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Abstract

Introduction : Paroxysmal atrial fibrillation (PAF) is a common arrhythmia, and it is associated with vari-
ous cardiac conditions. On the other hand, lone PAF has no identifiable underlying cause, and can occur 
any time for no apparent reason. The underlying causes may modify the electrophysiological properties 
of the atrium in different ways and extent. However this setting may be different in patients with lone 
PAF. We sought to investigate the atrial electrophysiological properties in lone PAF.

Material and Methods : This study included 62 control subjects (Control group) and 58 patients with lone 
PAF (LAF group). The following atrial vulnerability parameters induced by programmed atrial stimu-
lation were assessed and quantitatively measured: 1) the atrial effective refractory period (ERP), 2) the 
atrial conduction delay (CD) zone, and 3) the maximum CD.

Results : The mean atrial ERP of the Control group was 215±29 ms, and that of LAF group was 208±28 
ms, p<0.05. The mean atrial CD zone of the LAF group was (50±28 ms) significantly greater than that of 
controls (34±22 ms) (p<0.01). The mean maximum CD of the LAF group (62±29 ms) was also significantly 
greater than that of controls (43±20 ms) (p<0.01).

Conclusions : There is a greater conduction delay of the atrium and shorter refractoriness in patients 
with lone PAF. Patients without underlying causes for the development of PAF exhibit abnormalities in 
the electrophysiological properties of the atrium.

Key Words : Atrial vulnerability. Atrial refractory period. Atrial conduction time. Atrial fibrillation. Atrial 
conduction delay.
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Introduction

The mechanism of atrial fibrillation (AF) is consid-
ered to be either a spiral wave with a continuously
changing activation wavefront pattern, random 

multiple independent reentrant wavelets wander-
ing in the atria around arcs of refractory tissue, or 
accentuation of focal activity originating mainly 
from the pulmonary veins or superior vena cava.1-
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arrhythmia, and it is associated with various car-
diac conditions, including ischemic heart disease, 
cardiomyopathy, pericardial disease, valvular 
heart disease, hypertension, congestive heart fail-
ure, preexcitation syndrome, and sick sinus syn-
drome. Non-cardiac conditions, such as aging, 
autonomic tones, thyroid function, acute alcohol 
intoxication, metabolic or electrolyte disturbances, 
and drugs, also affect the initiation, maintenance, 
and termination of AF.6 On the other hand, lone 
PAF has no identifiable underlying cause, and can 
occur any time for no apparent reason. The under-
lying causes may modify the electrophysiological 
properties of the atrium in different ways and ex-
tent. However, this setting may be different in pa-
tients with lone PAF. Ectopic foci from the pulmo-
nary veins may act as drivers for maintaining AF, 
which has been proven by the results of the surgi-
cal or catheter isolation of the pulmonary vein ori-
fices.7 Since not all patients with atrial arrhythmias 
initiate AF, a substrate for atrial propensity to AF 
is required for AF initiation and maintenance.8-10 
Abnormal responses of the atrium can be elicited 
by programmed atrial stimulation, such as repeti-
tive atrial firing, fragmented atrial activity, and 
intraatrial conduction delay, and have been more 
frequently observed in patients with nonidiopath-
ic PAF. Shorter atrial effective refractory period 
has been also shown to be of electrophysiological 
significance in the genesis of AF.11-13 We sought to 
investigate the atrial electrophysiological proper-
ties in patients with lone PAF.

Material and Methods

Patient Population

This study included 58 patients with lone PAF (32
men and 26 women; age 17-84 years, mean 55±13)
and 62 patients without a history of AF as control
subjects (34 men and 28 women; age 16-83 years, 
mean 53±22), who underwent electrophysiological
study. All patients had normal electrocardiogram,
echocardiography and chest radiography. No 
patients with congestive heart failure, ischemic 
heart disease, cardiomyopathy, Wolff-Parkinson-
White syndrome, cerebrovascular accidents, or 
serum electrolyte disturbances were admitted to 
the study. No patient in whom echocardiography 
showed atrial enlargement was included in this 
investigation. In the control group, electrophysi-
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ological study was performed because of atrioven-
tricular nodal reentrant tachycardia in 46 patients,
sinus nodal reentrant tachycardia in 4 patients, 
and idiopathic ventricular tachycardia in 12 pa-
tients. 

Electrophysiological Study

The study protocol was approved by the regional 
ethics committee. Written informed consent to the 
study was obtained from all patients. All cardioac-
tive medications were withdrawn for a washout 
period equal to >5 elimination half-lives before the 
electrophysiological study. Amiodarone was not 
used in any of the patients. Five catheters were 
placed at the right atrial appendage, high lateral 
right atrium, coronary sinus, His bundle area, and 
right ventricular apex. Using a programmable 
electric stimulator with rectangular current pulses 
of 2 ms duration at twice the diastolic threshold, 
programmed single premature atrial stimulus was 
delivered after a train of eight atrial paced beats at 
a cycle length of 500 ms from the right atrial ap-
pendage. S1 and A1 refer to the driving stimulus 
and the atrial electrogram, respectively, of the ba-
sic drive beat. S2 and A2 refer to the stimulus arti-
fact and the atrial electrogram, respectively, of the 
induced premature beat [Figure 1]. The coupling 
interval between S1 and S2 was decreased in 10 
msec steps until S2 was no longer captured.

Measurements and Definitions

The ERP of the right atrial appendage was defined 
as the longest S1-S2 interval that did not elicit an 
atrial depolarization. The conduction time from 
the stimulus artifact to the distal electrode pair 
placed at the coronary sinus was measured as the 
interatrial conduction time during a single prema-
ture stimulation performed from the right atrial 
appendage.
The atrial CD was defined as an increase of 20 ms 
or more in the conduction time as a result of pre-
mature stimulation. The atrial CD zone was de-
fined as the range of S1-S2 intervals that resulted 
in the atrial CD. When the atrial CD was not in-
duced, the CD zone was expressed as zero. The 
maximum CD was defined as the maximum S2-
A2 interval (CT2) minus the S1-A1 interval (CT1) 
achieved at the distal coronary sinus [Figure 1].



Statistical Analysis

Results are expressed as the mean values ± standard
deviation. Statistical significance was determined 
using the Student’s t test for unmatched pairs. A p 
value of less than 0.05 was considered significant.

Results

The mean atrial ERP of the control group (215±29 
ms) was significantly longer than that of the LAF 
group (208±28 ms, p<0.05) [Figure 2].

The mean atrial CD zone of LAF group (50±28 
msec) was significantly greater than that of controls 
(34±22 ms) (p<0.01) [Figure 3]. The mean maximum 
atrial CD of LAF group (62±29 ms) was also sig-
nificantly greater than that of controls (43±20 msec) 
(p<0.01) [Figure 4].

The average relation curve between the coupling 
interval (S1-S2) and the atrial CD (CT2-CT1) in both 
groups is shown in Figure 5. The longest coupling 
interval giving rise to atrial CD (LCI), which was 
the outer limit of the atrial CD zone, could be cal-
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culated as the atrial ERP plus the CD zone. The 
mean LCI was 258 ms in LAF group, and 250 ms 
in controls. 

Discussion

In general, arrhythmias are generated by the pres-
ence of substrates, triggers, or modifying factors 
for arrhythmias. Since the beginning of this centu-
ry, the debate on ectopic foci versus reentry as the 
mechanism underlying AF in humans has contin-
ued. Recently, the accentuation of focal activity 
originating mainly from the pulmonary veins, or
the superior vena cava, or the ligament of Mar-
shall, is considered to play an important role in 
the development of AF.14-20 Although, a reentrant 
activation sequence of multiple wavelets has been 
demonstrated in human AF by epicardial map-
ping just before the surgical treatment of this ar-
rhythmia,21 this method is not suitable, nor fea-
sible for diagnostic or investigational purposes 
in the clinical electrophysiologic laboratory. In 
addition, once AF is induced in the laboratory, 
electrical stimulation by a catheter electrode can-
not convert it to sinus rhythm. Pharmacologic or 

Figure 1: Programmed atrial extrastimulus testing in a patient with lone paroxysmal AF showing atrial CD. S1 and A1 refer to 
the driving stimulus and the atrial electrogram, respectively, of the basic drive beat. S2 and A2 refer to the stimulus artifact and 
the atrial electrogram, respectively, of the induced premature beat. The atrial extrastimulus was programmed at a coupling in-
terval of 190 ms with a driving cycle length of 500 ms. The S1-A1 interval (CT1) in the distal coronary sinus (CSd) was 135 ms. At 
the premature beat, S2-A2 interval (CT2) prolonged to 230 msec. The maximum CD in this patient was 95 msec. HLRA indicates 
high lateral right atrium; RAA, right atrial appendage; and HBE, His bundle area



electrical cardioversion is required to restore si-
nus rhythm.

However, these interventions make it impossible 
to repeat the baseline study for the mechanism of 
AF. Therefore, clinical electrophysiologic studies 
have focused mainly on the electrophysiologic 
properties of the atrium during sinus rhythm and 
on the atrial electrical responses elicited by the pre-
mature stimulation method. Using this technique, 
the major findings of the present study were as 
follows. Compared with controls, the LAF group 

showed a greater atrial CD, and a shortened atrial 
ERP. The conduction velocity and ERP are the de-
terminants in the genesis of reentrant arrhythmias 
according to the wavelength theory.22,23 The wave-
length is calculated by multiplying the refractory 
period by the conduction velocity, and is defined 
as the distance traveled by the depolarization 
wave during the duration of the refractory period. 
If the atrial wavelength is long, reentry may not 

 www.jafib.com                                                     6                            June-July, 2010 | Vol 3 | Issue 1                             

Journal of Atrial Fibrillation                                                                  Original Research
Figure 2: The Mean Atrial ERP in controls, and in patients 
with lone PAF. The mean atrial ERP of the control group 
(215±29 ms) was significantly longer than that of the LAF 
group (208±28 ms, p<0.05) C indicates control subjects; LAF, 
patients with lone PAF

Figure 3: The Mean Atrial CD Zone in controls, and in pa-
tients with lone PAF. The mean atrial CD zone of LAF group 
(50±28 ms) was significantly greater than that of controls 
(34±22 ms) (p<0.01)

Figure 4: The Mean Maximum Atrial CD in controls, and in  
patients with lone PAF. The mean maximum atrial CD of LAF 
group (62±29 ms) was also significantly greater than that of 
controls (43±20 ms) (p<0.01)

Figure 5: The average relation curve between the coupling in-
terval and the atrial CD. The average relation curves between 
the coupling interval (S1-S2) and the atrial CD (CT2-CT1) of 
the Control Group, and of the LAF group (A) are compared. 
The longest coupling interval giving rise to atrial CD (LCI), 
which was the outer limit of the CD zone, could be calculated 
as the atrial ERP plus the CD zone
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be maintained and AF may terminate spontane-
ously. On the other hand, if the atrial wavelength 
is relatively short because of either a short refrac-
tory period, or depressed conduction, or both, 
then a greater number of wavefronts can circu-
late through the atrium and AF may be sustained. 
Thus, prolonged atrial CD and/or shortened ERP 
could be expected to increase the propensity to de-
velop AF. In the LAF group, the greater atrial CD 
and shorter atrial ERP probably resulted in short-
ening of the atrial wavelength, which predisposed 
the development of AF.

The slowing of intra-atrial conduction is consid-
ered to be one of the most important requirements 
for the initiation of reentry and, thus, for AF to de-
velop.24-26 An intra-atrial conduction delay, mea-
sured from the stimulus artifact to the atrial elec-
trogram at the distal coronary sinus level, reflects 
an actual intra-atrial conduction delay that is not 
influenced by local latency at the site of stimula-
tion.27-29 The conduction velocity of a premature 
atrial depolarization decreases when it encounters 
a period of incomplete recovery of excitability. This 
slowing in conduction may set the background for 
reentry to occur. Although an increase of 20 ms or 
more in the atrial conduction time in response to 
early extrastimulus appears to be a physiological 
response of the normal atrium, patients with non-
idiopathic PAF show longer atrial CD zones and 
maximum atrial CD than control subjects without 
atrial arrhythmias.27-29 Thus, the atrial CD zone and 
maximum CD are believed to be good indices of a 
tendency to develop AF. We showed in this study 
that these indices were also significantly greater in 
patients with lone PAF than in control subjects.

