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Dear Colleagues

 On this anniversary issue, I wanted to congratu-
late you and thank you for making the Journal of 
Atrial Fibrillation (JAFIB) a great success. With spe-
cific focus on atrial fibrillation we have been able 
to surpass our targets thanks to your active partici-
pation and support. With the continued progress 
made in the field of diagnostic and therapeutic 
tools for treating AF, this past year has witnessed 
a period of consolidation and introspection of what 
we have accomplished. We have come to agree that 
pulmonary veins are a major source of arrhythmia 
initiation and maintenance and should be the pri-
mary target for isolation. The role of atrial substrate 
modification in the form of linear atrial ablation, 
complex fractionated atrial electrograms, AF nests, 
ganglionated plexi continues to be of major interest 
to AF experts. Magnetic and robotic guided abla-
tion systems have made significant inroads in the 
field and have been quickly integrated into AF ab-
lation. While multi electrode radiofrequency abla-
tion, laser and cryo balloon ablation have gained 
more ground on the clinical application front, 
single electrode radiofrequency ablation catheters 
have made remarkable strides with a variety of op-
tions and features. This year will see the release of 
more robust electroanatomic mapping systems that 
will enhance the accuracy and ease of arrhythmia 
ablations.

Patient education has been a top priority for JAIB. 
The “ Meet the Expert “ feature has enjoyed phe-
nomenal patronage and has addressed the queries 
of hundreds of patients. On this anniversary issue 

we have made some substantial changes to the 
web interface to enhance the ease of navigation. 
Virtual AF clinic, procedural videos, online sur-
veys, international AF ablation registry are some 
of the things that will be available for use. I take 
this opportunity to once again thank all the au-
thors, reviewers, patients, editorial board and 
technical team members for making JAFIB such a 
great success. In a very short period of time, all 
your contributions have made JAFIB (www.jafib.
com) the top online arrhythmias and cardiovascu-
lar web resource. Our goal of becoming a compre-
hensive online resource for atrial fibrillation is not 
too far away. We hope to serve you at the highest 
quality.

Andrea Natale 
MD, FACC, FHRS

Editor-in-chief JAFIB

Corresponding Address : Executive Medical Director, Texas Cardiac Arrhythmia Institute @ St Davids Medical Cen-
ter, Austin, TX & Consulting Professor of Cardiovascular Medicine, Cardiovascular Medicine Department, Stanford 
University, Palo Alto, CA.
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Introduction

Since the initial identification of the left atrium/pul-
monary vein (LA/PV) junction as an important site 

for initiation and perpetuation of atrial fibrillation
(AF), a wide spectrum of catheter-based therapies 
for treating AF has been developed, mostly using 
the LA/PV junction as an endocardial RF abla-
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Abstract
 
Background: To identify and characterise pre-procedural and procedural parameters which predict 
maintenance of sinus rhythm after a first circumferential pulmonary vein isolation (CPVI) for recurrent 
atrial fibrillation (AF).

Methods: 100 patients (54±10 yrs) undergoing CARTO-guided CPVI for symptomatic drug refractory, 
paroxysmal or shortstanding persistent AF were studied. The endpoint was complete electrical isolation 
within the encircled regions. 3D left atrial (LA) volume was measured by CARTO geometry. Follow-up 
examinations (symptoms, ECG, 24-hour ECG recording) were performed at 1 and 3 months and every 3 
months thereafter.

Results: After the first CPVI, 71 patients (71%) were free of AF without antiarrhythmic drug therapy (fol-
low up:28±11 months). The only independent and significant predictors for freedom of AF after the first 
CPVI were duration of AF history and 3D LA volume (p<0.05). However, a significant overlap in dura-
tions of AF history and 3D LA volumes between failures and successes was observed.

Conclusions: (1) Using the “circumferential pulmonary vein isolation” approach, the first catheter abla-
tion leads to resolution of arrhythmia in ≈ 70% of symptomatic AF patients. (2) Independent predictors 
for freedom of AF after initial CPVI are duration of AF history and 3D LA volume. (3) Due to consider-
able overlap between failures and successes, these parameters can not be used to identify patients who 
should not undergo CPVI or in whom an additional ablation beyond CPVI is required. On the other 
hand, our results do suggest that an ablation strategy early in the course of AF disease can influence suc-
cessful
outcome.
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tion target.1-5 Percutaneous catheter ablation is a 
reasonable alternative to pharmacological therapy 
to prevent recurrent AF in symptomatic patients 
with little or no LA enlargement.6 The common de-
nominator for all procedures and prerequisite for 
success seems to be achieving long-term electrical 
isolation of the PVs.7

Percutaneous PV isolation (whether ostial or cir-
cumferential) is associated with good clinical out-
come in 70-90% of the patients with paroxysmal 
or shortstanding persistent AF.3-9 Nevertheless, 
identifying predictors of success is important to 
(1) avoid a costly, possibly dangerous procedure 
in patients not suited for this technique (non-re-
sponders) or to (2) apply a more complex ablation 
strategy (additional lines, targeting fractionated 
electrograms) in selected patients. Although pre-
vious studies, reporting on predictors of success 
after catheter ablation of AF, identified left atrial 
size as an independent predictor of AF recurrence 
after catheter ablation, only limited data are avail-
able on predictors after circumferential PV isola-
tion (CPVI).10-26 Moreover, in all studies left atrial 
size was assessed by 2D transthoracic echocar-
diograpy.

Therefore we aimed to investigate in a cohort of 
100 patients (1) which pre-procedural and proce-
dural characteristics are likely to influence clinical 
outcome after a single CPVI procedure, (2) wheth-
er 3D LA volume -assessed by CARTO geometry 
can predict clinical outcome after CPVI and (3) 
whether observed independent predictors can be 
used to screen out patients who should not under-
go CPVI.

Materials and Methods

Patient Data 

The patient population consisted of 100 consecu-
tive patients referred for percutaneous catheter 
ablation of AF between July 2003 and August 2006 
(Table 1). Each patient had been in follow-up for 
symptomatic paroxysmal (3.8±2.8 episodes per 
week) or shortstanding persistent AF. The dura-
tion of AF history, defined as the time since first 
ECG documentation of AF was 6.2±6.4 years. Phar-
macological treatment with 2.6±1.0 types of class I 
and/or III antiarrhythmic drugs (AADs) had not 

been able to provide symptom control. Arterial 
hypertension was present in 23%, structural heart 
disease in 15% of the patients.

CT Acquisition 

Of the 100 patients, 60 underwent an ECG-gated 
cardiac CT examination prior to the procedure. 
Equipment selection was done on the basis of avail-
ability, with a preference for a 16-slice CT (N=52, 
16 slice CT, Philips Brilliance, Best; N=8, 4 slice CT, 
Siemens Volume Zoom, Erlangen). Depending on 
the equipment used, ECG gating was set up to ac-
quire images at +75% or -35% of the RR interval, 
respectively. Contrast injection protocols were op-
timized for filling all cavities. In 11 patients, meto-
prolol tartrate 2.5 to 5 mg was used intravenously 
to slow down sinus rhythm to a target heart rate 
of 65 bpm.

Left atrial cavities were segmented in the Advan-
tage Workstation software (software version AW 
Suite 5.5.3e, GE Medical Systems, Milwaukee, 
WI, USA). Left and right pulmonary veins were 
morphologically evaluated. Pulmonary ostium 
morphology was evaluated from an endocavitary 
point of view as described in the literature: a pa-
tient was considered to have distinct pulmonary 

Table 1 Patient characteristics

Age (y) 54 ± 10

Male (N) 83 (83%)
AF type (N)
      Paroxysmal 80 (80%)
      Persistent 20 (20%)
Duration of AF History (y) 6.2 ± 6.4
Number of AADs (N) 2.6 ± 1.0
     Amiodarone (N) 42 (42%)
VKA (N) 47 (47%)
History of endurance sports (N) 10 (10%)
Arterial hypertension (N) 23 (23%)
Structural heart disease (N) 15 (15%)
      Ischemic heart disease 5 (5%)
      Hypertrophic cardiomyopathy 4 (4%)
     Valvular heart disease 4 (4%)
     Other (dilated, ethanol) 2 (2%)
3D LA volume (ml, Carto) 92±25

Legend: AF=atrial fibrillation, AADs=antiarrhythmic drugs, 
VKA=vitamin K antagonists, LA=left atrium



vein ostia, if the individual PVs entered the atrium 
at markedly different angles and did not share a 
common region.27

A detailed segmentation of left and right ventricle,
left and right atrium, including pulmonary veins, 
aorta root, pulmonary trunk was performed be-
fore the procedure for all CT datasets using a spe-
cialised software package (CartoMerge, Biosense 
Webster, Diamond Bar, CA, USA).

Left Atrial Mapping Procedure

The procedure was performed under general an-
aesthesia using continuous propofol infusion for 
sedation, cisatracurium for neuromuscular block-
ade and remifentanil for analgesia. All patients 
were in sinus rhythm before and during the pro-
cedure. After obtaining vascular access, two 12 
French (F) and one 6F sheath were positioned 
in the right and left femoral vein. A standard 6F 
steerable decapolar catheter (Bard Electrophysi-
ology) was positioned in the coronary sinus. Two 
long vascular sheaths (SL0, St Jude Medical) were
introduced, via the 12F sheaths, into the right atri-
um, after which a double trans-septal puncture 
was performed. Immediately prior to puncture 

an intravenous loading dose of 10.000IU heparin 
was given. After puncture a continuous infusion 
of heparin was started to maintain an activated 
clotting time (ACT) above 350 seconds. Via the 
trans-septal sheaths we introduced (1) a deflect-
able quadripolar 3.5-mm irrigated tip diagnostic/ 
ablation catheter (NaviStar ThermoCool, Biosense 
Webster, Johnson & Johnson) and (2) a 10 to 14-
pole variable loop mapping catheter. A real-time 
3D electro-anatomical map of the LA, including 
the left atrial appendage, and mitral annulus, was 
constructed with the use of the non-fluoroscopic 
navigation system (CARTO, Biosense-Webster, 
Johnson&Johnson). The PV ostia were identi-
fied by fluoroscopic visualisation of the catheter 
tip during pullback from the PVs, confirmed by 
simultaneous impedance decrease and the ap-
pearance of characteristic LA potentials. In 60 
patients, CartoMerge software was used to inte-
grate a CTbased 3D LA surface reconstruction 
into the virtual electro-anatomical map following 
three steps: (1) manual alignment of both datas-
ets “with the naked eye” to superimpose the CT 
image on the CARTO map, (2) automatic visual 
alignment using 1 landmark on the posterior left 
superior PVLA junction and (3) surface registra-
tion determining the optimal fit between the two 
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Figure 1:  Left panel: Carto-guided PV encircling (PA view). Right panel: example of PV isolation recorded by circular mapping
catheter
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datasets by comparing average distance between 
all points.

Circumferential Pulmonary Vein Isolation

Radiofrequency (RF) energy was delivered in a un-
ipolar mode from the distal electrode of the abla-
tion catheter to a cutaneous patch. Each lesion was 
created with an application of 20-35W during 30 
seconds, with the RF generator (Stockert, Biosense 
Webster, Johnson & Johnson) with a temperature 
limit of 48°C. During RF delivery normal saline 
was infused at a rate of 20 mL/min.

The septal and lateral PVs were encircled 1 to 2 
cm away from the ostia (except for the ostial ridge 
between LSPV and left atrial appendage) by cre-
ating point-by-point lesions (Figure 1, left panel, 
PA view). In order with the ablation sequence, the 
circular mapping catheter was positioned at the 
ostium of the corresponding vein. PV potentials 
(PVPs) were identified using pacing manoeuvres 
at the left atrial appendage and distal coronary 
sinus, by observation of automaticity and by us-
ing typical electrogram morphology, as described 
elsewhere.28 The end-point of ablation was com-
plete abolishment of local PV electrograms record-
ed with the mapping catheter (PV isolation).  A 
representative example of PV isolation in the LIPV 
is shown in Figure 1 (right panel). In case PVPs 
remained after anatomical encircling, ablation was 
applied at the circumference of the ablation circle 
(at “bridging” potentials), using the circular map-
ping catheter as a reference to identify the point 
of earliest breakthrough. After isolation, a waiting 
time of at least 30 minutes was respected for each 
vein.

At discharge, anti-arrhythmic drugs (sotalol 80 
mg bid or flecainide 100 mg bid) were given for 
3 months. Irrespective of CHADS2 risk score for 
stroke, oral vitamin K antagonist (VKA) therapy 
was given for at least 3 months with a target INR 
of 2-3.

Follow-up Evaluation

Each patient was scheduled for routine follow-up 
examination at 1 and 3 months and every 3 months
thereafter. Mean follow-up duration was 28±11 
months (range 15 to 59 months). At each follow-up 

examination, a Holter monitoring was performed. 
After 3 months of follow-up, anti-arrhythmic 
drugs were discontinued. If no pre-procedural 
indication for VKA existed, anticoagulation was 
stopped as well. CT scanning for the evaluation of 
PV stenosis was performed in 7 patients exhibit-
ing shortness of breath, coughing or exercise in-
tolerance.

A successful outcome was defined as freedom 
from both symptomatic and asymptomatic AF, 
without antiarrhythmic drug therapy, at any fol-
low-up with a blanking period of 1 month. Early 
recurrence of AF was defined as any recurrence of 
AF that occurred within the first month after the 
ablation procedure.

Statistical Analysis

All continuous data are expressed as mean ± 
standard deviation (SD). Categorical values were 
compared using the chi-square and Fisher’s exact 
test. Individual determinants of outcome were an-
alysed with binary logistic regression, entering all 
theoretical explanatory variables into the model 
in one step. Student’s t test was used to compare 
means of 2 normal populations. An alpha level 
of 0.05 was defined as the threshold for rejecting 
the null hypothesis. All statistical analyses were 
performed using the Excel software package (Mi-
crosoft, Redmond, USA) and software from the R 
project for statistical computing (http://www.r-
project.org). Receiver operator curves were con-
structed using Graph Pad Prism 4.0.

Results

Patient Population

Clinical characteristics are given in Table 1. Mean 
3D LA volume was 92±25 ml on the CARTO map. 
Based on CT data (N=60), a classical configura-
tion of 2 right-sided pulmonary veins (RPV) was 
found in 46 (77%) patients and 2 left-sided pulmo-
nary veins in 51 (85%) of patients. A right middle 
PV was present in 11 (18%) patients, with 4 right 
PVs in another 3 patients (5%). On the left, a left 
common PV was found in 6 patients (10%), an 
additional left middle vein in another 3 (5%) pa-
tients.

Journal of Atrial Fibrillation                                                                  Original Research



Journal of Atrial Fibrillation                                                                  Original Research

 www.jafib.com                                                   9                                   Apr-May, 2009 | Vol 1| Issue 6

Mapping And Ablation Data

A 3D electro-anatomical map of the LA was cre-
ated in 30±12 minutes with an average of 139±32 
points. CartoMerge segmentation of all relevant 
thoracic cavities could be achieved in 12±8 min-
utes. Registration of the CT dataset with the 
electrophysiological map was accomplished in 
all patients. The average point-to-point distance 
between CARTO and CT surface reconstructions 
was 2.8±0.6 mm with an average standard devia-
tion of 2.2±0.7 mm.

The average time required for CPVI was 4.4±0.9 
hours with a mean fluoroscopy time of 29±16 min-
utes (radiation dose 136±90 centiGray per cm2). 
After 115±27 RF applications (RF time 53±10min), 
electrical isolation was achieved in 384 out of 387 
separate PVs (99.2%). Isolation of all PVs could 
be obtained in 97 out of 100 patients (97%). A sig-
nificant ablation-induced vagal reflex (defined as 

sinus bradycardia < 40 bpm, AV block, asystole or 
hypotension), was observed in 14 patients (14%), 
preferentially during RF delivery at the left poste-
rior LA-PV junction. Hemodynamically significant 
pericardial effusion requiring pericardiocentesis 
developed in 3 patients (3%). We observed one 
transient thromboembolic stroke.

Clinical Outcome And Predictors Of Success

After the first CPVI, 71 patients (71%) were free 
of AF without antiarrhythmic drugs. In the group 
with recurring AF, 5 patients were asymptomatic.
An early recurrence of AF (after 12±8 days) was 
observed in 25 patients (25%). In table 2 pre-pro-
cedural and procedural parameters are compared 
between patients with a successful and failed first 
ablation. Age, sex, clinical type of AF, arterial hy-
pertension, structural heart disease or history of 
endurance sport did not differ between groups. No 
particular anatomy on CT or the use of CT itself 

Figure 2:  Duration of AF history and 3D LA volume (Carto) compared between failed and successful CPVI procedures. p < 0.05 
for both comparisons
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was predictive for clinical outcome after CPVI.

Early recurrence of AF was also not predictive for
clinical outcome (17 out of 25 patients with early 
recurrence were free of AF, 68%). The number of 
RF applications was not significantly different be-
tween the successful and failed ablation group ei-
ther. The occurrence of an ablation-induced vagal

reflex was equal in both groups (14% in both 
groups). In contrast, duration of AF history was 
significantly less in the successful group (8.4±7.0y 
versus 5.2±5.1y, p<0.05, Table 2). Similarly, 3D LA
volume was significantly smaller in the successful
group (105.8±25.7ml versus 87.5±22.9ml, p<0.05). 
Binary logistic regression analysis, showed that 
duration of AF history and 3D LA volume were 
significant and independent predictors of a suc-
cessful outcome (Table 3). However, as plotted in
Figure 2, there is a marked overlap in the dura-
tions of AF history and 3D LA volumes between 
failures and successes. In Figure 3, the ROC curves 
for the duration of AF history and 3D LA volume 
are plotted. Clearly both curves approach the line 
of identity with an area under curve of respec-

Figure 3:  ROC-curves for duration of AF history and LA volume suggesting a low overall diagnostic accuracy of these predic-
tors

Table 2 Univariate comparison between successful and 
failed ablation

Success (N=71) Failure (N=29) p

Age (y) 54.9 ± 9.7 53.5 ± 9.8 0.54
Male (N) 59 (83%) 24 (83%) 0.8
Paroxysmal (N) 58 (82%) 22 (76%) 0.7
AHT (N) 16 (26%) 7 (24%) 0.93
SHD (N) 12 (17%) 4 (14%) 0.93
History of En-
durance sports 9 (13%) 2 (7%) 0.63

Duration AF 
History (y) 5.2 ± 5.1 8.4 ± 7.0 0.03

3D LA volume 
(ml, Carto) 87.5 ± 22.9 105.8 ± 25.7 0.003

Legend: AHT=arterial hypertension, SHD=structural heart disease

Table 3 Logistic regression analysis results, predictors 
of successful outcome

Odds ratio 95% Confidence 
intervals p

Duration of 
AF History 0.90 0.81-0.99 < 0.05

3D LA volume 
(ml,Carto) 0.97 0.94-0.99 < 0.05
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tively 0.64 and 0.66 suggesting a low overall diag-
nostic accuracy of these tests. Data on sensitivity, 
specificity, positive predictive value and negative 
predictive value for different cut off values are 
given in table 4. When the duration of AF history 
is very short (one year or shorter), CPVI will result 
in maintenance of normal sinus rhythm during 
follow up in 92% of the cases (positive predictive 
value). However, if ablation would only be con-
sidered in this subgroup of patients only 20% of 
the patients with a potentially successful outcome 
would be treated (sensitivity). Data on 3D left 
atrial volume are similar: the chance of a success-
ful outcome after CPVI in the presence of a small 
atrium (80 ml or less) are high (positive predictive 
value 88%) but this represents only a minority of 
patients that can potentially be ablated with suc-
cess (sensitivity 39%). Overall, the negative pre-
dictive value of the duration of AF history or 3D 
LA volume is low (26% to 33%).

Discussion

Main Findings

Using the “circumferential pulmonary vein isola-
tion” approach, the first catheter ablation leads to 
resolution of arrhythmia in almost 70% of symp-
tomatic AF patients with an acceptable risk of 
complications. Duration of AF history and 3D LA
volume are the only independent predictors for 
freedom of AF after the first CPVI, but a signifi-
cant overlap between failures and successes is ob-
served.

Predictors Of Clinical Outcome After Cath-
eter Ablation Of AF

Previous studies on clinical and procedural pre-
dictors for successful ablation of AF (either seg-
mental PV isolation, circumferential PV ablation 
or circumferential PV isolation) show varying 
results.10-26 In Table 4 we listed all studies identi-
fied by comprehensive MedLine search for peer-
reviewed English original papers published over 
the last five years reporting on independent pre-
dictors of recurrence of AF after catheter ablation.
As in our study, age and gender do not influence 
outcome after catheter ablation of AF, irrespective
of the chosen approach. This is in agreement with
recent reports on good clinical outcome after 

catheter ablation of AF in septuagenarians.29 The 
presence of short standing persistent AF (in stead 
of paroxysmal AF) seems not to be a predictor of 
failure if circumferential PV ablation or isolation 
is chosen as ablation strategy. In these patients 
however segmental ostial catheter ablation seems 
to be less effective when compared to the results 
of this technique in paroxysmal AF. The presence 
of arterial hypertension or limited structural heart 
disease does not influence clinical outcome.

In contrast to our observations, duration of AF 
history was not a consistent predictor of AF recur-
rence in other studies. This discrepancy could be 
explained by the wide range (0.5 to 30 years) in 
duration of AF history in our study. In six stud-
ies, LA size (assessed by 2D transthoracic echo-
cardiography) was a consistent independent pre-
dictor of AF recurrence after catheter ablation, 
irrespective of the chosen strategy.3, 8, 21, 22, 6 These 
observations are confirmed by our study in which 
3D LA volume measured by CARTO geometry, 
was an independent predictor of recurrence after 
a first CPVI approach.

