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A R T I C L E I N F O A B S T R A C T

Syncope is a prevalent condition that is associated with high morbidity, health service use,
and costs. Syncope negatively impacts multiple domains of quality-of-life, including
physical health, mental health, and functional status. The morbidity associated with
recurrent syncope is equivalent to chronic conditions such as severe rheumatoid arthritis
and low back pain. Frequency of syncope events is related to worse morbidity, suggesting
that effective diagnosis and management can improve quality-of-life. There is a high
incidence of health service use associated with syncope, including 740,000 annual
emergency department visits and 460,000 hospital admissions in the United States. Rates
of admission and inpatient diagnostic testing are characterized by high variance and low
clinical utility. Finally, the evaluation of syncope is associated with high costs. Hospital
costs associated with the inpatient evaluation of syncope exceed $2.4 billion per year in the
United States. Improved diagnostic and treatment algorithms are urgently needed to
improve patient quality-of-life, reduce health service use, and lower costs related to the
evaluation of syncope.

© 2013 Elsevier Inc. All rights reserved.
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Impact of syncope on quality-of-life

Multiple investigators have documented high morbidity
associated with syncope.1–9 Quality-of-life (QOL) associated
with recurrent syncope was equivalent to severe rheumatoid
arthritis and chronic low back pain in an adult population.9

Similarly, pediatric patients with recurrent syncope reported
worse QOL than individuals with diabetes, and equivalent
QOL to individuals with asthma, end-stage renal disease,
and structural heart disease.1 These findings extend beyond
referral syncope clinics; in a hospital based cohort of
patients with a prior episode of syncope, 33% reported

syncope-related functional impairments with daily activities
such as driving or working.6

Morbidity appears to be specifically attributable to syncope
rather than to associated co-morbidities. Two studies dem-
onstrated that patients with syncope reported worse QOL
compared to control populations without a history of
syncope.3,4 There appears to be a dose–response relationship
between increased frequency in syncope episodes and greater
reductions in QOL.2,6–8

Findings of impaired QOL associated with syncope have
been robust across multiple general QOL instruments, such as
the Medical Outcomes Study Short Form-36 (SF36),2,3 the
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Ø 740,000 annual emergency department visits and 
460,000 hospital admissions in the United States.

Ø Syncope negatively impacts multiple domains of 
quality-of-life, including physical health, mental
health, and functional status. 

Ø Frequency of syncope events is related to worse
morbidity, suggesting that effective diagnosis and 
management can improve quality-of-life.

Ø High Hospital costs associated with the inpatient
evaluation of syncope exceed $2.4 billion per year in 
the United States. 
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u Despite this, the role of pacemaker treatment for
young patients remains to be established.

u Psychological sequelae and the burden of the long-
term implanted device should be considered, with a
significantly increased risk of

① numerous replacements of pacemaker with increased
risk of infection

② Time-related Leads deterioration
③ Possible ventricular remodelling induced by right 

ventricular pacing over time .

Background



Male, 44 y.o.

4 syncopal episodes in 5 monthsà ILR-àAF after sinus arrest

ARGP

IRGP







neurons have been associated with human ventricular
tissues (Kuntz, 1934; Davies et al., 1952; Janes et al.,
1986). Recent work has indicated that the mammalian
intrinsic cardiac nervous system is widely distributed,
possessing a number of different types of neurons (Yuan
et al., 1994). These neurons interact via a number of
synaptic mechanisms to maintain adequate cardiac
output (Horackova and Armour, 1995). It is not known
whether the human heart possesses such a complex
nervous system. The full extent of the distribution of
intrinsic cardiac neurons on the human heart and the
synaptology of the intrinsic cardiac ganglia remains
unknown. Because the functional properties of human
intrinsic cardiac neural elements are now amenable to
investigation (Murphy et al., 1985; Carlson et al., 1992;
Murphy and Armour, 1992), it is imperative that the
locations and connectivity of human cardiac neurons be
determined.

The present study was undertaken to identify the full
extent of the human intrinsic cardiac nervous system
as well as the interrelationships of its ganglia within
different cardiac regions. We estimated the relative
numbers of ganglia on the human heart and studied the
morphology and synaptology of human intrinsic cardiac
neurons. In this manner, we sought to provide an
overview of the distribution, size, and anatomic relation-
ships of intrinsic cardiac ganglia and to propose a

descriptive terminology that identifies their major car-
diac sites in order to help locate this nervous system for
functional studies in, for instance, the operating the-
ater.

MATERIALS AND METHODS
Tissues were obtained from hearts of 18 adult hu-

mans of either sex aged 28–69 years. Six intact human
hearts collected at autopsy were used to determine the
distribution and organization of intrinsic cardiac gan-
glia as well as their interconnecting nerves. To supple-
ment the studies on intact hearts, selected right and
left atrial tissues with adjoining fat were collected from
an additional ten hearts at the time of autopsy. These
tissues were used for light microscopic analysis of
intrinsic cardiac neurons. All autopsy tissues were
stored at 4°C in physiological saline for 1-2 hours before
being processed for gross and microscopic analyses. In
addition, atrial tissues collected from two human hearts
at the time of cardiovascular surgery were processed for
electron microscopic analysis.

Gross Anatomy
The six intact human hearts were investigated as

follows. The two atria and bases of the ventricles, along
with their major vessels, were removed en bloc from

Fig. 1. Drawing of a posterior view of the human heart and major vessels illustrating the locations of
posterior atrial and ventricular ganglionated plexuses. Note the mediastinal nerves coursing adjacent to
the aortic root and joining the two superior atrial ganglionated plexuses. Positions of the superior vena
cava (SVC), inferior vena cava (IVC), right ventricle (RV), and left ventricle (LV) are shown.
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Posterior view

surrounding tissues and stored in 10% formalin. The
interatrial septum was removed and investigated sepa-
rately. Subsequently, the atria and ventricular bases
were divided into blocks of tissue. These tissues were
investigated systematically by blunt microdissection.
To identify ganglia, a 1% solution of methylene blue in
phosphate-buffered saline was dripped directly on small
blocks of fixed tissue placed in a dissecting dish contain-
ing phosphate buffer. With the aid of a Zeiss dissecting

microscope, tissues were gently teased apart. Stained
ganglia and nerves were identified primarily in fat,
some being located adjacent to underlying muscle or in
between muscle fascicles. Drawings and photographs
were made of the ganglia, as has been reported for the
canine (Gagliardi et al., 1988; Yuan et al., 1994).
Reconstructions were made of the positions of ganglia
and major nerves with respect to the heart and major
vessels. The numbers of ganglia in each atrial and

Fig. 2. Drawing of a superior view of the human heart illustrating the distribution of ganglionated
plexuses on the surface of the atria and ventricles. For abbreviations, see Figure 1.