Ramanna et al.30 demonstrated that patients with 
idiopathic AF have increased spatial dispersion 
of atrial refractoriness unrelated to electrical re-
modeling. Of interest, all their 18 study patients 
with PAF had accessory pathways. Due to the well 
known association between AF and the Wolff-
Parkinson-White syndrome, we excluded patients 
with accessory pathways from our study. Al-
though we did not investigate dispersion of atrial 
refractoriness, we demonstrated that the mean 
atrial ERP in the LAF group was significantly 
shorter than that in the control group, suggesting 
that a shortening of the atrial ERP is an important 
feature in patients with lone PAF. In clinical stud-
ies, the duration of the monophasic action poten-

tial has been suggested to predict recurrence of AF 
after electrical cardioversion. Patients with persis-
tently short monophasic action potential duration 
during sinus rhythm had a higher incidence of 
recurrent AF than patients with normal action po-
tential duration.31 Therefore, any condition which 
shortens atrial ERP and action potential duration 
can be arrhythmogenic. Thus, a shortening of the 
atrial ERP is expected to increase the propensity 
for AF in patients with lone PAF, who may have 
no organic substrate in the atrium. Because the 
atrial ERP was shorter in the LAF group than in 
controls, earlier atrial premature beats with cou-
pling intervals close to their shortened atrial ERP 
could facilitate atrial CD predisposing the devel-
opment of intraatrial reentry and, thus, AF.

There are certain limitations that should be con-
sidered. First, only the right atrial ERP was mea-
sured,
and therefore the responses of other areas of the 
atrium to pacing-induced CD are unknown. Sec-
ond, aging should be considered as a contributing
factor to the propensity for AF.32-34 However, there 
was no significant difference in the mean age be-
tween the 2 groups. Third, the control subjects in 
the present study were not really “normal” since 
they all suffered from some form of arrhythmia. 
However, this is a common limitation in elec-
trphysiological studies, since nobody will per-
form an invasive EP study to a patient that has 
no arrhythmia. Fourth, it is well established that 
asymptomatic episodes are common in patients 
with AF,35 and clinical evaluation based on the 
presence or absence of documented AF may be of 
limited value. However, these are common limita-
tions in most clinical electrophysiological studies. 
Although limited for these reasons, we demon-
strated that patients with idiopathic PAF exhibit 
electrophysiological changes of the atrium that 
predispose them to develop AF. In conclusion, in 
this study, we demonstrated that there is a greater 
conduction delay of the atrium and shorter atrial 
refractoriness in patients with lone PAF. Patients 
without underlying causes for the development 
of PAF exhibit abnormalities in the electrophysi-
ological properties of the atrium. An understand-
ing of these electrophysiological abnormalities in 
patients with lone PAF is important when choos-
ing effective antiarrhythmic drugs. Selecting an 
adequate antiarrhythmic drug should be based on 
the electrophysiological properties of the arrhyth-
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mia in question. We hope that our results will help 
in determining effective therapies for lone parox-
ysmal AF
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Abstract

Background : Atrial and ventriclar tachyarrhythmias, as well as bradyarrhythmias, in the elderly with 
heart failure (HF) and/or hypertension (HTN) have been well documented. However, the frequency of 
these arrhythmias, whether silent or symptomatic, and their association with subsequent cardiac events 
has not been well defi ned in patients 65 years or older with HF and other cardiovascular risk factors.
Objective : To assess the value of 2 weeks of remote, transtelephonic cardiac monitoring for detecting 
arrhythmias in an elderly, urban population living with HF.
Methods : Fi” y-four patients with a history of systolic HF and/or HTN were consented and enrolled. 
All wore an auto triggered cardiac loop monitor for 2 weeks that captures EKG data and both silent and 
symptomatic arrhythmias were recorded.
Results : Mean age was 73 ± 6 years with 59% of subjects were females, 74% Hispanic, 22% black, and 
4% white/other. All patients had HF and 94% had HTN. From the cardiac monitoring, 72% demonstrated 
ectopic atrial and ventricular activity, and 1 paroxysmal episode of atrial fi brillation was documented. In 
addition, 3 subjects had signifi cant non-sustained ventricular tachycardia, and 4 individuals had severe 
bradycardia recorded on cardiac monitoring. These 7 individuals underwent placement of an implant-
able cardioverter defi brillator (ICD) or pacemaker based on the documented arrhythmias which may 
have otherwise gone undetected.
Conclusions : TA substantial proportion of patients exhibited cardiac arrhythmias. Future morbidity was 
prevented because of the detection of arrhythmias on monitoring that led to specifi c therapies such as 
pacemaker or ICD implantation which otherwise may not have been implemented. 
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Introduction

Atrial Fibrillation (AF) is the most common ar-
rhythmia encountered in clinical practice aff ect-
ing several million adults in the U.S. each year.1-3 
AF is associated with an increased mortality rate 
as well as increased morbidity with reduced qual-
ity of life (QoL). Although most patients with AF 
are symptomatic, a signifi cant minority of the el-
derly (up to ~30%) are asymptomatic when AF is
recorded on their electrocardiogram.4 Nonethe-
less, asymptomatic AF is still signifi cant as it has 
the same risk for thromboembolism as otherwise 
symptomatic AF and the same risk for developing
a tachycardic induced cardiomyopathy when rate 
control is inadequate.5 Consequently and ideally, 
asymptomatic AF needs to be recognized despite 
its absence of symptoms and needs appropriate 
prophylactic therapy to be initiated if these impor-
tant adverse outcomes are to be prevented. As AF 
is most common in older patients and in those with 
underlying cardiopulmonary disorders, including 
hypertension (HTN), heart failure (HF), diabetes, 
and coronary artery disease, patients with these 
characteristics are most likely to harbor asymp-
tomatic “silent” AF. Similarly, such patients are 
more likely than younger healthier patients to also 
suff er clinically important and/or prognostically 
signifi cant ventricular arrhythmias and bradyar-
rhythmias. Additionally, AF in older patients and 
in those with HTN and other highrisk markers is 
also a marker for an enhanced incidence of stroke 
and systemic embolism (SSE).

When AF is associated with symptoms, they o” 
en include fatigue, palpitations, dyspnea, dizzi-
ness, and/or exercise intolerance. However, these 
symptoms are non-specifi c in themselves as they 
are also commonly associated with other underly-
ing chronic conditions such as HF, HTN, and/or 
diabetes, even in the absence of an arrhythmia.6-9 

Thus such symptoms, which are frequent in the 
populations at most risk for AF, may or may not 
indicate the presence of AF but certainly do play a 
role in reducing QoL regardless of a dysrhythmic 
or other cause. Furthermore, many individuals 
with both HF and HTN are over 65 years of age 
which further increases their risk of developing 
AF as well as other arrhythmias and their associ-
ated morbidity and mortality risk and thus con-
founding symptom assessment. This number will 
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likely continue to grow as our population contin-
ues to live longer with these and other chronic un-
derlying diseases. 

Finally, an estimated 20% of strokes are secondary 
to embolism from AF with about 20% of these be-
ing fatal. Importantly, stroke, both fatal and non 
fatal, may be the initial clinical presentation of AF  
the latter resulting from either new onset AF or 
previously asymptomatic AF. Stroke and systemic 
embolism in patients with AF can be substantially 
reduced with prophylactic anticoagulation (war-
farin); however, in those with asymptomatic AF, 
its recognition would be required to allow for 
treatment initiation.

As advances in the treatment and management of
HTN and HF continue to improve and mortality 
rates from these disorders decline, practitioners 
will need to recognize which subgroups of pa-
tients and which symptom patterns may be most
likely to have or to be associated with underlying
cardiac arrhythmias and such practitioners may 
need to consider routine screening of some man-
ner in at-risk populations in order to detect the 
presence of clinically important but still “silent” 
arrhythmias deserving of more intensive follow 
up and evaluation and to best understand the basis 
for symptoms as a guide to their reduction. More 
specifi cally, how frequently asymptomatic AF or 
other signifi cant but “silent” dysrhythmias might 
occur in individuals with multiple underlying risk 
factors, such as older age, HTN, HF but without 
arrhythmic symptoms or prior SSE, for example, 
is currently unknown. Also poorly understood at 
present is what impact aging and chronic diseases
such as HTN and HF have on the frequency and 
nature of self reported individual symptoms, 
or the frequency with which they are associated 
with an underlying arrhythmia. Similarly, little 
research has been done to assess whether modest 
and tolerable periods of continuous ambulatory 
ECG monitoring (e.g., 14-30 days) in patients with
risk factors for clinically important arrhythmias 
but no history of any arrhythmia, might demon-
strate its presence. If frequent, then a positive im-
pact on therapy initiation and outcome may be ex-
pected, similar to screening blood tests or imaging
studies for many cancers in men and women. It 
is therefore, a logical extrapolation of the above 
to question whether ambulatory recording of two 
weeks or so would be useful and cost-effective in 



detecting previously unrecognized AF or other im-
portant dysrhythmias in at-risk individuals prior to 
SSE thus becoming a useful screening tool for the 
potential prophylactic anticoagulation for SSE pre-
vention and/or whether it would be clinically help-
ful in symptom evaluation so as to improve QoL 
with targeted therapy. Towards this end we initi-
ated the herein described pilot study.

Material and Methods

Study Subjects

The study was a prospective feasibility pilot with an 
anticipated enrollment of at least 50 subjects which
was conducted in a consecutive cohort of consent-
ing patients aged 65 years or older seen in the out-
patient cardiac clinic of New York-Presbyterian 
Hospital. Informed consent was obtained from all 
subjects under an IRB-approved protocol, prior to 
participation. Inclusion criteria for study participa-
tion was age 65 years or older plus a history of HF 
and/or HTN but no prior history of arrhythmias. 
Subjects who agreed to participate were asked to 
wear an auto-triggered external memory-loop EKG
recorder for 14 days and to transmit EKG strips via 
their home phone line in order to document the 
frequency and duration of arrhythmias, both silent 
and symptomatic. In addition, subjects were
also requested to press an event recorder button on 
the monitor when symptomatic and to record any 
associated symptoms in a diary. We sought to de-
termine whether AF or other signifi cant underly-
ing arrhythmias were present frequently enough to 
warrant a larger study so as to demonstrate a more 
precise incidence of their occurrence
and the cost-eff ectiveness of this approach to ar-
rhythmia detection, and to determine how o” en 
potentially arrhythmia associated symptoms in this 
population were actually arrhythmia related. 

Cardiac Monitoring Methods

All subjects were given a LifeStar AF Express® 
monitor [Figure 1] along with instructions in Eng-
lish or Spanish on how to transmit data from their 
device over the phone to a central receiving service 
for analysis. This auto-triggered memoryloop
recording system was chosen because it has previ-
ously been demonstrated to be tolerable by most 
patients and more eff ective than either 24-hr Holt-
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er monitoring or transtelephonic event recording 
in capturing both symptomatic and signifi cant 
but asymptomatic arrhythmias.10 Detailed in-
structions were given to each patient on how to 
apply, change, and properly place the monitor’s 
EKG leads on the chest, and how to reconnect the 
EKG lead system to the recording unit. Subjects 
were instructed to transmit at least once daily, as 
well as any time they experienced any symptoms. 
Prior to the 14-day monitoring period, the sub-
jects performed a test transmission from the clinic 
or home. If subjects were unable to successfully 
transmit data within 3 attempts, they were ex-
cluded from the study. A total of 9 elderly subjects 
failed to transmit data successfully, and found 
the task too complex. Active enrollment was on-
going and continued until a fi nal sample of 54 
subjects with analyzable EKG data was achieved. 
All transmitted EKG tracings were reviewed on a 
daily basis. If a rapid, sustained arrhythmia such 
as VT or a supraventricular tachyarrhythmia (AT, 
AF, AFL) was detected, the patient was called 
from a trained cardiac technician from the cen-
tral Life-Star AF monitoring service which pro-
vides patient monitoring 24 hours a day/7 days 
a week. Based on the transmitted EKG the tech-
nician could assess the patient’s cardiac rhythm 
and then status (via phone) and refer them the ER 
or instruct them to call 911. The patient’s primary 
physician was also notifi ed via phone or pager, 
and the information forwarded on to them for 
Figure 1: LifeStar AF Express® Auto Triggered EKG device 
which is capable of recording silent/symptomatic arrhyth-
mias and was used exclusively in this investigation



further review and management. During the be-
ginning of the monitoring period, (baseline enroll-
ment in the cardiac clinic) all subjects were given 
and instructed to keep a daily diary of symptoms 
(including date and time of occurrence). Howev-
er, most subjects chose not to complete the diary; 
rather, they reported their individual symptoms 
for the 24-hr period to the technician at the time of 
daily phone transmissions as well as when captur-
ing a recording during a period of symptoms.

Follow-Up and Outcomes Assessment

Follow-up evaluations were conducted during 
semi-annual visits and by chart review. Subjects 
were considered to have had a cardiac event if 
they experienced a myocardial infarction (MI) 
or unstable angina, underwent coronary revas-
cularization with CABG or percutaneous cardiac 
intervention, underwent insertion of a device to 
control arrhythmias, exhibited exercise induced 
symptoms of cardiac ischemia or HF, such as an-
gina, or dyspnea on exercise stress testing, devel-
oped clinically recognized AF, AFL, VT, or had a 
syncopal episode.