The influence of the duration of AF history and 
3D LA volume on AF recurrence are in line with 
results in a AF surgery. Grubitzsch et al reported 
that AF duration and LA diameter were the only 
independent predictors of sinus rhythm after ab-
lation of AF in valvular heart surgery independent
of the type of valve disease.30 Likewise, LA size 
and duration of AF history have also been shown 
to predict recurrence of AF after electrical cardio-
version of AF. Probably both parameters reflect a 
higher degree of atrial remodeling either due to 
AF per se (AF-induced remodeling) or progres-
sion of underlying structural heart disease. Atrial 

Table 4 Sensitivity, specificity and predictive values 
for different cut-off values

Sens Spec PPV NPV

Duration AF Hx ≤ 1yr 20% 94% 92% 30%
Duration AF Hx ≤ 4yrs 56% 76% 89% 33%
Duration AF Hx ≤ 8yrs 77% 29% 79% 26%
LA volume ≤ 80ml 39% 83% 88% 30%
LA volume ≤ 100ml 66% 50% 80% 32%
LA volume ≤ 120ml 89% 16% 77% 33%

Legend: Hx= history, Sens= sensitivity, Spec= specificity, PPV = posi-
tive predictive value, NPV negative predictive value
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remodeling promotes perpetuation of the arrhyth-
mia and increases the likelihood of recurrence by 
electrical, contractile and structural changes.31 

More specifically, Sanders et al showed that atrial
remodelling shifts the driver away from the PV 
regions resulting in non-PV mediated AF.32, 33 As 
such, percutaneous ablation targeting only the 
LA/PV region might be insufficient. On the other 
hand it is possible that the likelehood of reconnec-
tion after successful PV isolation is higher in en-
larged atria. Data by Sauer et al showed that acute 
reconnection during an ablation procedure was 
more likely to occur in larger left atria.18

Clinical Implications

Due to considerable overlap between durations of
AF history and 3D LA volumes between failures 
and successes, these parameters can not be used 
to screen out patients who should not undergo 
CPVI. Furthermore ROC curves for these two 
parameters clearly illustrate that no cut-off point 
with acceptable sensitivity and specificity can be 
set for any of the two parameters that would iden-
tify a subgroup of patients that can be ablated suc-
cessfully. However, it is clear that patients with a 
short AF history duration and small 3D LA vol-
ume have a high likelihood of success after a sin-
gle CPVI with no need for any additional ablation 
targets (AF duration ≤1 years, 92% sinus rhythm 
during follow up; LA volume ≤ 80 ml, 88% sinus 
rhythm during follow-up). Of course, this would 
be applicable to only a minority of patients pre-
senting with AF (20% and 39% respectively). On 
the other hand our results do support the concept
of an early ablation strategy in the course of par-
oxysmal or short standing persistent AF. This 
approach is already incorporated in the recent 
guidelines on the management of AF stating 
that catheter ablation is an accepted alternative 
treatment strategy after failure of one single an-
tiarrhythmic drug. Changing to a second anti-ar-
rhythmic drug strategy offers limited benefit and 
might result in delayed catheter-based interven-
tion.

Furthermore our data imply that, in the presence of 
enlarged atria or long-lasting AF history, ablation 
targeting the LA/PV region might not be enough 
to achieve long-term cure. As such the physician 
can opt either to avoid possibly hazardous abla-

tion or to perform a more complex ablation (ad-
ditional linear lesions, fractionated electrograms, 
non-PV foci). Our data also imply that the deci-
sion to extend the procedure can be based upon 
CARTO guided calculation of 3D LA volume at 
the beginning of the procedure.

Limitations

The main limitation of our study is that we con-
ducted an observational, albeit prospective in-
vestigation. Another limitation is the absence of 
stringent arrhythmia monitoring after ablation 
(transtelephonic monitoring, implantable loop re-
corders). As such patients with asymptomatic re-
currences of AF could be miscategorized as being
successfully ablated. Finally, not all potential pre-
dictors of recurrences of AF were analysed. How-
ever, we focused on clinical and periprocedural 
parameters that can easily be obtained in all pa-
tients.

Conclusion

A single circumferential pulmonary vein isolation
results in resolution of arrhythmia in ≈70% of pa-
tients with paroxysmal or short standing persis-
tent symptomatic AF. Duration of AF history and 
3D LA volume are independent predictors of suc-
cessful outcome but due to considerable overlap 
between failures and successes, these parameters 
can not be used to identify patients who should 
not undergo CPVI or in whom an additional abla-
tion beyond CPVI is required. Our results suggest
that an ablation strategy early in the course of AF 
disease can influence successful outcome.
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Introduction

Superior vena cava (SVC) triggers constitute 6- 
8% of non-pulmonary vein (PV) foci that initiate 
atrial fibrillation (AF).1 Since SVC cardiomyocytes 
originate from the right sinus horn they possess en-
hanced automacity and after-depolarization lead-
ing to arrhythmogenicity.2 In a recent study by Ar-
ruda et al. 12% of patients had SVC triggers and 
empiric adjunctive isolation of SVC-right atrium 
along with PVisolation resulted in higher long term 
success rate than the group that underwent PVI 
alone. They demonstrated that adjunctive isolation 
of SVC along with PV isolation (PVI) is a safe and 
feasible strategy for ablation of AF.3

Case Report

We describe the case of a 64 year old with paroxys-
mal AF who continued to have inducible AF despite 
antral isolation of all 4 PVs. Adenosine challenge 
(12 mg IV) initiated AF with ectopy starting in the 
SVC. Complete isolation of the SVC after ruling out 
diaphragmatic stimulation resulted in independent 
firing from the SVC that failed to conduct to the rest 
of the atrium (Figures-1A & 1B).

Discussion 

SVC - RA junction isolation can be very easily per-

formed by parking the circular mapping catheter 
(either the spiral or the Lasso) at the confluence of
the sagital section of the SVC and the cross sec-
tional junction of the right pulmonary artery and 
pulmonary vein. This helps as a landmark to iden-
tify the SVC-RA junction. Once the circular cathe-
ter is parked at the junction, double potentials are 
identified along the circumference. Pacing at 20 
mA along the posterolateral/lateral/anterolateral 
aspects of the junction is performed to rule out di-
aphragmatic stimulation. In the event of positive 
diaphragmatic stimulation, radiofrequency abla-
tion should be avoided along the lateral segments 
and application should be restricted to the septal 
segments alone. If no diaphragmatic stimulation 
is noted complete isolation should be attempted. 
Some times a triggered focus can be present right 
at the SVC-RA junction, in which case ablation of 
the trigger itself could be curative. In our patient, 
the trigger was at least 1cm above the SVC-RA 
junction and therefore ablation of the specific trig-
ger was not performed. 3D mapping can be used 
for accurate localization of a trigger focus if com-
plete isolation is not possible.

In 1992 Hashiba et al. described the differential 
distribution of fractionated electrograms in the 
right atrium in patients with a sick sinus. Patients
with sick sinus and paroxysmal AF had wide-
spread distribution of fractionated electrograms 
whereas those with sick sinus and tachycardia 
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Figure 1A:  The circular mapping catheter and the ablation catheter in the SVC- atrial junction after isolation.

Figure 1B:  This figure shows independent firing from the SVC (Lasso 1-10) that fails to conduct to the rest of the atria, after
isolating the SVC-RA junction.



had abnormal electrograms localized to the high 
right atrium.4 In our patient we did not see any ab-
normally prolonged and fractionated right atrial 
electrograms at the high right atrium.

SVC stenosis, transient diaphragmatic paralysis 
and sinus node injury are known uncommon com-
plications of SVC isolation.5 SVC stenosis has been 
reported following extensive ablation for inappro-
priate sinus tachycardia. However, stenosis fol-
lowing SVC isolation during AF ablation has not 
been reported.6 Sinus node injury is uncommon al-
though one case has been reported following serial 
ablations.7 Incidence of phrenic nerve injury can be 
up to 0.48% and can occur with any form of en-
ergy delivery (radio frequency, ultrasound, laser 
or cryo).8, 9 Sacher F et al. reviewed the character-
istics of phrenic nerve injury described in several 
studies. Dyspnea is the most common symptom 
and post ablation pneumonia or pleural effusion 
may occur. Transient hemi-diaphragmatic paraly-
sis occurs which can last for a mean duration of 7 
months. Pulmonary rehabilitation may be benefi-
cial in these patients. This injury can be prevented 
by prior pacing with maximum output from the 
lateral aspects of SVC to rule out diaphragmatic 
stimulation. Occurrence of cough or hiccups dur-
ing the ablation should prompt immediate termi-
nation of energy application to prevent further 
injury.10 More recently, a novel cryo mapping 
technique was used by Dib C et al. to successfully 
ablate the arrhythmogenic substrate at the SVC-
RA junction without phrenic nerve injury.11 In 
this method, despite phrenic nerve stimulation on 
pacing 4cm into the SVC, cryo energy is initially 
delivered at -30oc, a temperature at which revers-
ible loss of conduction occurs. If diaphragmatic 
capture continues, cryoablation at -70oc to -80oc 
is carried out while ablation is terminated if dia-
phragmatic stimulation ceases.
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Introduction

Recent studies have shown improved efficacy of 
atrial fibrillation (AF) ablation using a strategy 
that isolates pulmonary vein triggers and modifies 
AF substrate at sites of complex fractionated atrial 
electrograms (CFAE).1-3 We present a case of long-
standing persistent AF that was successfully ablat-
ed with this strategy. The novel features of this case 
include the use of this emerging ablation technique 

and the ablation of longstanding persistent AF in 
the setting of a mechanical mitral valve.

Case 

A 62-year-old woman presented with 8 years of 
palpitations. She had longstanding persistent atri-
al fibrillation (AF) since mechanical mitral valve 
replacement for rheumatic heart disease. The pa-
tient failed antiarrhythmic therapy and was re-
ferred for catheter ablation of her AF.
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Abstract
 
Case: A 62-year-old woman was referred for atrial fibrillation (AF) ablation. She had longstanding per-
sistent AF for 8 years since mechanical mitral valve replacement for rheumatic heart disease.

EPS: A strategy of substrate-based ablation targeting areas of complex fractionated atrial electrograms 
(CFAE) was pursued. These sites were identified by inspection of electrograms and verified with soft-
ware-based electrogram analysis, with the left atrial roof demonstrating the highest density of CFAE 
sites. Successful catheter ablation was performed. The patient has remained free of recurrence over 4 
months of follow-up.

Discussion: This case presents a successful ablation procedure using the emerging strategy of CFAE-
targeted ablative lesions. Given the patient’s longstanding persistent AF and mechanical mitral valve, 
the high density of CFAE sites on the left atrial roof was an unexpected finding. Analysis for CFAE sites 
guided the procedure in a direction that might otherwise not have been undertaken, leading to a success-
ful ablation.
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Figure 1:  Noncontact Mapping Geometry and CT Angiography.
RAO projection of left atrium in NavX system. Left: Catheter-based noncontact mapping geometry. Pulmonary veins are sepa-
rated by color. Right: CT Angiography-based anatomy. In both panels, yellow dots indicate sites of highly fractionated activity 
by conventional atrial electrograms. Ablation catheter is visible. MV: Mitral Valve prosthesis

EPS 

At electrophysiology study, noncontact catheter 
mapping was performed to obtain an atrial geom-
etry, which was then fused with CT-based data to 
produce a merged image (Figure 1). Transseptal 
left atrial access was obtained under intracardiac 
echocardiographic guidance. An ablation strategy 
targeting CFAE sites and pulmonary vein isolation
was then undertaken. Esophageal temperature 
monitoring was used throughout the procedure.

CFAE sites were first localized by inspection 
of conventional intracardiac electrograms and 
marked on the CT-geometry image (Video). Using
the St. Jude Medical NavX system, a CFAE map 
was then constructed using the CFAE-Mean soft-
ware. Briefly, fibrillatory deflections meeting ap-
propriate frequency and amplitude criteria are 
gathered at each point over an 8-second collection 
period. The mean time between these deflections 

over the period is then calculated and displayed 
by a color-coded scale, thus generating points 
and regions of varying degrees of fractionation 
(Video).

Radiofrequency lesions were placed with a 4mm-
tip catheter at areas of highly fractionated electri-
cal activity, as indicated on the CFAE map (Figure 
2). Pulmonary vein isolation was also performed, 
with a final lesion set resembling wide area cir-
cumferential ablation (WACA) with a left atrial 
roof line and a mitral isthmus line. The patient’s 
AF organized to an atypical flutter, treated with 
IV ibutilide. Cardioversion then restored sinus 
rhythm. She has not had any AF recurrences by 
symptoms or routine EKG monitoring in over 4 
months of follow-up.

Discussion

This case presents a successful ablation procedure



using the emerging strategy of CFAE-targeted ab-
lative lesions. The highest density of CFAE sites 
was found to be at the left atrial roof, which was an 
unexpected finding. This may reflect fractionation 
as a result of the past atriotomy. It is also possible 
that the previous rheumatic mitral valve disease 
had led to atrial scarring in the region of the mitral 
valve, leaving the atrial roof as the only remaining 
active area, which was debulked by the ablation 
procedure. In either case, analysis for CFAE sites 
guided the procedure in a direction that led to a 
successful ablation. Although strict CFAE-guided 
ablation has met with limited success, the addition 
of pulmonary vein isolation to the procedure has 
increased efficacy.2 Recent evidence suggests that 
with longstanding persistent AF, a strategy that 
targets CFAE sites in addition to pulmonary vein 
isolation leads to higher success rates both at the 

time of procedure and in long-term maintenance 
of sinus rhythm.3

Conclusion

Ablation of AF employing a strategy targeting 
CFAE sites in addition to pulmonary vein iso-
lation can be a curative therapy in patients for 
whom a substrate modification ablation strategy 
is appropriate, such as in our example of long-
standing persistent AF following mechanical 
MVR.
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Video Legend:  Merged CT angiogram and catheter-based mapping geometry with CFAE map using the St. Jude Medical NavX
system are displayed. Left panel starts in LAO view and right panel in RAO projection. Yellow dots indicate areas of highly 
fractionated activity by conventional electrograms. Ablation catheter and mechanical mitral valve prosthesis (MV) are dem-
onstrated. Scale to the left indicates average time interval between deflections, in milliseconds (mS). Inter-electrode spacing is 
indicated at the bottom of the display. Radiofrequency AF ablation was performed successfully
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Figure 2:  Representative Example of Radiofrequency Ablation Lesion Targeting Complex Fractionated Atrial Electrograms.
Left panel shows ablation catheter tip (ABL-d, bottom) at a region of complex fractionated activity, characterized by continu-
ous electrical activity of multiple variable frequencies, with periods of very short cycle lengths. Fractionation is also seen in the 
coronary sinus, in contrast to the regular, organized right atrial activity. The right panel demonstrates the same region following 
30 seconds of radiofrequency ablation. Nearly all electrical potential has been ablated from the site of the distal tip.



Introduction

Atrial fibrillation (AF) is by far the most common 
tachyarrhythmia in humans. Prevalence of this 
rhythm disorder is 0.3-0.4% of the adult population
and increases with age from 2-4% in people over 
the age of 60 to 11.6 % in those over the age of 75.1 
In recent years, an increasing number of patients 
are subjected to catheter ablation in an effort to cure 
AF. It has been shown that a successful AF abla-
tion results in improved quality of life as well as 
left ventricular function when compared to other 
treatment modalities including pharmacotherapy 
and pacemaker devices.2, 3 Most ablation strategies 
today target electrical isolation of the pulmonary 
veins (PVs), which are believed to be the major site 
of major foci triggering AF.4

Radiofrequency (RF) is currently the most common
energy source for catheter ablation procedures. Al-
though RF ablation is significantly less invasive than 
surgery, it is still subject to complications includ-
ing phrenic nerve injury, pulmonary vein stenosis, 
bronchial irritation, vagal excitation, hemopericar-
dium, thromboembolism, and esophageal injury.5 
Among these, esophageal injury is a rare but devas-
tating and often fatal complication. Multiple cases 
of esophageal perforation and atria-esophageal fis-
tula have been reported in the literature with pa-
tients presenting usually days to weeks after their 

ablation with complaints of fever, odynophagia, 
chest pain, and hematemesis.6-9 Currently, alter-
native energy sources such as cryoenergy, laser, 
ultrasound, and microwave have gained increas-
ing attention to avoid certain RF related compli-
cations.10-12 Among these alternatives, cryoenergy 
has evolved as the most promising energy source. 
In this review we will compare RF ablation to 
cryoablation in preventing esophageal injury (Fig. 
1).

Radiofrequency Lesions

Radiofrequency energy is an alternating current 
(30 KHz to 300 MHz). The radiofrequency energy 
used (20 to 50 W) is generated usually from a 550 
KHz electrosurgical unit and is delivered for 10 to 
60 seconds [13]. RF energy is delivered through 
transvenous steerable electrode catheters with 
an irrigated or non-irrigated distal electrode 4-10 
mm long. The ablative lesion is produced by tis-
sue heating. Tissue temperatures of approximate-
ly 50°C and above are required to cause irrevers-
ible injury. Temperature above 45°C increases the 
calcium permeability of plasma membrane which 
induces an increase in cytostolic calcium concen-
tration. Also activity of sarcoplasmic reticulum 
ATPase is inhibited at temparatures above 50o.14-15

Acute lesion created by RF consists of central zone 
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of coagulation necrosis. At 2 weeks, these areas de-
velop inflammatory infiltrates and areas of hemor-
rhage; and by 4 weeks inflammatory infiltrates are 
replaced by fibrosis (Fig. 2).16 Temperature above 
60 degree causes the denaturation of collagen and 
loss of elasticity and compliance of pulmonary 
veins. Lesion diameter and depth depends on var-
ious factors such as electrode tissue contact, cur-
rent density, temperature, duration of RF appli-
cation.13, 17 Cryothermal energy produces lesions 
through hypothermic exposure, with a very differ-
ent mechanism of tissue injury from RF. Cryotech-
nology has been used for cardiac ablation for three 
decades, but cardiac catheter ablation has been a 

more recent development. Cryolesions are gener-
ated by applications of a cryoprobe cooled with 
liquid nitrous oxide for 2-5 minutes.18 Progressive 
Cooling of cardiac tissue slows down conduction 
and eventually blocks electrical activity when tem-
perature is reduced to 0 to -20 °C. Permanent le-
sions are created when temperatures are reduced 
to -60 to -80 °C.19 Applying the cryoprobe to the 
tissue surface causes the formation of a hemi-
sphere of frozen tissue, or iceball. Cells trapped in 
the iceball become irreversibly damaged and ul-
timately replaced by fibrous tissue.25 The primary 
mechanism of cell death includes fatal changes in 
the structure of sub cellular organelles and mito-

Figure 1:  Lesion Formation: Cryoablation versus Radiofrequency (RF)
Presents the gross appearance of in-vitro ablation with the RF lesion on the left showing pallor and volume loss. In contrast 
the cryolesion shown on the right is not perceptible (J Interv Card Electrophysiol (2007) 19:77–83- submitted with permission)

Figure 2:  Histological findings 2 to 4 weeks after RF energy application (GAFT staining). At 2 weeks, necrotic atrial myocardium 
(small arrow) is interspersed with RBCs, macrophages, and collagen fibrils (A). By 4 weeks, necrotic muscle has been replaced 
by collagen, but RBCs remain present. B, Disrupted internal elastic lamina (large arrow) and organizing vascular channels 
(small arrow). { GAFT- Gomori aldehyde fucbsin trichrome, RF- radiofrequency, RBC- red blood cells }(Circulation. (2000); 
101:1736-1742-submitted with permission)



chondrial destruction.26 Cryotherapy results in 
the formation of intracellular and extracellular ice 
crystals varying in shapes and sizes. These crystals 
do not penetrate the membrane but cause com-
pression and distortion of adjacent cytoplasmic 
components and nuclei.27 

The ice-crystal formation increases mitochondrial 
membrane permeability, which leads to disruption 
of the electron transport chain and irreversible mi-

tochondrial de-energization, resulting in ischemic
changes and coagulation necrosis. The cell mem-
brane is then disrupted during the thawing phase.
Furthermore, the microvascular network is disrupt
ed and tissue hemorrhage is noted following the 
thawing of the ice ball. The inflammatory phase 
is characterized by the development of edema, co-
agulation, and inflammation. The final phase con-
sists of dense fibrous tissue formation.26
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Figure 3:  Gross pathology of cryolesions. A: Cryoablation of −70◦C was applied to the right superior pulmonary vein for 3 
minutes. The heart was removed 2 hours later. The lesion is well demarcated and grossly hemorrhagic. B: Inverted atria and 
PVs showing the endocardial surfaces 3 months after cryoisolation of all PVs. The inverted left atrium (LA) and pulmonary 
veins (PVs) showing the endocardial surfaces of the atrial body and LA tissues extending into the PVs, forming the atrial tissue 
sleeves. Cryoablations of −60◦ to −70◦C were applied for 3 minutes. The tissues that were exposed to Cryoablation consisted of 
healed lesions with interconnected soft fibrous tissue rings at the PV-LA junctions, with no signs of hemorrhage, PV stenosis, or 
collagen.( J Cardiovasc Electrophysiol (March 2003)Volume 14 Issue 3, Pages 281 – 286- submitted with permission)

Figure 4:  Trichrome stain (40_ magnification) of longitudinal sections from 3 veins from the same atria, 3 months post–cryoab-
lation. The histological sections illustrate the characteristics of typical Cryo lesions placed at the PV–atrial junction. As shown, 
regardless of the number of lesions applied to the veins, pure fibrous tissues are seen with no tissue thickening, collagen, or car-
tilage tissues. The fibrous tissue’s transition with the atria is well demarcated.( Heart Rhythm ,(2004) Volume 1 , Issue 2 , Pages 
203 – 209- submitted with permission)
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The effects of cryoablation are in part mediated by 
changes in the microvasculature (Fig. 3).28 Effects on 
the microcirculation are characterized by endothe-
lial cell damage, platelet aggregation and flow sta-
sis, occlusion, and ultimately recovery of flow. On 
gross examination, the lesion is well demarcated, 
homogeneous and hemorrhagic immediately after 
the ablation procedure. By 12 weeks, the lesion ap-
pears small and fibrotic with no tissue thickening, 
collagen or cartilage tissue; there is normal distri-
bution of the small and large blood vessels (Fig.4).28 
The size of the cryolesion is determined by a variety 
of factors including temperature, the size of probe 
used, and the duration of freeze cycles to which the 
tissue is subjected.

Esophageal Injury, Cryo vs. RF

With RF ablation, tissue heating decreases as a func-
tion of 1/r4, (r=distance from the RF ablation elec-
trode) so deeper tissues are not heated as a result of 
dissipation of electrical energy, but are heated via 
conductive heating from the tissue near the elec-
trode tissue interface.17, 29 Conductive heating is the 
main cause of esophageal injury during RF abla-
tion. The goal of achieving transmural lesions in an 
RF ablation procedure may sometimes lead to the 
application of excess energy, causing increased con-
ductive heating to the esophagus. An engineering 
study by Enrique et al demonstrated that esopha-

geal injury is significantly influenced by the thick-
ness of the atrial wall and the connective tissue 
layer between the atrium and esophagus.30 The 
results showed that the risk of esophageal perfo-
ration is very high when a temperature of 80°C is 
combined with adverse anatomic conditions, i.e, 
a thin atrial wall and very thin connective tissue 
layer. Another study demonstrated that real-time 
monitoring of the luminal esophageal tempera-
ture during left-atrial RF ablation can recognize 
the extent of esophageal heating such that RF ap-
plication can be stopped when esophageal tem-
perature increases by 2°C.31 In order to prevent 
esophageal injury, the resultant RF pulse termina-
tion may not result in transmural lesion, leading 
to an unsuccessful procedure.