TABLE 1. Numbers of ganglia in different cardiac regions grouped according to their
estimatedneuronal complement (n 5 6humanhearts)

Ganglionic
plexus

5–10
Neurons

11–50
Neurons

50–100
Neurons

100–200
Neurons

.200
Neurons

Total no.
ganglia

per heart

Atrial ganglionated plexuses
Superior right atrial 19.2 6 2.9 9.5 6 2.8 2.2 6 0.4 0.3 6 0.1 0 31 6 5
Superior left atrial 29.4 6 5.9 19.7 6 5.1 5.3 6 1.9 2.2 6 0.7 0.5 6 0.2 56 6 12
Posterior right atrial 90.1 6 13.7 66.4 6 7.6 22.8 6 1.9 9.7 6 0.7 4.7 6 0.7 194 6 22
Posteromedial left atrial 82.8 6 13.5 56.4 6 9.8 18.2 6 4.1 4.5 6 0.9 1.8 6 0.6 161 6 27
Posterolateral left atrial 8.2 6 2.2 5.7 6 1.1 1.7 6 0.4 0.3 6 0.1 0 16 6 2
Total per heart 458 6 43

Ventricular ganglionated plexuses
Aortic root

Right 12.2 6 1.5 3.5 6 0.7 0.3 6 0.1 0 0 16 6 2
Anterior 4.2 6 1.2 1.2 6 0.6 0 0 0 5.2 6 1.8
Left 15.1 6 2.3 5.5 6 1.6 1.2 6 0.5 0.4 6 0.1 0 21.7 6 4.0
Posterior 12.0 6 1.0 5.5 6 0.8 0.3 6 0.1 0.2 6 0.1 0 17.8 6 2.0

Anterior descending 7.5 6 1.2 3.7 6 0.5 0.2 6 0.1 0 0 11.2 6 1.1
Posterior descending 4.1 6 2.2 1.6 6 0.6 0 0 0 5.2 6 1.9
Right acute marginal 4.5 6 0.8 1.5 6 0.6 0 0 0 6.2 6 2.8
Obtuse marginal 4.3 6 1.6 1.0 6 0.4 0 0 0 5.2 6 2.0
Total per heart 88 6 7
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Gross and Microscopic Anatomy of the Human Intrinsic
Cardiac Nervous System
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ABSTRACT Background: The extent and locations of intrinsic cardiac
ganglia on the human heart were investigated to facilitate studying their
function.

Methods: The locations and number of major intrinsic cardiac ganglia
were determined in six human hearts by means of microdissection
following methylene blue staining. Light and electron microscopic analy-
ses were performed on right atrial and cranial medial ventricular ganglia
obtained from 12 other human hearts.

Results: Gross anatomy: Collections of ganglia associated with nerves,
i.e., ganglionated plexuses, were observed consistently in five atrial and
five ventricular regions. Occasional ganglia were located in other atrial
and ventricular regions. Atrial ganglionated plexuses were identified on
1) the superior surface of the right atrium, 2) the superior surface of the
left atrium, 3) the posterior surface of the right atrium, 4) the posterior
medial surface of the left atrium (the latter two fuse medially where they
extend anteriorly into the interatrial septum), and 5) the inferior and
lateral aspect of the posterior left atrium. Ventricular ganglionated
plexuses were located in fat 1) surrounding the aortic root, 2) at the
origins of the right and left coronary arteries (the latter extending to the
origins of the left anterior descending and circumflex coronary arteries),
3) at the origin of the posterior descending coronary artery, 4) adjacent to
the origin of the right acute marginal coronary artery, and 5) at the origin
of the left obtusemarginal coronary artery.Microscopic anatomy:Ganglia
ranged in size from those containing a few neurons to large ganglia
measuringup to 0.5 3 1mm.The human heart is estimated to containmore
than 14,000 neurons. Neuronal somata varied in size and shape. Many
axon terminals in intrinsic cardiac ganglia contained large numbers of
small, clear, round vesicles that formed asymmetrical axodendritic syn-
apses,whereas a few axons contained large, dense-cored vesicles.

Conclusions: The human intrinsic cardiac nervous system is distri-
buted more extensively than was considered previously, most of its
ganglia being located on the posterior surfaces of the atria and superior
aspect of the ventricles. Each ganglion therein contains a variety of
neurons that are associated with complex synaptology. Anat. Rec. 247:
1997 r 1997 Wiley-Liss, Inc.

Key words: atrial neurons; dendrites; intrinsic cardiac ganglia; ventricu-
lar neurons

The locations of human intrinsic cardiac neurons and
the mediastinal nerves that contain axons connecting
with such neurons remain poorly understood despite
the fact that the anatomy of this nervous system has
been the subject of scrutiny for over a century (Francil-
lon, 1928; Kuntz, 1934; Davies et al., 1952; Mitchell,
1956; Robb, 1965). Intrinsic cardiac neurons have been
reported to be located in small ganglia scattered primar-

ily over the posterior surfaces of the atria (Mitchell,
1956), particularly in the posterior atrioventricular
groove (Dogiel, 1899; Glomset and Cross, 1952). Few
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surrounding tissues and stored in 10% formalin. The
interatrial septum was removed and investigated sepa-
rately. Subsequently, the atria and ventricular bases
were divided into blocks of tissue. These tissues were
investigated systematically by blunt microdissection.
To identify ganglia, a 1% solution of methylene blue in
phosphate-buffered saline was dripped directly on small
blocks of fixed tissue placed in a dissecting dish contain-
ing phosphate buffer. With the aid of a Zeiss dissecting

microscope, tissues were gently teased apart. Stained
ganglia and nerves were identified primarily in fat,
some being located adjacent to underlying muscle or in
between muscle fascicles. Drawings and photographs
were made of the ganglia, as has been reported for the
canine (Gagliardi et al., 1988; Yuan et al., 1994).
Reconstructions were made of the positions of ganglia
and major nerves with respect to the heart and major
vessels. The numbers of ganglia in each atrial and

Fig. 2. Drawing of a superior view of the human heart illustrating the distribution of ganglionated
plexuses on the surface of the atria and ventricles. For abbreviations, see Figure 1.

TABLE 1. Numbers of ganglia in different cardiac regions grouped according to their
estimatedneuronal complement (n 5 6humanhearts)

Ganglionic
plexus

5–10
Neurons

11–50
Neurons

50–100
Neurons

100–200
Neurons

.200
Neurons

Total no.
ganglia

per heart

Atrial ganglionated plexuses
Superior right atrial 19.2 6 2.9 9.5 6 2.8 2.2 6 0.4 0.3 6 0.1 0 31 6 5
Superior left atrial 29.4 6 5.9 19.7 6 5.1 5.3 6 1.9 2.2 6 0.7 0.5 6 0.2 56 6 12
Posterior right atrial 90.1 6 13.7 66.4 6 7.6 22.8 6 1.9 9.7 6 0.7 4.7 6 0.7 194 6 22
Posteromedial left atrial 82.8 6 13.5 56.4 6 9.8 18.2 6 4.1 4.5 6 0.9 1.8 6 0.6 161 6 27
Posterolateral left atrial 8.2 6 2.2 5.7 6 1.1 1.7 6 0.4 0.3 6 0.1 0 16 6 2
Total per heart 458 6 43

Ventricular ganglionated plexuses
Aortic root

Right 12.2 6 1.5 3.5 6 0.7 0.3 6 0.1 0 0 16 6 2
Anterior 4.2 6 1.2 1.2 6 0.6 0 0 0 5.2 6 1.8
Left 15.1 6 2.3 5.5 6 1.6 1.2 6 0.5 0.4 6 0.1 0 21.7 6 4.0
Posterior 12.0 6 1.0 5.5 6 0.8 0.3 6 0.1 0.2 6 0.1 0 17.8 6 2.0

Anterior descending 7.5 6 1.2 3.7 6 0.5 0.2 6 0.1 0 0 11.2 6 1.1
Posterior descending 4.1 6 2.2 1.6 6 0.6 0 0 0 5.2 6 1.9
Right acute marginal 4.5 6 0.8 1.5 6 0.6 0 0 0 6.2 6 2.8
Obtuse marginal 4.3 6 1.6 1.0 6 0.4 0 0 0 5.2 6 2.0
Total per heart 88 6 7
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The role of ganglia as integration 
centers

investigate the interactions be-
tween the extrinsic and intrinsic
cardiac ANS in the context of
modulating sinus and atrioventric-
ular (AV) nodal function and fa-
cilitating AF inducibility.