Data Analysis

Statistical analyses were performed using SAS 
8.2 (SAS Institute, Cary, NC). Clinical data are re-
ported as means and standard deviations for con-
tinuous variables and as frequencies for categori-
cal variables. Kaplan-Meier event-free survival 
curves were constructed and Cox proportional 
hazard models were used to determine the effect 
of the presence of ectopic activity in both uni-
variate and multivariable models. Multivariable 
analyses were performed adjusting for potentially 
confounding risk factors such as age, gender and 
body mass index (BMI). A p value < 0.05 was used 
for signifi cance in all analyses. 

Results

The demographic and clinical characteristics of 
the study population are listed in [Table 1]. From 
August 2006 until December 2007 a total of 54 
subjects successfully performed ECG strip trans-
missions from home. The mean age was 73 ± 6 yrs 
(39% > 75 yrs); 59% were female, 74% were His-
panic, 22% were African-American, and 4% were 

self reported as white or other. All subjects with 
HF had systolic heart failure (class II-III) and 94% 
also had a history of HTN. The mean ejection frac-
tion was 49% ± 13. Hyperlipidemia was present in 
65%, 46% had diabetes, and 4% were active smok-
ers. The baseline mean blood pressure was 139 ± 17 
/ 77 ± 11 mmHg. The mean body mass index (34.0 
± 8.6) was above normal. A total of 29% of subjects 
reported being hospitalized in the last year -- most 
for shortness of breath or chest pain rather than an 
arrhythmia  while 27% had visited an emergency 
room and 52% had seen a physician in the last 4 
weeks. In the last 4 weeks 45% reported palpita-
tions, 50% resting shortness of breath, 70% short-
ness of breath with exercise. B-type Natriuretic 
Peptide (BNP) levels were not routinely collected 
in those hospitalized or in the out patient clinical 
setting. Most subjects were on one or more medica-
tions: 73% were on a beta blocker, 67% were taking 
an ACE inhibitor or angiotension receptor blocker, 
and 16% were taking a calcium channel blocker. 
These medications were prescribed by their pri-
mary physician in the cardiac clinic to treat their 
underlying cardiac conditions. We recognize that 
the use of these medications may have reduced 
the incidence of atrial and ventricular arrhythmias 
detected on cardiac monitoring8 and/or the aware-
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Table 1 Demographic and Clinical Characteris-
tics of the Study Population

Demographics

Number of Subjects who successfully Transmit-
ted 54

Age (year’s± SD) 73 ± 6

Females 32(59%)

Race/Ethnicity

Hispanic 40(74%)

Afircan-American 12(22%)

Caucasian/Other 2(4%)
Clinical Charteristics
HF 54(100%)
HTN 51(94%)
Hyperlipidemia 35(65%)
Diabetes 25(46%)
Former Smokers 19(35%)
Current Smokers 2(4%)
BMI(kg/m2) 34 ± 86
Mean Systolic Blood Pressure(mmHg) 139 ± 17
Mean Diastolic Blood Pressure(mmHg) 77 ± 11
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Figure 2: Documented episode of atrial fi brillation captured in a female patient who was asymptomatic while wearing the 
monitor. Circles represent isolated premature ventricular beats



ness of them and hence made our results more 
modest than they might otherwise have been in 
the absence of such medications.  

Recorded Arrhythmias and Symptoms

Table 2 presents the type and frequency of ar-
rhythmias that were detected on cardiac monitor-
ing and the subsequent treatment. Ectopic activity 
was detected in 72% of subjects but only 31% were 
symptomatic, including 9% with palpitations and 
7% with dizziness. One documented episode of 
atrial fi brillation was captured in a female patient 
who was asymptomatic while wearing the moni-
tor [Figure 2] but for whom therapy was then in-
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stituted. In addition, 3 subjects had 4 to 6 beat 
runs of self-terminating ventricular tachycardia 
that contributed to a decision to implant an ICD 
for primary prevention of sudden cardiac death. 
Figure 3 shows one strip of frequent ventricular 
ectopy captured by the LifeStar AF Express® in 
one of these subjects during the study. Four sub-
jects underwent permanent pacemaker placement 
for severe bradycardia: one for a prolonged pause, 
and the other 3 individuals for advanced AV block. 
Figure 4 shows an example of an AV block cap-
tured during the monitoring period. Therefore, in 
8/54 subjects (15%), a signifi cant, otherwise unan-
ticipated dysrhythmia of clinical importance was 
detected during the two week period of continu-
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Figure 3: Strip of frequent ventricular ectopy captured by the LifeStar AF Express® in this study, coupled with the subject’s low 
ejection fraction, led to placement of an ICD

Figure 4: Asymptomatic second degree AV block captured by the LifeStar AF Express® on a subject while sleeping, which led 
to placement of a permanent pacemaker
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ous ECG monitoring. The most common symp-
toms reported by subjects were palpitations/heart 
racing in (9%) and dizziness/lightheadedness in 
7%. These symptoms correlated with isolated ven-
tricular or atrial ectopic beats in 28%. In addition, 
one subject with palpitations had NSVT, while 
one subject who reported dizziness/lightheaded-
ness was noted to have second degree AV block. 
The AF event was without associated symptoms.

Follow-up

Subjects were followed for a median of 32 months 
(range 24 – 40 months). During that time, 15 sub-
jects (28%) experienced cardiac events in addition 

to the 8 subjects (15%) noted above in whom ei-
ther AF was detected or a device was implanted 
for a detected bradycardic or VT episode during 
monitoring. Two of these 15 subjects suff ered a 
MI or unstable angina, 1 underwent CABG, and 8 
developed exercise induced symptoms of cardiac 
ischemia confi rmed on stress testing. Finally, the 
same individual who suff ered the MI also had a 
NSTEMI in the setting of new onset unrecognized 
AF. One individual required hospitalization for a 
rapid symptomatic 2:1 atrial fl utter. Of note, the 
individual with atrial flutter had sinus bradycar-
dia on cardiac monitoring. The two subjects who 
suff ered cardiac events were not wearing the loop 
recorder at the time of these events which occurred 
outside the 14 day monitoring period. However, 
during their initial 14 day recording period base-
line ST/T waves were unremarkable. Finally, the 
individual who suff ered the NSTEMI was noted 
to have frequent premature atrial contractions and 
atrial runs on cardiac monitoring. The Kaplan-
Meier survival curve for cardiac events in these 
15 subjects is shown in Figure 5. The presence of 
atrial and ventricular ectopic activity during car-
diac monitoring was not signifi cantly associated 
with increased risk of a cardiac event in this popu-
lation with already established hypertension and 
heart failure in the univariate analysis (HR = 3.03, 

Figure 5: Kaplan-Meier Survival Curve for Cardiac Events. The frequency of individuals without cardiac events is presented 
over time

Table 2 Type and Frequency of Arrhythmias De-
tected and Subsequent Treatment

Arrhythmia Frequency Treatment

Silent AF 1/54 (2%)

Watchful frequent 
cardiac monitoring 
for future events, 
ASA initiation

Bradyarrhythmias   4/54(7%)
Implantation of a 
pacemaker (1 pause, 
and 3 AV blocks)

Non-sustained Ven-
tric- ular Tachycardia 3/54(6%)  Implantation of an 

ICD
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95% C.L. 0.68 – 13.47) or a” er adjusting for age, 
gender, and BMI (HR = 2.53, 95% C.L. 0.53 – 12.02) 
(recognizing that 8 subjects with detected AF, VT, 
or a signifi cant bradyarrhythmia/AV block under-
went therapy as noted above which might have 
prevented some additional long-term outcome 
events). Only female gender was signifi cant in the 
multivariable model (HR = 0.25, 95% C.L. 0.07 – 
0.86, p = 0.03). The power to detect a signifi cant 
eff ect for the presence of ectopic activity was 36%.

Discussion

Our protocol was designed as a pilot study to at-
tempt to determine if clinically important previ-
ously unrecognized arrhythmias exist frequently 
in patients who would appear to be at increased 
risk, such as the elderly with HTN and/or HF, as 
well as how frequently symptoms commonly en-
countered in a HF and HTN population, have a 
dysrhythmic basis. It was conducted in an elderly 
population in a single center outpatient cardiac 
population, which serves a primarily lower socio-
economic Hispanic population. All subjects who 
were enrolled had multiple underlying cardiovas-
cular risk factors for both arrhythmias and future 
cardiac events as well as disease-related reasons 
for symptoms, but no previously recognized ar-
rhythmia. In this setting, our pilot study suggests 
that a two week period of monitoring of elderly 
without previouslvy recognized dysrhythmias 
but with at-risk conditions such as HTN or HF 
can be of clinical value, and costeff ective. Of the 
54 patients enrolled, 72% had some form of an ar-
rhythmia detected with 8 subjects having a clini-
cally signifi cant dysrhythmia, including silent 
AF, signifi cant bradycardia/AV block, and VT. 
Notably, only 28% of the detected dysrhythmias 
were symptomatic. Despite the absence of previ-
ously recognized arrhythmias, once arrhythmias 
of clinical importance are detected by such moni-
toring the existing guidelines for pacemaker and 
ICD implantation and/or AF antiarrhythmic, rate-
control, and anticoagulation therapy can be initi-
ated, as was the case in 8 of our 54 subjects—a not 
trivial minority. Monitoring is helpful is distin-
guishing symptoms that are related to underlying
CAD/HF vs. an underlying arrhythmia hence, it 
has a role in patients with symptoms. Depending 
on the type of monitoring used it may also have a

role in assessing prognosis. A 14 day period seems
feasible and tolerable by most elderly individuals.
As compared with 24 hour Holter recordings, 
loop recorders are able to record a greater amount 
of data and provide a more comprehensive evalu-
ation of patients underlying heart rhythm over 
time. Any fixed duration is arbitrary and increased
yield has to be balanced with value and feasibility.

Anticoagulation of AF is particularly important 
in the population we studied as all had HF and/
or HTN, all were at least 65 years old, and 39% 
were above 75 yrs of age, meaning that all had a 
CHADS2 score of at least 1, and most had a score 
of at least 2, such that AF detected in this popula-
tion would generally indicate the need for antico-
agulation with warfarin. Thus, even in this small 
series, our results are clinically enticing as regards
their importance to prophylactic clinical therapy. 
For example, if our observation of an approximate-
ly 2% incidence of silent AF in this high-risk popu-
lation is representative of what would be found in 
a larger series, and given an approximately 3-6% 
yearly risk of stroke/systemic embolism in pa-
tients with their CHADS2 scores, then there would 
be approximately 100 patients with silent AF de-
tected per 5000 patients studied, which would al-
low for prophylactic anticoagulation and event 
prevention in 4/5000 patients. The cost of the AF 
express device used in this investigation for a 2 
week period of cardiac monitoring was $125 and 
yielded a total of 7 events that would have oth-
erwise not been detected or treated. Despite the 
upfront cost of the auto-triggered device, the yield 
off sets the initial cost, and is similar to other in-
vestigations that found the use of an external loop 
recorder, benefi cial when confi rming a diagnosis 
of syncope or pre-syncope, in an ambulatory com-
munity setting.11 This also appears to be within the 
cost eff ectiveness of other screening procedures 
such as mammography and PSA determination.

In addition, our results provide some insight as to
how o” en in a population such as ours, which is 
extremely typical demographically of patients in 
major clinical trials of AF such as AFFIRM, ATHE-
NA, and RACE, symptoms consistent with an ar-
rhythmia actually have a dysrhythmia associated 
with them.12-14 Our observations confi rm that self 
reported symptoms of palpitations, and light-
headedness/dizziness may be associated with an 
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arrhythmia, such as isolated atrial and ventricular
ectopy, NSVT and AV block in the elderly, but o” 
en they are not. Hence, such symptoms should not 
be assumed to represent a dysrhythmic mecha-
nism a priori. These symptoms would not have 
been confirmed to have been associated with an 
underlying dysrhythmia, if cardiac monitoring 
was not undertaken as part of this investigation. 
In fact, such symptoms may not even have been 
reported by the subject at all if they had not been 
wearing a cardiac monitor and queried as to if 
they were symptomatic or asymptomatic at the 
time of their EKG transmission by the technician 
who was assisting them in the data transmission 
over the phone. In fact even if these symptoms are 
reported in a clinical setting it is possible no fur-
ther work up, including a cardiac event recorder, 
would have initiated because such symptoms are 
so commonly associated with underlying HF, car-
diovascular disease, medications, and age related 
changes in the elderly and are commonly ignored 
when they do not seem clinically severe.