This study also demonstrated that esophageal 
temperature continues to rise even after RF pulse 
is delivered (Fig. 5). So repeated application of RF 
further enhances esophageal heating and increas-
es the chances of esophageal injury. Cryothermal 
ablation also causes injury to esophagus when the 
iceball expands to entrap the esophagus, but the 
mechanism of tissue injury is benign and revers-
ible. Cryothermal injury is distinguished from hy-
perthermic injury by preservation of basic under-
lying tissue architecture, thus making cryogenic 
lesions most ideally suitable for catheter based AF
ablation in preventing esophageal injury. Evonich
et al. conducted a randomized trial comparing 
effects of RF and cryoablation on the structural 
integrity of porcine esophageal tissue by direct 
application. On gross examination, esophageal le-
sions created with RF ablation showed a central 
zone of pallor with volume loss at the lesion cen-
ter; in contrast, cryolesions were not detectable on
gross examination.32 Histopathological examina-
tion displayed the clear disruption of elastic fi-
bers within RF lesions in comparison to normal 
appearing elastic fibers in cryolesions (Fig. 6). 
RF ablation significantly reduces tensile strength 
and tensile strength after cryoablation is not sig-
nificantly different from normal tissue. This pres-
ervation of tensile strength during cryoablation 
prevents perforation or ulceration of esophageal 
tissue.32 Another animal study demonstrated the 
fistula like lesions in the esophageal wall as a con-
sequence of RF ablation while no such lesion de-
veloped as a result of cryoablation.33
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Figure 5:  Graph shows that there is a rapid rise in luminal 
esophageal temperature when RF energy was delivered and 
continues to rise after the end of RF application.( J Cardiovasc 
Electrophysiol, (February 2006) Vol. 17,pp. 166-170- submitted 
with permission)
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Conclusion 

Radiofrequency is currently the most widely used 
energy source used for catheter ablation in most ar-
rhythmias but it may not be the ideal source for tis-
sue ablation in all cases. Cryoenergy has emerged 
as the most promising alternative to RF, which has 
formidable safety and efficacy issues. RF tissue 
heating results in extensive tissue destruction and 
an intense inflammatory response. Conversely, 
cryoablation creates homogenous lesions preserv-
ing endocardial contours and tissue architecture. 
Cryoenergy has also gained increasing attention in 
relation to preventing other complications of abla-
tive procedures. Several studies have demonstrat-
ed no pulmonary vein stenosis following pulmo-
nary vein isolation using cryoablation.28 Also, since 
cryotherapy preserves the endocardium which 
makes lesions less thrombogenic resulting in lower 
emboli risk.34 Cryoenergy therefore demonstrates 
advantages to RF for AF ablation in preventing 
esophageal injury and other complicationsbecause 
of its benign mechanism of action. Studies are be-
ing conducted on new Cryoballoon technology and 
if successful it is likely to make pulmonary vein iso-
lation more rapid and safe.13
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Introduction

Sinus node dysfunction (SND) is commonly en-
countered in the clinic. The clinical phenotype 
ranges from asymptomatic sinus bradycardia to 
complete atrial standstill. In some cases, sinus 
bradycardia is associated with other myocardial 
conditions such as congenital abnormalities, myo-
carditis, dystrophies, cardiomyopathies as well as
fibrosis or other structural remodeling of the SA 
node.1-8 Although there are many etiologies for 
symptomatic slow heart rates, the only effective 
treatment available today is the implantation of 
a pacemaker. The predominant ion channel cur-
rents contributing to the pacemaker activity in 
the sinoatrial node (SAN) include currents flow-
ing through hyperpolarization-activated, cyclic 
nucleotide-gated (HCN) channels,9 L- type Ca, T- 
type Ca,10 delayed rectifier K,11,12 and acetylcholine 
(ACh)-activated13,14 channels. However, their rela-
tive contribution remains a matter of debate and 
the cellular mechanisms contributing to abnormal 
sinus node function leading to bradycardia are not 
fully elucidated. Sodium channel current (INa), 
encoded by SCN5A, is responsible for the cardiac 
action potential (AP) upstroke and therefore has 
an important role in initiation and propagation of 
the cardiac action potential. Although it is largely 
absent in the sinus node, it plays an important role 
at the periphery of the sinus node in transmitting 
electrical activity from the sinus node to the rest 
of the atria.

Mutations in genes encoding structural anchoring
proteins (ANK2, Caveolin- 3, AKAP9) have been 
associated with the development of atrial as well 
as ventricular arrhythmias.15, 16, 17 Sinus node dys-
function has been associated with a variety of 
atrial tachyarrhythmias, atrial fibrillation (AF) in 
particular. In recent years, numerous publications
have focused on the genetic basis for ion channels
and structural protein remodeling, providing fur-
ther insights in the mechanisms of sinus node dys-
function and its role in AF. In this review, we will
focus on the genetic aspects of the various forms 
of sinus node dysfunction and their relation to AF.

HCN4

Mutations in the gene encoding the HCN4 ion 
channel have been shown to be associated with 
inherited sinus bradycardia.18-21 HCN4 encodes 
the protein that contributes to formation of If 
channels, which participate in spontaneous dia-
stolic membrane depolarization of sinoatrial node 
cells.22, 23, 24, 25 Modulation of these channels by 
cAMP is believed to be responsible for accelera-
tion of heart rate.23 Four HCN gene family mem-
bers have been cloned, three of which are present 
in heart (HCN1, HCN2, HCN4). HCN4 is the most 
prominent HCN transcript in the atria, whereas 
HCN2 is the dominant transcript in the ventricle.9, 

26 SA cells from knock out mice lacking HCN4 
have 75% less If and SA cells from mice lacking 
HCN2 have 25% less HCN current.27, 28, 29, 30 Of note 
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in humans, HCN2 and HCN4 were found to be the 
dominant mRNA transcripts.31

To date, five HCN4 mutations have been reported
in humans. Two described symptomatic patients 
with malignant syncope.19, 32 One of these patients 
also suffered from bouts of AF.19 In this case, the 
patient had a stop codon resulting in the deletion 
of the cyclic nucleotide binding domain (CNBD), 
making the mutant channels insensitive to cAMP. 
In the second case,33 a missense mutation in HCN4, 
affecting trafficking of the mutant channel, segre-
gated among family members with a prolonged 
QTc. The proband had an episode of torsade de 
pointes (TdP). The basis for association of a pro-
longed QTc with a decrease in HCN4 current am-
plitude is unclear, since a loss of function of If is 
not expected to prolong the QT interval, other than 
through a reduction in heart rate. Studies in both 
humans34, 35 and mice36 have not observed prolon-
gation of the QTc in response to If blockers.

Two large families with mutations in HCN4 caus-
ing asymptomatic bradycardia have been reported
by us and others.18, 21 A missence mutation (S672R) 
was found by Milanesi et al.18 to be associated with 
asymptomatic bradycardia. Despite its location in 
the CNBD, this mutation did not affect the bind-
ing properties of cAMP, but changed the biophysi-
cal properties of the channel. Mutant channels 
deactivated slower and the voltage-dependence 
of activation shifted in the hyperpolarizing direc-
tion, leading to a decrease in If , responsible for the 
slowing of the heart rate.18, 37

We described21 a family with asymptomatic sinus 
bradycardia with no extracardiac abnormalities, 
managed conservatively during long term fol-
lowup (14±11years). All affected family members 
were asymptomatic with normal exercise capacity 
during long-term follow-up. Electrophysiological 
testing performed on 2 affected family members 
confirmed significant isolated sinus node dysfunc-
tion. Genetic analysis revealed a missence muta-
tion (G480R) in the HCN4 channel pore. Our in 
vitro expression studies suggested that sinus bra-
dycardia in affected family members was likely 
due to combined synthesis and trafficking defects 
as well as altered biophysical properties of the mu-
tant HCN4 channels.

We recently38 identified 2 families with symptom-
atic bradycardia. Affected members presented 
with a history of presyncope, except for one sub-
ject who had a poorly documented event of loss 
of consciousness with apparent cardiopulmonary 
arrest, which resolved following basic CPR; he re-
covered without defibrillation. There were no doc-
umented events of syncope and all had a normal 
exercise test. Sequencing of the HCN4 gene in the 
probands of these families revealed a new hetero-
zygous A485V missense mutation within the pore-
forming region of the channel. A485 is a conserved 
residue not found in 50 controls. We are currently 
extending the genetic analysis to exclude other ge-
netic variations.

The common feature of these familial bradycardia
cases is a relatively benign prognosis and lack of 
chronotropic incompetence. These findings are in 
partial agreement with a study conducted in the 
adult HCN4 knockout mouse model reported by 
Herrmann et al.39 Like the families described, the 
knockout mice had no impairment of heart rate 
response during exercise. However, instead of 
bradycardia, they displayed sinus pauses. Taken 
together, the available animal and human data 
suggest that while If may be a major contributor to 
diastolic depolarization at rest, its contribution to 
the positive chronotropic response of sympathetic 
stimulation is less clear.

One patient with an HCN4 loss of function muta-
tion had documented AF.19 It is not clear whether 
this association is merely a coincidence or wheth-
er this genetic defect can predispose to AF. From 
a theoretical point of view, a loss of function of 
HCN4 channel current should depress phase 4 of 
the sinus node action potential as its principal ef-
fect and would not be expected to cause any type
of atrial arrhythmia. Indeed, over expression of 
HCN4 in the atria can lead to atrial ectopy leading
to initiation of AF. In a canine heart failure model,40 

HCN4 channels were found to be downregulated 
in the SN but up regulated in the right atrium. The 
authors suggested that atrial HCN4-up regulation 
may contribute to the increased incidence of atrial 
arrhythmias in heart failure patients.

SCN5A

Mutations in SCN5A, the gene that encodes the 



α subunit of the cardiac sodium channel, have 
been associated with several rhythm disorders in-
cluding Brugada syndrome,41 long QT syndrome 
type 3 (LQT3)42 and cardiac conduction disease. 
Although SCN5A does not play a prominent role 
in sinus node activity, loss of function mutations 
may lead to bradycardia43-49 by reducing excitabil-
ity and impairing conduction of impulses gener-
ated in the sinus node into the atria. Recent studies 
using Tetrodotoxin (TTX) a selective Na+ current 
inhibitor have demonstrated that TTX can abolish 
the action potential upstroke in the periphery of 
the SA node but not in the center of the SA node.50 

These studies point to the lack of participation of 
NaV1.5 in the conduction of the electrical impulse 
through the SA node proper.

Loss of function mutations in SCN5A can lead to 
a widening of the of the P- wave, prolongation of 
PR interval as well as widening of the QRS interval
in the surface ECG.43-49 Changes in these param-
eters are often encountered in patients with SC-
N5A-mediated Brugada syndrome51 and are due 
to depression of INa-mediated parameters. In 
some cases the same mutation has been shown to 
lead to both LQT3 and Brugada52 in the same fam-
ily or to a combination of progressive cardiac con-
duction disease and Brugada syndrome53 or LQT3, 
Brugada ECG and sinus node dysfunction.44 This 
overlap of three syndromes was reported to be the 
result of a 1795insD SCN5A mutation, which is as-
sociated with an increase in late INa , responsible 
for the LQT3 phenotype, and a negative shift of the 
voltage-dependence of inactivation, which causes 
a loss of function of INa responsible for the Bruga-
da and sinus node dysfunction phenotypes.44 Us-
ing a mathematical model of an SA node action po-
tential, the authors argued that the persistent late 
INa coupled with the negative shift in the voltage-
dependence of inactivation caused a prolongation 
of APD and a slowing of phase 4, which together 
are responsible for the bradycardia or sinus node 
dysfunction. Interestingly, the sea anemone toxin, 
ATX-II, a compound known to increase late Ina, 
has been shown to induce a prolonged P-R inter-
val and SA node recovery time as well as LQT3 in 
intact mouse hearts.50

In another report,40 compound heterozygous SC-
N5A mutations were found to be associated with 
sick sinus syndrome (SSS). Mutation carriers ex-

hibited symptomatic sinus bradycardia progress-
ing to atrial inexcitability, necessitating permanent 
pacing. Affected carriers also had prolonged HV 
and QRS intervals. Biophysical characterization 
of the mutant sodium channels in a heterologous 
expression system demonstrated loss of function 
or significant impairments in channel gating (in-
activation) that predicted a reduced myocardial 
excitability. Here again, sinus bradycardia may be 
the result of failure of the impulse to conduc into 
adjacent atrial myocardium.40 Another possibility 
may be that INa has a direct effect on the SN as 
suggested by Veldkamp et al.44

AF and other supraventricular tachycardias (SVT)
have been shown to be associated with an SCN5A
mutation (D1275N) segregating among family 
members with conduction disease.44, 54, 55 In 2 of 
these reports, in addition to the above, affected 
members also presented with a dilated cardiomy-
opathy. Dilated cardiomyopathy was preceded by 
AF, SN dysfunction and conduction block.55 The 
extent to which SCN5A mutations are related with 
AF is not clear. It is possible that AF is secondary to 
structural changes associated with SCN5A muta-
tions, in addition to direct reduction of INa. Inter-
estingly, Brugada patients are also known to have 
a relatively high incidence of atrial arrhythmias, 
AF in particular56-60, 61 whether or not the syndrome 
is caused by SCN5A mutations.62 In the SCN5A-
related Brugada syndrome cases, as in SCN5A-
mediated sinus node dysfunction, AF may be in 
part related to an abnormal “substrate” in the form 
of fibrosis as well as the “electrical” impairment.

Recent studies have reported major difference in 
the characteristics of the sodium channel between 
atrial and ventricular cells in the canine heart.63, 64 
These studies showed that steady-state inactiva-
tion of the sodium channels was 9 to 16 mV more 
negative in atrial vs. ventricular myocytes. This 
distinction coupled with the more positive resting 
membrane potential of atrial cells, suggests that a 
large fraction of sodium channels are inactivated 
and unavailable at the normal resting membrane 
potential of atrial cells. Consequently, the impact 
of some SCN5A mutations may be much greater 
in atria than in ventricles, predisposing to the de-
velopment of arrhythmias more readily in the atria 
vs. ventricles.61
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Connexin

Connexins are gap junction proteins responsible 
for electrical communication between cells. Con-
nexin (Cx) 40 (encoded by GJA5) is specific to 
the atria, whereas Cx43 (GJA1) and Cx45 (GJA7) 
are also expressed in the ventricle.65 Cx40 defects 
were found to be associated with AF [66] and 
atrial standstill (AS).41 In a study66 involving pa-
tients with idiopathic AF, 4 out of 15 patients were 
found to have mutations in GJA5. Interestingly, 
3 of them had tissue specific mutations and in 
only one was the mutation also present in lym-
phocytes, indicating that the first two are somatic 
mutations. Analysis of the expression of mutant 
proteins revealed impaired intracellular transport 
or reduced intercellular electrical coupling. This 
gives rise to regions of heterogeneous conduc-
tion, providing a substrate for atrial arrhythmias. 
Of note, none of these patients had a prolonged P 
wave during sinus rhythm. There are no data on 
the PR interval in these patients. All of them had 
a normal QRS interval, which is consistent with 
the fact that Cx40 is not present in the ventricle. In 
2003, a large family with progressive atrial stand-
still was reported.41 Symptoms started in the late 
twenties to thirties and progressed to total AS ne-
cessitating implantation of a pacemaker. Genetic 
analysis revealed that affected individuals in the 
family inherited both the D1275N missense mu-
tation in SCN5A. In addition, two closely linked 
polymorphisms were identified in the regulatory 
regions of the gene for connexin40 (Cx40) leading 
to a loss of function. The D1275N SCN5A mutant 
channels shifted the activation curve to more pos-
itive voltages, predicting a loss of function of INa 
and consequently reduced excitability. It is note-
worthy that family members with D1275N alone 
or the rare Cx40 genotype alone were not clinical-
ly affected. Thus, familial AS in this case was as-
sociated with the occurrence of a cardiac sodium 
channel mutation and rare polymorphisms in the 
atrial-specific Cx40 gene. Although the functional 
effect of each genetic change is relatively benign, 
the combined effect of the genetic variants led to 
the development of AS. Prior to AS, 2 of the 4 af-
fected family members had atrial arrhythmias. 
Thus, at present evidence exists that mutations in 
Cx40 can cause AF, but there is no evidence indi-
cating that Cx40 mutations alone can result in AS.

KCNQ1

KCNQ1 encodes the α subunit of the voltagegated

slowly activating delayed rectifier K+ channel re-
sponsible for IKs. Mutations in this gene have been 
linked to LQT1 (loss of function),67, 68 Short QT 
(SQT) 2 (gain of function)69 and AF (gain of func-
tion).70 In 2005, Hong et al. reported a case in which 
a de novo mutation in KCNQ1 (V141M) was re-
sponsible for AF and SQT.71 Interestingly, the child 
carrying this mutation was born with severe bra-
dycardia. In a computerized model, this mutation 
caused a shortening of APD. The abbreviated APD 
in the ventricle explains the SQT phenotype while 
the abbreviated APD in the atrium can explain the 
AF phenotype. In addition, the enhanced outward 
IKs in sinoatrial cells, could lead to a shift of rest-
ing membrane voltage to more negative potentials. 
The authors speculated that this might slow or halt 
spontaneous firing of the SN cells in vivo causing 
AS. Of note, this is the only KCNQ1 mutation re-
ported to affect SN cell activity. The absence of P 
waves associated with irregular heart rate in this 
child theoretically may actually be due to AF and 
not to AS. Accordingly, the slow ventricular re-
sponse may be due to a diseased AV conduction 
rather than slowed SN activity.

ANK2

Protein encoded by the ANK2 gene is a member of 
the ankyrin family of proteins that link the integral 
membrane proteins to the underlying cytoskeleton. 
Ankyrins play a role in activities such as cell motili-
ty, activation, proliferation, contact and the mainte-
nance of specialized membrane domains. Ankyrin- 
B (ANKB or ANK2) is a membrane adaptor protein. 
Mutations in this gene have been identified as the 
cause of LQT4.15, 72, 73 Mutations in this gene increase 
the total intracellular calcium by reducing the ex-
pression of Na/ K ATPase and Na/ Ca exchanger 
in the face of unchanged Ca 2+ entry by ICa. This 
increase is most probably responsible for the early 
after depolarization (EAD) and delayed after depo-
larization (DAD) seen in knockout AnkB+/- mice 
leading to polymorphic ventricular tachycardia.15 
LQT4 has several distinctive characteristics com-
pared to other LQT syndromes. AnkB is located in 
both atria and ventricular cells,72 therefore it is not 
surprising that patients carrying mutations in this 
gene exhibit a variety of symptoms, including si-
nus bradycardia, sinus arrhythmia, catecholamin-
ergic ventricular tachycardia, SCD and AF.

In the first large family described, 12 out of 25 af-
fected family members had AF.15 In this family, all 
of the affected members as well as all of the knock-
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out AnkB +/- mice displayed sinus bradycardia. In-
terestingly, QTc prolongation is not as severe as in 
other LQT syndromes15 and in some the QTc inter-
val is within normal range.72 Recently, two families 
with sinus node dysfunction and AF have been as-
sociated with mutation in ANKB.74 Heart rate was 
lower than 50 bpm in all affected adult individuals. 
In one family, the rhythm originated in the SN in 
7/ 25 affected family members, from the coronary 
sinus in 7/ 25 and as junctional escape in 11/ 25. 
Thirteen of them had AF. In the second family, the 
rhythm originated from the SN in 10/ 13 and from 
the coronary sinus in 3/ 13 members. Three of them 
had AF. The prevalence of AF in both families in-
creased with age. The precise mechanism under-
lying ANKB mutationmediated sinus bradycardia 
and AF is not known. One possibility is that the 
EADs and/or DADs observed in the ventricles of 
knockout AnkB +/- mice may also develop in the 
atria. EAD and DAD have been shown to initiate 
AF in animal models.75-77 Another possibility may 
be that both AF and SN dysfunction are a conse-
quence of conduction delay providing the substrate 
for micro-reentry.

If one takes in account the different interactions 
ANKB can have with a wide variety of ion channel
proteins and transporters, the potential for modu-
lating cardiac function and dysfunction is great and 
may explain the widely varied phenotypes seen in 
patients carrying ANKB mutations.