Methods

All animal studies were reviewed
and approved by the Institutional
Animal Care and Use Commit-
tee of the University of Okla-
homa Health Sciences Center.
Twenty-eight adult mongrel dogs
weighing 20 to 25 kg were anes-
thetized with sodium pentobarbi-
tal, 50 mg/kg, and ventilated with
room air by a positive pressure
respirator. Standard electrocar-
diographic leads II and aVR were
continuously monitored. Core
body temperature was main-

tained at 36.5°C ! 1.5°C. All recordings were displayed on
a Bard Computerized Electrophysiology system (Bard, Bil-
lerica, Massachusetts).
Autonomic stimulation. Both cervical vagosympathetic
trunks were exposed by dissections. A pair of Teflon-coated
silver wires (0.1-mm diameter) was inserted into the cervical
vagosympathetic trunks for stimulation. Vagosympathetic
stimulation was performed by applying high-frequency elec-
trical stimulation (20 Hz, 0.1 ms duration, square waves, 0.6
to 8.0 V) to each of the vagosympathetic trunk via a
stimulator (Grass-S88, Astro-Med; West Warwick, Rhode
Island). A right thoracotomy at the 4th intercostal space was
performed to expose the fat pad containing the anterior
right GP (ARGP) situated between the caudal end of the
sinoatrial (SA) node and the right superior pulmonary vein
(RSPV)–atrial junction (10) (Fig. 1A). The inferior right
GP (IRGP) located at the junction of the inferior vena cava
and both atria was visualized by gently reflecting the inferior
vena cava. A left thoracotomy at the 4th intercostal space
was used to expose the superior left GP (SLGP) located
adjacent to the left superior pulmonary vein (LSPV)–atrial
junction between the left atrial appendage and left pulmo-
nary artery (10) (Fig. 1B).

The GP were identified by applying high-frequency
stimulation using a bipolar electrode probe (AtriCure, West
Chester, Ohio) through a Grass stimulator as described
above. The effects of vagosympathetic stimulation at various
voltage levels on the sinus rate (SR) were determined as well
as the averaged ventricular rate (VR) during induced AF.
The average SR at each stimulation level was determined by
averaging the last 10 sinus cycle lengths. The AF was
induced and maintained by rapid atrial pacing (600 to 800
beats/min). During induced AF, the average VR was

Figure 1 Schematic and Photographic Representation
of the Right and Left Thoracotomy Approach

Schematic and photographic representation of the right (A, C) and left (B, D) atria
and associated ganglionated plexi (GP). The labels RA, RSPV, LA, and LSPV indi-
cate cardiac structures or multielectrode catheters positioned on the epicardial
surface of the right atrium, right superior pulmonary veins, left atrium, and left
superior pulmonary vein, respectively. For all catheters, the distal electrode pair
(D,2) was positioned adjacent to the GP (hatched area) near the pulmonary vein–
atrial junction. ARGP " anterior right ganglionated plexi; CS " coronary sinus;
IRGP " inferior right ganglionated plexi; IVC " inferior vena cava; LAA " left atrial
appendage; LIPV " left inferior plumonary vein; LOM " ligament of Marshall; LPA
" left pulmonary artery; RAA " right atrial appendage; RIPV " right inferior pulmo-
nary vein; SLGP " superior left ganglionated plexi; SVC " superior vena cava.

Abbreviations
and Acronyms

AF ! atrial fibrillation

ANS ! autonomic nervous
system

ARGP ! anterior right
ganglionated plexi

ERP ! effective refractory
period

GP ! ganglionated plexi

IRGP ! inferior right
ganglionated plexi

LSPV ! left superior
pulmonary vein

RSPV ! right superior
pulmonary vein

SA ! sinoatrial

SLGP ! superior left
ganglionated plexi

SR ! sinus rate

VR ! ventricular rate
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Figure 2. The location of ganglionated plexi (GP) displayed on elec-
troanatomic maps in a patient with paroxysmal atrial fibrillation (AF).
Map was created during sustained AF. The color range indicates the degree
of fractionation of the atrial potentials with red and purple areas marking
regions of the most and the least fractionated atrial potentials, respectively.
(A) Right anterior oblique projection. (B) Posterior-anterior projection. Red
tags indicate the sites showing a positive parasympathetic response to high-
frequency stimulation (HFS), and were selected as ablation targets.

Figure 3. Follow-up of 83 patients with paroxysmal and persistent atrial
fibrillation (AF) after a single ablation procedure combining ganglionated
plexi (GP) ablation and pulmonary vein (PV) antrum isolation. Open bars:
percentage of patients free of symptomatic AF and atrial tachycardia and
not receiving a class I or III antiarrhythmic agent. Hatched bars: percentage
of patients free of symptomatic AF and atrial tachycardia, but still receiving
an antiarrhythmic agent. Note that the percentage of patients free of symp-
tomatic AF and atrial tachycardia increased from 61% at 1 month to 88% at
>12 months after the ablation procedure. During the same follow-up period,
the percentage of patients free of symptomatic AF and atrial tachycardia
and not receiving antiarrhythmic agent also increased from 32% to 76%.

sites as the starting points for right and left antrum isolation,
respectively. Antrum isolation is not extended to the IRGP
and ILGP because of the significant distance between these
two GP and the inferior edge of the usual antral isolation
area. If the GP ablation area is located totally outside the
antrum isolation, we recommend an ablation line to connect
these areas to decrease the likelihood of macroreentrant atrial
tachycardia. Similarly, if there is only a small distance be-
tween the right and left antrum isolation areas, we generally
create a linear ablation (“Roof Line”) to connect them.

In the first 83 patients with either paroxysmal or persistent
GP ablation alone decreased the incidence of spontaneous PV
firing (without isoproterenol) from 54 of 83 (65.1%) patients
to 12 of 83 (14.5%) patients (P < 0.01), suggesting that
the activity of the intrinsic cardiac ANS plays a significant
role in spontaneous PV firing. These 83 patients underwent
both GP ablation and PV antrum isolation and were followed
for a mean of 22 months. The percent of patients free of
symptomatic atrial fibrillation, or atrial tachycardia after a
single ablation procedure was 80% at 12 months and 86% at
22 months (Fig. 3).4

Complications

The 3 most likely potential complications associated
with GP ablation are cardiac perforation (with tampon-
ade), esophageal injury, and creation of macroreentrant atrial
tachycardia. It is difficult to estimate the incidence of com-
plications directly resulting from HFS and GP ablation since
all patients underwent mapping of the left atrium and PVs
before GP stimulation/ablation and received antrum isolation
(and linear lesions in some) after GP ablation. In the first 119
patients undergoing GP ablation, one patient developed car-
diac temponade shortly after RF applications at the ARGP

Ø IRGP seems to be the integration center for the extrinsic ANS to innervate the AV 
node as ablation of IRGP completely eliminated the VR slowing response induced 
by vagosympathetic stimulation.