Ectopic activity consisting of primarily isolated 
premature atrial and ventricular beats, which 
were multifocal with occasional couplets were 
noted in 72% of our older-aged subjects with HF 
and/or HTN during their EKG transmissions, 
with 31% of subjects reporting they were symp-
tomatic just prior to the recording to the techni-
cian receiving the data via the telephone trans-
mission. The symptoms noted most frequently 
included palpitations (9%) and dizziness (7%). 
These fi ndings are consistent with those reported 
in the early years of using loop recorders in clini-
cal practice that demonstrated the highest yield 
of NSVT, atrial and ventricular ectopy in those 
experiencing symptoms of palpitations and dizzi-
ness or lightheadedness referred for monitoring.15 
In those who experienced events in our series one 
individual complained of palpitations and NSVT 
was documented, while one subject with docu-
mented AV block noted mild dizziness, however 
the one documented episode of atrial fi brillation 
was asymptomatic. Although the presence of ec-
topic activity during 2 weeks of cardiac monitor-
ing was not signifi cantly related to subsequent 
cardiac risk, the power of this preliminary pilot 
feasibility study was clearly low due to limited 
sample of elderly subjects who were capable of 
wearing the monitor for a two week period and 

able to change EKG leads daily and transmitting 
daily strips utilizing their home telephone, which 
many noted to be too complex. It is also most 
likely that the presence of a heart failure history, 
itself a potent marker of subsequent events, over-
whelmed any additional prognostic value to de-
tected arrhythmias in our population, and the 2 
week monitoring period was too short to allow us 
to analyze if overall arrhythmia-burden (a prod-
uct of frequency and time in an arrhythmia) might 
have been of prognostic value, rather than just the 
presence or absence of an arrhythmia. Finally, it 
should be noted here that in our initial investiga-
tion the detection of arrhythmias led to implan-
tation of either a pacemaker or ICD in 7 subjects 
that may have otherwise remained silently at risk 
and would not have undergone immediate ap-
propriate clinical care. It thus remains plausible 
that in the absence of this investigation, adverse 
outcomes would have occurred that would have 
changed the observed rates of our arrhythmia-
event associations. Finally, our observations were 
useful to the patients enrolled in our trial as noted 
by the frequency of clinical intervention and by 
implication there may be value to similar detec-
tion in additional populations with other under-
lying cardiovascular disorders, or even in those 
whose only risk marker is age, which remains an-
other study to consider.

Additional Possible Limitations

Even though a bilingual research assistant/trans-
lator was present in the cardiac clinic during en-
rollment to enhance patient understanding of our
study, many individuals choose not to participate
due to a wide variety of reasons (lack of interest, 
viewed the study as burdensome and of no direct
benefi t to them). The reason for refusal was not 
systematically collected on all subjects as many 
declined to give a reason. This is a potential area 
that warrants further investigation. Finally, many 
subjects reported they simply forgot to keep the 
requested daily diary of symptoms, but instead 
verbally reported symptoms at the time of EKG 
transmission, when prompted by a technician 
over the phone. Notably, however, subsequent 
to the completion of our study, newer wireless 
technology has become more widely available 
that could be used in future investigations which 
would be less burdensome to the patient and yield 
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even greater data for correlation to underlying 
symptom and other clinical parameters. Finally, 
as noted earlier, it is possible that the medica-
tions taken by our subjects for their underlying 
HF and/or HTN could have reduced the number 
of arrhythmias we might have detected and/or al-
tered their perception. However, this is limitation 
in any such a real-life scenario.

Conclusion

This study was novel in that it explored the utility
of cardiac arrhythmia screening in a primary un-
derserved urban elderly population living with 
two chronic diseases HF and HTN. Cardiac moni-
toring demonstrated most of the subjects experi-
enced isolated atrial and premature beats during 
the two week cardiac monitoring period. In this 
at-risk population previously unrecognized AF 
was also recorded. Given the nature of this pop-
ulation, its implications for anticoagulation and 
SSE prevention are substantial. Signifi cant brady-
cardia and non sustained ventricular tachycardia 
were also recorded; these led to implantation of 
a pacemaker or ICD in patients who otherwise 
would not have received them, or gotten them 
as early, possibly preventing additional adverse 
clinical outcomes during follow up. Thus, our 
study raises the question as to whether we should 
be monitoring more closely the at-risk elderly 
with or without symptoms to determine if in fact 
their symptoms are related to an underlying ar-
rhythmia vs. a chronic condition such as HF or 
HTN and to detect silent but prognostically and/
or therapeutically important arrhythmias. Future 
research aimed at replicating this pilot work is 
needed in larger more diverse patient population;
living with chronic diseases is needed. Finally, the 
role of access to cardiac care, depression, anxiety, 
and knowledge regarding their underlying cardi-
ac conditions and medication compliance as well 
as other socio-demographic variables which can 
all impact on cardiac outcomes, symptoms, and 
QOL warrants further investigation.
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Introduction

In the last five years, increasing evidence has 
emerged for a genetic predisposition to atrial fi-
brillation (AF). Framingham Heart Study investi-
gators observed that the odds of developing AF 
were three times higher for individuals with at 
least one parent in whom AF was diagnosed be-
fore the age of 75 than in those without a parental
history of AF.1 Similarly, in a large group of Ice-
landers, the risk of developing AF was increased
nearly five-fold if one parent was affected before 
the age of 60.2 Furthermore, single rare genetic 
variants thought to be responsible for familial AF 
have been identified.3 Multiple genetic loci and 
mutations in ion channels,4 gap junction proteins,5 
and signaling molecules6 have been described in 
Mendelian forms of AF. However, the extent to 
which genetic factors contribute to the more com-
mon forms of AF remained unclear until the ad-
vent of genome- wide association studies (GWAS).

Genome-wide association studies have been made
possible by advances in genotyping technology 
that allow investigators to assay hundreds of thou-
sands of single nucleotide polymorphisms (SNPs) 
spread over the entire human genome. In the first 
GWAS of AF, a strong association was discovered
between AF and a haplotype block on chromo-

some 4q25.7 Within this locus, two non-coding 
SNPs were independently associated with AF and 
these findings were replicated in two populations 
of European descent and one of Asian descent. The 
SNP most strongly associated with AF, rs2200733, 
conferred a 1.71 fold increased odds of AF (P = 
6.1 x 10-41) while the other SNP, rs10033464, con-
ferred a 1.42 fold increased odds of AF (P = 3.1 x 
10-11). Although the mechanism for this observed 
association remains unknown, both variants are 
adjacent to the PITX2 gene, which is critical for 
cardiac development. In knockout mice, pitx2c 
has been implicated in the formation of the exten-
sion of left atrial myocardium into the pulmonary
veins8,9; since abnormal automaticity in this region 
is now implicated as a common driver for many 
forms of AF,10 PITX2 is an obvious candidate gene. 
We worked with others to replicate this associa-
tion in a study of four large populations,11 and 
showed that the association also holds in post-car-
diac surgery AF,12 a setting thought to be related 
to inflammation.

In a recent study published in the Journal of the 
American College of Cardiology, Husser et al.13 
examined whether the AF-susceptibility alleles 
on chromosome 4q25 were associated with AF 
recurrence after catheter ablation. The study in-
cluded 195 consecutive patients with drug-resis-



tant paroxysmal or persistent AF who underwent 
left atrial ablation with isolation of the pulmonary 
veins. Recurrence of AF was detected by perform-
ing 7-day Holter recordings, immediately after the 
procedure and at 3 and 6 months. In 37% of the 
patients, AF recurred within 7 days and late recur-
rence (between 3 and 6 months) was observed in 
21% of the patients. Surprisingly, none of the clini-
cal and baseline echocardiographic characteristics
that have previously been associated with AF re-
currence (e.g., advanced age, left atrial enlarge-
ment) were associated with AF recurrence. In 
contrast, the presence of either of the common 
polymorphisms (rs2200733 and rs10033464) on 
chromosome 4q25 was associated with in creased 
risk of both early and late AF recurrence. The study 
by Husser et al.13 is the first study to introduce the 
concept of common genetic variants modulating 
response to catheter ablation for AF. The ability to 
risk stratify individuals based on pre-procedural 
characteristics is highly desirable as the proce-
dure is not only expensive but also associated 
with significant morbidity and mortality. Deter-
mining whether patients are at increased risk for 
both early and late recurrence of AF based on the 
presence of AF-susceptibility alleles would be an 
important first step towards ‘personalizing ther-
apy’ for individual patients. However, it should 
be appreciated that many putative factors (e.g., 
type of AF, clinical characteristics, biomarkers, 
presence of structural heart disease and concomi-
tant medications) have been associated with AF 
recurrence after ablation. Although the study has 
many strengths including the prospective design, 
consecutive series, and the rigorous assessment 
for recurrent AF with Holter monitoring, the find-
ings will need to replicated in larger and more di-
verse populations. Furthermore, the additive role 
of genetic variants in risk stratification of patients 
undergoing pulmonary vein ablation will need to 
be determined. Another important issue raised by 
the study relates to potential mechanisms of AF 
recurrence after radiofrequency catheter ablation. 
The study strongly suggests that both early and 
late AF recurrence share a common genetic link. 
Although it is now accepted that early and late re-
currence of AF are interrelated, an improved un-
derstanding of how these genetic variants increase 
AF susceptibility may not only provide valuable 
insight into AF mechanisms in general but also 
specific mechanisms underlying AF recurrence af-
ter catheter ablation. The study by Husser et al.13 
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also reinforces the importance of including a ge-
netic component to the next generation of large AF 
trials such as CABANA (Catheter Ablation Versus 
Antiarrhythmic Drug for Atrial Fibrillation). Im-
portantly, the CABANA trial steering committee 
recently approved the creation of CABANAgene: a 
resource that will accumulate DNA samples from 
CABANA subjects to enable subsequent geno-
type-phenotype studies. Some examples of issues 
that CABANAgene could address include predic-
tors of response to antiarrhythmic or rate control 
drug therapies; predictors of response to warfarin 
therapy; predictors of response to ablation therapy 
and clinical and genetic approaches to defining AF 
subtypes. Although common polymorphisms on 
chromosome 4q25 appear to modulate response 
to catheter ablation, two additional AF suscepti-
bility loci on chromosomes 16q22 and 1q21 have 
recently been identified.14, 15 The role of these vari-
ants in determining response to ablation will also 
need to be determined. Ultimately, however, there 
is an urgent need to develop a robust clinical risk 
algorithm for AF which may include genetic vari-
ants. Such an algorithm would be invaluable not 
only in guiding catheter ablation therapy but also 
improving clinical outcomes in patients with AF.
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Introduction

The optimal catheter ablation approach for long-
standing persistent atrial fibrillation (AF) remains
elusive despite significant advances made in our 
understanding of this arrhythmia. A recent sys-
tematic review highlighted the significant varia-
tion in procedural success rate both within and 
between techniques, necessitating repeat ablation 
procedures and anti-arrhythmic drugs to achieve 
improved outcomes in those with long-standing 
persistent AF.1 Indeed, current expert consensus 
statement recommended ablation beyond ostial 
pulmonary vein isolation for these patients.2 De-
spite incorporating various substrate modification 
techniques which commonly include linear lesions 
and targeting of complex fractionated electro-
grams, the reported success rates from various lab-
oratories are still below par to those in paroxysmal 
AF patients.1 Perhaps the often dilated and chroni-
cally remodeled atria in longstanding persistent 
AF patients harbor complex structural substrates 
capable of maintaining the arrhythmia beyond 
amelioration even with extensive catheter ablation 
in some. Certainly, this reflects our incomplete un-
derstanding of the complex mechanisms underly-
ing this arrhythmia. 

Regardless of the approach, electrophysiologists 

must be clear of the endpoints for their chosen ab-
lation strategy. Pulmonary vein ablation remains 
the cornerstone in most catheter ablation strategies
with complete electrical isolation accepted as its 
goal and if linear lesions are attempted, complete-
ness of lesion sets should be confirmed using ac-
tivation mapping with appropriate pacing maneu-
vers.2 Endpoints for electrogram guided ablation 
are less well defined but can include elimination of 
fractionated signals or transformation into discrete 
electrograms, and slowing or organization of local 
fibrillatory cycle length.3 Apart from the above-
mentioned electrophysiological endpoints, termi-
nation of AF to sinus rhythm or atrial tachycardia 
has been pursued as procedural endpoint with the 
stepwise ablation approach. Laboratories using 
this approach reported high long term success rate 
in up to 88% without anti-arrhythmic drugs despite 
the need for multiple procedures due to recurrent 
atrial tachycardias.3-6 Specifically, from a prospec-
tive study of 153 consecutive patients, O’Neill 
and co-workers demonstrated that 95% of those 
with AF termination remained in sinus rhythm at 
a mean follow-up duration of 32 months as com-
pared to just 52% in those without AF termination
following repeat ablation procedures.6 Likewise, 
in a smaller series of 88 patients by Rostock et al 
the overall success rate was 95% in those with as 
compared to 5% in those without termination of 



AF in two procedures and a mean follow-up dura-
tion of 20 months.5 Therefore, termination of AF 
appeared to be prognostically important in long-
standing persistent AF.

In a recent study published in Heart Rhythm enti-
tled “Atrial fibrillation termination as a procedural
endpoint during ablation in long-standing persis-
tent atrial fibrillation”, Elayi and colleagues un-
dertook a prospective multi-centre evaluation of 
the prognostic impact of AF termination during 
ablation in a large cohort of 306 patients over a 
mean follow-up period of 25 months.7 The ablation 
strategy in this study consisted of pulmonary vein 
antrum isolation followed by complex fractionated 
atrial electrograms ablation. They achieved AF ter-
mination in 178 patients (58%) at the first proce-
dure. In total, long term sinus rhythm maintenance 
off anti-arrhythmic drugs was not significantly 
different between those with (68%, 121/178) and 
without (70%, 90/128) AF termination at the first 
procedure. In addition, no difference was observed 
whether sinus rhythm or atrial tachycardia was 
achieved with AF termination during the initial ab-
lation. AF recurrence was seen in 57/178 (32%) and 
38/128 (30%) patients with and without initial AF 
termination: 46/57 (81%) and 28/38 (74%) of these 
patients underwent a second procedure whereby 
AF termination was again achieved in 26/46 (57%) 
and 15/28 (54%) respectively. Interestingly, long 
term success off anti-arrhythmic drugs after two 
procedures remained similar between those with 
(83%, 147/178) and without (82%, 105/128) AF 
termination. Further analysis showed that if AF 
was terminated into atrial tachycardia during abla-
tion, those with focal atrial tachycardia had better 
longer term success than those with macro-reen-
trant atrial tachycardia (83 vs. 57%, p=0.026).

The results presented by Elayi et al appear dispa-
rate to the experience of the Bordeaux and Ham-
burg laboratories. However, the following funda-
mental differences need to be considered: First, 
the study population differed amongst these three 
studies with a younger cohort in the O’Neill series
and what appears to be shorter duration of AF in 
patients from the O’Neill and Rostock reports. 
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Second, the mean baseline AF cycle length in the 
Elayi series was shortest amongst the 3 studies at 
128ms, perhaps implying more remodeled atria. 
Third, utilization of anti-arrhythmic drugs in the 
peri-procedural and follow-up periods was dif-
ferent with exclusively no amiodarone use in the 
Elayi series. Fourth, although all studies aimed to 
terminate AF during the procedure, different abla-
tion strategy was employed with pulmonary vein 
antrum isolation followed by complex fractionated 
atrial electrograms ablation in the Elayi report and 
stepwise ablation approach in the other two. Last, 
post-procedural management strategy appears dif-
ferent with the Rostock series reporting use of DC 
cardioversion in the first 3 months for any arrhyth-
mia recurrence. 

Indeed, both the duration of continuous AF and 
baseline AF cycle length have been found to be 
predictive of maintenance of sinus rhythm by cath-
eter ablation in a recent report.8 Perhaps the more 
advanced underlying electrical and structural re-
modeling due to longer AF duration (> 2 years) in 
patients from the Elayi series portends a greater 
prognostic burden than achieving termination of 
AF during catheter ablation. This may in part ac-
count for their observations that atrial tachycardias 
of a focal mechanism had a better outcome than 
those of a re-entrant type given the complex atrial 
substrate in their patients as evidenced by their 
short baseline AF cycle length further alluding to 
their arrhythmia chronicity. Another recent report 
on the reversibility of atrial electrical and structural
remodeling due to chronic atrial stretch following
removal of the stretch stimulus highlighted that the 
substrate predisposing to AF might be reversed.9 

On this note, the lack of use of amiodarone and DC 
cardioversion in the Elayi series would have re-
duced the opportunity for reverse atrial remodeling
thereby confounding the benefits of achieving AF 
termination following catheter ablation.

In summary, AF is a heterogeneous disease which
requires a tailored management approach in the 
individual patient based on their predisposing risk 
profile and the nature and duration of their ar-
rhythmia. Termination of AF during the stepwise 



ablation approach in patients with shorter duration 
of AF and longer baseline AF cycle length together 
with aggressive post-procedural rhythm control has 
shown great promise as a prognostically important 
ablation endpoint. Taken together with the findings 
by Elayi et al, the termination of AF as a procedural 
endpoint may not be the Holy Grail during the abla-
tion of long-standing persistent AF and will require 
further investigations.
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Introduction

Atrial fibrillation (AF) is the most common sus-
tained arrhythmia in clinical practice, representing
a growing epidemic with significant health conse-
quences and affecting more than two million adults 
in the U.S.1 The mean age of individuals with AF 
is 75 years; disease prevalence increases with age 
(2.3% age > 40 years; 5.9% age > 65 years) and with 
the presence of structural heart disease such as 
ischemic, hypertensive, myocardial, or valvular 
disease.

AF in young patients or so called “lone” or idio-
pathic AF is characterized by the presence of the ar-
rhythmia in the absence of structural heart disease
or other identifiable causes such as hypertension, 
coronary artery disease, valvular heart disease, hy-
perthyroidism, or alcohol use. Lone AF typically 
occurs in young and middle-aged adults (mean age
at diagnosis ~ 44 years).2 The prevalence of lone AF, 
depending on the age of the population under 

consideration, ranges from 2% to 11% [3, 4, 5]. Al-
though novel risk factors for this arrhythmia have
recently been described,6, 7 the etiology of an indi-
vidual’s condition often remains unknown.8 

The term lone auricular fibrillation was first intro-
duced by Evans and Swann9 in 1953. Since then 
it has been suggested that a diagnosis of lone AF 
should be restricted to patients <60 years of age10; 
although there is no evidence of any threshold 
values by age for stroke risk in patients with AF.9 

Recently, several novel epidemiological asso-
ciations with AF have emerged. Conditions such 
as obesity, sleep apnea, diabetes, metabolic syn-
drome, increased alcohol consumption, anger and 
hostility (in men), pulse pressure, and subclinical 
atherosclerosis (assessed by carotid intima–media 
thickness) have all been associated with AF.11, 12, 13, 

14, 15, 16 Atrial and ventricular structural changes, in-
creased atrial stretch, autonomic imbalance, sys-
temic inflammation, oxidative stress, and others 
have been some of the underlying pathophysio-
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Abstract

Ever since atrial fibrillation (AF) was first recognized in young people (so called “lone” AF) over 4 decades 
ago, there has been increasing focus on determining the underlying pathophysiology of the condition. 
Although lone AF is presumed to be a highly heterogeneous disease, recent studies have identified novel 
risk factors such as inflammation, oxidative stress, endurance sports and genetics, for the arrhythmia. 
This monograph aims to highlight some of the recent advances in our understanding of the molecular 
pathophysiology of lone AF especially insight provided by contemporary genetic studies. These insights 
may provide novel therapeutic targets for treatment of this challenging arrhythmia in young patients.



logic mechanisms identified.14, 15, 17, 18 Nevertheless, 
a cause–effect relationship has not clearly been 
established. 

Pathophysiology

Inflammation and Oxidative Stress

Several lines of evidence support a strong associa-
tion between inflammation and the pathogenesis 
of AF. Inflammatory infiltrates, myocyte necrosis 
and interstitial fibrosis were found in atrial tis-
sue from patients with lone AF but not in control 
patients.19, 20, 21, 22 Furthermore, a number of stud-
ies have shown that concentrations of inflamma-
tory mediators or markers, such as interleukin-6 
(IL-6) and high-sensitivity C-reactive protein (hs-
CRP), are increased in patients with AF.20, 23, 24, 25 
One mechanism that may mediate the effects of 
inflammation in AF is oxidative stress.

Emerging evidence implicates oxidative stress in 
the initiation and maintenance of AF.26 Carnes et 
al27 have shown that AF induced by rapid pacing 
in dogs decreases tissue ascorbate levels and in-
creases protein nitration, a marker of oxidative and 
nitrosative stress. Biochemical evidence of oxida-
tion by peroxynitrite and hydroxyl radicals, both 
downstream products of oxygen radical genera-
tion, has also been demonstrated in experimental 
models of AF.28 Coronary artery bypass surgery, a 
procedure often complicated by AF, is associated 
with an increase in oxidized glutathione and lipid 
peroxidation.29, 30, 31 However, in vivo studies have 
been difficult to perform because of the lack of 
reliable methods to quantify oxidative stress. Al-
though a number of assays are available, they are 
primarily of use to measure oxidation in vitro and 
are inaccurate when applied to the in vivo assess-
ment of oxidative stress in humans.32  Recently, 
the development of methods to quantify F2-iso-
prostanes (IsoPs), prostaglandin-like compounds 
derived from the free radical-catalyzed peroxida-
tion of arachidonic acid, has allowed a facile and 
accurate assessment of oxidative stress in vivo.33, 34 
Recently, we showed that inflammatory markers 
were associated with AF and elevated inflamma-
tory mediators varied according to the different 
sub-types of the arrhythmia.35 Surprisingly, in the 
same large cohort of AF patients, levels of urinary 
F2-IsoPs, a sensitive index of oxidative stress in 

vivo, were not increased.

Triggering Factors

Lone AF appears to be more prevalent among 
males of relative young age presenting with par-
oxysmal AF.36, 37 Several factors such as sleep, ex-
ercise, alcohol use, eating, duration of physical 
activity, and alteration in autonomic nervous sys-
tem38 have been implicated in triggering AF epi-
sodes. Fluctuations of the autonomic tone could 
be operative in several forms of lone AF such as 
exercise- induced (sympathetic), and sleep-in-
duced (parasympathetic).37, 39 Most of the avail-
able data support the association between sport 
practice and lone AF implicating increased vagal 
tone as the principal underlying mechanism.40, 41 
It is also of clinical importance to recognize that 
certain drugs may trigger an episode of AF.42 Sev-
eral classes of drugs including cardiac stimulants, 
antiarrhythmics, cholinergics, sympathomimetic 
inhalants, xanthines, cytostatics, central nervous 
system drugs, and others have been known to 
induce AF in patients without apparent heart 
disease, although the relative evidence is largely 
based on individual case reports.42

Endurance Sports

Some studies have documented long-lasting en-
durance sport practice as a risk factor for lone AF41, 

43 These studies have shown that subjects who 
practice endurance sports are at approximately 
five times higher risk of lone AF than those who 
are sedentary.41, 44 Although AF is a commonly 
studied arrhythmia in athletes, accurate data on 
the true incidence of lone AF among sport practi-
tioners is limited.45 Some underlying mechanisms 
implicated in the pathophysiology of AF in ath-
letes include high vagal tone, presence of atrial 
ectopic beats, and changes in left atrial size (atrial 
remodeling).45, 46 It is well known that the athlete’s 
heart, although assumed to be a physiological ad-
aptation, has increased atrial size and ventricular 
mass and altered diastolic function which, may 
in the long run create fibrosis and a substrate for 
AF.45, 47 Although Pelliccia et al.45 showed that left 
atrial enlargement (defined as a transverse antero-
posterior diameter >40 mm) was common among 
competitive athletes (20%), this was not associated 
with higher incidence of lone AF. In contrast, a 
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small prospective study showed that the 10-year 
cumulative incidence of lone AF in 300 top-ranked 
runners was 5.3% compared with 0.9% in 495 
healthy controls.44 This was supported by another 
study that showed that left atrial enlargement in 
a cohort of 252 marathon runners was associated 
with increased risk for lone AF.40 A recent study 
assessed the association between frequency of vig-
orous exercise and risk of developing AF in 16,921 
apparently healthy men in the Physicians’ Health 
Study.48 During 12 years of follow-up, 1,661 men 
reported developing AF. This study showed that 
the frequency of vigorous exercise was associated 
with an increased risk of developing AF in young 
men and joggers. However, this risk decreased as 
the population aged and was offset by known ben-
eficial effects of vigorous exercise on other AF risk 
factors.

Genetic Basis of Atrial Fibrillation

The underlying pathophysiology of AF especially 
lone AF remains poorly understood. Recent ad-
vances in genetics and molecular biology have 
provided important insights into the underlying 
molecular mechanisms of AF. Although familial 
AF was first reported in 1943,49 it is only recently 
that the genetic basis for the arrhythmia has been 
recognized.

Heritability of lone AF

Heritability of AF is suggested by two recent popu-
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lation-based studies demonstrating that the pres-
ence of AF in first-degree relatives was associated
with an increased risk of developing AF.50, 51 In 
fact, the relative risk of AF is estimated at 85% in 
individuals with at least one parent with a history
of AF.50 We and others have confirmed that a fam-
ily history of AF is present in one-third of patients 
with lone AF indicating that familial AF is more 
common than previously recognized.52, 53 

Genes associated with AF

Studies of kindreds with AF suggest a genetic ba-
sis for the condition, especially in younger sub-
jects
with lone AF. Several genes and loci have now 
been described for Mendelian AF [Table 1]. A gene 
locus for AF was first reported in 1997, based on 
genetic mapping in three Spanish families.6 How-
ever, the gene responsible for AF in these kin-
dreds has not yet been identified. A second locus 
for AF on the proximal long arm of chromosome 
6 was identified in 2003.54 Three additional AF loci 
have subsequently been identified on chromo-
somes 20q12-13,55 5p1356 and 10p11-q21.57 We re-
cently identified a novel AF locus on chromosome 
5p15 by genome-wide linkage analysis of a 4-gen-
eration family with familial AF.58 Importantly, 
our study established an abnormally prolonged 
P-wave determined by signal-averaged ECG anal-
ysis as an intermediate or ‘endophenotype’ that 
improved statistical power of the linkage study in 
this family.
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Table 1 Genes and loci implicated in familial atrial fibrillation (AF).

Chromosome Gene Function Inheritance Reference

11p15.5 KCNQ1 Increases Iks; expected to shorten AP AD [59]
21q22.1 KCNE2 Increases Iks AD [60]

17q23.1 KCNJ2 Increases Iks; expected to shorten AP AD [67]

12p13 KCNA5 Loss of IKur; prolongs AP AD [62]

3p21 SCN5A Reduces INa; expected to shorten AP AD [63]

1p36-p35 NPPA Mutant ANP; shortens AP AD [75]

5p13 NUP155 Affects transport of hsp70 AR [87]
Genetic loci
10q22-24 unknown Overlaps with locus for DCM AD [6]
6q14-16 unknown Overlaps with locus for DCM AD [54]
10p11-q21 unknown unknown AD [57]
5p15 unknown Associated with P-wave prolongation AD [88]

AD, autosomal dominant; ANP, atrial natriuretic peptide; AP, action potential; AR, autosomal recessive; hsp70, heat shock 
protein; DCM, dilated cardiomyopathy



In one such family of Chinese descent, Chen and
coworkers59 identified a mutation in KCNQ1, 
which encodes a potassium channel that underlies 
the slowly repolarizing current in cardiomyocytes 
known as IKs. The investigators were able to map 
the locus to a 12-Mb region of chromosome 11p15 
in a 4-generation family with early-onset lone AF
and long QT syndrome. The KCNQ1 gene lies 
within this region and resequencing identified an
S140G mutation in all affected family members. 
Functional analysis of the S140G mutant revealed
a gain-of-function effect in KCNQ1/KCNE1 and 
KCNQ1/KCNE2 currents, which contrasts with 
the dominant negative or loss-of-function effects 
of KCNQ1 mutations previously associated with 
congenital long QT syndrome. The same group 
also established a link between KCNE2 and AF by
identification of a mutation in two families with 
AF.60 The mutation (R27C) also caused a gain-
offunction when co-expressed with KCNQ1. In-
terestingly, there is a high incidence of atrial ar-
rhythmias in patients with the short QT syndrome 
caused by gain-of-function mutations in IKs, IKr, 
or IK161 and this suggests an important role for 
shortening of the action potential in the develop-
ment of AF. More recently, a truncating mutation 
in KCNA5, encoding a voltage-gated potassium 
channel (Kv1.5) underlying the ultrarapid de-
layed rectifier current (IKur) was associated with 
familial AF.62 

Another set of single-gene-based abnormalities 
cause AF by impairing conduction through effects
on the cardiac sodium channels that carry fast in-
ward Na+ current (INa), via loss-of-function gene
variants in the α-subunit pore-forming subunit 
gene, SCN5A. These can present predominantly 
as AF occurring alone,63 in association with di-
lated cardiomyopathies,64 or in the context of life-
threatening ventricular arrhythmias with Brugada 
syndrome. Finally, a series of patients has recently 
been described with loss-of-function mutations 
in the CACNA1C and CACNB2 genes, encoding 
α-subunit and β2-subunit genes of the cardiac L-
type Ca2+-current (ICaL), producing features of 
both Brugada syndrome and short QT syndrome 
accompanied with a high incidence of AF.65 

AF Candidate Genes

A candidate gene can be any gene that is hypoth-
esized to cause a disease. Based on the work relat-

ing KCNQ1 to AF, investigators have considered 
other potassium (and ion) channels as potential 
candidate genes for AF and screened for muta-
tions in these genes in cohorts of subjects with lone 
AF. Otway and colleagues66 examined 50 kindreds 
with AF and amplified the genes for KCNQ1 and 
KCNE1-3, which encode accessory subunits of 
KCNQ1. They found a single mutation (R14C) in 
KCNQ1 in only one family. Unlike the S140G mu-
tation discovered by Chen and colleagues,59 R14C 
had no significant effect on KCNQ1/KCNE1 cur-
rent amplitudes in cultured cells at baseline. How-
ever, upon exposure to hypotonic solution, mutant 
channels exhibited a marked increase in currents 
compared with wild-type channels. Interestingly, 
only those with left atrial dilatation had AF, lead-
ing the authors to speculate a “two-hit” hypothesis 
for AF. They also identified a mutation in KCNE2 
in two of the kindreds. Like the S140G mutation in 
KCNQ1 the mutation in KCNE2 (R27C) dramati-
cally increased the amplitude of IKs. Additional 
studies suggest that the relationship between po-
tassium channels and AF extends beyond IKs. 
The work of Xia and colleagues67 also implicates 
KCNJ2 which encodes, an inward rectifier potassi-
um channel that underlies IK1 in AF. In their work, 
a V931I mutation was found in all affected mem-
bers in one kindred with familial AF. The mutation 
also leads to gainof-function in KCNJ2 channels, 
which increased potassium current amplitudes. 
However, there is still an incomplete understand-
ing of how an increase in the background current 
IK1 might lead to AF.

The genes that encode connexins, gap-junction 
proteins that mediate the spread of action poten-
tials between cardiac myocytes, have also been ex-
amined as potential candidates for AF. Prior work 
has shown that mice with null alleles of GJA5, 
the gene for connexin-40, exhibit atrial reentrant 
arrhythmias. From this work, Gollob and col-
leagues68 considered this gene as a potential candi-
date in individuals with lone AF who underwent 
pulmonary vein isolation surgery. An analysis of 
DNA isolated from their cardiac tissue showed 
that 4 of the 15 subjects had mutations in GJA5 
that markedly interfered with the electrical cou-
pling between cells. In three of the patients, DNA 
isolated from their lymphocytes lacked the same 
mutation in GJA5 indicating that the connexin-40 
mutation had been acquired after fertilization or 
was a somatic mutation. One of the four individu-
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als carried the mutation in both cardiac tissue and 
lymphocytes consistent with a germline rather 
than somatic mutation. 

Association studies

Most patients with AF have one or more identifi-
able risk factors, but many or even most patients 
with these same risk factors do not develop AF. 
Thus, a working hypothesis is that genetic deter-
minants favor AF in some individuals with identi-
fiable risk factors. Studies comparing cases of non-
familial AF to age-related and gender-matched 
controls (association studies) have provided some 
insight into the genetic basis of acquired AF. Over 
the last decade, many case-control and cohort 
studies have been performed in subjects with AF, 
leading to the identification of variants associated 
with the disease. These studies have typically test-
ed a small number of variants and have been di-
rected at candidate genes previously believed to be 
involved in AF. Examples include genes encoding
the renin-angiotensin-aldosterone system (RAAS),
and calcium handling, as well as neurohormonal 
and lipoprotein pathways. Additionally, genes 
encoding gap junction proteins, ion channels, in-
terleukins, signaling molecules, and mediators of 
other molecular pathways have been examined. 
Unfortunately, these studies have been limited 
by a low prior probability of any polymorphism 
truly being associated with AF. Further complicat-
ing these analyses are the small sample sizes and a 
lack of replication in distinct populations, as well 
as phenotypic and genetic heterogeneity.

In recent years, genome-wide association studies 
(GWAS) have been made possible by advances in 
genotyping technology that allow investigators to 
assay hundreds of thousands of single nucleotide 
polymorphisms (SNPs) spread over the entire hu-
man genome. In the first GWAS of AF, involving 
replication studies in three distinct European and 
a Chinese population, a strong association was 
discovered between AF and two SNPs on chromo-
some 4q25.69 About 35% of individuals of Europe-
an descent have at least one of the DNA sequence 
variations and the risk of AF increases by 1.72 and 
1.39 per copy. The stronger variant is carried by 
75% of the Chinese population, in whom it increas-
es the risk of AF by 1.42 per copy. Although the 
mechanism for this observed association remains 
unknown, both variants are adjacent to the PITX2 

gene, which is critical for cardiac development. In 
knockout mice, pitx2c was implicated in the forma-
tion of the extension of left atrial myocardium into 
the pulmonary veins70; since abnormal automatic-
ity in this region is now implicated as a common 
driver for many forms of AF,71 PITX2 is an obvious 
candidate gene. We worked with others to replicate 
this association in a study of 4 large AF popula-
tions,72 and showed that the association also holds 
in post-cardiac surgery AF,73 a setting thought to 
be related to inflammation.

Genetic insight into the pathophysiology
of lone AF

One prevailing conceptual model proposed for 
AF pathogenesis describes reduced atrial refrac-
tory period as a substrate for re-entrant arrhyth-
mias.74 This model is supported by reports of gain-
of-function mutations in genes encoding subunits 
of cardiac ion channels responsible for generating 
IKs (KCNQ1/KCNE2] and IK1 (KCNJ2) which are 
predicted to decrease action potential duration.59, 

60, 67 We recently identified mutations in KCNQ1 
and NPPA (which encodes for atrial natriuretic 
peptide [ANP]), in two moderate-sized Caucasian 
kindreds with early onset familial lone AF and nor-
mal QT intervals. Although both these genes have 
previously been linked with familial AF,59, 75 this 
is the first study to demonstrate that augmented 
potassium current is the shared phenotype across 
these diverse genetic defects causing familial AF.76 
IKs gain-of-function mutations have previous-
ly been reported for potassium channel defects, 
but the notion that mutations in disparate genes, 
KCNQ1 and NPPA, lead to the same arrhythmia 
phenotype raises the possibility of subtype specific 
therapy for familial lone AF. Interestingly recent 
studies have established that loss-of-function mu-
tations are also associated with lone AF. Mutations 
in KCNA5, a voltage-gated potassium channel 
expressed solely in human atria, have been asso-
ciated with familial AF.62, 77 The mutated channels 
fail to generate the ultrarapid delayed rectifier cur-
rent IKur and lead to atrial action potential prolon-
gation, early afterdepolarizations and increased 
vulnerability to stress-induced triggered activity. 
This is a novel mechanism for lone AF that does 
not invoke shortening of the action potential dura-
tion. Such improved understanding of familial AF 
mechanisms provides a therapeutic rationale for 
either prolonging or shortening the atrial refrac-



tory period for the treatment of familial lone AF 
with antiarrhythmic drugs.

Management of lone AF

Management strategies in patients with lone AF 
include rhythm or rate control as well as antico-
agulation. Recent randomized trials in minimally 
symptomatic patients have argued against vigor-
ous attempts to maintain sinus rhythm.78 However 
in such trials, patients maintaining sinus rhythm 
have improved outcomes79 and many patients are 
highly symptomatic with AF.

Maintaining sinus rhythm with antiarrhythmic 
drugs or left atrial ablation remains an important 
goal for many patients especially those that have 
highly symptomatic paroxysmal or persistent lone
AF. However a cardioselective beta-blocker e.g. 
metoprolol, may also be tried first.10 Other mem-
brane-active drugs such as flecainide, propafe-
none
and sotalol are also moderately effective at main-
taining sinus rhythm. In adrenergically-mediated 
lone AF,37, 39 beta-blockers represent the first line 
therapy, followed by sotalol and amiodarone.