EMD

EMD encodes the nuclear membrane protein emer-
in. Mutations in this gene and lamin A can lead 
to Emery-Dreifuss muscular dystrophy (EDMD). 
These nuclear proteins are thought to take part in 
maintenance of the nuclear envelope structure and
in regulation of gene expression.78, 79 EDMD is char-
acterized by early contractions of elbows, neck ex-
tensors and Achilles tendons, rigid spine, slowly 
progressive humero- peroneal muscle wasting and 
weakness, and cardiomyopathy with AV conduc-
tion block.78, 79 AF has been associated with EMD in 
a large family with EDMD.78, 79 In this family, a mu-
tation (Lys27del) in EMD was sufficient to produce 
the cardiac phenotype that involved conduction 
abnormalities in all affected individuals and AF in 
most. Those exhibiting the full EDMD phenotype 
had an additional mutation in lamin A. Recently 
a Lys27del in EMD was associated with SN dys-
function and AF.80 Four males presented with SSS 

and subsequently developed AF. All of them had 
symptoms of bradycardia, including syncope, in 
their teenage years. Four asymptomatic females 
were found to have only non-sustained supraven-
tricular tachycardia events and sinus bradycardia. 
While all males received a permanent pacemaker 
at their fourth to eighth decade of life, none of the 
affected female members needed pacing. This dis-
crepancy between males and females is explained 
by the fact the EDMD is an X-linked recessive trait. 
Interestingly, although in affected males there 
was a near total lack of emerin staining in buccal 
epithelial cells, none of them developed contrac-
tures or muscle weakness. Thus, Lys27del- EMD 
has for an unknown reason a cardio-selective 
effect. Emerin is involved not only in maintain-
ing nuclear membrane integrity81 but it was also 
found to be associate with the intercalated disk in 
cardiac muscle.82 This structural role may provide 
the substrate for AF and conduction disease.83

Conclusion 

Genetic defects in ion channels as well as structur-
al proteins have been shown to contribute to sinus 
node dysfunction. In most cases, there is also a 
clear association with clinical AF. Even in cases in 
which one-mutation produces both clinical condi-
tions, the mechanisms responsible may not always 
be the same. In most of the cases discussed, the 
clinical presentation of SN dysfunction and AF do 
not appear concurrently. One typically precedes 
the other by several years, pointing to multiple 
pathways by which a genetic mutation may affect 
the electrical system of the heart. Although, SN 
dysfunction and AF are both very common clini-
cal conditions, the precise mechanism responsible
for each remains a matter of some debate. Recent
molecular genetic findings have provided new in-
sights into the pathophysiological basis for atrial 
arrhythmias and SN function and dysfunction 
that hopefully will guide us to improved diagno-
sis and approaches to therapy.
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Introduction

Atrial fibrillation (AF) is a cardiac rhythm which 
has irregular undulations of the baseline electro-
cardiogram (ECG) of varying amplitude, contour,

and spacing known as fibrillation waves, with the
atrial rate between 350 and 600 beats per minute. 
The fibrillatory waves are seen best in leads V1, II,
III, and aVF. The fibrillation waves may be large 
and coarse, or they may be fine with an almost 
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Abstract
 
The prevalence of atrial fibrillation (AF) increases with age. As the population ages, the burden of AF 
increases. AF is associated with an increased incidence of mortality, stroke, and coronary events com-
pared to sinus rhythm. AF with a rapid ventricular rate may cause a tachycardia-related cardiomyopathy. 
Immediate direct-current (DC) cardioversion should be performed in patients with AF and acute myo-
cardial infarction, chest pain due to myocardial ischemia, hypotension, severe heart failure, or syncope. 
Intravenous beta blockers, diltiazem, or verapamil may be administered to reduce immediately a very 
rapid ventricular rate in AF. An oral beta blocker, verapamil, or diltiazem should be used in persons with 
AF if a fast ventricular rate occurs at rest or during exercise despite digoxin. Amiodarone may be used 
in selected patients with symptomatic life-threatening AF refractory to other drugs. Digoxin should not 
be used to treat patients with paroxysmal AF. Nondrug therapies should be performed in patients with 
symptomatic AF in whom a rapid ventricular rate cannot be slowed by drugs. Paroxysmal AF associated 
with the tachycardia-bradycardia syndrome should be treated with a permanent pacemaker in combina-
tion with drugs. A permanent pacemaker should be implanted in patients with AF and symptoms such 
as dizziness or syncope associated with ventricular pauses greater than 3 seconds which are not drug-
induced. Elective DC cardioversion has a higher success rate and a lower incidence of cardiac adverse 
effects than does medical cardioversion in converting AF to sinus rhythm. Unless transesophageal echo-
cardiography has shown no thrombus in the left atrial appendage before cardioversion, oral warfarin 
should be given for 3 weeks before elective DC or drug cardioversion of AF and continued for at least 
4 weeks after maintenance of sinus rhythm. Many cardiologists prefer, especially in elderly patients , 
ventricular rate control plus warfarin rather than maintaining sinus rhythm with antiarrhythmic drugs. 
Patients with chronic or paroxysmal AF at high risk for stroke should be treated with long-term warfarin 
to achieve an International Normalized Ratio of 2.0 to 3.0. Patients with AF at low risk for stroke or with 
contraindications to warfarin should be treated with aspirin 325 mg daily. 

Key Words: atrial fibrillation; beta blockers; stroke; cardiovascular disease; cardioversion; digoxin; ra-
diofrequency catheter ablation; pacemakers; antiarrhythmic drugs; warfarin; aspirin.
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flat ECG baseline. The ventricular rate in AF is 
irregular unless complete atrioventricular (AV) 
block or dissociation is present. The contour of the 
QRS complex in AF is normal unless there is prior 
bundle branch block, an intraventricular conduc-
tion defect, or aberrant ventricular conduction.

AF is associated with a slow regular ventricu-
lar response, there is complete AV block with an 
AV junctional escape rhythm or idioventricular 
escape rhythm. Myocardial infarction, degenera-
tive changes in the conduction system, and drug 
toxicity such as digitalis toxicity are major causes 
of complete AV block. If AF is associated with a 
regular ventricular response between 60 to 130 
beats per minute, there may be complete AV disso-
ciation with an accelerated AV junctional rhythm 
caused by an acute inferior myocardial infarction,
digitalis toxicity, open heart surgery, or myocardi-
tis, usually rheumatic. Regularization of the ven-
tricular response in AF may also occur in patients 
with complete AV dissociation due to ventricular 
tachycardia or a ventricular paced rhythm.

Prevalence

AF is the most common sustained cardiac arrhyth-
mia. The prevalence of AF increases with age.1-5 In 
the Framingham Study, the prevalence of chronic 
AF was 2% in persons aged 60 to 69 years, 5% in 
persons aged 70 to 79 years, and 9% in persons 
aged 80 to 89 years.1 In a study of 2,101 persons, 
mean age 81 years, the prevalence of chronic AF 
was 5% in persons aged 60 to 70 years, 13% in per-
sons aged 71 to 90 years, and 22% in persons aged 
91 to 103 years.2 Chronic AF was present in 16% of 
1,160 men, mean age 80 years, and in 13% of 2,464 
women, mean age 81 years.3 In 5,201 persons aged 
65 years and older in the Cardiovascular Health 
Study, the prevalence of AF was 6% in men and 5% 
in women.4 In 1,563 persons, mean age 80 years, 
living in the community, the prevalence of chronic 
AF was 9%.5 In the Cardiovascular Health Study, 
the incidence of AF was 19.2 per 1,000 person-
years.6 As the population ages, the burden of AF 
in the United States and worldwide will increase. 
In fact, AF has been described as an epidemic due 
to its increasing prevalence in the ageing popula-
tion.7 AF may be paroxysmal or chronic. Episodes 
of paroxysmal AF may last from a few seconds 
to several weeks. Sixty-eight percent of persons 

presenting with AF of less than 72 hours dura-
tion spontaneously converted to sinus rhythm.8 

Episodes of persistent AF last longer than 7 days 
but less than 1 year. AF in which cardioversion has 
failed or lasts longer than 1 year is usually termed 
permanent.

Predisposing Factors

Multiple, small reentrant circuits arising in the 
atria, exhibiting variable wave lengths, collid-
ing, being extinguished, and arising again usu-
ally cause AF.9 Rapidly firing foci are commonly 
located in or near the pulmonary veins and may 
also cause AF.10 Factors responsible for onset of AF 
include triggers that induce the arrhythmia and 
the substrate that sustains it. Atrial inflammation 
or fibrosis acts as a substrate for the development 
of AF. Triggers of AF include acute atrial stretch, 
accessory AV pathways, premature atrial beats 
or atrial tachycardia, sympathetic or parasympa-
thetic stimulation, and ectopic foci occurring in 
sleeves of atrial tissue within the pulmonary veins 
or vena caval junctions.11 Predisposing factors for 
AF include age, alcohol, aortic regurgitation and 
stenosis, atrial septal defect, autonomic dysfunc-
tion, cardiac or thoracic surgery, cardiomyopa-
thies, chronic lung disease, cocaine, congenital 
heart disease, coronary artery disease (CAD), 
congestive heart failure (CHF), diabetes mellitus, 
drugs (especially sympathomimetics), emotional 
stress, excess coffee, hypertension, hyperthyroid-
ism, hypoglycemia, hypokalemia, hypovolemia, 
hypoxia, left atrial enlargement, left ventricular 
(LV) dysfunction, LV hypertrophy, male gender, 
mitral annular calcium (MAC), mitral stenosis 
and regurgitation, myocardial infarction (MI), 
myocarditis, neoplastic disease, obesity, pericardi-
tis, pneumonia, pulmonary embolism, rheumatic 
heart disease, sick sinus syndrome, smoking, sys-
temic infection, and the Wolff-Parkinson-White 
(WPW) syndrome. Obesity has been reported to 
increase the risk of developing AF by 49% in the 
general population.12 This study was commented 
on by Banach et al.13 Signal-averaged P-wave dura-
tion may independently predict postoperative AF 
at long-term follow-up after surgical correction of 
atrial septal defect type II.14

The Framingham Study demonstrated that the 20-
year incidence of AF was 5.6% in persons with a 



pulse pressure of 40 mm Hg or less and 23.3% for a
pulse pressure greater than 61 mm Hg.15 Persons 
with lone AF have a normal C-reactive protein 
suggesting that this marker of systemic inflamma-
tion is associated not with AF but with the under-
lying cardiovascular conditions associated with 
AF.16 Left atrial volume is a strong and indepen-
dent predictor of postoperative AF after cardiac 
surgery.17

In 254 elderly persons with AF compared to 1,445 
elderly persons with sinus rhythm, mean age 81 
years, 2-dimensional and Doppler echocardiogra-
phy demonstrated that the prevalence of AF was 
increased 17.1 times by rheumatic mitral stenosis, 
2.9 times by left atrial enlargement, 2.5 times by 
abnormal LV ejection fraction, 2.3 times by aortic 
stenosis, 2.2 times by MAC and by ≥1+ mitral re-
gurgitation, 2.1 times by ≥ 1+ aortic regurgitation, 
and 2.0 times by LV hypertrophy.18 The Framing-
ham Study showed that low serum thyrotropin 
levels were independently associated with a 3.1 
times increase in the development of new AF in 
older patients.19

Numerous drugs can induce AF.20 A metaanalysis 
of 11 studies including 56, 308 patients showed 
that angiotensin-converting enzyme inhibitors 
and angiotensin receptor blockers significantly re-
duced the risk of AF by 28%, with a 44% significant 
reduction in AF in patients with CHF.21 This ben-
efit was limited to patients with reduced LV ejec-
tion fraction or LV hypertrophy.21

Recently, many authors have reported the impor-
tant role of statins in the prevention and treatment
of AF since inflammation, is one of the hypotheses 
of AF, and the most popular hypothesis of postop-
erative AF.22-27 For that reason, many authors sug-
gested that preoperative use of statins, due to their 
anti-inflammatory characteristics, might decrease 
the risk of postoperative AF.

An important study on this subject was the ARMY-
DA-3 Study (Atorvastatin for Reduction of MYo-
cardial Dysrhythmia After cardiac surgery).25 The 
authors included 200 patients undergoing elective 
cardiac surgery with cardiopulmonary bypass 
without previous statin treatment or history of AF. 
Patients were randomized to atorvastatin 40 mg 
daily or placebo starting 7 days before operation. 

The primary end point was incidence of postopera-
tive AF; secondary end points were length of stay, 
30-day major adverse cardiac and cerebrovascular 
events, and postoperative C-reactive protein varia-
tions. They showed that atorvastatin significantly 
reduced the incidence of AF versus placebo (35% 
versus 57%, p=0.003). Accordingly, length of stay 
was longer in the placebo versus atorvastatin arm 
(6.9±1.4 vs. 6.3±1.2 days, p=0.001). Peak C-reactive 
protein levels were significantly lower in patients 
without AF, irrespective of randomization assign-
ment. Multivariable analysis showed that atorvas-
tatin treatment conferred a 61% reduction in risk of 
AF, whereas high postoperative C-reactive protein 
levels were associated with increased risk. The au-
thors concluded that preoperative treatment with 
atorvastatin at a dose of 40 mg daily significantly 
reduced the incidence of postoperative AF after 
elective cardiac surgery with cardiopulmonary 
bypass and shortened the hospital stay.

These results might influence practice patterns 
with regard to adjuvant pharmacological therapy 
before cardiac surgery. These results were also 
confirmed, among others, in the study by Mar-
iscalco et al,26 where the authors assessed the ef-
ficacy of preoperative statins in prevention of AF 
in patients after coronary artery bypass grafting 
(CABG). Four hundred and five consecutive pa-
tients who underwent isolated CABG procedures 
were included in the study. Postoperative AF oc-
curred in 29.5% of the patients with preoperative 
statin therapy compared with 40.9% patients with-
out such treatment (p=0.021).26 These investigators 
observed that preoperative statins were associated 
with a 42% reduction in risk of AF development 
after CABG . This study confirmed the result of the 
ARMYDA-3 study and showed that preoperative 
statins could significantly reduce postoperative 
AF after CABG.

A meta-analysis of 9 studies with 28,786 patients 
undergoing isolated surgical revascularization 
showed that 7,019 patients (24.4%) developed 
postoperative AF.28, 29 Important factors predicting 
postoperative AF were advanced age, preopera-
tive LV ejection fraction, history of AF, hyperten-
sion, CHF, peripheral vascular disease, chronic ob-
structive pulmonary disease, neurological event, 
significant stenosis of the left main coronary artery 
before surgery, and postoperative use of inotropic 
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therapy.28, 29

Associated Risks

Patients with diabetes mellitus undergoing coro-
nary angiography with AF have a higher preva-
lence of obstructive CAD and of 3-vessel obstruc-
tive CAD than those with sinus rhythm.30 In the 
Framingham Study, the incidence of death from 
cardiovascular causes was 2.7 times higher in 
women and 2.0 times higher in men with chronic 
AF than in women and men with sinus rhythm.31 
The Framingham Study also showed that after 
adjustment for preexisting cardiovascular con-
ditions, the odds ratio for mortality in persons 
with AF was 1.9 in women and 1.5 in men.32 At 
42-month follow-up of 1,359 elderly persons with 
heart disease, mean age 81 years, patients with 
chronic AF had a 2.2 times increased risk of hav-
ing new coronary events than patients with sinus 
rhythm after controlling for other prognostic vari-
ables.33 In the Copenhagen City Heart Study, the 
effect of AF on the risk of cardiovascular death 
was significantly increased 4.4 times in women 

and 2.2 times in men.34 In the Euro Heart Survey on 
Atrial Fibrillation, women with AF had a 1.83 times 
significantly increased risk of stroke than men with 
AF.35 AF after isolated coronary artery surgery sig-
nificantly increased mortality at 51-month median 
follow-up (adjusted hazard ratio = 2.13).36

AF occurred in 22% of 106,780 persons aged ≥65 
years with acute MI in the Cooperative Cardiovas-
cular Project.37 Compared with sinus rhythm, pa-
tients with AF had a higher in-hospital mortality 
(25% versus 16%), 30-day mortality (29% versus 
19%), and 1-year mortality (48% versus 33%).37 AF 
was an independent predictor of in-hospital mortal-
ity (odds ratio = 1.2), 30-day mortality (odds ratio = 
1.2), and 1-year mortality (odds ratio = 1.3). Elderly 
patients developing AF during hospitalization had 
a worse prognosis than elderly patients presenting 
with AF.37 In the Global Use of Strategies To Open 
Occluded Coronary Arteries (GUSTO-III) study, 
906 of 13,858 patients (7%) developed AF during 
hospitalization.38  After adjusting for baseline dif-
ferences, AF increased the 30-day mortality (odds 
ratio = 1.6) and the 1-year mortality (odds ratio = 
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Favorable Conditions for Cardioversion of Atrial Fibrillation

Less than 1 year duration of atrial fibrillation

No or minimal cardiomegaly
Echocardiographic left atrial dimension less than 45 mm
After treatment of a precipitating cause such as acute myocardial infarction , cardiac
or thoracic surgery, hyperthyroidism, pneumonia, or pericarditis
After corrective valvular surgery

stenosis or hypertrophic obstructive cardiomyopathy

Unfavorable Conditions for Cardioversion of Atrial Fibrillation

Duration of atrial fibrillation greater than 1 year

Moderate to severe cardiomegaly

Echocardiographic left atrial dimension greater than 45 mm

Digitalis toxicity (contraindicated)

Chronic obstructive lung disease

Mitral valve disease

Heart failure

Recurrent atrial fibrillation despite antiarrhythmic drugs

Inability to tolerate antiarrhythmic drugs

Table 1 Conditions Favorable and Unfavorable for Cardioversion of Atrial Fibrillation



Journal of Atrial Fibrillation                                                                     Featured Review

 www.jafib.com                                                   40                                 Apr-May, 2009 | Vol 1| Issue 6

1.6).38

In the Platelet Glycoprotein IIb/IIIa in Unstable An-
gina: Receptors Suppression Using Integrilin Ther-
apy (PURSUIT) trial, AF developed in 6.4% of 9,432
patients with acute coronary syndromes without 
ST-segment elevation.39 After adjustment for other 
variables, patients with AF had a higher 30-day 
mortality (hazard ratio = 4.0) and 6-month mortal-
ity (hazard ratio = 3.0) than patients without AF.39

AF is also an independent risk factor for stroke, es-
pecially in elderly persons.1, 2 In the Framingham 
Study, the relative risk of stroke in patients with 
nonvalvular AF compared with patients with sinus 
rhythm was increased 2.6 times in patients aged 60 
to 69 years, increased 3.3 times in patients aged 70 
to 79 years, and increased 4.5 times in patients aged 
80 to 89 years.1 Chronic AF was an independent 
risk factor for thromboembolic (TE) stroke with a 
relative risk of 3.3 in 2,101 older persons, mean age 
81 years.2 The 3-year incidence of TE stroke was 
38% in older persons with chronic AF and 11% in 
older persons with sinus rhythm.2 The 5-year inci-
dence of TE stroke was 72% in older persons with 
AF and 24% in older persons with sinus rhythm.2 

At 37-month follow-up of 1,476 patients who had 
24-hour ambulatory ECGs (AECGs), the incidence 

of TE stroke was 43% for 201 patients with AF 
(relative risk = 3.3), 17% for 493 patients with par-
oxysmal supraventricular tachycardia, and 18% 
for 782 patients with sinus rhythm.40

In the Copenhagen City Heart Study, the effect of 
AF on the risk of stroke was significantly increased 
7.6 times in women and 1.7 times in men.34 AF 
is also a risk factor for impaired cognitive func-
tion.41 In 2,384 older persons, mean age 81 years, 
AF was present in 17% of older persons with LV 
hypertrophy and in 8% of persons without LV hy-
pertrophy31 Both AF (risk ratio = 3.2) and LV hy-
pertrophy (risk ratio = 2.8) were independent risk 
factors for new TE stroke at 44-month follow-up.42 
The higher prevalence of LV hypertrophy in older 
patients with chronic AF contributes to the in-
creased incidence of TE stroke in elderly patients 
with AF.

Both AF (risk ratio = 3.3) and 40% to 100% extra-
cranial carotid arterial disease (ECAD) (risk ratio 
= 2.5) were independent risk factors for new TE 
stroke at 45-month follow-up of 1,846 older per-
sons, mean age 81 years.43 Elderly persons with 
both chronic AF and 40% to 100% ECAD had a 
6.9 times higher probability of developing new 
TE stroke than elderly persons with sinus rhythm 

Age [1,42,154-158]

Echocardiographic left ventricular dysfunction [159-162]

History of heart failure [158,162,164]
Hypertension [157, 160,162, 164]
Prior thromboembolic events [2,42,157-159,161-165]
Women older than 75 years of age [162]

Rheumatic mitral stenosis [159,160]

Mitral annular calcium [157,166]

Diabetes mellitus [158]

History of myocardial infarction [157, 158, 160,167]

Echocardiographic left atrial enlargement [160,161]

Echocardiographic left ventricular hypertrophy [42, 43, 159,160]

Extracranial carotid arterial disease [43]

Hypercholesterolemia [159]

 Low serum high-density lipoprotein cholesterol [159]

Table 1 CRisk Factors for Stroke in Elderly Patients With Atrial Fibrillation
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and no significant ECAD.43

Cerebral infarctions were documented in 22% of 54 
autopsied patients aged ≥70 years with paroxysmal 
AF.44 Symptomatic cerebral infarction was 2.4 times 
more common in elderly patients with paroxysmal 
AF than in elderly patients with sinus rhythm.44  AF 
also causes silent cerebral infarction.45

AF predisposes to CHF in elderly patients. As much 
as 30% to 40% of LV end-diastolic volume may be at-
tributable to left atrial contraction in older persons. 
Absence of a coordinated left atrial contraction re-
duces late diastolic filling of the LV because of loss 
of the atrial kick. In addition, a rapid ventricular rate 
in AF shortens the LV diastolic filling period, further 
reducing LV filling and stroke volume.

A retrospective analysis of the Studies of Left Ven-
tricular Dysfunction Prevention and Treatment Tri-
als demonstrated that AF was an independent risk 
factor for all-cause mortality (relative risk = 1.3), 
progressive pump failure (relative risk = 1.4), and 
death or hospitalization for CHF (relative risk = 
1.3).46 AF was present in 37% of 355 patients, mean 
age 80 years, with prior MI, CHF, and abnormal LV 
ejection fraction and in 33% of 296 patients, mean 
age 82 years, with prior MI, CHF, and normal LV 
ejection fraction.47 In this study, AF was an indepen-
dent risk factor for mortality with a risk ratio of 1.5.47

A CHADS2 score in persons with AF gives 1 point 
for CHF, 1 point for hypertension, 1 point for age 

older than 75 years, 1 point for diabetes melli-
tus, and 2 points for previous stroke or transient 
ischemic attack and estimates the risk of stroke.48 
At 31-month follow-up of 521 persons with AF, 
a CHADS2 score of 5 or 6 had a 52 times signifi-
cantly increased risk for stroke than a CHADS2 
score of 0.49

A very fast ventricular rate associated with chron-
ic or paroxysmal AF may cause a tachycardia-
related cardiomyopathy which may be an unrec-
ognized curable cause of CHF.50, 51 Reducing the 
rapid ventricular rate by radiofrequency ablation 
of the AV node with permanent pacing caused an 
improvement in LV ejection fraction in patients 
with medically refractory AF.52 In a substudy 
of the Ablate and Pace Trial, 63 of 161 patients 
(39%) with AF referred for AV junction ablation 
and right ventricular pacing had an abnormal LV 
ejection fraction.53 Forty-eight of the 63 patients 
had follow-up echocardiograms. Sixteen of the 48 
patients [33%) had a marked improvement in LV 
ejection fraction to a value >45% after ventricular 
rate control by AV junction ablation.53

Clinical Symptoms

Patients with AF may be symptomatic or asymp-
tomatic with their arrhythmia diagnosed by phys-
ical examination or by an ECG. Examination of a 
patient after a stroke may lead to the diagnosis 
of AF. Symptoms caused by AF may include pal-

1. Administer aspirin 81 to 325 mg daily for patients with no risk factors

2. Administer aspirin 81 to 325 mg daily or warfarin to maintain an INR between 2.0-
3.0 for patients with 1 moderate-risk factor

3. Administer warfarin to maintain an INR between 2.0-3.0 for patients with any high-risk factor or more than 1 moderate-
risk factor.

Moderate-risk factors include age ≥75 years, hypertension, heart failure, LV ejection fraction ≤35%, or diabetes mellitus

High-risk factors include prior stroke, transient ischemic attack or embolism, mitral
stenosis, prosthetic heart value*

*If mechanical valve, the INR should be maintained between 2.5-3.5 Adapted from
Fuster V et al [183]

Table 3 American College of Cardiology/American Heart Association/European Society for Cardiology Class I Indi-
cations for Treating Patients With Atrial Fibrillation With Antithrombotic Therapy
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pitations, skips in heartbeat, exercise intolerance, 
fatigue on exertion, cough, chest pain, dizziness, 
and syncope. A very fast ventricular rate and loss 
of atrial contraction decrease cardiac output and 
may lead to angina pectoris, CHF, hypotension, 
acute pulmonary edema, and syncope, especially 
in patients with aortic stenosis, mitral stenosis, or 
hypertrophic cardiomyopathy.