Ø ARGP and IRGP play a selective role in regulating SA and AV nodal function, 
respectively 
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Cardiac Autonomic Nervous System
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INTRODUCTION

Following demonstration that the intrinsic cardiac
nervous system (ICNS) is a potential modulator of the
initiation and perpetuation of atrial fibrillation and
the major reason for several bradyarrhythmias,
catheter-based autonomic modulation emerged as a
novel therapy in recent years (1,2). The anatomy and
physiology of the ICNS are relevant to the cardiac
electrophysiologist because this invisible anatomic
structure is becoming an important target during
radiofrequency catheter ablation.

PRINCIPLES OF AUTONOMIC INNERVATION

OF THE HEART

Autonomic innervation of the heart may be divided
into the extrinsic (central) cardiac nervous system
and the ICNS. By definition, a ganglion is a cluster of
neuron cell bodies in the peripheral nervous system.
The extrinsic part consists of the nuclei in the brain
stem and along the thoracic segments of the spinal
cord, as well as their axons en route to the heart. Pre-
ganglionic sympathetic axons arise from the spinal
cord, synapse with the second sympathetic neurons
in the sympathetic chain or intrinsic cardiac ganglia,
and proceed as the post-ganglionic sympathetic

axons innervating the cardiomyocytes. Pre-
ganglionic parasympathetic axons of the vagus
nerve primarily arise from the dorsal vagus nerve and
possibly the nucleus ambiguus and synapse with the
second parasympathetic neurons within epicardial
ganglionated nerve plexuses.

MICROANATOMY OF THE INTRINSIC

CARDIAC NERVOUS SYSTEM

Most neurons of the ICNS reside inside epicardial
ganglia that are interconnected by intrinsic nerves on
the human atria and ventricles (Figure 1) (3). Earlier
reports suggested that only the second para-
sympathetic neurons exist in the ganglia. However,
according to more recently published reports, these
ganglia contain both efferent parasympathetic and
sympathetic neuronal somata and presumably local
circuit neurons or interneurons, and these are very
densely packed, overlapping, and of widely varying
sizes (Figures 1A to 1E) (3–5).

SELECTIVE INNERVATION OF THE

SINOATRIAL AND THE

ATRIOVENTRICULAR NODES

For many years, studies of the hearts of larger
mammals (e.g., canine, primate, ovine studies) have
mostly focused on determining the location of
epicardial ganglia by using histological examination
of heart sections, an approach that led to the sug-
gestion of the ganglionated plexuses (GPs) concept
consisting of grouping ganglia in different sites
(6–8). On the basis of physiological experiments,
investigators determined that most GPs are
embedded around 3 epicardial fat pads (Figures 2A
and 2B). Although surgical removal of the epicardial
ganglia located at the junction of the inferior vena
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CONCLUSIONS

Although terminology varies between neuroanato-
mists and electrophysiologists, the route of innerva-
tion to the heart tends to be consistent. The major
difference between the previous GP nomenclature
and that of sGP is that GPs are actually parts of the
larger specific sGPs. A thorough understanding of
these anatomic principles of cardiac innervation may
help create a framework for modern therapies directly
targeting the ICNS.
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FIGURE 3 Schematic Drawing of the Location, Course, and Innervation Regions of the 7 Human Epicardiac Subplexuses

(A) Anterosuperior view. (B) Posteroinferior view. In spite of a scattering of sparse ganglia on the human ventricles, only the main locations with the highest density of
the subplexus ganglia are depicted by shadowing in color that corresponds the specific ganglionated subplexus (sGP) The dotted lines indicate the limits of the heart
hilum through which nerves access the epicardium. Ganglionated subplexuses are delineated in distinct colors: blue, ventral right atrial ganglionated subplexus
(VRAsGP); green, ventral left atrial ganglionated subplexus (VRAsGP); magenta, right coronary ganglionated subplexus (RCsGP); brown, left coronary ganglionated
subplexus (LCsGP); red, left dorsal (LDsGP); orange, middle dorsal ganglionated subplexus (MDsGP); and pink, dorsal right atrial ganglionated subplexus (DRAsGP).
Note that nerves derived from 3 ganglionated subplexuses (left coronary, middle dorsal, and dorsal right atrial) innervate the human pulmonary veins. LM ¼ ligament
of Marshall or nerve fold; LPVs ¼ left pulmonary veins; other abbreviations as in Figure 2.
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Ganglionated subplexus (GsP) are delineated in 
distinct colors: 
q blue, ventral right atrial GsP (VRAsGP); 
q green, ventral left atrial GsP (VRAsGP); 
q magenta, right coronary GsP (RCsGP); 
q brown, left coronary GsP (LCsGP); 
q red, left dorsal (LDsGP); 
q orange, middle dorsal GsP(MDsGP); 
q pink, dorsal right atrial GsP (DRAsGP). 

…the dorsal right atrial GsP occupies mainly the dorsal superior right atrial region,  the dorsal side of the 
root of the superior vena cava, and the region over the interatrial septum. 

RA GPs and LA GPs
interconnections
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FIGURE 4 Schematic Drawing of the Location, Course, and Innervation Regions of the LDsGP, MDsGP, VRAsGP, DRAsGP, and VLAsGP on 3-Dimensional Mapping

The post-ganglionated nerves of the ventral right atrial ganglionated subplexus (VRAsGP) extended mostly into the ventral atrial regions, and some of these nerves
may innervate the sinoatrial node, as well as penetrate the lower part of the interatrial septum. Post-ganglionated nerves of the ventral left atrial ganglionated
subplexus (VLAsGP) may be observed to extend to the ventral inferior left atrial region, where they merge with the post-ganglionated nerves of the ventral right atrial
ganglionated subplexus. Most of the post-ganglionated nerves of the left dorsal ganglionated subplexus (LDsGP) pass through the left dorsal coronary sulcus and
spread onto the dorsal surface of the left ventricle. Although a part of the post-ganglionated nerves of the middle dorsal ganglionated subplexus (MDsGP) traverses
the coronary sulcus and spreads onto the dorsal surface of both ventricles, part of the nerves passes superficially to the zone of the crux cordis along the coronary
sulcus and approaches the post-ganglionated nerves of the dorsal right atrial sGP. The post-ganglionated nerves of the dorsal right atrial ganglionated subplexus
(DRAsGP) spread widely into the dorsal and lateral right atrium, including the sinoatrial nodal region and the superior surface of the right atrial appendage. Please
compare the distribution of the intrinsic cardiac ganglionated nerve subplexuses with Figure 3. CS ¼ coronary sinus; other abbreviations as in Figures 1 and 3.
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Abstract This review addresses recent basic and clinical studies which suggest that targeting autonomic nerves

and ganglia on the heart can result in suppression of atrial fibrillation (AF) with less damage to
myocardium than the presently employed procedure which involves extensive pulmonary vein (PV)
isolation from the rest of the left atrium.
Clinical studies: Clinical electrophysiologists in 1998 discovered that the majority of patients with

paroxysmal form of AF, resistant to drugs and cardioversion, had focal, ectopic firing arising from
the myocardial sleeves covering the PVs. They developed a strategy which called for inducing
radiofrequency lesions which would supposedly isolate the PVs from the atria thereby curing this

form of AF. To date this strategy has had limited success (70-85%). A new approach relies on
targeting the ganglionated plexi (GP) at the entrances of the PVs. Several clinical reports provide
evidence that this new approach can increase the success rate for radiofrequency ablation of

paroxysmal AF (91-99%).
Basic studies: Experimental investigations in animal studies, both in vivo and in vitro, have
accumulated evidence for a mechanistic basis for the ablation of GP to terminate paroxysmal AF.
Specifically, release of the neurotransmitter, acetylcholine, from these GP causes shortening of atrial

and PV sleeve refractoriness. In addition, the concomitant release of adrenergic neurotransmitters
mobilizes excess calcium intracellularly leading to early afterdepolarizations and triggered firing
particularly in PV cells. We conclude that hyperactivity of these local cardiac GP play a critical role

in initiating the paroxysmal form of AF resistant to drugs and cardioversion. Targeting the GP for
ablation can substantially increase the success rate for terminating AF in these patients.
D 2006 Elsevier Inc. All rights reserved.
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Introduction

