map is the former
adapts a regular RF large tip catheter to construct
left atrial and AMS geometry and creates the RF
lesion circles or lines at either sinus rhythm or PAF
rhythm. Three older PAF patients were treated with
Ensite3000 Navx and clinical effect and experience
were reported.

Clinical Data

Three patients included two males and one
female of age 67.3±3.6. PAF history was 7.4±5.1
years .  Mean 3 .5±1.2  ant ia r rhythmic  agents
(including amiodarone, propafenone, propranolol,
sotalol, quinidine, etc.) were used in 5.7±2.3 yeas
without PAF effectively prevention. One male
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case had controlled hypertension. No other organic
h e a r t  d i s e a s e s  a n d  s t r o k e  c o m p l i c a t i o n s
were founded in all patients. Left atraium was
3 8 . 7 ± 3 . 2  m m  a n d  L V E F  w a s  5 8 . 6 ± 4 . 3  o n
echocardiography.  Repet i t ive  P '  on T at r ia l
prematures and PAFs were confirmed by regular
ECG (Figure 1) and Holter monitoring.

Electrophysiological Study

After written informed consents were obtained,
regular electrophysiological studies were conducted
to exclude atrioventricular reentrant tachycardia
(AVRT) wi th  accessory pathways (AVAP),
atr ioventr icular  nodal  reentrant  tachycardia
(AVNRT) and other inducible tachyarrhythmias. The
methodology of standard electrophysiological study
was reported elsewhere and briefly described as
follows. A decapolar elctrode catheter was placed in
the distal coronary sinus via left subsclavicle vein.
A tetrapolar electrode catheter (Josephson curve) was
put at His bundle branch and another catheter
(Cournad curve) was settled at the high right atrium
at first and then right ventricular apex. Both
programmable and non-programmable electrical
stimulations were conducted via high right atrium and
right ventricular apex electrode pairs with two times
of diagnostic threshold value and 0.5 ms pulse width.
AVRT and AVNRT were not found according to their
electrophysiological criteria. PAF could be induced
with high rate burst pacing at distal coronary sinus
in two patients.
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Figure 1. Twelve lead ECG during sinus rate (A) and paroxysmal atrial fibrillation (B).

(A) (B)

Pulmonary Vein Identification
and Geometry Creation

Twice transseptal puncture was achieved with
L1 and R1 Swartz sheaths. A large-tip ablation
catheter (Bard Co., 7F) and a non-contact balloon
mapping catheter were introduced into left atrium
(LA). The tip of the balloon mapping catheter was
mounted at the left superior pulmonary vein with a
0.035 inch wire. Pulmonary vein angiographies were
conducted to evaluate their orifices and branches
(Figure 2A). LA geometry was constructed under
either sinus rhythm or PAF using Ensite3000 Navx
system (Figure 2B) and the large-tip ablation catheter
as land mark in LA chamber. On the three-dimension

geometry of LA, two ablation loops and two ablation
lines for electrical isolation were outlined. The two
loops encircled left and right sided pulmonary vein
orifices respectively. The top line connected two
loops on the roof of LA and the bottom line linked
between the lower part of the left loop and the lateral
part of mitral valular ring.

Radiofrequency Catheter Ablation

Along with the loops and lines, radiofrequency
ablation was delivered to form continuous lesion by
the direction of Ensite3000 Navx system. Each lesion
point was ablated in 30 seconds with preset
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t e m p e r a t u r e  5 0 ° C  a n d  e n e r g y  3 0 W .  T h e
disappearance or 80% decrease of the amplitude of
target potential and 10 to 20 Ω decrease of ablation
impedance were used as effective index. Altogether
59-126 (63.7±11.2) lesion points were needed to
complete the two loops and two lines (Figure 3). Then
activation mapping in sinus rhythm on three-
dimensional geometry was repeated to confirm the
electrical disconnection between PVs and LA. Rapid
burst pacing up to 600 beats per minute was delivered
from the distal coronary sinus electrode pair to
provoke PAF. After that, the geometry of right atrium
was constructed by withdrawing the balloon and
ablation catheter. Radiofrequency lesion line between
tricuspid ring and inferior vena cava was achieved
with another 6 lesion points (Figure 4). The procedure
time was 2.8±0.7 hours and fluoroscopy time was
19.6±8.3 minutes. Total 10 mg morphine was injected
intravenously during the period of energy delivery.

Follow Up

The patients were discharged with long-term
oral warfarin and without any antiarrhythmic agent.

During the follow up of 5.6±2.3 months, one patient
was free of symptom and PAF attacks were decreased
more than 80% in the other two patients by evaluation
of Holter monitoring.

Discussion

Most focal PAFs could be cured by completely
isolating target pulmonary vein electrically.1-4 PV
isolation could be achieved by spike potential guided
catheter ablation at its orifice or by geometry
mapping guided circular isolation on the LA wall just
near its orifice.5,6 Different procedures have the different
procedure end point and long-term effect.7,8

Spike potential guided ablation or segmental
PV ostial ablation under X-rays suffered with
technical challenges associated with identification of
PV potential, complete electrical isolation, long
distance of PV-LA junction, focus mapping within
target PV, irregular PV orifice, long operation and
X-ray exposure time, and potential PV stenosis.4,6-8

In contrast, left atrial wall ablation near PV orifice
guided by non-contact electro-anatomical mapping,5

which includes two lesion loops around the left and

Figure 2. (A) Left superior pulmonary vein angiography through a trans atrial septal sheath
positioned at the pulmonary vein ostium. (B) Configuration of a novel three-dimensional electro-
anatomical mapping system Ensite3000 Navx.

(A) (B)
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Figure 3. Total 59 ablation points were used to complete two loops and two lines.
The two loops encircled left and sided pulmonary veins respectively (A-G). The
top line connected two loops on the roof of LA (D, E, G) and the bottom line
linked between the lower part of left loop and the lateral part of mitral valular
ring (C, D). (A) Lesion on RAO view. (B) Lesion on left lateral view. (C) Lesion
on mitral isthmus. (D) Lesion on PA view. (E) Lesion on right lateral view.
(F) Lesion on AP view. (G) Lesion on cranial view.

Figure 4. Posterior isthmus ablation. (A) A radiofrequency ablation line between tricuspid ring and inferior vena cava was
achieved with 6 lesion points.(B) Three dimensional activation mapping showed posterior isthmus conduction block.

(A) (B)
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right-sided PVs, one lesion line on the roof of LA
between two loops, and one lesion line from left loop
to the mitral valular ring, can overcome above
disadvantages and achieve complete PV isolation.
The two lesion lines also have the effect of LA atrial
flutter prevention.

From these cases, it is found that Ensite3000
Navx guided LA wall ablation near PV orifice to cure
PAF is safe and feasible and has the advantages of
clear procedure endpoint, shorter X-ray exposure, less
complication and satisfactory long-term effect. Large
number case experience and long-term follow up data
are needed to validate these primary results.
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