Diagnostic Tests

When AF is suspected, a 12-lead ECG with a 
1-minute rhythm strip should be obtained to con-
firm the diagnosis. If paroxysmal AF is suspected,
a 24-hour AECG should be obtained. All patients 
with AF should have an M-mode, 2-dimensional, 
and Doppler echocardiogram to determine the 
presence and severity of the cardiac abnormali-
ties causing AF and to identify risk factors for 
stroke. Appropriate tests for noncardiac causes of 
AF should be obtained when clinically indicated. 
Thyroid function tests should be obtained as AF 
or CHF may be the only clinical manifestations 
of apathetic hyperthyroidism in elderly patients. 
Transthoracic echocardiographic predictors of 
left atrial appendage thrombus are mitral steno-
sis, AF, tricuspid tregurgitation, valvular pros-
thesis, LV dysfunction, and right ventricular dys-
function.54

Management of Underlying Causes

Management of AF should include treatment of 
the underlying disease (such as hyperthyroid-
ism, pneumonia, or pulmonary embolism) when 
possible. Surgical candidates for mitral valve re-
placement should have mitral valve surgery if 
it is clinically indicated. If mitral valve surgery 
is not performed in patients with significant mi-
tral valve disease, elective cardioversion should 
not be attempted in patients with AF since early 
frequent relapses are common if AF converts to 
sinus rhythm. Precipitating factors such as CHF, 
infection, hypoglycemia, hypokalemia, hypovole-
mia, and hypoxia should be treated immediately. 
Alcohol, coffee, and drugs (especially sympatho-
mimetics) that precipitate AF should be avoided. 
Paroxysmal AF associated with the tachycardia-
bradycardia (sick sinus syndrome) should be 
treated with permanent pacing in combination 
with drugs to decrease a very fast ventricular rate 

associated with AF.55

Management Of Very Fast Ventricular Rate

Direct-current (DC) cardioversion should be per-
formed immediately in patients who have parox-
ysmal AF with a very rapid ventricular rate as-
sociated with an acute MI, chest pain caused by 
myocardial ischemia, hypotension, severe CHF, 
syncope, or preexcitation syndromes. Intrave-
nous beta blockers,56-59 diltiazem,60 or verapamil61 
may be administered to slow immediately a very 
rapid ventricular rate associated with AF except 
in patients with preexcitation syndromes.

Propranolol should be administered intrave-
nously in a dose of 1.0 mg over a 5-minute period 
and then given intravenously at a rate of 0.5 mg/
minute to a maximum dose of 0.1 mg/kg. Esmolol 
administered intravenously in a dose of 0.5 mg/
kg over 1 minute followed by 0.05 to 0.1 mg/kg 
per minute may also be used to slow a very rapid 
ventricular rate in AF. After the very rapid ven-
tricular rate is slowed, oral propranolol should be 
started with an initial dose of 10 mg given every 6 
hours. This dose may be increased progressively 
to a maximum dose of 80 mg every 6 hours if nec-
essary. Other beta blockers can be used with ap-
propriate doses administered.

The initial dose of diltiazem administered intra-
venously to slow a very rapid ventricular rate in 
AF is 0.25 mg/kg given over 2 minutes. If this dose 
does not reduce the very fast ventricular rate or 
cause adverse effects, a second dose of 0.35 mg/kg
administered intravenously over 2 minutes 
should be given 15 minutes after the first dose. 
After slowing the very rapid ventricular rate, oral 
diltiazem should be started with an initial dose of 
60 mg given every 6 hours. If necessary, this dose 
may be increased to a maximum dose of 90 mg 
every 6 hours.

The initial dose of verapamil administered intra-
venously is 0.075 mg/kg (to a maximum dose of 5
mg). If this dose does not slow the very rapid 
ventricular rate or cause adverse effects, a sec-
ond dose of 0.075 mg/kg (to a maximum dose of 
5 mg) should be given intravenously 10 minutes 
after the first dose. If the second dose of intrave-
nous verapamil does not decrease the very rapid 
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ventricular rate or cause adverse effects, a dose of 
0.15 mg/kg (to a maximum dose of 10 mg) should 
be given intravenously 30 minutes after the sec-
ond dose. After slowing the very rapid ventricu-
lar rate, oral verapamil should be started with an 
initial dose of 80 mg every 6 to 8 hours. This dose 
may be increased to 120 mg every 6 hours over 
the next 2 to 3 days.

Management Of Rapid Ventricular Rate

Digitalis glycosides are ineffective in convert-
ing AF to sinus rhythm.62 Digoxin is also ineffec-
tive in slowing a rapid ventricular rate in AF if 
there is associated fever, hyperthyroidism, acute 
blood loss, hypoxia or any condition involving 
increased sympathetic tone.63 However, digoxin 
should be used to decrease a rapid ventricular 
rate in AF unassociated with increased sympa-
thetic tone, hypertrophic cardiomyopathy, or the 
WPW syndrome, especially if there is LV systolic 
dysfunction.

The usual initial dose of digoxin given to undigi-
talized patients with AF is 0.5 mg orally. Depend-
ing on the clinical response, a second oral dose 
of 0.25 mg may be given in 6 to 8 hours, and a 
third oral dose of 0.25 mg may be administered 
in another 6 to 8 hours to slow a rapid ventricular 
rate. The usual maintenance oral dose of digoxin 
given to patients with AF is 0.25 mg to 0.5 mg dai-
ly, with the dose reduced to 0.125 mg to 0.25 mg 
daily for older patients who are more susceptible 
to digitalis toxicity.64

Oral beta blockers,65 diltiazem,66 or verapamil67 

should be added to the therapeutic regimen if a 
rapid ventricular rate in AF occurs at rest or dur-
ing exercise despite digoxin. These drugs act syn-
ergistically with digoxin to depress conduction 
through the AV junction. In a study of atenolol 
50 mg daily, digoxin 0.25 mg daily, diltiazem-CD 
240 mg daily, digoxin 0.25 mg plus atenolol 50 mg 
daily, and digoxin 0.25 mg plus diltiazem-CD 240 
mg daily, digoxin and diltiazem as single drugs 
were least effective and digoxin plus atenolol was 
most effective in controlling the ventricular rate 
in AF during daily activities.68

Amiodarone is the most effective drug for slow-
ing a rapid ventricular rate in AF.69, 70 The non-

competitive beta receptor inhibition and calcium 
channel blockade are powerful AV nodal con-
duction depressants. However, the adverse side 
effect profile of amiodarone limits its use in the 
treatment of AF. Oral doses of 200 mg to 400 mg 
of amiodarone daily may be used in selected pa-
tients with symptomatic life-threatening AF re-
fractory to other drugs.

Dronedarone is a new antiarrhythmic drug with 
an electropharmacologic profile related to amio-
darone but with modifications intended to elimi-
nate thyroid adverse effects.71 In 2 double-blind, 
randomized trials in patients in sinus rhythm 
with a history of AF in the preceding 3 months 
and no CHF, 828 patients were treated with 
dronedarone 400 mg twice daily and 409 patients 
with placebo.72 At 1-year follow-up, 67% of pa-
tients randomized to dronedarone and 78% of 
patients randomized to placebo had recurrence of 
AF.72  The serum creatinine significantly increased 
in patients treated with dronedarone (2.4%) com-
pared to patients treated with placebo (0.2%).72

In the Antiarrhythmic Trial with Dronedarone 
in Moderate-to-Severe Congestive Heart Failure 
Evaluating Morbidity Decrease (ANDROMEDA),
627 persons were randomized to dronedarone or 
placebo.71 This study was prematurely stopped 
because of an excess risk of death in the persons 
treated with dromedarone.71 Therapeutic concen-
trations of digoxin do not lower the frequency 
of episodes of paroxysmal AF or the duration of 
episodes of paroxysmal AF diagnosed by 24-hour 
AECGS.73,74 Digoxin has been found to increase 
the duration of episodes of paroxysmal AF, a re-
sult consistent with its action in reducing the atri-
al refractory period.73

Therapeutic concentrations of digoxin also do not 
prevent a rapid ventricular rate from occurring 
in patients with paroxysmal AF.73-75 After a brief 
episode of AF, digoxin increases the shortening 
that occurs in atrial refactoriness and predispos-
es to the reinduction of AF.76 Therefore, digoxin 
should be avoided in patients with sinus rhythm 
with a history of paroxysmal AF.

Nondrug Therapies

Radiofrequency catheter modification of AV 
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conduction could be performed in patients with 
symptomatic AF in whom a rapid ventricular rate
cannot be slowed by drugs.77, 78 If this procedure 
does not slow the rapid ventricular rate associ-
ated with AF, complete AV block produced by 
radiofrequency catheter ablation followed by per-
manent pacemaker implantation should be per-
formed.79 In a randomized controlled study of 66 
persons with CHF and chronic AF, AV junction 
ablation with implantation of a VVIR pacemak-
er was superior to drug treatment in controlling 
symptoms.80 Long-term survival is similar for 
patients with AF whether they receive radiofre-
quency ablation of the AV node and implantation 
of a permanent pacemaker or drug therapy.81 In 
44 patients, mean age 78±5 years, radiofrequency 
catheter ablation followed by pacemaker implan-
tation was successful in ablating the AV junction 
in 43 of 44 patients (98%) with AF and a rapid 
ventricular rate not controlled by drug therapy.82

Surgical techniques have been developed for 
use in patients with AF in whom the ventricu-
lar rate cannot be slowed by drug treatment.83, 84 
The maze procedure is a surgical dissection of 
the right and left atrium creating a maze through 
which the electrical activation is compartamental-
ized, preventing the formation and perpetuation 
of the multiple wavelets needed for maintenance 
of AF. This procedure is typically performed in 
association with mitral valve surgery or CABG. 
At 2 to 3 years follow-up, 74% of 39 patients and 
90% of 100 patients undergoing the maze proce-
dure remained in sinus rhythm.85, 86 Thirty-five of 
43 patients [85%) with drug-refractory, lone par-
oxysmal AF were arrhythmia free after maze sur-
gery.87 At 29-month follow-up, 18 of 28 patients 
(64%), mean age 71 years, who had an intraopera-
tive radiofrequency maze procedure for treating 
AF at the time of valve surgery or CABS were in 
sinus rhythm.88

Another intraoperative approach for treating AF 
in patients undergoing mitral valve surgery is 
cryoablation limited to the posterior left atrium. 
Sinus rhythm was restored in 20 of 29 patients 
[69%) with chronic AF undergoing this proce-
dure.89

Ablation of pulmonary vein foci that cause AF is a 
developing area in the treatment of AF. However,

recurrent AF develops in 40% to 60% of patients 
despite initial efficacy with this procedure.90 An-
other problem with this approach is a 3% inci-
dence of pulmonary vein stenosis occurring after 
this procedure.90

Recent randomized studies documented that cir-
cumferential pulmonary vein radiofrequency ab-
lation was significantly more effective than antiar-
rhythmic drug therapy in preventing recurrence 
of AF (93% versus 35%) in 198 patients at 1 year91 

and (87% versus 37%) in 67 patients at 1 year.92 

At 15-month follow-up, 27 of 55 persons with AF 
(49%) with isolation of each individual pulmonary 
vein and 37 of 55 persons with AF (67%) with isola-
tion of large areas around both ipsilateral pulmo-
nary veins had no AF or atrial flutter (AFL) after 
a single radiofrequency ablation.93 There are no 
long-term follow-up data showing a reduction in 
stroke risk in patients apparently cured of AF with 
radiofrequency catheter ablation. Modification of 
the substrate responsible for AF can be accom-
plished in the right and/or left atrium with linear 
lesions. This catheter maze-ablation approach is 
effective in a small percentage of patients.94

The Atrioverter, an implantable defibrillator con-
nected to right atrial and right coronary sinus defi-
brillation leads, causes restoration of sinus rhythm 
by low-energy shock and has an 80% efficacy in 
terminating AF.95 Further efforts are needed to im-
prove patient tolerability and to prevent earlier re-
currence of AF after successful transvenous atrial 
defibrillation. The implanted atrial defibrillator 
is currently available only in combination with a 
ventricular defibrillator. The Atrioverter may also 
convert atrial tachycardia to sinus rhythm using 
an atrial pacing overdrive algorhythm before such 
tachycardias induce AF.

Pacing

Paroxysmal AF associated with the tachycardi-
abradycardia (sick sinus) syndrome should be 
treated with a permanent pacemaker combined 
with drugs to slow a rapid ventricular rate associ-
ated with AF.55 Ventricular pacing is an indepen-
dent risk factor for the development of chronic AF 
in patients with paroxysmal AF associated with 
the tachycardia-bradycardia syndrome.96 Patients 
with paroxysmal AF associated with the tachycar-
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dia-bradycardia syndrome and no signs of AV 
conduction abnormalities should be treated with 
atrial pacing or dual-chamber pacing rather than 
with ventricular pacing because atrial pacing is 
associated with less AF, fewer TE complications, 
and a lower risk of AV block than is ventricular 
pacing.97

Many elderly persons are able to tolerate AF 
without the need for therapy because the ven-
tricular rate is slow due to concomitant AV nod-
al disease.

These persons should not be treated with drugs 
that depress AV conduction. A permanent pace-
maker should be implanted in patients with AF 
who develop cerebral symptoms such as diz-
ziness or syncope associated with ventricular 
pauses longer than 3 seconds which are not drug-
induced, as documented by a 24-hour AECG.98 If 
patients with AF have drug-induced symptom-
atic bradycardia, and the causative drug cannot 
be discontinued, a permanent pacemaker must 
be implanted. Atrial pacing is effective in treat-
ing vagotonic AF99 and may be considered if 
treatment with a vagolytic antiarrhythmic drug 
such as disopyramide is ineffective. Atrial pacing 
is also effective in treating patients with the sick 
sinus syndrome.97 However, when bradycardia 
is not an indication for pacing, atrial-based pac-
ing may not prevent episodes of AF.100 Dual-site 
atrial pacing is more efficacious than single-site 
pacing for preventing AF.101 However, the pa-
tients in this study had a bradycardia indication 
for pacing and continued to need antiarrhythmic 
drugs.101

Dual-site atrial pacing with continued sinus 
overdrive for AF in patients with bradycardia 
prolonged time to AF recurrence and decreased 
AF burden in patients with paroxysmal AF.102 

However, there was no difference in AF check-
list symptom scores or overall quality-of-life 
scores.102 The absence of an effect on symptom 
control suggests that pacing should be used as 
adjunctive therapy with other treatment modali-
ties for AF.102

Biatrial pacing after CABS has also been shown 
to decrease the incidence of AF.103 All ECGs in 
patients with paced rhythm should be examined 

closely for underlying AF to prevent under-recog-
nition of AF and under-treatment with anticoagu-
lants.104 Permanent pacing to prevent AF is not in-
dicated.105

Percutaneous Left Atrial Appendage Trans-
catheter Occlusion

In 2 prospective multicenter trials, percutaneous 
left atrial appendage occlusion using the PLAATO 
system was attempted in 111 patients, mean age 71 
years, with a contraindication to anticoagulant ther-
apy and at least 1 additional risk factor for stroke.106 
Implantation was successful in 108 of 111 patients 
(97%). At 9.8-month follow-up, 2 patients (2%) de-
veloped stroke.106 Long-term studies are necessary 
to confirm the long-term safety of the device and a 
reduction in TE stroke.

The WATCHMAN Left Atrial Appendage System
is another left atrial appendage occlusion device.107 
At 45-day follow-up, 54 of 58 persons (93%) treated 
with this device had successful sealing of the left 
atrial appendage.107 Two patients (4%) developed 
transient ischemic attack at 24-month follow-up. 
Anticoagulation is required for 45 days to 6 months 
until endothelialization of this device is complete.

Wolff –parkinson –white Syndrome

DC cardioversion should be performed if a rapid 
ventricular rate in patients with paroxysmal AF as-
sociated with the WPW syndrome is life-threaten-
ing or fails to respond to drug therapy. Drug treat-
ment for paroxysmal AF associated with the WPW 
syndrome includes propranolol plus procainamide, 
disopyramide, or quinidine.108 Digoxin, diltiazem, 
and verapamil are contraindicated in patients with 
AF with the WPW syndrome because these drugs 
shorten the refractory period of the accessory AV 
pathway, resulting in more rapid conduction down 
the accessory pathway. This results in a marked in-
crease in ventricular rate. Radiofrequency catheter 
ablation or surgical ablation of the accessory con-
duction pathway should be considered in patients 
with AF and rapid AV conduction over the acces-
sory pathway.109 In 500 patients with an accessory 
pathway, radiofrequency catheter ablation of the 
accessory pathway was successful in treating 93% 
of patients.110
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Elective Cardioversion

Elective DC cardioversion has a higher success rate 
than does medical cardioversion in converting AF 
to sinus rhythm.111 Table 1 shows favorable and un-
favorable conditions for elective cardioversion of 
chronic AF.

The American College of Cardiology (ACC)/Ameri-
can Heart Association (AHA)/European Society for 
Cardiology (ESC) guidelines state that Class I in-
dications for cardioversion of AF to sinus rhythm 
include 1) immediate DC cardioversion in patients 
with paroxysmal AF and a rapid ventricular rate 
who have ECG evidence of acute MI or symptom-
atic hypotension, angina, or CHF that does not re-
spond promptly to pharmacological measures and 
2) DC or drug cardioversion in patients with chronic 
AF without hemodynamic instability when symp-
toms of AF are unacceptable.112

Elective cardioversion of AF either by DC or by 
antiarrhythmic drugs should not be performed in 
asymptomatic older patients with chronic AF. Rec-
tilinear, biphasic shocks have been found to have 
greater efficacy and need less energy than the tra-
ditional damped sine wave monophasic shocks.113 

Therefore, biphasic shocks to cardiovert AF should 
become the clinical standard.

Antiarrhythmic drugs that have been used to con-
vert AF to sinus rhythm include amiodarone, diso-
pyramide, dofetilide, encainide, flecainide, ibutilide, 
procainamide, propafenone, quinidine, and sotalol. 
None of these drugs is as successful as DC cardio-
version, which has a success rate of 80% to 90% in 
converting AF to sinus rhythm. All of these drugs 
are proarrhythmic and may aggravate or cause car-
diac arrhythmias.

Encainide and flecainide caused atrial proarrhyth-
mic effects in 6 of 60 patients (10%).114 The atrial pro-
arrhythmic effects included conversion of AF to atri-
al flutter with a 1-to-1 AV conduction response and 
a very fast ventricular rate.114 Flecainide has caused 
ventricular tachycardia (VT) and ventricular fibrilla-
tion (VF) in patients with chronic AF.115 Antiarrhyth-
mic drugs including amiodarone, disopyramide, fle-
cainide, procainamide, propafenone, quinidine, and 
sotalol caused cardiac adverse effects in 73 of 417 
patients (18%) hospitalized for AF.116 Class IC drugs 

such as encainide, flecainide, and propafenone 
should not be used in patients with prior MI 
or abnormal LV ejection fraction because these 
drugs may cause life-threatening ventricular 
tachyarrhythmias in these patients.117

Dofetilide and ibutilide are Class III antiar-
rhythmic drugs that have been used for the 
conversion of AF to sinus rhythm. Eleven of 
75 patients (15%) with AF treated with intra-
venous dofetilide converted to sinus rhythm.118 
Torsade de pointes occurred in 3% of patients 
treated with intravenous dofetilide.118 After 
1-month, 22 of 190 patients (12%) with AF and 
CHF had sinus rhythm restored with dofetilide 
compared to 3 of 201 patients (1%) treated with 
placebo.119 Torsade de pointes developed in 25 
of 762 patients (3%) treated with dofetilide and 
in none of 756 patients (0%) treated with pla-
cebo.119 Dofetilide has also been reported to be 
useful for the prevention of AF after CABG.120 
This study was commented on by Mariscalco et 
al.121

Twenty-three of 79 patients (29%) with AF 
treated with intravenous ibutilide converted to 
sinus rhythm.122 Polymorphic VT developed in 
4% of patients who received intravenous ibuti-
lide in this study.122 Baseline bradycardia with 
AF may predispose to ibutilide-induced poly-
morphic VT.