The onset of radiofrequency (RF) ablation of drug
refractory atrial fibrillation (AF) began with the break-
through findings by the Bordeaux group at the end of the
last century.1,2 Their empirical observation was that most
patients with paroxysmal AF arose from focal ectopy in the
myocardial sleeves within the pulmonary veins (PVs). An
ablation strategy was constructed, which consisted of
isolation of electrical impulses coming from the PVs to
the left atrium by segmental ablation of PV atrial con-
nections at the venous ostia.3 A somewhat different
approach was taken by Pappone et al,4 who initiated the
use of linear lesions that did not completely isolate the veins
but rather was postulated to modify the atrial substrate.

Clinical studies

The strategy of PV isolation with RF lesions applied
endocardially to cure drug refractory AF has been in place
for enough time to allow a critical evaluation of the degree
of success in terminating this arrhythmia. Success rates have
varied in relatively long-term studies from 70% to 85%. It is
important to note that several studies have emphasized that
electrical isolation of the PVs from the atrium is not
essential for success of the procedure.4-6 Indeed, in a recent
report by Lemola et al,7 they state that the relatively modest
success rate of 80% to 83% because of left atrial
circumferential lesions placed around the PVs bis attribut-
able to mechanisms of action that are independent of the
PVs. These mechanisms of action may include left atrial
(LA) compartmentalization. . .elimination of anchor points
for rotors. . . and autonomic denervation. None of these
mechanisms of action require complete PV isolation.Q Thus,
these studies bring into questions the strategy of PV
isolation for suppressing AF.

0022-0736/$ – see front matter D 2006 Elsevier Inc. All rights reserved.
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Atrial Mapping and Radiofrequency Catheter Ablation in
Patients With Idiopathic Atrial Fibrillation
Electrophysiological Findings and Ablation Results
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Background—Knowledge of the electrophysiological substrates and the cure of atrial fibrillation (AF) is still unsatisfac-
tory. The goal of this study was to evaluate the electrophysiological features of idiopathic AF and their relationship to
the results of radiofrequency (RF) catheter ablation of AF and the safety and effectiveness of this procedure.

Methods and Results—Sixteen patients with idiopathic AF underwent atrial mapping during AF and then RF ablation in
the right atrium. The atrial activation was simultaneously recorded in four regions in the right atrium: high lateral wall
(HL), low lateral wall (LL), high septum (HS), and low septum (LS) and in the left atrium through the coronary sinus
(CS). In these regions, we evaluated the atrial fibrillation intervals (FF) and the morphological features of AF recordings
by Wells’ classification. No complications occurred during RF ablation. Of the 16 patients, 9 (56%) without AF
recurrences during the follow-up (1164 months) were considered successfully ablated. These patients showed a
significantly shorter mean FF interval in the HS and the LS (122632 and 126628 ms, respectively) than in the HL and
LL (159624 and 156628 ms, respectively). Moreover, the septum had more irregular electrical activity with greater
beat-to-beat changes in FF and a higher prevalence of type III AF than the lateral region. The CS had similar behavior
to the septum. Conversely, patients with unsuccessful ablation had an irregular atrial activity in the lateral wall, septum,
and CS with no significant differences between the different sites.

Conclusions—Right atrial endocardial catheter ablation of AF is a safe procedure and may be effective in some patients
with idiopathic AF. The atrial mapping during AF showed a more disorganized right atrial activation in the septum than
in the lateral wall in patients with successful ablation. (Circulation. 1998;97:2136-2145.)
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Atrial fibrillation is the most frequent supraventricular
arrhythmia; despite this, its therapy is still unsatisfac-

tory, probably because of the few data known about atrial
mapping during AF in different clinical situations in hu-
mans.1,2 Recently, some studies on animals3,4 and a few in
humans5–10 have demonstrated that selective endocardial le-
sions in the right and/or left atrium may be effective in the
prevention of AF. These studies considered a heterogeneous
population and used different ablation techniques that con-
sisted of multiple RF lesions in both the right and left atria in
most cases. However, the creation of extensive lesions in the
left atrium is associated with a theoretical increased risk of
thromboembolism.11 Also, to the best of our knowledge, no
data are reported concerning the relationship between atrial
mapping and the success of the ablation procedure in humans.
The aim of this work was to evaluate in patients with

idiopathic AF (1) the electrophysiological features of atrial
activation, (2) the possibility of restoring sinus rhythm and

preventing recurrences of AF with RF catheter ablation
performed only in the right atrium, (3) the safety of this
procedure, and (4) the relationship between the results of
catheter ablation and atrial mapping. Because the ablation
procedure was limited to the right atrium to avoid the risk of
thromboembolism, we selected patients with idiopathic AF
and, among these patients, those in whom the arrhythmia
seemed to be induced by a vagal trigger because in these
patients the right atrium might be more directly involved in
AF initiation and perpetuation.12–14

Methods
Study Population
Sixteen consecutive patients highly symptomatic for idiopathic AF
with a clinical history suggestive of a vagal form as described by
Coumel15 and Prystowsky et al16 and refractory to drug therapy
(number of drugs, 362), including class III drugs in all patients,
were studied (Table 1). Mean age was 52610 years, all but 1 were
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electrophysiologist to evaluate the intraobserver variability. Compar-
isons of the two analyses were performed by use of the same chunk
of recordings with unpaired t test analysis.