Safety and efficacy of drug therapy and cath-
eter ablation

The limited efficacy of membrane-active drugs 
and
the potential for proarrhythmia combined with 
poor ventricular rate control with AV nodal block-
ing agents, has encouraged many electrophysiolo-
gists to consider left atrial catheter ablation at an 
early stage in the management of patients with 
lone AF.10 However, it should be appreciated that 
patients with lone AF have excellent long-term 
survival5 and the risks of serious adverse events 
with long-term antiarrhythmic drugs or ablation 
should be carefully weighed against the superb 
prognosis without any risk associated with such 
treatment. Nonetheless, the value of catheter ab-
lation for improvement of symptoms in patients 
with lone AF is well established and is recom-
mended according to published guidelines.10 A 
30 year follow up study5 established a low risk of 
progression to permanent AF in young patients. 
Hence invasive therapies should be reserved for 
highly symptomatic patients. With aging and de-
velopment of secondary comorbidities such as 
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hypertension, heart failure, or diabetes, throm-
boembolic risk increases. Apart from left atrial 
catheter ablation, several surgical techniques have 
been proposed for the management of patients 
with lone AF, including the Cox maze III surgery, 
beating-heart pulmonary vein isolation and mini-
mally invasive surgical approach via small right 
inframammary incisions or video assisted thora-
coscopic approach.80, 81, 82 

Targeting therapy based on genetic subtypes

The rare ion channel and other variants that we 
and others have identified in patients with AF 
have obvious (but as yet untested) therapeutic 
implications. A gain of function potassium chan-
nel mutation would be predicted to respond to a 
potassium blocking drug, while sodium channel 
blockers would be predicted to be ineffective in 
subjects with AF arising from slow conduction or 
decreased sodium current. It is also possible that 
common genetic variants identify AF subtypes 
with differing drug responses. For example, rec-
ognizing that renin-angiotensin activation is im-
plicated in AF,83, 84 we examined the impact of the 
common ACE ID polymorphism on response to 
antiarrhythmic therapy. An analysis of 213 sub-
jects treated with rhythm control showed that lone 
AF and DD/ID genotypes were highly significant
predictors of failure of drug therapy.85 By contrast, 
we found no relationship between common SNPs 
in the β1-adrenergic receptor (resulting in G389R; 
rs1801253 and S49G; rs1801252) and response to 
ventricular rate control therapy in a group of 279 
patients managed with rate control.86 We have 
also examined the role of clinical variables and 
two common SNPs at the 4q25 locus (rs2200733, 
rs10033464) as predictors of response to antiar-
rhythmic drug therapy in AF. Among these, only 
rs10033464 genotype was associated with success-
ful rhythm control (OR; 1.48, 95% CI: 1.01-2.19), 
and this association persisted after correction for 
clinical factors (OR 2.39; 1.25-4.59).

Conclusions

Currently lone AF is considered a nosographic 
entity, only when clinical and echocardiographic 
evidence of cardiovascular or pulmonary disease 
has been ruled out. Although a consistent defini-
tion is lacking, lone AF should be considered a 
separate en tity from AF associated with under-
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lying cardiovascular disease. Recent studies have 
identified novel risk factors for the disease that 
provide important insight into the underlying 
pathophysiology of the condition. Furthermore, 
improved understanding of the genetic basis for 
lone AF will not only help define clinical sub-types 
but will also provide new therapeutic targets for 
the prevention and treatment of this challenging 
arrhythmia in young patients.
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Introduction

Atrial fibrillation (AF) is the commonest cardiac 
rhythm disorder, affecting about 5% of elderly 
patients.1 Despite the wide spread prevalence of 
AF, treatment options for the condition up until 
recently, were limited. Antiarrhythmic drug ther-
apy which for a long time had been and to some 
extent still is the cornerstone for treating these pa-
tients, has shown a disappointing (≤ 40%) efficacy 
for long-term maintenance of sinus rhythm.2 The 
seminal observations by Haissaguerre and col-
leagues demonstrating AF initiation from electrical 
depolarizations in the pulmonary veins (PV) and 
cure of AF in these patients by radiofrequency ab-
lation (RFA) of the PV focus, has led to the emer-
gence of percutaneous catheter based AF ablation.3 
Since its original description in 1998, the AF abla-
tion procedure has evolved considerably.4-7 This 
evolution was the result of several short comings 
of the original technique (focal ablation) includ-
ing the inability to expeditiously target multiple 
evanescent PV foci effectively and the long term 
consequences of delivering RF energy within the 
PVs i.e., occurrence of vein stenosis.8-12 Thus an al-
ternative approach was developed where instead 
of ablating individual foci within the veins, RF le-
sions are delivered around the circumference of the 
PV ostium in order to interrupt PV-left atrial (LA) 
electrical connections and thus achieve PV isolation 

(PVI).8 Compared with focal AF ablation, PVI has 
shown a significant enhancement in long term ar-
rhythmia control while dramatically reducing the 
occurrence of PV stenosis.11, 13 both of which are 
welcome developments. A potential reason for the 
enhanced success of PVI may be that the triggers 
of AF are clustered in close proximity to the vein 
ostia. However, an alternative explanation for the 
enhanced success of PVI is that the procedure 
inadvertently targets LA tissue (around PV os) 
and so results in modification of the underlying 
substrate. This hypothesis has been supported by 
the observation that anatomically guided circum-
ferential PV ostial ablation without necessarily 
achieving true PVI (entry / exit block) is equally 
efficacious in achieving long term AF control.5,6 In 
fact, this observation has led to the development 
of an anatomically guided incremental ablation 
strategy which attempts to substantially modify 
the AF substrate by extensive LA ablation.14-16 

However, such an approach has not consistently 
demonstrated a significant improvement in long 
term AF control rates as compared with PVI alone, 
which would suggest that PVs may be critical to 
the initiation and / or maintenance of AF.18,19 The 
purpose of this editorial is to provide the readers 
with a concise overview on the arrhythmogenic 
potential of PVs and to discuss how best we can 
identify and target such veins and whether that 
translates into long term control of AF. 
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Are the Pulmonary Veins Arrhythmogenic
by Design?

Both anatomical and electrical abnormalities can 
result in cardiac tissue arrhythmogenecity.20-23 An-
isotropy which, can be defined as lack of shared 
regional directionality amongst muscle fibers, is 
commonly observed in the right atrium along the 
crista terminalis, in the cavo-tricuspid isthmus re-
gion, near the coronary sinus ostium / eustachian 
ridge area, and these locations have frequently 
been identified as sites of atrial premature com-
plexes and / or atrial tachycardias.24-26 Data from 
autopsied human hearts has also shown marked 
tissue anisotropy in the form of complex looping 
posterior LA musculature encircling individu-
al PV ostia and extending distally along the PV 
walls where it interdigitates with thevein muscu-
lature.27 Such anisotropy may result in variable 
conduction velocities and unidirectional blocks 
that could potentiate wave front fractionation and 
AF initiation. Cardiac tissue arrhythmogenec-
ity can also be an electrical phenomenon, due to 
alterations in the action potential profile of indi-

vidual myocardial cells and / or cell groups result-
ing in abnormalities of impulse formation and / or 
conduction.21-23 The PVs have been shown, both in 
animal models and human studies to have shorter 
refractory periods as compared with the rest of 
the LA.28, 29 Also, within the confines of the PVs, 
interdigitating LA musculature that is relatively 
isolated from the main LA syncitium, may mani-
fest a different resting membrane potential which 
in turn can alter its action potential characteristics 
thus promoting arrhythmogenecity. Developmen-
tally too, in the mouse model, cells constituting PV 
tissue have demonstrated properties akin to the 
AV node.30  In support of the latter hypothesis, in 
some patients undergoing AF ablation where fre-
quent spontaneous PV depolarizations have been 
identified, using a combination of circular map-
ping and a quadripolar ablation catheter, we have 
noted decremental conduction across the PVs such 
that the more closely coupled PV depolarizations 
manifest a longer exit time out of the vein. In these 
patients, isoproterenol infusion appears to facili-
tate PV conduction [Figure 1].
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Figure 1: Panel A shows pulmonary vein depolarization (PVD; green arrows) recorded on the distal pole of ablation catheter 
(Abl ds) positioned in the left inferior (LI) PV with constant exit time out of the vein (interrupted line to generate atrial prema-
ture complexes (APCs). Panel B shows PVD response to isoproterenol infusion which causes increased frequency and the first 
PVD demonstrates shorter exit time compared with the second more closely coupled PVD that takes longer to exit out of the 
vein. Such behavior is consistent with facilitated and decremental conduction. From top to bottom the tracings are arranged as 
follows: ECG lead V1, Lasso (Ls; poles 9,10 to 1,2) positioned in the right superior PV, proximal (px) and distal (ds) poles of abla-
tion catheter positioned in LIPV, decapolar catheter positioned in the posterior right atrium (CR5 – CR1) and decapoler catheter 
positioned in the coronary sinus (CS1,2 – CS 9,10)



Mechanisms Underlying PV Triggers of AF

Despite ample proof of the arrhythmogenic poten-
tial of PVs, there remains lack of consensus on the
mechanism(s) that underlie PV triggers of AF. In 
an acetylcholine mediated, pacing induced model
of AF in isolated sheep hearts, using optical and 
electrical mapping techniques, dominant and 
highest frequencies during AF were observed in 
the PV / posterior LA, and micro reentry mediated 
wave fronts were proposed as “drivers” for AF 
maintenance in the model.28, 31 Consistent with this 
observation, during ongoing AF in human sub-
jects, rapid electrical activity has been infrequently 
recorded from within the PVs which has also been 
attributed to micro-reentry.3, 6, 8 However, such 
sustained fast and organized electrical activity or 
PV tachycardia during AF is rarely observed.

More frequently, AF is seen to initiate by atrial 
premature complexes (APCs) resulting from iso-
lated PV depolarizations,3, 8 and these too are hard 
to characterize mechanistically [Figure 2]. On the 
other hand, sustained PV depolarizations or “fir-
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ing” which can be defined as repetitive, discrete, 
multiphasic electrical activity recorded from cath-
eters at/or distal to PV os [Figure 3, Panels A], 
that does not correlate in timing with other car-
diac events (P, QRS and T waves) and persists at 
baseline for ≥ 5 minutes is an uncommon finding 
but when observed, it provides us a unique op-
portunity to explore mechanisms underlying PV 
arrhythmogenecity. In a series of 210 patients un-
dergoing AF ablation at our center, using a combi-
nation of a decapolar circular mapping and quad-
ripolar ablation catheters either simultaneously or 
separately we were able to identify sustained fir-
ing (PVF) in 15 subjects (7.1%; age 55±9 years; 14 
males). Sustained PVF was observed in 16 veins 
including 6 right superior (RS), 4 left superior 
(LS), 1 right inferior (RI) and 5 left inferior (LI) 
PVs [20]. The relationship of sustained PVF to na-
tive sinus rhythm complexes showed a bigeminal 
pattern in the majority (n=11; 69%; Figure 3; Panel 
A), trigeminal pattern in 3 cases (19%; Figure 3; 
Panels B) and a variable pattern in 2 cases (13%). 
Once sustained PVF was confirmed, pacing was 
performed from coronary sinus and/or poste-
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Figure 2: From top to bottom are ECG lead V1, 10 bipolar recordings of circular mapping (Lasso) catheter located at LIPV Os, 
recordings from distal and proximal bipoles of ablation catheter located in LSPV and 5 bipolar recordings from catheters posi-
tioned in coronary sinus (CS) and right atrium (RA). Initial two beats represent sinus rhythm with delayed conduction within 
LIPV (arrow heads). The 3rd beat is an atrial premature complex (APC) which degenerates into AF. Note earliest electrical 
depolarization in the distal bipole of the ablation catheter (star) preceding APC. Similar electrical activity is noticed in the distal 
bipole of the ablation catheter after the 1st sinus beat (open arrow). This may represent localized “depolarization” within the 
LSPV that fails to propagate within or exit the vein.
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Figure 3, Panel A: Illustrates the commonest pattern of sustained pulmonic vein firing (PVF) observed in our study. From top 
to bottom, the arrangement of tracings are: surface lead V1 , recordings from decapolar circular mapping catheter (Lasso) posi-
tioned at os of left superior pulmonic vein, distal bipole of ablation catheter positioned just beyond os of right superior pulmo-
nary vein (RSPV), and recordings (distal to proximal) from decapolar catheters along the posterior right atrium (Ct) and in the 
coronary sinus (CS) respectively. Discrete multiphasic electrograms (Egm) representing spontaneous PVF are seen on the bipole 
of ablation catheter (arrow heads) that do not correspond in timing with P, QRS, or T waves. Since PVF occurs after each sinus 
beat, we define this pattern as bigeminal. Please note that PVF in this case does not exit out of the RSPV.

Figure 3, Panel B : Illustrates another pattern of sustained pulmonic vein firing (PVF). The arrangement of tracings are identical 
to Panel A. Discrete multiphasic electrograms (Egm) representing spontaneous PVF are seen on the bipole of ablation catheter 
(arrow heads) and do not correspond in timing with P, QRS, or T waves. In this case, PVF occurs after every two sinus beat, 
and so the pattern is trigeminal. It can be appreciated from the figure that the 1st and last PVF exit out of the vein, generating 
atrial premature complexes (APCs) with expected alteration of intracardiac activation patterns and surface P wave morphology.
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rior right atrium at different cycle lengths (900 to 
400ms; duration: 30 – 60 sec) following which, if 
PVF persisted, then in random order, isoproterenol 
and adenosine were administered and carotid si-
nus massage (CSM) was performed. PVF response 
was classified as: suppressed (complete quiescence 
during the maneuver; Figure 4, Panels A and B), 
augmented (increase in frequency of PVF / AF ini-
tiation; Figure 5, Panels A and B) and “no effect” 
[Figure 6]. In 13 pts (81%), PVF was suppressed 
during overdrive pacing with early recurrence 
(≤5seconds) post pacing regardless of the pacing 
cycle length in 11pts (85%). PVF was augmented 
by isoproterenol in the majority (88%), showed 
mixed response to adenosine (augmented-40%, 
suppressed-20 % and no effect-40%) and CSM ap-
peared to have no effect on PVF. These observa-
tions suggest that PVF is unlikely due to sustained 
reentry and is more likely a result of triggered ac-
tivity and / or abnormal automaticity.20 Our obser-
vations on the mechanisms underlying PV triggers 
have been corroborated by the work of other in-
vestigators.32 Based on these observations, we have 
developed a standardized stimulation protocol to 

elicit PV triggers for AF. Our stimulation protocol 
consists of 1) isoproterenol infusion (starting at 3-5 
mcg and incrementing by 3-5 mcg every 3 minutes
till a maximum of 20 mcg) and, 2) cardioversion of
AF induced by LA or RA pacing (15-beat runs at 
amplitude of 10mA and pulse width of 2msec; dec-
rementing by 10 msec from 250 msec to 180 msec 
and / or failure to capture with and without isopro-
terenol infusion).33 We define arrhythmogenic PVs 
as veins that are documented to initiate AF and / 
or atrial premature complexes based on direct in-
tracardiac recordings and / or activation sequences 
of multiploar catheters located in the posterior RA 
and coronary sinus mimicking PV pace maps.12

Is Isolation of Arrhythmogenic PVs Sufficient 
for the Long-Term Efficacy of AF Ablation?

Since its original description in 1998,3 atrial fibril-
lation (AF) ablation procedure has undergone sev-
eral modifications. Many operators performing AF 
ablation utilize an anatomical approach that in-
volves creation of circumferential radiofrequency 
ablation (RFA) lesions encircling ipsilateral pulmo-

Figure 4, Panel A: Illustrates response of sustained pulmonic vein firing (PVF) to overdrive pacing. The arrangement of tracings
are similar to figure 1 and decapolar circular mapping catheter (Lasso) is positioned at os of right superior pulmonic vein 
(RSPV). Following both the initial sinus beats, discrete multiphasic electrograms (Egm) representing spontaneous pulmonic 
vein PVF (open boxes) are seen on multiple bipoles of Lasso catheter and result in atrial premature complexes. Pacing is initi-
ated from distal most bipole of CS catheter(interrupted line) and capture of both atria is achieved with the second pacing drive 
(arrow head). Almost immediately with capture of overdrive pacing no further PVF is seen for the rest of the recording. Such 
early PVF suppression (within 5 seconds) in response to overdrive pacing was observed in the majority of cases in our study.



nary veins (PVs) with or without additional left 
atrial (LA) linear lesions.4-7, 14, 17, 18 Practitioners of 
this approach do not seek proof of PV “arrhyth-
mogenecity” and may not consistently document 
isolation of the targeted veins. While this strategy 
has shown good AF control rates, it involves ex-
tensive LA ablation.15, 17, 18 An alternative approach 
is to target only the arrhythmogenic PVs. This 
latter technique has not gained wide acceptance 
because PV triggers of AF can be evanescent and 
there is no established protocol which has been 
consistently shown to reproducibly elicit them. 
The advantage of this approach may be the abil-
ity to achieve AF control by limiting ablations to 
only the arrhythmogenic veins. We conducted a 
prospective, randomized study to, 1) assess the 
ability of our stimulation protocol to consistent-
ly identify arrhythmogenic PVs and, 2) compare 
the efficacy of isolating thus identified arrhyth-
mogenic PVs versus empiric isolation of all PVs 
on long term control of AF.34,35 The primary end-
point was the efficacy of either strategy in achiev-
ing long-term control of AF which, was defined as 
complete freedom and / or >90% reduction in AF 
burden either off or on previously ineffective an-
tiarrhythmic drugs (AAD) at 1 year after a single 
ablation procedure. All patients with drug refrac-
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tory AF undergoing their first ablation procedure 
were eligible to participate. Thus over a 20-month 
period 105 subjects were enrolled: 53 subjects to 
the all vein arm and 52 subjects to the arrhythmo-
genic vein arm. Using the stimulation protocol, 
PV triggers were reproducibly identified in all but 
one patient randomized to the arrhythmogenic PV 
arm based on which mean of 2.9±0.9 veins were 
isolated per patient in this arm [≤2 veins were iso-
lated in 15 patients (29%), 3 veins were isolated in 
21 patients (40%) and 4 veins were isolated in 16 
patients (31%)]. Total procedure and fluoroscopy 
times (secondary end-points) showed a trend to-
wards being longer in the all PV (327±97 minutes 
and 97±36 minutes, respectively) as compared 
with the arrhythmogenic PV arm (317±88 minutes 
and 85±33 minutes, p=0.57 and 0.14, respectively). 
As expected, time taken to elicit triggers was lon-
ger in the arrhythmogenic as compared to the all 
PV arm (50±23 minutes Vs 31±14 minutes; p<0.05). 
Other parameters to assess acute outcomes in-
cluding PV isolation time, number of lesions de-
livered per vein and acute PV reconnection rates 
were comparable between the two groups (Table 
1). Of the 105 subjects enrolled, 103 (98%) complet-
ed the one year follow-up visit. Long-term control 
of AF after a single ablation procedure (primary 
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Figure 4, Panel B:  Is the continuation of the example in Figure 1, Panel A (with identical arrangement of tracings) and represents
termination of the 60-second pacing drive from the distal CS bipole (cycle length 600 msec). Recurrence of PVF post pacing 
(open box) is seen after the 2nd sinus beat and occurs within 5 seconds of pacing drive termination (early recurrence). This pat-
tern of early PVF recurrence post pacing was a commonly observed response in our study.
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Figure 5, Panel A:  IIllustrates sustained pulmonic vein firing (PVF) at baseline seen as discrete multiphasic electrograms (Egm) 
on multiple poles of Lasso catheter (open boxes) positioned at os of left inferior pulmonary vein (LIPV). The arrangement of 
tracings areas in previous figures. PVF in this case does not exit out of the LIPV.

Figure 5, Panel B:  This figure represents pulmonic vein firing (PVF) in the same patient as in Panel A. In response to isopro-
terenol, there is increase in the heart rate. Also evident is an increase in the frequency of PVF (multiple discrete electrograms 
on several bipoles of Lasso catheter – open boxes) with and without conduction out of the vein resulting in atrial premature 
complexes. This constitutes augmentation of sustained PVF in response to isoproterenol.
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end-point) was achieved in 75 patients (73%) and 
was not different between patients randomized 
to undergo isolation of all versus arrhythmo-
genic veins [38 patients (75%) versus 37 patients 
(71%), respectively; OR 1.18; 95% CI 0.50, 2.83; p 
= 0.70; Table 2]. The secondary end point of free-
dom from AF at 1 year off AADs after a single 
procedure was achieved in 61 patients (59%) and 
was also not different between patients random-
ized to undergo isolation of all versus arrhythmo-
genic veins [30 patients (59%) versus 31 patients 
(61%), respectively; OR 1.03; 95% CI 0.47, 2.27; p 
= 0.935; Table 3]. Furthermore, long-term AF con-
trol and freedom from AF off AAD at 1 year after 
a single ablation procedure were comparable in 
patients who had all 4 veins isolated (72% and 
58% respectively) versus those who had ≤3 veins 
isolated (75% and 61% respectively; p = 0.715 and 
0.775 respectively). Serious adverse events were 
observed in 2 subjects (small right subcortical 
thromboembolic stroke and LA-esophageal fistu-
la) who were both randomized to undergo isola-
tion of all veins. Thus our study showed that in a 
mixed population of patients with predominant-
ly paroxysmal AF, isolation of arrhythmogenic 
veins identified using a comprehensive stimula-
tion protocol was as efficacious as empiric isola-

tion of all veins in achieving long-term arrhythmia 
control after a single ablation procedure.35

Challenges to Identifying and Targeting Ar-
rhythmogenic Pulmonary Veins

Although our randomized study supports the util-
ity of a standardized stimulation protocol in suc-
cessfully identifying arrhythmogenic PVs, there 
are several limitations inherent to this approach:

1. Performing the stimulation protocol can be te-
dious and timeconsuming.

2. Because the mechanisms underlying abnormali-
ties of impulse formation, especially triggered ac-
tivity can be evanescent, inability to demonstrate 
arrhythmogenicity does not necessarily exclude 
PV triggers of AF.

3. Mechanisms underlying PV triggers may not be
consistent amongst the veins. Therefore after the 
initially identified arrhythmogenic PVs have been 
successfully isolated, repeat stimulation may be 
required to identify additional veins.

4. Since only a limited number of catheters are 
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Figure 5, Panel B:  This figure represents pulmonic vein firing (PVF) in the same patient as in Panel A. In response to isopro-
terenol, there is increase in the heart rate. Also evident is an increase in the frequency of PVF (multiple discrete electrograms 
on several bipoles of Lasso catheter – open boxes) with and without conduction out of the vein resulting in atrial premature 
complexes. This constitutes augmentation of sustained PVF in response to isoproterenol.



Journal of Atrial Fibrillation                                                                     Featured Review 

 www.jafib.com                                                     45                         June-July, 2010 | Vol 3 | Issue 1                               

deployed in the LA, inability to sample all veins 
simultaneously may potentially preclude identi-
fication of an arrhythmogenic vein due to lack of 
direct recordings. To overcome this limitation, we 
have developed a methodology for using activa-
tion patterns of multipolar catheters in locations 
distant from the PVs which can help in localizing 
the culprit vein.36,37 However, this may not be as 
definitive as direct catheter recordings of AF trig-
gers from within the veins.

5. Despite our ability to successfully identify and 
isolate arrhythmogenic veins, in patients demon-
strating arrhythmia recurrences subsequently, up 
to 40% of previously targeted PVs have been doc-
umented to reconnect in one or more segments.38,39 
Whether this is a limitation of the currently used 
energy sources or a reflection of the unique regen-
erative potential of PV musculature, remains to be 
answered. Nevertheless, in patients experiencing 
arrhythmia recurrences post AF ablation, on the 
repeat procedure in our experience, reisolating 

Table 1 Comparison of acute outcomes between patients randomized to isolation of all versus 
arrhythmogenic veins. PV – Pulmonary vein; * p < 0.05

All Veins (n = 53) Arrhythmogenic Veins (n = 52)

Veins Isolated / Patient 4 2.9 ± 0.9
Procedure Time (minutes) 327 ± 93 317 ± 88

Total Fluoroscopy Time (minutes) 97 ± 36 85 ± 33

Time for Isolation of Veins (minutes) 50 ± 30 40 ± 23

Time to Elicit Triggers (minutes) 31 ± 14 50 ± 23*

Number of Lesions / Vein 17 ± 9 20 ± 10

Acute PV Reconnect 49 / 185  (26%) 39 / 129 (30%)

Table 2

Unadjusted odds ratios for various factors vis-à-vis endpoint of freedom from AF at 1 year off AADs 
after single ablation procedure. Co-morbidities include hypertension, chronic pulmonary disease 

(obstructive or restrictive), diabetes and sleep apnea. AF – atrial fibrillation, AADs – antiarrhythmic 
drugs, CI – confidence interval

Predictor / Covariate Freedom from AF at 1 year off AADs Odds Ratio 95% C.I. P-value

Ablation Strategy 1.03 (0.47, 2.27) 0.935
All Veins 30 (59%)

Arrhythmogenic Veins 31 (60%)

Gender 1.42 (0.54, 3.73) 0.476

Male 50 (61%)

Female 11 (52%)

Paroxysmal AF 2.53 (1.04, 6.10) 0.042
Yes 49 (65%)
No 12 (43%)
Number of Veins Isolated 0.816
≤ 2 Veins 10 / 15 (67%) 1.45 (0.46, 4.61) 0.527
≤ 3 Veins 22 / 36 (61%) 1.13 (0.49, 2.58) 0.775
4 Veins 39 / 67 (58%) ref. group ref. group ref. group
Co-Morbidities 1.38 (0.56, 3.36) 0.481
Yes 31 (53%)
No 30 (67%)
Early AF Recurrence 0.04 (0.01, 0.20) <0.001
Yes 2 (10%)
No 57 (72%)
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the reconnected veins alone can achieve long-term 
AF control rates of ≥90%.38 Thus, research efforts 
towards developing alternative energy sources 
that can achieve more lasting PV isolation may be 
worthwhile. Similarly, strategies that can better 
identify dormant PV conduction (adenosine infu-
sion, etc) during the initial or redo ablation proce-
dure may also be useful.40,41

Conclusions

From the above narrative, one may conclude that 
the PVs are arrhythmogenic by design. In our ex-
perience, PV triggers of AF can be reproducibly 
identified using a standardized stimulation proto-
col and targeting thus identified arrhythmogenic 
PVs alone can be sufficient in achieving long term 
arrhythmia control in the majority of patients with
AF. If done correctly, the advantage of this limited
approach to AF ablation is the potential for reduc-
ing procedure complications that may be associ-
ated with more extensive AF ablation strategies.
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