Vernakalant is a relatively atrium-selective , ear-
ly-activating K+, and frequency-dependent Na+ 
channel blocker with a half-life of 2 to 3 hours 
.123 In patients with an AF duration of 3 hours 
to 7 days, 75 of 145 patients (52%) randomized 
to vernakalant and 3 of 75 patients randomized 
to placebo (4%) converted to sinus rhythm.123 In 
patients with an AF duration of 8 to 45 days, 
8 of 76 patients (11%) randomized to vernaka-
lant and 0 of 40 patients (0%) randomized to 
placebo converted to sinus rhythm.123 In the 221 
patients treated with vernakalant, hypotension 
developed in 2 patients, cardiogenic shock in 1 
patient, and complete AV block in 1 patient.123

DC cardioversion of AF has a higher success 
rate in converting AF to sinus rhythm and a 
lower incidence of cardiac adverse effects than 
treatment with any antiarrhythmic drug. How-
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ever, pretreatment with ibutilide has been found 
to facilitate transthoracic cardioversion of AF.124

Unless transesophageal echocardiography has 
demonstrated no thrombus in the left atrial ap-
pendage before cardioversion,125 oral warfarin 
should be administered for 3 weeks before elective 
DC or drug conversion of patients with AF to sinus 
rhythm.126 Anticoagulant therapy should also be 
administered at the time of cardioversion and con-
tinued until sinus rhythm has been maintained for 
4 weeks.126 After DC or drug cardioversion of AF 
to sinus rhythm, the left atrium becomes stunned 
and contracts poorly for 3 to 4 weeks, predispos-
ing to TE stroke unless the patient is maintained on 
oral warfarin.127, 128 The maintenance dose of oral 
warfarin should be titrated by serial prothrombin 
times so that the International Normalized Ratio 
(INR) is 2.0 to 3.0.126

In a multicenter, randomized, prospective study, 
1,222 patients with AF of >2 days duration were 
randomized to either treatment guided by the 
findings on transesophageal echocardiography or 
to management with conventional therapy.129

The primary endpoint was cerebrovascular ac-
cident, transient ischemic attack, and peripheral 
embolism
within 8 weeks. The incidence of embolic events 
at 8 weeks was 0.8% in the transesophageal echo-
cardiography treatment group and 0.5% in the 
conventional treatment group.129 At 8 weeks, there 
were also no significant differences between the 2 
groups in the rates of death, maintenance of sinus 
rhythm, or functional status.129 However, there 
was a trend toward a higher rate of death from any 
cause in the transesophageal echocardiography 
treatment group (2.4%) than in the conventional 
treatment group (1.0%) (p=0.06).129 This study 
showed the importance of maintaining therapeu-
tic anticoagulation in the period after cardiover-
sion even if there is no transesophageal echocar-
diographic evidence of thrombus.128,130 The best 
management strategy for patients with evidence 
of an atrial thrombus on initial transesophageal 
echocardiography remains controversial.131 In the 
absence of data from a randomized trial, patients 
probably should have follow-up transesophageal 
echocardiography after 1 month of warfarin ther-
apy to demonstrate resolution of the atrial throm-

bus.131,132

Antiarrhythmic Drugs To Maintain Sinus 
Rhythm

The efficacy and safety of antiarrhythmic drugs af-
ter cardioversion of AF to maintain sinus rhythm 
has been questioned. A meta-analysis of 6 double-
blind, placebo-controlled studies of quinidine in-
volving 808 patients who had direct-current car-
dioversion of chronic AF to sinus rhythm showed 
that 50% of patients treated with quinidine and 
25% of patients treated with placebo remained in 
sinus rhythm at 1 year follow-up.133 However, the 
mortality was significantly higher in patients treat-
ed with quinidine (2.9%) than in patients treated 
with placebo (0.8%).133 In a study of 406 elderly pa-
tients, mean age 82 years, with heart disease and 
complex ventricular arrhythmias, the incidence of 
adverse effects causing drug cessation was 48% 
for quinidine and 55% for procainamide.134 The in-
cidence of total mortality at 2-year follow-up was 
insignificantly higher in elderly patients treated 
with quinidine or procainamide compared with 
elderly patients not receiving an antiarrhythmic 
drug.134

In another study, 85 patients were randomized to 
quinidine and 98 patients to sotalol after DC car-
dioversion of AF to sinus rhythm.122 At 6-month 
follow-up, 48% of quinidine-treated patients and 
52% of sotalol-treated patients remained in si-
nus rhythm.135 At 1-year follow-up of 100 patients 
with AF cardioverted to sinus rhythm, 37% of 50 
patients randomized to sotalol and 30% of 50 pa-
tients randomized to propafenone remained in si-
nus rhythm.136

In a study of 403 patients with at least 1 episode of 
AF in the prior 6 months, 201 patients were treat-
ed with amiodarone and 202 patients were treat-
ed with sotalol or propafenone.137 At 16-month 
follow-up, AF recurred in 35% of patients treated 
with amiodarone and in 63% of patients treated 
with sotalol or propafenone.137 Adverse effects 
causing cessation of drug occurred in 18% of pa-
tients treated with amiodarone and in 11% of pa-
tients treated with sotalol or propafenone.137

After cardioversion of 394 patients with AF to 
sinus rhythm, 197 patients were randomized to 
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metoprolol CR/XL and 197 patients to placebo.138 
At 6-month follow-up, the percent of patients in 
sinus rhythm was significantly higher on meto-
prolol CR/XL (51%) than on placebo (40%).138 The 
heart rate in patients who relapsed into AF was 
also significantly lower in pts treated with meto-
prolol CR/XL than in patients treated with pla-
cebo.138

In a study of 384 patients with a history of AF or
atrial flutter, azimilide lengthened the median 
time to first symptomatic arrhythmia recurrence 
from 17 days in the placebo group to 60 days in 
the azimilide group.139 However, additional data 
on both efficacy and safety of azimilide are needed 
before knowing its role in clinical practice.

Of the 1,330 patients in the Stroke Prevention in
Atrial Fibrillation (SPAF) Study, 127 persons were 
taking quinidine, 57 procainamide, 34 flecainide, 
20 encainide, 15 disopyramide, and 7 amioda-
rone.140 Patients who were taking an antiarrhyth-
mic drug had a 2.7 times higher adjusted relative 
risk of cardiac mortality and a 2.3 times higher ad-
justed relative risk of arrhythmic death compared 
with patients not taking an antiarrhythmic drug.140 
Patients with a history of CHF who were taking an 
antiarrhythmic drug had a 4.7 times increased risk 
of cardiac death and a 3.7 times increased risk of 
arrhythmic death than patients with a history of 
CHF not taking an antiarrhythmic drug.140

A meta-analysis of 59 randomized, controlled tri-
als comprising 23,229 patients that investigated 
the use of aprindine, disopyramide, encainide, 
flecainide, imipramine, lidocaine, mexiletine, mo-
ricizine, phenytoin, procainamide, quinidine, and 
tocainide after MI also demonstrated that mortal-
ity was significantly higher in patients receiving 
Class I antiarhythmic drugs (odds ratio = 1.14) 
than in patients not receiving an antiarrhythmic 
drug [141]. None of the 59 studies showed a de-
crease in mortality by antiarrhythmic drugs.141

Amiodarone is the antiarrhythmic drug with 
the highest success rate in maintenance of sinus 
rhythm after cardioversion of AF.137 However, in 
the Cardiac Arrest in Seattle: Conventional Ver-
sus Amiodarone Drug Evaluation Study, the inci-
dence of pulmonary toxicity was 10% at 2 years 
in patients receiving amiodarone in a mean dose 

of 158 mg daily.142 The incidence of adverse ef-
fects from amiodarone also approaches 90% after 
5 years of therapy.143

Ventricular Rate Control

Because maintenance of sinus rhythm with antiar-
rhythmic drugs may require serial cardioversions,
exposes patients to the risks of proarrhythmia, 
sudden cardiac death, and other adverse effects, 
and requires the use of anticoagulants in patients 
in sinus rhythm who have a high risk of recurrence
of AF, many cardiologists prefer the management 
strategy of ventricular rate control plus use of anti-
coagulants in patients with AF, especially in older
patients with AF. Beta blockers such as proprano-
lol 10 mg to 30 mg given 3 to 4 times daily can be 
administered to control ventricular arrhythmias144 
and after conversion of AF to sinus rhythm. Should 
AF recur, beta blockers have the added advantage 
of slowing the ventricular rate. Beta blockers are 
also the most effective drugs in preventing and 
treating AF after CABS.145 Logistic regression 
analysis showed that postoperative treatment 
with carvedilol prevented postoperative paroxys-
mal AF after CABG (p = 0.0159).146 This study was 
commented on by Banach et al.147

The Pharmacological Intervention in Atrial Fibril-
lation trial was a randomized trial of 252 patients 
with AF of between 7 days and 360 days duration 
which compared ventricular rate control (125 pa-
tients) with rhythm control (127 patients) [148]. 
Diltiazem was used as first-line therapy in patients 
randomized to ventricular rate control. Amioda-
rone was used as first-line therapy in patients ran-
domized to rhythm control. Amiodarone admin-
istration resulted in conversion of 23% of patients 
to sinus rhythm.148 Symptomatic improvement 
was reported in a similar percentage of patients in 
both groups. Assessment of quality of life showed 
no significant difference between the 2 treatment 
groups. The incidence of hospital admission 
was significantly higher in patients treated with 
rhythm control (69%) than in patients treated with 
ventricular rate control (24%).148 Adverse drug ef-
fects caused a change in drug therapy in signifi-
cantly more patients treated with rhythm control 
(25%) than in patients treated with ventricular rate 
control (14%).148
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The Atrial Fibrillation Follow-Up Investigation of 
Rhythm Management (AFFIRM) Study random-
ized 4, 060 patients, mean age 70 years (39% wom-
en), with paroxysmal or chronic AF of less than 6 
months duration at high risk for stroke to either 
maintenance of AF with ventricular rate control or
to an attempt to maintain sinus rhythm with anti-
arrhythmic drugs after cardioversion.149 Patients in 
both arms of this study were treated with warfarin. 
All-cause mortality at 5 years was insignificantly 
increased 15% in the maintenance of sinus rhythm 
group compared to the ventricular rate control 
group (24% versus 21 %, p = 0.08).149 TE stroke was 
insignificantly decreased in the ventricular rate 
control group (5.5% versus 7.1%), and all-cause 
hospitalization was significantly decreased in the 
ventricular rate control group (73% versus 80%, p 
< 0.001).149 In both groups, the majority of strokes 
developed after warfarin was stopped or when the 
INR was subtherapeutic. There was no significant 
difference in quality of life or functional status 
between the 2 treatment groups.149 Rhythm con-
trol did not improve mortality, hospitalization, or 
New York Heart Association class in patients with 
LV ejection fractions of 40% to 49%, 30% to 39%, or 
less than 30%.150

The Rate Control Versus Electrical Cardioversion 
for Persistent Atrial Fibrillation Study Group ran-
domized 522 patients with persistent AF after a 
previous electrical cardioversion to receive treat-
ment aimed at ventricular rate control or rhythm 
control.151 Both groups were treated with oral an-
ticoagulants. At 2.3-year follow-up, the composite 
end point of death from cardiovascular causes, 
heart failure, TE complications, bleeding, implan-
tation of a pacemaker, and severe adverse effects 
of drugs was 17.2% in the ventricular rate control 
group versus 22.6% in the rhythm control group 
.151 In this study, women randomized to rhythm
control had a 3.1 times significant increase in car-
diovascular morbidity or mortality than women 
randomized to ventricular rate control (p=0.002) 
.152

The 2-year mortality was similar in 1,009 patients 
with AF and CHF treated with rate control or 
rhythm control.153 At 37-month follow-up of 1,376 
patients, mean age 67 years with AF and CHF, car-
diovascular mortality was 27% in patients
treated with rhythm control versus 25% in pa-

tients treated with ventricular rate control.154 The 
secondary outcomes of all-cause mortality, stroke, 
worsening CHF, and composite of cardiovascular 
death, stroke, or worsening CHF were also similar 
in both groups.154

During 19-month follow-up of 110 patients with 
a history of AF treated with antiarrhythmic drug 
therapy, recurrent AF was diagnosed by ECG re-
cordings in 46% of the patients and by an implant-
able monitoring device in 88% of the patients .155 

AF lasting longer than 48 hours was diagnosed 
by the monitoring device in 50 of the 110 patients 
(46%).155 Nineteen of these 50 patients
(38%) were completely asymptomatic.155

Risk Factors For Thromboembolic Stroke

Table 2 lists risk factors for TE stroke in patients 
with AF.1, 2, 42, 43, 156-167  In the SPAF Study involving 
patients, mean age 67 years, recent CHF (within 
3 months), a history of hypertension, previous 
thromboembolism, echocardiographic left atrial 
enlargement, and echocardiographic LV systolic 
dysfunction were associated independently with 
the development of new TE events.161,164 The inci-
dence of new TE events was 18.6% per year if 3 or 
more risk factors were present, 6.0% per year if 1 
or 2 risk factors were present, and 1.0% per year if 
none of these risk factors was present.161

In the SPAF Study III involving patients, mean age 
72 years, patients were considered at high risk for 
developing TE stroke if they had either CHF or ab-
normal LV systolic function, prior thromboembo-
lism, a systolic blood pressure of >160 mm Hg, or 
the patient was a woman older than age 75 years.162 
In a study of 312 elderly patients with chronic AF, 
mean age 84 years, independent risk factors for the 
development of new TE stroke were prior stroke 
(risk ratio = 1.6), rheumatic mitral stenosis (risk 
ratio = 2.0), LVH (risk ratio = 2.8), abnormal LVEF 
(risk ratio = 1.8), serum total cholesterol (risk ratio 
= 1.01 per 1 mg/dL increase), serum high-density 
lipoprotein cholesterol (risk ratio = 1.04 per 1 mg/
dL decrease), and age (risk ratio = 1.03 per 1 year 
increase).159

Antithrombotic Therapy

Prospective, randomized trials157, 158, 162, 165, 168-174 and 
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prospective, nonrandomized observational data 
from elderly patients, mean age 83 years,163 and 
mean age 84 years,175 have shown that warfarin is 
effective in lowering the incidence of TE stroke in 
patients with nonvalvular AF. Analysis of pooled 
data from 5 randomized, placebo-controlled stud-
ies showed that warfarin significantly lowered the 
incidence of new TE stroke by 68% and was sig-
nificantly more effective than aspirin in reducing 
the incidence of new TE stroke.172 In the Veterans 
Affairs Cooperative study, the incidence of new 
TE events was 4.3% per year in patients on place-
bo versus 0.9% per year in patients on warfarin in 
patients with no prior stroke, 9.3% per year in pa-
tients on placebo versus 6.1% per year in patients 
on warfarin in patients with prior stroke, and 4.8% 
per year in patients on placebo versus 0.9% per 
year in patients on warfarin in patients older than 
age 70 years.172 In the European Atrial Fibrillation 
Trial involving patients with recent transient cere-
bral ischemic attack or minor ischemic stroke, at 
2.3-year follow-up, the incidence of new TE events 
was 12% per year in patients taking placebo, 10% 
per year in patients taking aspirin, and 4.0 per 
year in patients taking warfarin.165

Nonrandomized observational data from elder-
ly patients with chronic AF, mean age 83 years, 
found that 141 patients treated with oral warfarin 
to achieve an INR between 2.0 and 3.0 (mean INR 
was 2.4) had a 67% significant decrease in new TE 
stroke compared with 209 patients treated with 
oral aspirin.163 Compared with aspirin, warfarin 
caused a 40% significant reduction in new TE 
stroke in patients with prior stroke, a 31% signifi-
cant reduction in new TE stroke in patients with 
no prior stroke, a 45% significant reduction in new 
TE stroke in patients with abnormal LVEF, and a 
36% significant reduction in new TE stroke in pa-
tients with normal LVEF.163

At 1.1-year follow-up in the SPAF Study III, pa-
tients with AF considered to be at high risk for 
developing new TE stroke who were randomized 
totment with oral warfarin to achieve an INR be-
tween 2.0 and 3.0 had a 72% significant decrease in 
ischemic stroke or systemic embolism compared
with patients randomized to treatment with oral 
aspirin 325 mg daily plus oral warfarin to achieve 
an INR between 1.2 and 1.5.162 Adjusted-dose war-
farin caused an absolute reduction in ischemic 

stroke or systemic embolism of 6.0% per year .162 

In the Second Copenhagen Atrial Fibrillation, As-
pirin, Anticoagulation (AFASK) Study, low-dose 
warfarin plus aspirin was also less effective in de-
creasing stroke or systemic TE events in patients 
with AF (7.2% after 1 year) than was adjusted-
dose warfarin to achieve an INR between 2.0 and 
3.0 (2.8% after 1 year).174

Analysis of pooled data from 5 randomized con-
trolled studies demonstrated that the annual inci-
dence of major hemorrhage was 1.0% for the con-
trol group, 1.0% for the aspirin group, and 1.3% 
for the warfarin group.158 The incidence of major 
hemorrhage in patients, mean age 72 years, taking
adjusted-dose warfarin to achieve an INR of 2.0 to
3.0 in the SPAF III Study was 2.1%.162 In the Second 
Copenhagen AFASK Study, the incidence of major 
hemorrhage in patients, mean age 73 years, was 
0.8% per year for patients treated with adjusted-
dose warfarin to achieve an INR between 2.0 and 
3.0 and 1.0% per year for patients treated with as-
pirin 300 mg daily.174 The incidence of major hem-
orrhage in elderly patients with chronic AF, mean 
age 83 years, was 4.3% (1.4% per year) in patients 
treated with warfarin to maintain an INR between 
2.0 and 3.0 and 2.9% (1.0% per year) in patients 
treated with aspirin 325 mg daily.163

In the SPAF III Study, 892 patients, mean age 67 
years, at low risk for developing TE stroke were 
treated with oral aspirin 325 mg daily.176 The in-
cidence of ischemic stroke or systemic embolism 
was 2.2% per year.176 The incidence of ischemic 
stroke or systemic embolism was 3.6% per year in 
patients with a history of hypertension and 1.1% 
per year in patients with no history of hyperten-
sion.176

In the Birmingham Atrial Fibrillation Treatment 
of the Aged (BAFTA) study, 973 patients aged 75 
years and older with AF and a low prevalence of 
risk factors for stroke were randomized to warfa-
rin with a target INR of 2.0-3.0 or aspirin 75 mg 
daily.177 Warfarin was significantly better than 
aspirin in reducing disabling strokes or clinically 
significant arterial embolism (1.8% per year on 
warfarin versus 3.8% per year on aspirin).177 Ma-
jor bleeding was 1.9% per year for warfarin versus 
2.0% per year for warfarin.
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In a study of 13, 559 patients with nonvalvular AF
hospitalized with an outpatient stroke, compared 
to an INR of 2.0 or greater, an INR of <2.0 at hos-
pital admission significantly increased the odds of 
a severe stroke by 1.9 times and the risk of death 
within 30 days by 3.4 times.178 The 30-day mortal-
ity was similar among patients who were taking 
aspirin or warfarin with an INR of <2.0.163 Elder-
ly patients taking warfarin should have an INR 
maintained between 2.0 and 3.0, not one <2.0 or 
>3.5.179

Predictors of paroxysmal AF in patients under-
going aortic valve replacement for aortic stenosis 
were heart failure, age 70 years and older, low 
and high body mass index, maximal transvalvu-
lar gradient, low LV ejection fraction, end-systolic 
and end-diastolic intraventricular septum thick-
ness, and insignificant mitral regurgitation in the 
preoperative period; and LV ejection fraction and 
end-systolic intraventricular septum thickness in 
the early postoperative period.180 Predictors of par-
oxysmal AF in patients undergoing aortic valve 
replacement for aortic regurgitation were hyper-
tension, diabetes, and history of heart failure in 
the preoperative period; LV ejection fraction and 
left atrial dimension in the early postoperative pe-
riod; and age, LV ejection fraction, LV end-systolic 
diameter, end-systolic intraventricular septum 
thickness, left atrial dimension, and insignificant 
mitral regurgitation in the postoperative period.180 
Prophylactic treatment should be administered to 
patients undergoing aortic valve replacement at 
high risk for developing postoperative AF.180

Of 3,000 patients undergoing isolated surgical re-
vascularization, 174 (5.8%) had preoperative AF 
.181 At 3-year follow-up, survival rates were 90.6% 
in patients without preoperative AF versus 70.7% 
in those with preoperative AF (p<0.01).181

Many physicians are reluctant to prescribe warfa-
rin for AF in patients with chronic kidney disease 
because of concern of bleeding complications. Be-
cause of the high prevalence of AF and its asso-
ciation with an increased incidence of TE events 
in patients with late stage chronic kidney disease, 
it is very important to perform double-blind, pla-
cebo- controlled studies in these patients to deter-
mine the efficacy of oral anticoagulant therapy in 
preventing TE events and the incidence and type 

of bleeding complications.182 Until these data are 
available, the authors favor treating patients with 
AF on hemodialysis with warfarin on an individ-
ual basis taking into account both the TE risk as 
well as the hemorrhagic risk.182

On the basis of the available data, patients with 
chronic or paroxysmal AF at high risk for devel-
oping TE stroke or with a history of hypertension
and who have no contraindications to anticoagu-
lation therapy should be treated with long-term 
oral warfarin to achieve an INR between 2.0 and 
3.0.124,183 Hypertension must be controlled. When-
ever the patient has a prothrombin time taken, the 
blood pressure should also be checked. The physi-
cian prescribing warfarin should be aware of the 
numerous drugs which potentiate the effect of 
warfarin causing an increased prothrombin time 
and risk of bleeding.184 Patients with AF at low 
risk for de veloping TE stroke or with contraindi-
cations to treatment with long-term oral warfarin 
should be treated with aspirin 325 mg orally daily 
.185

Patients younger than age 60 years in Olmstead 
County, Minnesota with lone AF (no heart dis-
ease) had a low risk of TE stroke at 15-year follow-
up.186 However, at 30-year follow-up in the Fram-
ingham Heart Study, the age-adjusted percentage 
of patients with lone AF who developed a cere-
brovascular event was 28% versus 7% in the con-
trol group.187 At 30-year follow-up of 76 patients 
with lone AF in Olmstead County, Minnesota, risk 
for stroke or transient ischemic attack was simi-
lar to the expected population risk during the first 
25 years of follow-up but significantly increased 
thereafter (p = 0.004).188

Age or hypertension increased the TE risk.188 Table 
3 shows the ACC/AHA/ESC Class I indications for 
antithrombotic therapy in the management of pa-
tients with AF.183

Despite the data showing the efficacy of oral war-
farin used in a dose to achieve an INR between 
2.0 and 3.0 in reducing the incidence of new TE 
events in patients with paroxysmal or chronic 
AF, only about one-third of patients with AF who 
should be taking warfarin receive it.189 In an aca-
demic hospital-based geriatrics practice, only 61 
of 124 patients (49%), mean age 80 years, with 
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chronic AF at high risk for developing TE stroke 
and no contraindications to warfarin were being 
treated with warfarin therapy.5 The Euro Heart 
Survey on Atrial Fibrillation found that compared 
to guideline-adherent antithrombotic therapy, un-
dertreatment of AF with oral anticoagulants was 
associated with a 1.97 times significant increase in 
thromboembolic events and a 1.54 times signifi-
cant increase in cardiovascular death, thrombo-
embolism, or major bleeding.190

Elderly patients have a higher prevalence and in-
cidence of AF than younger patients.1-6 Elderly
patients with AF are at higher risk for developing
TE stroke than are younger patients with AF.1,40,

42,154-158 However, physicians are more reluctant to 
treat elderly patients with AF with warfarin
therapy. Hopefully, intensive physician education
will help solve this important clinical problem.

In the Anticoagulation and Risk Factor in Atrial Fi-
brillation Study, women off warfarin had signifi-
cantly higher annual rates of thromboembolism 
(3.5%) than men (1.8%).191 Warfarin was associated 
with significantly lower adjusted TE rates for both 
women (60% reduction) and men (40% reduction) 
with similar annual rates of major bleeding (1.0% 
and 1.1%, respectively).191

The Atrial Fibrillation Clopidogrel Trial with Ir-
bersartan for the Prevention of Vascular Events 
(ACTIVE W) demonstrated in patients with AF 
that the annual risk of first occurrence of stroke, 
non-central nervous system systemic embolus, 
MI, or vascular death was 3.93% in 3,371 patients 
randomized to warfarin to maintain an INR be-
tween 2.0 and 3.0 and 5.60% in 3,335 patients ran-
domized to clopidogrel 75 mg daily plus aspirin 
75-100 mg daily, with a 44% significant reduction 
in the primary outcome attributed to warfarin.177 
The incidence of major bleeding was 10% insigni-
ficantly higher in patients treated with clopidogrel 
plus aspirin than in persons treated with warfarin 
.192

The oral direct thrombin inhibitor ximelagatran 
was as effective as warfarin in decreasing TE 
stroke and systemic embolism in 7,329 patients 
treated with these 2 drugs in 2 combined studies 
(1.6% per year for both drugs).193,194 The incidence 
of major bleeding in the 2 pooled studies was 1.9% 

per year on ximelagatran and 2.5% per year for 
warfarin. However, Ximelagatran increased se-
rum transaminase levels in 6% of patients and was 
not approved by the USA Food and Drug Admin-
istration because of concerns of hepatotoxicity.