Catheter Ablation
Catheter ablation was performed by use of either a standard ablation
catheter with a 4-mm electrode tip with thermistor (Blazer, EPTech-
nologies) or special catheters with multiple 4-mm electrodes (from
four to six), each suitable for RF delivery with thermocouple (Amazr
Medtronic). Three linear lesions in the right atrium were performed
as described in Figure 1. On the basis of our preliminary observa-
tions of the atrial electrophysiological features during AF, the third
transversal lesion was not performed in the last four patients. The
fossa ovalis was localized with radiological landmarks and trans-
esophageal (Sonos 1000, 5-MHz Hewlett Packard) or intracavitary
echocardiography (ClearView Ultra, 20 or 10 MHz, Boston Scien-
tific Corp), which were also used to check the stability and tissue
contact of the catheters. RF energy was delivered with Atakr
(Medtronic) or EPT 1000 (EP Technologies) generators; RF energy
was delivered setting the temperature to 60°C for 60 seconds. No
heparin was administered before or during the procedure.
To exclude the presence of pericardial effusion, an echocardio-

gram was performed after the procedure, 24 hours later, and during
the day in which the patient was discharged; intravenous heparin was
administered for 24 hours after the procedure, and then aspirin or
warfarin was administered, depending on the clinical situation, in
each patient for at least 1 month.
The ablation was considered successful if no recurrences of AF

lasting .30 seconds were present either with or without previously
ineffective drugs during the follow-up.
The patients were then followed up at 1, 3, 6, 9, 12, and 18 months

or, in the case of symptom recurrences, with ECG, clinical exami-
nation, Holter, and echocardiography; all the patients were taught to
use a transtelephonic monitoring device for the first 6 months. The
presence of left and right atrial contraction was evaluated with an
echocardiogram at the follow-up examinations.
The results of atrial mapping in the patients with the different

results of catheter ablation were retrospectively analyzed. For this

purpose, the patients were divided into three groups: group A,
successful ablation; group B, unsuccessful ablation owing to AF
recurrences; and group C, unsuccessful ablation without AF recur-
rences but with the appearance of new atypical atrial flutter.
Finally, to evaluate a possible injury of vagal innervation, we

retrospectively evaluated heart rate variability in a time domain
analysis in the nine patients with successful ablation. Using a Del
Mar Avionics Strata-Scan 563, we calculated the SD of the NN
intervals, considering day (8 AM to 8 PM) and night (midnight to 6
AM) separately.

Statistical Analysis
Paired and unpaired t tests were used for statistical analysis. Results
were considered to be statistically significant when P,0.05. All
data, unless otherwise noted, were expressed as mean6SD. All
statistical analyses were performed with the Statistica for Windows
statistical program (Stat Soft).

Results
Intraobserver and Interobserver Variabilities
There were negligible intraobserver differences (1% to 2%)
in values of FF intervals. Also, no significant interobserver
differences were observed in duration of FF intervals (1% to
6%), Moreover, there were no significant intraobserver and
interobserver differences in the duration of the three types of
AF (2% to 5%).

Electrophysiological Findings
We have analyzed 2 periods of 10 seconds, epochs a and b,
for a total of 13 785 AF beats measured. The following
results refer to epoch a. The mean FF interval was slightly
longer in the HL and LL (147631 and 148629 ms, respec-
tively) compared with the HS and LS (130630 and 130629
ms, P,0.05) and the distal CS (130621 ms, P,0.05). The
beat-to-beat changes in FF intervals were lower in the lateral
region (HL, 24612%; LL, 24612%) than in the other regions
(HS, 31616%; LS, 33614%; and CS, 30615%), but the
statistical significance was reached only for the HL and LL
compared with the LS (P,0.05).
In the lateral right wall, type I and type II AF generally was

present (40.1% and 41.7% in the HL and LL for type I and
34.6% and 34.2% in the HL and LL for type II), interrupted
by briefer periods of type III AF (HL, 25.3%; LL, 24.1%).
Conversely, type II and type III were mostly present in the
septum (44.4% and 47% in the HS and LS for type II and
42.4% and 46.3% in the HS and LS for type III) and in the CS
(37.5% and 48.5%, respectively), while type I was present for
shorter periods (HS, 13.2%; LS, 6.7%; and CS, 14.0%,
respectively). In the HL and LL, type I was significantly
different with respect to the HS (P,0.01), LS (P,0.01), and
CS (P,0.05). Type III AF was present for a shorter period in
the HL than in the HS (P,0.05), LS (P,0.05), and CS
regions (P,0.05) and in the LL than in the HS (P,0.01), LS
(P,0.01), and CS (P,0.05).

Ablation Results
The procedure was performed during AF in 13 patients and
during sinus rhythm in 3 patients. At the end of the procedure, 4
patients (2 with paroxysmal and 2 with persistent AF) were in
sinus rhythm, and AF was no longer inducible. In these patients,
the interruption of AF occurred while performing the RF lesion

Figure 1. Diagram of the three linear lesions performed in the
right atrium. The first was a “septal” line from the superior vena
cava (SCV) to the fossa ovalis (FO) to the CS os and from this
to the inferior vena cava (ICV) (1). The second lesion was per-
formed in the inferior vena cava–tricuspid valve isthmus (2). The
third transversal lesion from the fossa ovalis through the poste-
rior wall to the lateral edge of the tricuspid annulus was per-
formed to compartmentalize the right atrium (3). T indicates tri-
cuspid valve.
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significant differences in patients with successful (HL,
159624 versus 157622; LL, 156628 versus 166625; HS,
122632 versus 117632; LS, 126628 versus 115632; and
CS, 132620 versus 122626, respectively) and unsuccessful
(HL, 122631 versus 118637; LL, 128628 versus 118635;
HS, 128616 versus 116634; LS, 127634 versus 111632;
and CS, 119623 versus 102624, respectively) ablation.
Similarly, in epoch b, the difference between the septum and
the lateral right wall was similar to epoch a. In fact, FF
intervals in the lateral right wall were significantly longer

than in the septum (HL and LL versus HS and LS, P,0.01)
and in CS (P,0.01).

Discussion
Atrial Mapping
Few studies have evaluated atrial activation during AF in
humans, and any atrial mapping was generally performed
from the epicardium and limited to the free walls, with the
other regions of the atria and particularly the septum exclud-

TABLE 3. Mapping Results: FF Durations and Their Beat-to-Beat Changes

Group Patient

HL LL HS LS CS

FF

Interval,

ms

Beat-to-Beat

Changes,

%

FF

Interval,

ms

Beat-to-Beat

Changes,

%

FF

Interval,

ms

Beat-to-Beat

Changes,

%

FF

Interval,

ms

Beat-to-Beat

Changes,

%

FF

Interval,

ms

Beat-to-Beat

Changes,

%

A

1 189659 30644 182661 30641 125655 54651 124656 60661 135647 37647

2 201619 766 202621 765 199622 866 196635 13618 173619 1068

3 145622 13617 135635 21632 137627 18623 128639 25635 119635 21629

4 161633 22629 17368 464 109647 51651 113645 55650 121652 53659

5 165631 19620 167635 18620 107644 43641 103633 40637 144654 46654

6 155656 46652 147657 44645 103639 44643 130656 47654 134650 52648

7 132626 19619 110642 43645 91636 44633 106643 44639 103634 32632

8 135650 42646 136648 40644 115642 48646 131646 32627 139617 12611

9 144625 10612 149652 30626 115637 30627 107633 31621 120645 36635

Mean 159 36 23 27 156 40 26 29 122 39 38 36 126 43 39 38 132 39 33 36

SD 24 15 14 17 28 17 15 16 32 10 16 15 28 9 15 15 20 14 16 18

B

10 106634 27652 121624 15638 126633 17641 122635 28652 102634 34658

11 136634 26627 120640 32631 129631 23623 115637 34630 133630 19618

12 101636 31629 126626 20632 111637 40637 89631 39632 116636 23626

13 96637 36629 99637 31628 121638 24624 127635 22626 94637 39639

14 170634 15623 174642 18622 154649 30629 181615 867 149615 8614

Mean 122 35 27 32 128 34 23 30 128 38 27 31 127 30 26 29 119 30 25 31

SD 31 1 8 11 28 8 8 6 16 7 9 8 34 9 12 16 23 9 12 18

Data from each patient are expressed as mean6SD. A indicates group of patients with successful ablation; B, group of patients with unsuccessful ablation.

Figure 4. Example of endocardial mapping during AF
in patient 1 showing the surface ECG in lead II and 11
bipolar endocardial leads. The typical pattern of activ-
ity found in patients who underwent successful abla-
tion is evident, showing more disorganized activity in
the septum and more organized activity in the lateral
wall with a craniocaudal activation sequence; after
some cycles there is an inversion of the sequence
with a caudocranial activation.
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Atrial fibrillation is the most frequent supraventricular
arrhythmia; despite this, its therapy is still unsatisfac-

tory, probably because of the few data known about atrial
mapping during AF in different clinical situations in hu-
mans.1,2 Recently, some studies on animals3,4 and a few in
humans5–10 have demonstrated that selective endocardial le-
sions in the right and/or left atrium may be effective in the
prevention of AF. These studies considered a heterogeneous
population and used different ablation techniques that con-
sisted of multiple RF lesions in both the right and left atria in
most cases. However, the creation of extensive lesions in the
left atrium is associated with a theoretical increased risk of
thromboembolism.11 Also, to the best of our knowledge, no
data are reported concerning the relationship between atrial
mapping and the success of the ablation procedure in humans.
The aim of this work was to evaluate in patients with

idiopathic AF (1) the electrophysiological features of atrial
activation, (2) the possibility of restoring sinus rhythm and

preventing recurrences of AF with RF catheter ablation
performed only in the right atrium, (3) the safety of this
procedure, and (4) the relationship between the results of
catheter ablation and atrial mapping. Because the ablation
procedure was limited to the right atrium to avoid the risk of
thromboembolism, we selected patients with idiopathic AF
and, among these patients, those in whom the arrhythmia
seemed to be induced by a vagal trigger because in these
patients the right atrium might be more directly involved in
AF initiation and perpetuation.12–14

Methods
Study Population
Sixteen consecutive patients highly symptomatic for idiopathic AF
with a clinical history suggestive of a vagal form as described by
Coumel15 and Prystowsky et al16 and refractory to drug therapy
(number of drugs, 362), including class III drugs in all patients,
were studied (Table 1). Mean age was 52610 years, all but 1 were
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Right atrial endocardial catheter ablation of AF is a safe procedure and may be effective
in some patients with idiopathic AF. 

The atrial mapping during AF showed a more disorganized right atrial activation in
the septum than in the lateral wall in patients with successful ablation. 

electrophysiologist to evaluate the intraobserver variability. Compar-
isons of the two analyses were performed by use of the same chunk
of recordings with unpaired t test analysis.

Catheter Ablation
Catheter ablation was performed by use of either a standard ablation
catheter with a 4-mm electrode tip with thermistor (Blazer, EPTech-
nologies) or special catheters with multiple 4-mm electrodes (from
four to six), each suitable for RF delivery with thermocouple (Amazr
Medtronic). Three linear lesions in the right atrium were performed
as described in Figure 1. On the basis of our preliminary observa-
tions of the atrial electrophysiological features during AF, the third
transversal lesion was not performed in the last four patients. The
fossa ovalis was localized with radiological landmarks and trans-
esophageal (Sonos 1000, 5-MHz Hewlett Packard) or intracavitary
echocardiography (ClearView Ultra, 20 or 10 MHz, Boston Scien-
tific Corp), which were also used to check the stability and tissue
contact of the catheters. RF energy was delivered with Atakr
(Medtronic) or EPT 1000 (EP Technologies) generators; RF energy
was delivered setting the temperature to 60°C for 60 seconds. No
heparin was administered before or during the procedure.
To exclude the presence of pericardial effusion, an echocardio-

gram was performed after the procedure, 24 hours later, and during
the day in which the patient was discharged; intravenous heparin was
administered for 24 hours after the procedure, and then aspirin or
warfarin was administered, depending on the clinical situation, in
each patient for at least 1 month.
The ablation was considered successful if no recurrences of AF

lasting .30 seconds were present either with or without previously
ineffective drugs during the follow-up.
The patients were then followed up at 1, 3, 6, 9, 12, and 18 months

or, in the case of symptom recurrences, with ECG, clinical exami-
nation, Holter, and echocardiography; all the patients were taught to
use a transtelephonic monitoring device for the first 6 months. The
presence of left and right atrial contraction was evaluated with an
echocardiogram at the follow-up examinations.
The results of atrial mapping in the patients with the different

results of catheter ablation were retrospectively analyzed. For this

purpose, the patients were divided into three groups: group A,
successful ablation; group B, unsuccessful ablation owing to AF
recurrences; and group C, unsuccessful ablation without AF recur-
rences but with the appearance of new atypical atrial flutter.
Finally, to evaluate a possible injury of vagal innervation, we

retrospectively evaluated heart rate variability in a time domain
analysis in the nine patients with successful ablation. Using a Del
Mar Avionics Strata-Scan 563, we calculated the SD of the NN
intervals, considering day (8 AM to 8 PM) and night (midnight to 6
AM) separately.

Statistical Analysis
Paired and unpaired t tests were used for statistical analysis. Results
were considered to be statistically significant when P,0.05. All
data, unless otherwise noted, were expressed as mean6SD. All
statistical analyses were performed with the Statistica for Windows
statistical program (Stat Soft).

Results
Intraobserver and Interobserver Variabilities
There were negligible intraobserver differences (1% to 2%)
in values of FF intervals. Also, no significant interobserver
differences were observed in duration of FF intervals (1% to
6%), Moreover, there were no significant intraobserver and
interobserver differences in the duration of the three types of
AF (2% to 5%).

Electrophysiological Findings
We have analyzed 2 periods of 10 seconds, epochs a and b,
for a total of 13 785 AF beats measured. The following
results refer to epoch a. The mean FF interval was slightly
longer in the HL and LL (147631 and 148629 ms, respec-
tively) compared with the HS and LS (130630 and 130629
ms, P,0.05) and the distal CS (130621 ms, P,0.05). The
beat-to-beat changes in FF intervals were lower in the lateral
region (HL, 24612%; LL, 24612%) than in the other regions
(HS, 31616%; LS, 33614%; and CS, 30615%), but the
statistical significance was reached only for the HL and LL
compared with the LS (P,0.05).
In the lateral right wall, type I and type II AF generally was

present (40.1% and 41.7% in the HL and LL for type I and
34.6% and 34.2% in the HL and LL for type II), interrupted
by briefer periods of type III AF (HL, 25.3%; LL, 24.1%).
Conversely, type II and type III were mostly present in the
septum (44.4% and 47% in the HS and LS for type II and
42.4% and 46.3% in the HS and LS for type III) and in the CS
(37.5% and 48.5%, respectively), while type I was present for
shorter periods (HS, 13.2%; LS, 6.7%; and CS, 14.0%,
respectively). In the HL and LL, type I was significantly
different with respect to the HS (P,0.01), LS (P,0.01), and
CS (P,0.05). Type III AF was present for a shorter period in
the HL than in the HS (P,0.05), LS (P,0.05), and CS
regions (P,0.05) and in the LL than in the HS (P,0.01), LS
(P,0.01), and CS (P,0.05).

Ablation Results
The procedure was performed during AF in 13 patients and
during sinus rhythm in 3 patients. At the end of the procedure, 4
patients (2 with paroxysmal and 2 with persistent AF) were in
sinus rhythm, and AF was no longer inducible. In these patients,
the interruption of AF occurred while performing the RF lesion

Figure 1. Diagram of the three linear lesions performed in the
right atrium. The first was a “septal” line from the superior vena
cava (SCV) to the fossa ovalis (FO) to the CS os and from this
to the inferior vena cava (ICV) (1). The second lesion was per-
formed in the inferior vena cava–tricuspid valve isthmus (2). The
third transversal lesion from the fossa ovalis through the poste-
rior wall to the lateral edge of the tricuspid annulus was per-
formed to compartmentalize the right atrium (3). T indicates tri-
cuspid valve.
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significantly shorter mean FF interval in the HS and the LS (122632 and 126628 ms, respectively) than in the HL and
LL (159624 and 156628 ms, respectively). Moreover, the septum had more irregular electrical activity with greater
beat-to-beat changes in FF and a higher prevalence of type III AF than the lateral region. The CS had similar behavior
to the septum. Conversely, patients with unsuccessful ablation had an irregular atrial activity in the lateral wall, septum,
and CS with no significant differences between the different sites.
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Atrial fibrillation is the most frequent supraventricular
arrhythmia; despite this, its therapy is still unsatisfac-

tory, probably because of the few data known about atrial
mapping during AF in different clinical situations in hu-
mans.1,2 Recently, some studies on animals3,4 and a few in
humans5–10 have demonstrated that selective endocardial le-
sions in the right and/or left atrium may be effective in the
prevention of AF. These studies considered a heterogeneous
population and used different ablation techniques that con-
sisted of multiple RF lesions in both the right and left atria in
most cases. However, the creation of extensive lesions in the
left atrium is associated with a theoretical increased risk of
thromboembolism.11 Also, to the best of our knowledge, no
data are reported concerning the relationship between atrial
mapping and the success of the ablation procedure in humans.
The aim of this work was to evaluate in patients with

idiopathic AF (1) the electrophysiological features of atrial
activation, (2) the possibility of restoring sinus rhythm and

preventing recurrences of AF with RF catheter ablation
performed only in the right atrium, (3) the safety of this
procedure, and (4) the relationship between the results of
catheter ablation and atrial mapping. Because the ablation
procedure was limited to the right atrium to avoid the risk of
thromboembolism, we selected patients with idiopathic AF
and, among these patients, those in whom the arrhythmia
seemed to be induced by a vagal trigger because in these
patients the right atrium might be more directly involved in
AF initiation and perpetuation.12–14

Methods
Study Population
Sixteen consecutive patients highly symptomatic for idiopathic AF
with a clinical history suggestive of a vagal form as described by
Coumel15 and Prystowsky et al16 and refractory to drug therapy
(number of drugs, 362), including class III drugs in all patients,
were studied (Table 1). Mean age was 52610 years, all but 1 were
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significant differences in patients with successful (HL,
159624 versus 157622; LL, 156628 versus 166625; HS,
122632 versus 117632; LS, 126628 versus 115632; and
CS, 132620 versus 122626, respectively) and unsuccessful
(HL, 122631 versus 118637; LL, 128628 versus 118635;
HS, 128616 versus 116634; LS, 127634 versus 111632;
and CS, 119623 versus 102624, respectively) ablation.
Similarly, in epoch b, the difference between the septum and
the lateral right wall was similar to epoch a. In fact, FF
intervals in the lateral right wall were significantly longer

than in the septum (HL and LL versus HS and LS, P,0.01)
and in CS (P,0.01).

Discussion
Atrial Mapping
Few studies have evaluated atrial activation during AF in
humans, and any atrial mapping was generally performed
from the epicardium and limited to the free walls, with the
other regions of the atria and particularly the septum exclud-

TABLE 3. Mapping Results: FF Durations and Their Beat-to-Beat Changes

Group Patient

HL LL HS LS CS

FF

Interval,

ms

Beat-to-Beat

Changes,

%

FF

Interval,

ms

Beat-to-Beat

Changes,

%

FF

Interval,

ms

Beat-to-Beat

Changes,

%

FF

Interval,

ms

Beat-to-Beat

Changes,

%

FF

Interval,

ms

Beat-to-Beat

Changes,

%

A

1 189659 30644 182661 30641 125655 54651 124656 60661 135647 37647

2 201619 766 202621 765 199622 866 196635 13618 173619 1068

3 145622 13617 135635 21632 137627 18623 128639 25635 119635 21629

4 161633 22629 17368 464 109647 51651 113645 55650 121652 53659

5 165631 19620 167635 18620 107644 43641 103633 40637 144654 46654

6 155656 46652 147657 44645 103639 44643 130656 47654 134650 52648

7 132626 19619 110642 43645 91636 44633 106643 44639 103634 32632

8 135650 42646 136648 40644 115642 48646 131646 32627 139617 12611

9 144625 10612 149652 30626 115637 30627 107633 31621 120645 36635

Mean 159 36 23 27 156 40 26 29 122 39 38 36 126 43 39 38 132 39 33 36

SD 24 15 14 17 28 17 15 16 32 10 16 15 28 9 15 15 20 14 16 18

B

10 106634 27652 121624 15638 126633 17641 122635 28652 102634 34658

11 136634 26627 120640 32631 129631 23623 115637 34630 133630 19618

12 101636 31629 126626 20632 111637 40637 89631 39632 116636 23626

13 96637 36629 99637 31628 121638 24624 127635 22626 94637 39639

14 170634 15623 174642 18622 154649 30629 181615 867 149615 8614

Mean 122 35 27 32 128 34 23 30 128 38 27 31 127 30 26 29 119 30 25 31

SD 31 1 8 11 28 8 8 6 16 7 9 8 34 9 12 16 23 9 12 18

Data from each patient are expressed as mean6SD. A indicates group of patients with successful ablation; B, group of patients with unsuccessful ablation.

Figure 4. Example of endocardial mapping during AF
in patient 1 showing the surface ECG in lead II and 11
bipolar endocardial leads. The typical pattern of activ-
ity found in patients who underwent successful abla-
tion is evident, showing more disorganized activity in
the septum and more organized activity in the lateral
wall with a craniocaudal activation sequence; after
some cycles there is an inversion of the sequence
with a caudocranial activation.
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Ø Eighteen consecutive patients (mean age: 36.9 ± 11.2 years) 
with severe CNS were submitted to transcatheter ablation of 
GPs in the RA alone using an anatomical approach.

Ø Head up tilt test evaluation was performed during the follow-up 
period at 6, 12, and 24 months and in case of significant
symptoms.

Ø HRV were evaluated at patients discharge at 1, 3, 6, 12, 24, and 
36 months after ablation.





Conclusioni

Ø The anatomic ablation of GP could represent a feasible method
to reduce syncope, to increase the warning symptoms period,
and to delay as much as possible pacemaker implant, especially
in young patients who have experienced a related physical
trauma.

Ø The efficacy (and safety) of the RA cardioneuroblation is based
on secure anatomical and pathophysiological knowledge such as
the important role of the IRGP/ARGP as integration centers

Ø Finally, studies including more rigorous experimental protocols,
a greater number of patients, and long-term follow-up are
necessary to understand the real efficacy of this ablation
procedure.

Conclusions