Dabigatran is another direct thrombin inhibitor 
which is being investigated versus warfarin in a 
large phase III trial in patients with AF.195 Rivar-
oxaban and apixaban are oral factor Xa inhibitors
which are being compared with warfarin in large 
phase III trials in patients with AF.195
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Introduction 

Atrial fibrillation (AF), the most common arrhyth-
mia in clinical practice, accounts for nearly one 
third of all hospitalizations for cardiac rhythm 
disturbances. Consequently, this has stimulated 
intense investigative interest in the development 
of effective therapeutic options. However, the 
electrophysiologic (EP) mechanisms of this ar-
rhythmia have been long debated and remain 
unclear. This has limited the development of ef-
fective management strategies. Previous studies 
have shown the progressive remodeling associ-
ated with AF, initially believed to be functional 
and electrical in nature, now has structural and 
contractile impact.1 It is increasingly clear that 
the latter two processes play an increasingly im-
portant role in the recurrence and persistence 
of AF.2-4 In an effort to clarify AF mechanisms, 
numerous experimental models have been de-
veloped. Their relationship to human mecha-
nisms remains poorly defined. Direct mapping 
of human AF has been attempted but is still in its 
evolution. It is the purpose of this commentary 
to review existing mapping techniques and pro-
pose a new approach for mapping of human AF.

In the last few years, there have been several suc-

cessful techniques reported for the regional catheter 
mapping of discrete focal sources of AF in specific 
atrial regions.5-7 These methods generally consist 
of placing multipolar catheters in these regions, 
characterization of AF using activation maps, and 
assessing tachycardia responses to pacing and oth-
er maneuvers. These methods have proven most 
suitable in specific atrial regions (e.g., pulmonary 
veins, lateral right atrium (RA), or superior vena 
cava (SVC)), but are less suitable for global biatrial 
mapping due to multiple activation patterns and 
electrogram variations. Obtaining global mapping 
data to characterize a complex rhythm often dic-
tates the placement of multiple catheters at nu-
merous locations within the chamber of interest, 
which in turn requires a considerable amount of 
time. As a result, the patient and medical staff are 
exposed to extensive use of fluoroscopy for cath-
eter placement and navigation. Most of these map-
ping techniques have to record from multiple sites, 
therefore performing a complete map requires se-
quential mapping over several cardiac cycles to al-
low for the recording of the complete EP substrate. 
This approach cannot account for the variability 
observed in electrocardiographic (ECG) patterns 
of human AF and as a result, may provide an in-
complete explanation of mechanisms (Figure 1). 
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In an effort to overcome the limitations associ-
ated with conventional contact catheter map-
ping techniques, considerable advances have 
been made to achieve 3-dimensional (3D) elec-
troanatomic mapping methodologies. Several 
mapping systems have been developed that can 
be used independently or in a complementary 
role to conventional electrode catheter mapping 
techniques. As a result, all of these approaches 
have potential to reduce fluoroscopic imaging 
required to perform the procedure. These tech-
niques can broadly be categorized into two pri-
mary technology categories, each possessing 
their own unique advantages and disadvantages. 

Two distinct technologies comprise the first 
category, termed “sequential” mapping sys-
tems, and include: (a) Electroanatomical map-

ping, commonly performed using the CAR-
TOTM system (Biosense Webster, USA), and (b) 
the LocaLisa® system (Medtronic, Inc., USA). 
Common to each system in this category is the 
capability to collect 3D images as well as their 
respective electrograms in the target cardiac 
chamber and collate them in a virtual 3D recon-
struction of the chamber’s endocardial anatomy. 

“Continuous” mapping systems that permit 
single beat global chamber activation mapping 
represent another approach. This can be per-
formed by either basket contact catheter or non-
contact catheter array mapping (NCM). In this 
category, the systems allow for the recording of 
global electrogram data from a cardiac chamber 
so that the activation map can be characterized 
in a single beat. Basket or mesh contact catheter 

Figure 1: Electrocardiographic recordings in a patient with paroxysmal atrial fibrillation showing variable ECG patterns in 
a single patient over the course of 1 day. Note the onset of the first episode (top left panel labeled 9:00 am) shows organized 
flutter or coarse fibrillation waves consistent with an organized tachycardia. These are also seen at termination on the top right 
panel (labeled 10:31 am). The second episode (middle panel, labeled 2:12 pm) shows fine fibrillatory waves, with a distinct 
pattern from the first event. The third event ( bottom left panel, labeled 3:05 pm ) shows typical saw toothed flutter waves 
consistent with type 1 flutter. The final event ( bottom right panel, labeled 7:43 pm) shows flutter waves with a different mor-
phology and rate from the previous event, consistent with another flutter morphology.



mapping necessitates electrode contact with the 
chamber’s walls in order to obtain electrograms. 

The HD Mesh Ablation System (Bard Electro-
physiology, Lowell, MA, USA) comprises a 36 
pole high density mapping and ablation catheter 
which has a braided, expandable mesh electrode 
configuration mounted onto a non-steerable 8 
French (Fr) shaft. The HD Mesh Ablator cathe-
ter is introduced via the 9 Fr Channel steerable 
transseptal sheath into the LA and directed to the 
desired cardiac chamber. The expandable mesh 
electrode is deployed and un-deployed by us-
ing a sliding mechanism on the catheter handle. 
Pulsed radio frequency (RF) energy is delivered 
to the HD Mesh catheter electrodes to create the 
desired lesion geometry. A surface ECG and en-
docardial electrograms (EGM) are used for moni-
toring. Currently, this technique is being used for 
pulmonary vein isolation. After selective venog-
raphy to identify the location and orientation of 
the pulmonary vein ostium, lesions are created 
circumferentially by delivering pulsed RF ener-
gy via the HD Mesh ablator catheter using EGM 
guidance until electrical isolation of the veins is 
observed. If the vein cannot be isolated with the 
catheter alone, EGM guided adjunctive ablation 

with a distal tip ablation catheter can be performed.8 

NCM mapping employs a 64 electrode balloon 
catheter array in the blood pool of the chamber 
of interest, constructs a virtual contour geometry 
of the heart using catheter navigation and obtains 
over 3,000 virtual electrograms derived using the 
Laplace equation. These are then amalgamated to 
reconstruct the anatomy and EP wavefronts in the 
chamber of interest. These approaches can place 
the activation and anatomic constructs of the cardi-
ac chamber in a single electrophysiologic 3D map, 
permit real-time wavefront propagation analysis, 
and allow for beat-to-beat activation mapping. 

Clinical Experience

In 1995, we initiated the use of simulataneous bi 
atrial catheter mapping for study of human AF 
.9,10 The methodology provided important insights 
suggesting organization and diversity in mecha-
nisms of AF initiation. More recently, 3D NCM 
has provided the opportunity for high-resolution 
mapping on a beat-to-beat basis. We have integrat-
ed these two approaches to develop a novel practi-
cal, rapid and reliable method to map human AF. 
This report describes our methodology and sum-
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Figure 2:Integrated recording of right and left atrial electrograms obtained using biatrial catheter electrode array with three 
dimensional non contact map of left atrium which permits beat to beat biatrial and high resolution left atrial mapping. Orga-
nized electrogram activity is noted at AF onset from the left atrium.



marizes some of our recent findings with respect to 
biatrial and 3D NCM in spontaneous AF patients.

Biatrial Three-dimensional Mapping Tech-
nique

A. Biatrial Catheter Mapping

A duodecapolar catheter is placed along the RA 
at the lateral RA free wall (Crista Terminalis; CT), 
and interatrial septum (IAS). Decapolar catheters 
are placed in the coronary sinus (CS), and in the 
left atrium (LA) via a patent foramen ovale or in 
the left pulmonary artery (LPA) under local anes-
thesia. The His bundle electrogram location serves 
as an anatomic landmark. The spacing between 
successive pairs of bipoles of the decapolar or duo-
decapolar (halo) catheter located at the IAS or CT is 
usually 5 mm and each electrode pair has an inter-
electrode distance of 2 mm. A decapolar catheter 
with a 2-mm interelectrode distance and electrode 
spacing at 8 mm is used in the CS endocardially in 
the LA, or epicardially via the LPA. Bipolar record-

ing sites include high, mid and low lateral RA, 
high, mid and low IAS, proximal and distal His 
bundle, proximal to distal CS ostium, proximal, 
and mid and distal LPA for superior LA record-
ings. Additional recordings are obtained from the 
superior LA at the septal, mid-superior and lateral 
appendageal regions via a patent foramen ovale if 
present or via the LPA. The LPA recordings used 
have been previously validated with endocardial 
LA recordings. Bipolar electrograms are amplified 
and filtered between 30 and 100 Hz. Throughout 
the analysis, local intervals are measured between 
the onset of high frequency deflections of the suc-
cessive EGMs. All intracardiac recordings and 12 
surface ECG leads are simultaneously recorded 
on hard copy at paper speeds of 100 to 200 mm/s. 
Figure 2 demonstrates the onset of spontaneous 
AF which is analyzable on a beat-to-beat basis. 
We have previously demonstrated the stability 
and reliability of multiple catheters for biatrial 
mapping .9 The reproducibility of triggering beats 
sites with this mapping methodology has also 
been previously reported.9,10 Figure 3 shows an 
organized, single activation wavefront in the left 
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Figure 3: Demonstration of an organized single activation wavefront on the left side of the panel which then changes cycle 
length, activation pattern and with appearance of fragmented electrograms on the right side.



marks in the lateral RA, such as the orifices of the 
great veins, the entire ring of the tricuspid annu-
lus, CS ostium, tricuspid valve - inferior vena cava 
isthmus sites, the lateral RA from superior to infe-
rior locations and the IAS at multiple sites along a 
cranio-caudal axis. Similarly, in the LA, we iden-
tified mitral valve annulus and its posterior and 
anterior aspects from the free wall to the septal as-
pects, orifices of the four pulmonary veins, supe-
rior to inferior lateral LA, the LA appendage and 
the foramen ovale. Virtual electrogram recordings 
from over 3,300 endocardial sites and digitized bi-
atrial catheter electrograms were simultaneously 
recorded for beat-to-beat analysis of spontaneous 
atrial premature beats (APBs) (regional origin) 
and atrial tachyarrhythmias (ATs). Figure 5 dem-
onstrates an example of an upper loop RA flutter 
recorded during a spontaneous AF episode in a 
patient with a mitral valve prosthesis and persis-
tent AF. 
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atrium which then changes cycle length, activa-
tion pattern, and appearance of fragmented elec-
trograms on the right atrium.

B. Three-Dimensional Non-Contact Bal-
loon Catheter Mapping

An endocardial balloon electrode (EnSite®, St. 
Jude Medical, St. Paul, MN) is advanced through 
a special sheath into the RA via the right femo-
ral vein. A typical RA placement can be seen in 
Figure 4. In patients with a patent foramen ovale, 
it was placed first in the LA and later relocated 
to the RA for biatrial mapping. 3D mapping 
of AF in the RA or LA or both was performed. 
The 7.5 mL balloon is deployed by injection of a 
50/50 mixture of saline and contrast media fully 
expanding the multi electrode array (MEA) con-
taining the 64 electrodes. Under fluoroscopic 
guidance, a 3D contour in the RA is developed 
using EGMs and anatomically identifiable land-

Figure 4: Position of the multi electrode array balloon catheter in the right atrium and biatrial contract catheters in a right 
anterior oblique fluoroscopic view. Abbreviations: CS = Coronary Sinus, HB = His bundle, LPA = Left Pulmonary Artery, 
MEA = Multielectrode Array
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It is our experience that this extent of rotor map-
ping is rarely feasible with regional atrial map-
ping with a single or even two multipolar elec-
trode catheters. Cardioversion of the persistent 
AF event often results in unmasking triggers and 
early AF recurrences after cardioversion identify 
the mechanisms of AF onset and contributing ro 
tors. Evolution of AF over the next few minutes in 
the study may often clarify additional tachycardia 
rotors that develop and maintain persistent AF. 

It is from these data obtained in such procedures 
that we have proposed multiple triggers exist in 
human AF and that multiple ATs are present in 
both paroxysmal and persistent AF and these con-
stitute rotors that initiate or maintain AF episodes. 
AF progression is most likely related to the devel-
opment of a biatrial substrate for the arrhythmia 
and proliferation of these rotors that result in per-
sistence of an individual event. In the following 
section, we describe some of our findings in dif-
ferent AF presentations and disease states.

D. Clinical Observations with Biatrial NCM

In this section, we summarize some of our novel 
observations from this novel approach to AF map-
ping. For our initial studies, we selected consecu-
tive pts meeting the following study inclusion 

C. Mapping of Spontaneous and Induced 
AF

This mapping approach has been employed in 
our studies to map both induced and spontane-
ous AF .9,10 In both types of AF, organized electro-
gram activation patterns have been documented. 
However, induced AF is most often initiated by 
local intra-atrial reentry near the pacing site. In 
contrast, spontaneous AF can be initiated by dif-
ferent premature beats that may be significantly 
distant from the onset tachycardia. These prema-
ture beats may differ spatially in location but this 
may appreciate only the 3D NCM rather than the 
surface ECG or EGM configuration (Figure 6). 

Mapping of spontaneous AF is clearly the clini-
cally relevant event. However, the spontaneous 
event may not occur during the course of an EP 
study and has to be stimulated. Adminstration of 
large doses of isoproterenol is often used for this 
purpose, but we have observed that induced AF 
events can promote spontaneous AF events either 
by evolving into that rhythm, after spontaneous 
termination of the induced AF, or after cardio-
version of the induced AF. In the event that the 
patient arrives in persistent AF, EGM recordings 
may show simultaneous tachycardias and NCM 
is employed to delineate the substrate involved. 



criteria: (1) Presence of symptomatic, recurrent 
AF, failed at least 2 antiarrhythmic drug trials, 
and were undergoing a clinically indicated EP 
study for definition of mechanisms, atrioventric-
ular conduction and the treatment of associated 
tachyarrhythmias, and (2) In all patients a written 
informed consent was obtained for the EP testing 
and mapping procedure.

In these patients, we systematically performed the 
following analyses:
1) Identified spontaneous APBs over a period of 
observation for regional origin and coupling inter-
vals regardless of their involvement in initiating 
an episode of AF,
(2) Examined spontaneous AF onset, for tachyar-
rhythmia mechanism, regional origin, cycle length 
and termination modes,
(3) Compared activation, evolution and termina-
tion patterns of AF in individual patients whether 
arising from the RA or LA, and
(4) Compared these patterns and their relationship 
to the presence of structural heart disease.

Study Population

A total of 76 patients, mean age 63 + 11 years 
(68%Male) were included in this analysis (Table 1). 
The study population had structural heart disease 
in the majority of patients (79%) and was mostly in 
New York Heart Association Class I or II. Further 
analyses were conducted to permit study of dif-
ferent AF populations, specifically paroxysmal AF 
patients (Gp.1, n=20) compared to persistent AF 
patients (Gp.2, n=56).

Mapping of Spontaneous APBs and Sponta-
neous AF 

66 patients demonstrated spontaneous APBs in 
the RA (n=90) and LA (n=41) with similar regional 
distributions regardless of structural heart disease 
status. 42 pts (64%) had > 2 disparate regional ori-
gins and biatrial regional foci demonstrated equal 
frequency in Gp.1 and 2 pts (41% and 43%, respec-
tively; see Figure 7 (a)). The regional distribution 
by patients showed the predominant region of ori-
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Figure 5: Non Contact Map example of an upper loop RA flutter recorded during a spontaneous AF episode in a patient 
with a mitral valve prothesis and persistent AF. The head of the wavefront is shown with a white zone and the development 
of linearlesions(labeled L) to form a right atrial compartmentalization lesion set for interruption of the flutter.
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gin as being the IAS in the overall population (40 
pts or 61%) and Gp.2 patients (30 pts or 65%). In 
Gp.1 patients, the predominant regions of origin 
was equally observed both in the IAS and the su-
perior LA (10 pts or 59%, respectively). Figure 8 
demonstrates the ability of simultaneous biatrial 
and NCM to identify differing sites of origin of 
five APBs recorded in a single patient in rapid se-
quence in a single procedure.

56 patients (74%) demonstrated 93 spontaneous 
episodes of AF as documented by simultaneous 
ECG recordings during the mapping procedure. 
61% of patients had a right-sided origin and 39% 
has a left-sided origin of the AT. It was observed 
that the regional distribution was more extensive 

in Gp.2 pts compared with Gp.1 patients (see Fig-
ure 7 (b)). Isthmus dependent RA counterclockwise 
flutters were most common in the overall popula-
tion and Gp.1 patients (48% and 58%, respectively, 
while nonisthmus dependent RA flutter was most 
common in Gp.2 patients (47%). Overall, focal or 
macroreentrant left sided ATs were seen in 10 pa-
tients (18%), and macroreentrant LA flutter in 14 
patients (25%).

In pts with triggers localized to the superior LA or 
superior pulmonary veins and in those localized 
to the inferior LA or pulmonary veins, there was 
a single centrifugal wavefront, as discerned from 
both contact and NCM record ings. RA or septal 
triggers resulted in focal origin with centrifugal 

Figure 6: Simultaneous biatrial and NCM offers the ability to immediately identify differing sites of origin of APBs re-
corded in a single procedure in a high resolution three dimensional location . The RA three dimensional NCM contour is 
shown with the body torso orientation on the top right of each panel and selected ECG recordings and electrograms from 
the biatrial contact catheter map and virtual recordings from the non contact map are shown at the bottom. Note that the 
catheter electrograms show the differing atrial activation patterns while the P-wave morphology may show modest or very 
subtle changes. Abbreviations: APB = atrial premature beat, Inf = inferior, Lat = lateral, RA = right atrium, SLA = superior 
left atrium.
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Figure 7: Summary of the (a) region of origin of the atrial premature beatsin the left figure panel, and (b) atrial tachyarrhyth-
mias in the patient population in the right figure panel as demonstrated by biatrial and non-contact mapping.

Figure 8: Simultaneous biatrial and NCM to identify differing sites of origin of five APBs recorded in a single patient in 
rapid sequence in a single procedure. The RA three-dimensional NCM contour is shown with the body torso orientation 
on the top right of each panel and selected ECG recordings, electrograms from the biatrial contact catheter map and virtual 
recordings from the NCM are shown on the right. The site of origin of the APB is shown with a red asterisk and can be 
spatially related using the body torso orientation. The left column shows APBs arising in the RA at three differing loca-
tions. The right column shows catheter electrograms showing LA onset of two different APBs with widely disparate RA 
breakthrough locations and activation patterns. Abbreviations: SVC = superior vena cava, IVC = inferior vena cava; CT 1-8 = 
Lateral RA; HLRA, MLRA, LLRA = high, middle, and low lateral RA, respectively; HCT = high lateral RA; LCT = low lateral 
RA; HIAS = high interatrial septum; CT 11-20 = septal locations; CSpx = coronary sinus ostium; CS dis = coronary sinus 
distal; LLPA and LPA = left pulmonary artery. The numbers represent virtual electrogram recording sites.



propagation (Figure 9). During RA propagation, a 
single dominant wavefront activated the RA. Af-
ter AF onset, a macroreentrant wavefront with a 
head to tail relationship was seen. There was no 
period of electrical quiescence noted. Figure 10 
demonstrates a cascade of ATs initiated by a left 
atrial APB probably arising in a superior pulmo-
nary vein. The APB shows a breakthrough into the 
RA septum (top panel) and is followed by a left 
sided AT (middle panel) with a similar RA break-
through and finally induces a counterclockwise 
RA flutter (lower panel). 

Discussion

There are several major findings to report from 
these early experiences.
(1) There is a broad distribution of triggering beats 
in the RA, septum and LA/pulmonary veins in a 
drug-refractory AF population from paroxysmal 
to persistent/permanent pts.
(2) Both Gp. 1 and Gp.2 patients demonstrated 
equal frequency of biatrial regional foci and distri-
bution; commonly with multiple regional sources 
of APBs in an individual patient. The reproduc-
ible origin of APBs and ATs in this study argues 
against catheter-mediated initiation of the ar-
rhythmias.
(3) At sustained AF onset, focal triggers initiate 
an organized tachyarrhythmia, which may be fo-
cal or reentrant in nature and may localize to an 
adjoining atrial region or recruit a larger atrial cir-
cuit.
(4) In patients with paroxysmal AF or in those 
without structural heart disease, LA tachycar-
dias and RA flutter are commonly present while a 
much broader spectrum of tachyarrhythmias are 
seen in patients with persistent/permanent AF or 
in the presence of structural heart disease.

Implications of biatrial mapping for mecha-
nisms of AF

In the early twentieth century, several different 
mechanisms were proposed including Lewis who 
propounded the theory that AF was “an impure 
flutter with fibrillatory conduction”.11 It was in 
1959 that Moe and Abildskov replaced this con-
cept with the multiple wavelet hypothesis based 
on computer simulations of AF.12 Available ani-
mal models studied by Allessie and coworkers 

corroborated the concept in the multiple wavelet 
model and they described the basis of AF as ran-
dom functional reentry, with wavelength being 
critical to defining the reentrant circuit.13 Subse-
quently, their studies have shown that persistence 
of sustained AF results in functional electrical re-
modeling in the atrium.14 

Human studies have provided vignettes from 
different sources as to clinical mechanisms. At-
tuel and coworkers have shown the importance of 
electrophysiologic changes in the substrate in AF 
patients.15 Intraoperative mapping studies of Cox 
and Schuessler indicated evidence for macroreen-
trant circuits in human AF.16 Focal triggers of AF 
originating from pulmonary veins were identified 
and have been studied extensively.4 Considerably 
less focus has been paid to other regions of AF ori-
gin. While some investigators have described su-
perior vena caval triggers, other sites or arrhyth-
mias triggering AF have been poorly defined.17 

Regional Mapping of AF

Hitherto, catheter mapping of human AF has been 
limited to EGM recordings in specific regions of 
interest (e.g., pulmonary veins) and regional map-
ping has been limited to intraoperative studies 
.17,18 A major limitation of the regional catheter 
method has been infrequent and sporadic record-
ing of spontaneous sustained AF, requiring rep-
etitious, stable rhythms. Absence of regional or 
global mapping limits the trigger analysis to one 
or few regions of interest and provides limited 
insight into the behavior of both atria during ini-
tiation or perpetuation of AF. Haisseguire et al., 
used Lasso catheters for the focal mapping of pul-
monary veins, where rapidly firing foci play an 
important role in the initiation and maintenance 
of AF.4 Other investigators have employed duo-
decapolar Halo catheters placed around the tri-
cuspid annulus, however, it is difficult to obtain 
regional mapping information. These techniques 
require catheter manipulation and stabilization 
to record from multiple sites. As a direct conse-
quent, the changing nature of electrical activation 
patterns in AF pose a severe limitation to sequen-
tial mapping methods. Our approach overcomes 
many of these issues and permits the recording of 
important biatrial behavior in the vast majority of 
pts in the study (90%).
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Biatrial Contact and NCM Mapping of AF

Simultaneous biatrial contact and high-resolution 
NCM has been able to
(a) Provide more mechanistic information on trig-
gers (atrial premature beats (APBs), initiation and 
evolution of spontaneous AF, and ATs,
(b) Permit study of different AF populations,
(c) Provide a global view of the EP behavior of 
both atria. Used simultaneously, we demon-
strated that these two techniques provide exten-
sive mechanistic information on triggers, initia-
tion, and evolution of human AF in contrast to 
currently employed techniques. We can suggest 
from this approach that it progression of AF from 
paroxysmal to persistent and permanent forms is 
characterized, not by change in triggering APB 
distribution, but by the more extensive distribu-
tion of ATs. The varying frequency of AF recur-
rences with single therapeutic interventions in AF 
including RA maze procedures, focal pulmonary 
vein ablation or pacing therapy and inadequate 
long term rhythm control as seen in clinical trials 
may be due to multiple organized tachycardias 

and triggers.19-22 Our findings support extensive 
biatrial interventions or a hybrid therapy ap-
proach for long-term suppression of AF,23-25 and
(d) Allows for tailored linear ablation procedures 
to be designed. Figure 11 demonstrates a left atrial 
isolation with linear lesions including a roof line 
and a mitral isthmus line.

Limitations

There are technical limitations of NCM including 
a loss of resolution beyond a 4 cm radius of the bal-
loon electrode and pulmonary artery recordings 
that cannot be equated with detailed endocardial 
LA catheter and balloon mapping that would al-
low for more detailed LA localization. The NCM 
system employs contact catheters to create a 3D 
representation of the endocardial anatomy of the 
patient’s chamber of interest, however to provide 
the most accurate representation of the patient’s 
true anatomy one must have the ability to import 
a cardiac CT/MRI into the mapping system for 
navigation purposes.

Figure 9: Biatrial and right atrial noncontact high resolution map of the onset of AF from the right side of the interatrial 
septum. Body torso orientation is shown in the inset, with a left lateral view of the right atrium. The red asterisk shows the 
onset of the AF wavefront in a single beat.
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Figure 10: Noncontact mapping demonstrates a cascade of ATs initiated by a left atrial APB probably arising in a superior 
pulmonary vein. The APB shows a breakthrough into the RA septum (top panel) and is followed by a left sided AT (middle 
panel) with a similar RA breakthrough and finally induces a counterclockwise RA flutter (lower panel). The biatrial cath-
eter electogram map and virtual electrograms are shown. Abbreviations: LPV = left pulmonary vein, RA = right atrium, Tach 
= tachycardia.

Figure 11: Example of a tailored left atrial compartmentalization procedure with linear lesions including bilateral pulmo-
nary vein antral isolation, a roof line and a mitral isthmus line. The wavefront seen is a tachycardia arising from a superior 
pulmonary vein that is entrapped in a posterior compartment.



Conclusions

The methodologies described in this report pro-
vide a clinically relevant, global atrial mapping 
technique to help classify AF initiation and main-
tenance in a given patient and provide targets for 
interventional therapeutic procedures. In large 
part, owing to the ability of the technique to re-
cord widely disparate triggers and ATs in a rapid 
and reliable fashion. Simultaneous biatrial and 
NCM permits successful AF mapping in differ-
ent AF populations and demonstrates a biatrial 
spectrum of spontaneous triggers and organized 
monomorphic tachycardias with multiple or bi-
atrial locations. Evolution into sustained AF can 
be studied with global biatrial contact and NCM 
in humans. These methodologies bridge the di-
vide between observations obtained with regional 
catheter recordings and intraoperative findings in 
humans.
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Introduction

Assessing the landscape of any major public health 
challenge and the effectiveness of existing health 
care practices is a difficult proposition in any cir-
cumstance for health care planners and providers. 
To do so with relatively current health care data 
has not been a feasible reality. Too often health 
care planners have been relegated to use of vener-
able but dated clinical information. Equally often, 
clinical trial data collected for a purpose other than 
outcomes research have been extrapolated well 
beyond their original intent. The field of atrial fi-
brillation is no exception. The durable and well-
reported Framingham study data have provided 
modern day framework for a natural history base 
of the disease over many decades.1, 2 More recent 
analyses have shown worldwide similarity in pat-
terns and increasing prevalence.3, 4 The cascade of 
anticoagulant trials in the nineties with their meta-
nalyses and methodology also provided outcome 
endpoints that have been widely used as a bench-
mark.5, 6 More recently, NIH clinical trials such as 
the AFFIRM trial have provided some outcomes 
analyses.7 Yet these tools provide information that 
may have been captured some time ago and signifi-
cantly lag current medical experiences and practice.

Background

With the establishment of the Medicare program 

has come the progressive development of its pro-
spective reimbursement scheme over the last two-
decade period. This program has increasingly 
matured, acquired serious complexity with a sub-
stantial underlying methodology. In a digital age, 
the Medicare database has become a substantial 
alternate resource for researchers seeking to ex-
amine modern health care in the United States of 
America. These data now provide source informa-
tion for a vast range of medical subjects and spe-
cialties. Medicare data is often made available for 
analysis within a preceding three to five year peri-
od, and in some instances even within a two-year 
capture window. It has identified atrial fibrillation 
as one of the top diagnoses responsible for hospi-
talization in the USA [8]. As far aback as 1999, a 
total of 1,765,304 hospitalizations (137.1 per 1,000 
Medicare enrollees) were reported among per-
sons with AF in the Medicare population.8

Current literature

The incidence and prevalence of atrial fibrillation 
have been a staple subject for several large epide-
miologic reports and widely analyzed.3, 4 The risks 
of adverse cardiovascular outcomes including 
mortality, stroke and impaired quality of life have 
been well documented from these and clinical trial 
reports.1 - 4, 7 These results have been used to justify 
a range of medical therapies from antiarrhythmic 
drugs, rate control drugs, anticoagulation and non 
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pharmacologic approaches such as ablation and 
device therapy. Clinical reports using both obser-
vational and clinical trial data have emerged with 
increasing swiftness. Clinical practice guidelines 
have evolved from both sources of information 
and enshrine best medical practice with current-
ly available information.9 These guidelines have 
been promulgated to influence physician manage-
ment of atrial fibrillation along best medical prac-
tice. The impact of these guidelines has not been 
systematically assessed and real world physician 
behaviour is still poorly defined. A smattering of 
market research reports, often based on physician 
prescribing practices, provide limited insight. Fig-
ure 1 shows prescription practices of antiarrhyth-
mic drugs from such data and suggests that rate 
control is the dominant practice strategy in atrial 
fibrillation. Rate control mandates antithrombotic 
therapy in the vast majority of patients. Howev-
er, obtaining widely applicable data from a large 
health care segment of the population that is cur-
rent and broadly applicable or reliably analyzable 
in its component groups remains a major health 
care information challenge.

The Need for Better Data in Atrial Fibrilla-
tion 

One inevitable limitation of the Medicare data is 

the age segment. While many chronic diseases ex-
tend into the population of patients older than 65 
years, the earlier stages of disease, where interven-
tion may be most effective, may not be captured. 
Atrial fibrillation is dubbed as a “disease of the 
elderly”, but may often develop in patients who 
are in their 50s or 60s – as many as 15 years be-
fore patients become Medicare eligible. Early man-
agement of AF can influence later outcomes, but 
data from this period of the disease are remark-
ably sparse. In recent years, private health insur-
ance coverage provided by employers or by the 
self-employed has become fairly standard, despite 
increasing concerns of absent coverage for many 
Americans in their working years. These plans 
now collect and review many aspects of health 
care provided to their clients including demo-
graphic profiles, disease patterns, health care re-
source utilization, pharmacotherapy, compliance 
and provider behaviour. Mining this database can 
provide researchers with another look at health 
care in a different segment of society.

In a recent report, Walker and Bennett undertake 
an ambitious analysis of epidemiologic outcome 
aspects of atrial fibrillation in the United States us-
ing a proprietary health insurance plan database.10 
Patient records were selected using ICD 9 diagno-
sis codes and pharmacy claim data. Remarkably, 

Figure 1:  Prescriptions of antiarrhythmic drugs in atrial fibrillation patients. Note that rate control therapy dominates the mar-
ket as defined by this parameter. Source: December 2007 Verispan PDDA.Drug Use by USC



available data was very broad based; available in-
formation included physician provider claims and 
hospitalizations in covered patients. Outpatient 
laboratory service provider care was analyzed in 
30% of the population using plan-contracted labo-
ratories. Patients included a broad range of demo-
graphics including Medicare age groups. Unusual 
strengths of this database included drug use data 
even when the drug was priced below the copay 
amount. Limitations of the database include vet-
erans’ benefits supplementing health care usage in 
this segment, and inpatient laboratory data. Inter-
estingly, the database analysis was exempt from 
institutional review board requirements as study 
data were anonymized according the Health In-
surance Portability and Accountability Act stan-
dards.

Walker and Bennett analyzed a population of plan 
members aged 40 years or older who had cover-
age for both medical and pharmacy services over a 
six year period from 1999-2005. Both non-valvular 
atrial flutter and atrial fibrillation were analyzed 
and a diagnosis of mitral valve disease was an 
exclusion criterion. The base analysis was a de-
scriptive analysis of medical practice in the broad 
population of 116,969 patients making this one of 
the largest data sets analyzed. A nested subgroup 
analysis of laboratory and patient data was per-
formed in patients using contracted laboratory ser-
vices. Principal diagnoses were used for endpoints 
of stroke, cerebral hemorrhage and thromboem-
bolism, which may have underestimated event 
rates relegated to secondary diagnosis status. The 
descriptive demographic data is unique in cap-
turing incidence and prevalence data in the 40-59 
year age group of over 30,000 insured AF patients. 
Approximately, 36% of patients were in the > 75 
year age group. These two extreme demographic 
age groups provided very large patient numbers 
for analysis. Cardiac dysrhythmia was the most 
common diagnosis for management in the overall 
group and prevalent cases, suggesting that coding 
and clinical presentation were well matched. This 
finding is not always seen in cardiac arrhythmias, 
for example in patients with ventricular tachycar-
dia or ventricular fibrillation where it may remain 
a secondary diagnosis. Better coding procedures at 
the provider level may be responsible for this im-
provement. While confirming hypertension as the 
major disease diagnosis in new incident cases in 
this large swath of age groups, respiratory disease 

and dyslipidemia emerged as next in line, in stark 
contrast to clinical trial data such as AFFIRM. Rea-
sons for this difference may include a change in 
a point of engagement of the health care system, 
perhaps at an earlier high risk population stage.

Few other clinical data are reported that describe 
cardiovascular status in particular. Risk factors and 
prevalence data for stroke risk were more detailed 
with expected factors of advanced age and hyper-
tension having prevalence rates of >30%. Coronary 
disease, diabetes and heart failure followed with 
substantial prevalence rates of 14 to 21%. Most 
patients had one risk factor, while 34% had more 
than one risk factor. Risk factors for bleeding were 
quite uncommon with only 3% having renal fail-
ure, giving a truly different perspective from an-
ticoagulant trials in the elderly.7 Stroke rates ex-
ceeded bleeding complications by a factor of 10. 
Stroke incidence in the population was 1.3 per 100 
pt years and gastrointestinal bleeding incidence 
was 0.8% with intracranial bleed averaging 0.3%. 
Thromboembolic events including pulmonary em-
bolism had incidence ranging from 0.18 to 0.2%. 
There was an average of one AF hospitalization in 
the follow-up period.

The major focus of the report rotates on anticoagu-
lant drug use patterns and their correlation with 
INR values in the nested analysis. Actual rates of 
prescription of warfarin and antiplatelet agents 
were lower than expected (45% and 6%, respective-
ly). Of particular interest beyond the rates of pre-
scription were the duration and variables involved 
in their use. The average time to discontinuation 
was about 4 months for both agents. The AFFIRM 
trial published at the turn of the millennium, has 
promoted anticoagulation as a lifelong strategy 
when feasible. It would have been interesting for 
the authors to have performed a time-dependent 
analysis on this aspect. Importantly, women were 
less likely to receive anticoagulation and common 
risk factors such as hypertension, diabetes and 
coronary disease were only weak predictors (odds 
ratio 1.11 to 1.18) of its use. Poor management of 
warfarin was seen in one-third of patients who 
spent >80% of their time outside the therapeutic 
INR range and only 19% remained in the recom-
mended range virtually all of the time, under-
scoring the difficulties in warfarin management 
and effective implementation. In current reports, 
warfarin usage has plateaued between 50 – 60%.6 
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Therapeutic INR rates improved from 40-45% early 
on to around 60%. As expected, inability to comply 
with warfarin follow-up or high risk bleeding situa-
tions often precluded warfarin use, but surprisingly 
a history of a fall or intracranial vascular malforma-
tion did notpreclude use. Not surprisingly, the data 
confirmed prior studies showing a doubled risk of 
stroke and five fold risk of embolism with sub ther-
apeutic INR values and a doubled risk of bleeding 
with supratherapeutic values.7

The most unique aspects of this data set are its size 
and its existence outside the framework of a clinical 
trial. The size in relationship to other studies has 
been described previously. A randomized clinical 
trial of this size with this level of detail would not 
currently be feasible. Unlike other large retrospec-
tive studies, this analysis was performed on very 
recent data, so inference is not affected by new 
therapeutic agents and treatment strategies. Since 
these data emerge from a non-clinical trial set-
ting, the treatment patterns are regulated by clini-
cal judgment and patient adherence rather than a 
protocol. The absence of inclusion criteria implies 
that this analysis contains a broader spectrum of 
patients with AF that a clinical trial would contain 
– the sickest patients are often underrepresented 
or absent from clinical trial data. These data could 
offer an accurate reflection of real-world treatment 
patterns, and as in prior reports, we note a marked 
divergence from clinical guidelines.9, 11, 12 While life-
long use of warfarin is recommended, the reality in 
this data set is that treatment is intermittent rather 
than continuous, and the median time to discontin-
uation was just over 4 months. In the NABOR study 
and other analyses, only persistent/permanent atri-
al fibrillation and age > 80 years influenced warfa-
rin usage rather than risk factors for stroke.13 For 
the subset of patients with INRs, only 19% spent 
most of their time within the therapeutic range. In a 
recent review, clinical trials show rates of 60 – 65%, 
raising a potential dichotomy with practice guide-
lines and trial data.

Despite the authors’ efforts to identify a robust pop-
ulation for health care resource use analysis using 
exclusively private insurance, there is no guarantee 
that all resource use, and especially prescription 
drug use, were reported. This concern is a ma-
jor limitation of this analysis. The authors do not 
show enough information about the age distribu-
tion to determine what percent of the cohort was 

eligible for Medicare. It would be interesting to 
know how Medicare-eligible patients were using 
their private insurance plans.14 For patients en-
rolled in Medicare, private insurance would have 
been the secondary payor on prescription drugs. 
The claims may or may not have been received 
by the private insurance company. Government 
employees who are veterans may have accessed 
care through the VA system, and is not possible 
to know what percent of claims were filled by 
payors other than private insurance. Walker et 
al found that 48% of patients who should have 
been anticoagulated had no claims for warfarin, 
but this could be an overestimate of untreated pa-
tients due to claims filed to other payors. As the 
authors note, diagnosis information is difficult to 
obtain. It is inevitable that some patients had con-
ditions for which warfarin was contraindicated. 
It would be interesting to know if any patients 
without warfarin claims did have claims for other 
drugs contraindicated with warfarin.

The lab data presented is also probably not a ran-
dom selection of data from participants in the 
health plan, and systematic differences between 
patients who did and did not have INR data could 
bias the results. Only labs qualified to be in the 
network reported data, and facilities serving cer-
tain demographic groups or employment status 
may have been more likely to use a network lab 
than other sites. The authors were aware of this 
problem and examined differences in patients 
who did and did not have INRs in the database. 
Since INRs could have been conducted at a non-
network lab, the absence of INR data does not 
necessarily imply that INR estimations were not 
performed.

The authors correctly point out many of the 
strengths, weaknesses and appropriate interpre-
tations of their data. While retrospective, the data 
do modify our understanding of patient presenta-
tion in engagement of outpatient health care sys-
tems and move us away for randomized clinical 
trial settings that often start in the hospital. The 
large sample size exceeded by only one other re-
port, along with real world pharmacy usage data 
is a useful addition to our information base.3 As 
the authors note, these data originated outside of 
a randomized clinical trial, and may more accu-
rately describe standard practice. As expected, the 
limitations of outpatient diagnosis coding, which 
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is less likely to be as robust as hospital coding, and 
the index INR values as reflective of the whole ex-
perience in some patients, drug compliance and 
out of system drug purchases remain issues in the 
data set. Yet overall, the data do confirm the dif-
ficulties in implementing a warfarin based anti-
coagulant strategy in the community with lack of 
penetration of practice guidelines being impeded, 
most probably not by physician or patient educa-
tion, but by real-life single drug related limitations 
and interactions and compliance with follow-up 
testing procedures.

Future Directions 

All in all, this report is a relevant and current look 
at a very broad AF population from an epidemio-
logic and health care delivery viewpoint. Findings 
should stimulate health care planners to focus to 
a greater extent on the point of engagement of the 
health care delivery system, i.e. the outpatient en-
try point, and seek better techniques to improve 
risk recognition by patients and warfarin usage. 
The recent availability of home monitoring kits 
for warfarin, anticoagulation clinics and dietary 
instruction, along with potential genetic typing 
for metabolic enzyme status offer new options 
for improving best medical practice with existing 
therapy.15 It is increasingly likely that more insur-
ance plans will provide this type of preventative 
and proactive intervention to reduce health care 
expenditures due to preventable complications. 
For pharmaceutical drug development, this re-
port co-authored by an epidemiologist from this 
industry, clearly sets the stage for the need for 
new therapeutic agents such as factor 10a inhibi-
tors that are in the pipeline. However, the uptake 
of new therapeutic paradigms is often beset with 
new challenges in acceptance and implementation 
at the provider, patient and health care delivery 
system levels. In the immediate future, adjustment 
to warfarin management is likely to yield more 
immediate results for health care planners, physi-
cians and patients.

References

1. Wolf P, Abbott R, Kannel W. Atrial fibrillation as an indepen-
dent risk factor for stroke: The Framingham Study. Stroke 1991: 
22:983–988.
2. Benjamin EJ, Wolf PA, D’Agostino RB, Silbershatz H, Kannel 

WB, Levy D.: Impact of atrial fibrillation on the risk of death: the 
Framingham Heart Study. Circulation. 1998 : 98(10):946-52.
3. Dagres N, Nieuwlaat R, Vardas P, et al. Gender-related differ-
ences in presentation, treatment, and outcome of patients with 
atrial fibrillation in Europe. A report from the Euro Heart Survey 
on Atrial Fibrillation. J Am Coll Cardiol 2007: 49:572–577.
4. Go AS, Hylek EM, Phillips KA, Chang Y, Henault LE, Selby JV, 
Singer DE :Prevalence of diagnosed atrial fibrillation in adults: 
national implications for rhythm management and stroke preven-
tion: the AnTicoagulation and Risk Factors in Atrial Fibrillation 
(ATRIA) Study. JAMA. 2001 : 285(18):2370-5
5. Connolly SJ, Eikelboom J, O’Donnell M, Pogue J and Yusuf 
S: Challenges of Establishing New Antithrombotic Therapies in 
Atrial Fibrillation. Circulation 2007: 116;449-455.
6. Reynolds MW, Fahrbach K, Hauch O, Wygant G, Estok R, Celia 
C, Nalysnyk: Warfarin anticoagulation and outcomes in patients 
with atrial fibrillation. Chest 2004: 126: 1938-1945.
7. Wyse DG, Waldo AL, DiMarco JP, Domanski MJ, Rosenberg Y, 
Schron EB, Kellen JC, Greene HL, Mickel MC, Dalquist JE, Corley 
SD; Atrial Fibrillation Follow-up Investigation of Rhythm Man-
agement (AFFIRM) Investigators. A comparison of rate control 
and rhythm control in patients with atrial fibrillation. N Engl J 
Med. 2002 ;347(23):1825-33.
8. Centers for Disease Control and Prevention (CDC). Atrial fibril-
lation as a contributing cause of death and Medicare hospitaliza-
tion--United States, 1999. MMWR Morb Mortal Wkly Rep. 2003 
:;52(7):128, 130-1.
9. Fuster V, Rydén L, Cannom D, et al. ACC/AHA/ESC 2006 
guidelines for the management of patients with atrial fibrilla-
tion— executive summary: a report of the American College of 
Cardiology/American Heart Association Task Force and the Eu-
ropean Society of Cardiology Committee for Practice Guidelines 
(Writing Committee to Revise the 2001 Guidelines for the Man-
agement of Patients With Atrial Fibrillation). J Am Coll Cardiol 
2006: 48:854 – 906.
10. Walker AM, Bennett D Epidemiology and outcomes in pa-
tients with atrial fibrillation in the United States: Heart Rhythm 
2008, Vol 5, 1365 - 1372 .
11.Stafford R, Singer D. Recent national patterns of warfarin use 
in atrial fibrillation. Circulation 1998;97:1231–1233.
12. Stafford R, Singer D. National patterns of warfarin use in atrial 
fibrillation. Arch Intern Med 1996;156:2537–2541.
13. Tapson VF, Hyers TM, Waldo AL,Ballard DJ, Becke RC, Cap-
rini JA, Khetan R,. Wittkowsk AK,. Colgan KJ, Shillington AC, 
et al for the NABOR (National Anticoagulation Benchmark and 
Outcomes Report) Steering Committee Antithrombotic Therapy 
Practices in US Hospitals in an Era of Practice Guidelines. Arch. 
Int. Med. 2005: 165: 1458-1464.
14. Evans-Molina C, Regan S, Henault LE, Hylek EM, Schwartz 
GR. The new Medicare Part D prescription drug benefit: an esti-
mation of its effect on prescription drug costs in a Medicare popu-
lation with atrial fibrillation. J Am Geriatr Soc. 2007 l;55(7):1038-
43.
15. Higashi M, Veenstra D, Kondo L, et al. Association between 
CYP2C9 genetic variants and anticoagulation-related outcomes 
during warfarin therapy. JAMA 2002: 287:1690 –1698.


	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled

