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Abstract

New onset atrial fibrillation (AF) is the commonest complication after cardiac surgery affecting around 
30% of coronary artery bypass graft (CABG) patients, up to 50% of valve surgery patients and as many as 
60% of those undergoing combined valve and CABG operations. After cardiac transplantation where the 
native pulmonary veins are electrically separated from the donor heart atria the incidence is only 11%.

Introduction

New onset atrial fibrillation (AF) is the common-
est complication after cardiac surgery affect-
ing around 30% of coronary artery bypass graft 
(CABG) patients, up to 50% of valve surgery pa-
tients and as many as 60% of those undergoing 
combined valve and CABG operations.1 After 
cardiac transplantation where the native pulmo-
nary veins are electrically separated from the do-
nor heart atria the incidence is only 11%.2 Onset 
is typically within 6 days of operation with 15-
20% of episodes spontaneously converting to si-
nus rhythm within 2 hours. Whilst patients are 
warned of the possibility of AF the sudden onset 
of palpitations, breathlessness or chest pain with 
hypotension, invariably causes anxiety. Re-admis-
sion to hospital is common when AF begins after 
discharge.

Most surgeons regard transient AF as a benign 
event, easily managed and with little impact on 
the eventual outcome. Recourse to the literature 
suggests otherwise. For any individual AF dou-
bles the risk of stroke, myocardial infarction or re-
nal failure and increases overall mortality by 10%.3 
Loss of atrial contraction together with a rapid 

ventricular rate lowers cardiac output by 20-30% 
or more in the presence of a significant post opera-
tive pericardial effusion. Whilst low risk patients 
with good left ventricular function tolerate this 
insult, those with poor left ventricular function, 
pre-existing heart failure and renal or respiratory 
impairment may deteriorate rapidly requiring 
re-admission to the intensive care unit. An intra-
aortic balloon pump is less effective with a rapid 
irregular heart rate and cardioversion may cause 
ventricular fibrillation or heart block in a hypoxic 
patient. Even uncomplicated AF adds 3-4 days ex-
tra hospital stay with associated costs.4

Irrespective of the risks and economic consequenc-
es by no means all surgical centres employ routine 
AF prophylaxis nor do they attempt intra-opera-
tive AF ablation for those with the chronic dys-
rhythmia. As a result some patients are discharged 
from hospital without restoring sinus rhythm. 
How important is persistent AF in the long term 
after cardiac surgery? In 1999 my group showed 
that both AF and paced rhythm had an important 
negative effect on left ventricular reverse remodel-
ing after aortic valve replacement5. For patients in 
sinus rhythm there is a 20-30% fall in left ventricu-
lar mass index over the first post operative year 



caused by regression of hypertrophy. In the suc-
ceeding 3-5 years there is a further 10% reduction 
through resolution of interstitial fibrosis. Chronic 
AF compromises reverse remodeling resulting in 
persistent left ventricular hypertrophy and a more 
spherical left ventricular cavity. Does this adverse 
physiology influence outcome? In a large series of 
carefully anticoagulated mechanical valve replace-
ment patients we found 92% of those discharged 
from hospital in sinus rhythm to remain in sinus 
rhythm at 10-15 years later.6 Similarly all patients 
operated whilst in AF remained in AF long term 
with important adverse consequences for surviv-
al. After isolated aortic valve replacement 10 year 
mortality was 64% for AF patients but only 19% 
for those in sinus rhythm (p<0.001). Following 
aortic valve replacement with CABG, the equiva-
lent mortality was 83% versus 21% (p <0.001) and 
for aortic with mitral valve replacement 80% ver-
sus 18% (p <0.001). Whilst these remarkable differ-
ences partially reflect more advanced cardiac pa-
thology at the time of operation, the adverse long 
term effects on ventricular remodeling must also 
contribute to the poor outcome.

Many different factors are known to contribute 
to the development of post-operative AF [Table 
1]. In this Journal Reddy et al. report a retrospec-
tive analysis which identified left atrial volume 
index (LAVI) as a sensitive marker for new on-
set AF (44% incidence) after aortic valve replace-
ment with or without CABG. An LAVI of >46cc/
m2 predicted post-operative AF with a sensitiv-
ity of 92% and specificity of 77%.7 Also predictive 
were age, greater severity of aortic stenosis (valve 
area) and raised left atrial pressure. In a prospec-
tive study, Osranek et al. had already shown left 
atrial volume to correlate with risk of AF after car-
diac surgery.8 Roshanali et al. have shown another 
echocardiographic parameter, prolonged atrial 
electro-mechanical interval through left atrial 
conduction delay to have even greater sensitivity 
(100%) and specificity (95%) than LAVI.9 Increased 
left atrial size is a feature of mitral valve disease 
but also of chronic aortic valve disease and sys-
temic hypertension where increased left ventricu-
lar afterload and increased left atrial wall tension 
cause left atrial enlargement. Left atrial volume 
correlates with the severity of aortic stenosis.10 In 
long standing aortic stenosis with very poor left 
ventricular function and raised pulmonary artery 
pressure, the tricuspid valve becomes regurgitant 

and the right atrium also enlarges. This is the situ-
ation with many patients who present for aortic 
valve replacement with established AF and a di-
lated remodeled left ventricle which is unlikely to 
recover significantly after valve replacement.5

It is only worth predicting post operative AF if ef-
fective prophylaxis can ensure prevention. This 
objective has been the subject of research efforts 
for the last 30 years.11 Atrial stretch activates extra-
cellular signal-related kinase cascade to stimulate 
atrial fibrosis.12 In turn this increases dispersion of 
the atrial effective refractory period pre-disposing 
to atrial dysrhythmias. Electrical remodelling oc-
curs such that repolarisation is accelerated whilst 
the atrial action potential duration and refractory 
period are shortened.13 This results in the disrup-
tion of the normal de-polarisation/re-polarisation 
cycle of atrial cells and sets the stage for atrial fi-
brillation. Even after a short period of AF atrial 
contractile function is impaired by electrophysi-
ologic remodelling.14 After about 5 days contrac-
tile function is abolished due to a reduction in L-
type calcium currents. After restoration of sinus 
rhythm recovery is delayed.15 In the meantime 
mural thrombus may develop predisposing to 
thrombo-embolic events.

Suggested mechanisms for AF must attempt to 
explain the delayed onset after surgery. There are 
two plausible hypotheses. First is the time frame of 
the systemic inflammatory response after cardio-
pulmonary bypass or surgery itself in the case of 
off-pump CABG.16 Polymorphism in the -1749/C 
Interleukin 6 (IL-6) promoter gene plays a part in 
modulating the inflammatory response to surgery 
and high levels of IL-6 and C-Reactive protein 
have been linked to development of AF in both 
surgical and non-surgical patients.17 Prospective 
randomised trials of intravenous corticosteroids 
or anti-inflammatory agents have reported a sig-
nificant reduction in post operative AF.1 Secondly, 
atrial distention may occur during mobilisation of 
interstitial fluid accumulated during cardiopul-
monary bypass. Stretch activated ion channels in 
atrial myocardium can promote AF and would 
provide the link between atrial size and AF in the 
2-6 day time frame.18 Translocation of fluid from
extra-vascular to vascular compartments may re-
duce serum potassium and magnesium levels,
thus providing the setting for dysrhythmia. Mag-
nesium is a co-factor of NA-K adenosine triphos-
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phatase which regulates the myocardial trans-
membrane sodium and potassium gradients. In 
one randomised study magnesium infusion was 
found to be superior to Amiodarone for cardio-
version to sinus rhythm.19 Intraoperative venting 
through the pulmonary veins may act as a trigger 
for AF.20 

Straightforward post operative pain and anxiety 
cause hightened sympathetic tone which may pro-
mote the onset of AF. The European Association 
for Cardiothoracic Surgery guidelines for AF pro-
phylaxis recommend beta blockers for all patients 
unless contra-indicated by comorbid conditions 
when Amiodarone is suggested.21 The American 
Heart Association recommends pre-operative or 
early post-operative beta blockers for patients un-
dergoing CABG.22 Intravenous administration is 
well tolerated after surgery and superior to oral use 
because of absorption issues following cardiopul-
monary bypass. The non-selective beta-adrenergic 
receptor blocker Sotalol also blocks the delayed 
rectifier K+ channel and prolongs the refractory 
period and QT interval.23 It has been shown to 
provide more effective prophylaxis in randomised 
trials. Amiodarone at low dose (<3,000 mg) used 
in intravenous and oral combination provides ef-
fect prophylaxis for all patients but specifically in 
high risk CABG patients with poor left ventricular 
function.24-25 This last group are particularly at risk 
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for peri-operative stroke. Digoxin does not offer 
prophylactic benefit.26 

When AF occurs every effort should be made to 
restore sinus rhythm before hospital discharge. 
Spontaneous correction occurs in many low risk 
patients particularly in response to management 
of electrolyte imbalance or hypoxia. Immedi-
ate electrical cardioversion is required when AF 
causes profound hemodynamic compromise in 
high risk patients. A belief that rate control and 
anti-coagulation prove satisfactory in the long 
term must be challenged given the mortality dif-
ferences for valve replacement patients.6 After 
discharge a sinus rhythm AF is unusual in the 
long term given the physiological benefits of the 
surgery.
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Pre-operative:

Advanced age
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Previous AF
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Withdrawal of beta-blocker or ACE-I
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Bicaval cannulation
Pulmonary vein venting
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Type of operation
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Systemic inflammatory response
Red cell transfusion
Respiratory compromise (hypoxia)
Fluid overload/electrolyte imbalance
Renal impairment
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Abstract

Post-operative atrial fibrillation (POAF) after valve surgery is associated with increased morbidity and 
mortality. Risk factors identified in the past to predict POAF are of moderate accuracy. We performed a 
retrospective analysis of 139 patients undergoing aortic valve replacement for aortic stenosis. Post-oper-
ative AF occurred in 44% of the patients. In multivariate analysis only left atrial volume (LAV) index was 
a predictor of POAF. A LAV index of >46 cc/m2 predicted POAF with a sensitivity and specificity of 92% 
and 77%. We propose that LAV index can be used preoperatively to identify patients at risk for POAF to 
target preventive interventions. 

Background: Post-operative atrial fibrillation (POAF) is common after valve surgery and is associated 
with increased morbidity and mortality. Many of the previously identified predictors of POAF are of 
moderate accuracy. Left atrial volume (LAV) index has been proposed in the past as a predictor of POAF 
in patients undergoing cardiac surgery. In patients with aortic stenosis (AS), increased LAV is a marker 
of severity of stenosis.

Hypothesis: Left atrial volume index is a very good predictor of POAF in patients undergoing aortic 
valve replacement (AVR) for AS.

Methods: We performed a retrospective analysis of 139 consecutive patients with no previous atrial fi-
brillation (AF) undergoing AVR for AS in our center.

Results: Post-operative AF occurred in 44% of patients. Patients with POAF had a longer hospital stay 
compared to patients without (12 vs 8 days; p < 0.001). In univariate analysis, age (p = 0.046), aortic valve 
area (p = 0.005) and LAV index (p < 0.001) were significant predictors of POAF. In multivariate analysis 
only LAV index (R2= 0.58; p < 0.001) predicted POAF. A LAV index > 46ml/m2 predicted POAF with a 
sensitivity and specificity of 92% and 77% respectively. Moreover, there was a significant increase in the 
incidence of POAF with increasing quartiles of LAV index, supporting causality.

Conclusion: Left atrial volume index is an excellent predictor of POAF in patients undergoing AVR for 
AS. It can be used for selecting patients who are at a high risk for developing POAF to target preventive 
interventions.



Introduction

Post-operative atrial fibrillation (POAF) is one of 
the most common arrythmias after cardiac surgery 
with an increased mortality, stroke and prolonged 
hospital stay.1-6 Patients undergoing combined 
valve and coronary artery bypass graft surgery 
with continuous rhythm monitoring have been 
reported to have the highest incidence of POAF 
(36-63%).1-2-5-6 Patients with symptomatic severe 
aortic stenosis (AS) have a poor prognosis with 
conservative treatment and aortic valve replace-
ment (AVR) in these patients is also associated 
with higher incidence of post-operative complica-
tions including POAF.

There have been many studies in the literature 
identifying at least 17 pre-operative risk factors for 
POAF in various patient populations undergoing 
cardiac surgery.6 Most of these risk factors have 
only a moderate accuracy in predicting POAF in-
dependently and consistently.6 Scoring systems 
incorporating multiple risk factors have been de-
veloped but they may be cumbersome at times de-
creasing their applicability.4-7 Moreover, almost all 
of these studies included patients undergoing any 
type of cardiac surgery and extending their results 
to the higher risk group undergoing AVR may not 
be accurate.

Left atrial volume (LAV) index (LAV indexed to 
body surface area) is a validated marker of chronic 
left ventricular load and is closely related to the 
development of atrial fibrillation (AF) in patients 
with and without cardiovascular disease.8-9-10 

In patients undergoing cardiac surgery LAV in-
dex has been shown to be strongest predictor of 
POAF.11 Though the study included patients un-
dergoing AVR, their number was not reported. In-
creased LAV has been correlated with the severity 
of AS and it has been proposed to have a role in 
the development of AF.12-13-14 There are no studies 
reported to date that have evaluated the role of 
LAV index in predicting POAF in patients under-
going AVR for AS. Hence, we hypothesized that 
LAV index is an independent and a strong predic-
tor of POAF in patients with severe AS undergo-
ing AVR. 

Methods 

We performed a retrospective analysis of all con-

secutive patients who underwent AVR for severe 
AS in our hospital between January 2003 and De-
cember 2005. Patients with more than moderate 
mitral valve stenosis or regurgitation, history of 
atrial fibrillation or a previous valve replacement 
were excluded from the study. A total of 232 pa-
tients were underwent surgery during the above 
time period of which 93 patients were excluded 
based on the above criteria. The remaining 139 
patients were included in the final analysis. The 
study was approved by our institutional review 
board.

The baseline characteristics including demo-
graphics, pertinent clinical history, medications, 
echocardiographic parameters were obtained. The 
LAV was calculated by the bi-plane area method 
as described by the 2005 American society of echo-
cardiography guidelines for chamber quantifica-
tion.15 In this method, the maximal left atrial (LA) 
area was planimetered just before the opening of 
the mitral valve in both two and four-chambered 
views after excluding the pulmonary veins and the 
LA appendage. Length of LA was measured by a 
line extending perpendicularly from the middle of 
the mitral valve annulus plane to the superior wall 
of LA in both views and the shorter of the lengths 
was used to calculate LAV. The LAV was calculat-
ed using the formula LAV = 0.85 x four-chambered 
area x two-chambered area ÷ LA length. The LAV 
index was calculated from the ratio of the LAV 
and body mass index.

Details of the type of surgery, perioperative car-
diac medications and complications in the hos-
pital were obtained from the hospital records. In 
our institution, all postoperative patients undergo 
continuous rhythm monitoring from surgery till 
discharge, which is confirmed by a board certi-
fied cardiologist everyday. We collected the occur-
rence and duration of AF episodes along with the 
length of hospital stay.

Statistical Analysis

Data are presented as proportions (%) for cate-
gorical variables and as mean ± SD for continuous 
variables. For skewed variables, the median is re-
ported. The association between patient variables 
(from previous medical history, medications and 
echocardiography parameters) and development 
of POAF was initially evaluated by univariate 
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analyses. Comparisons were made between con-
tinuous variables by an ANOVA test and between 
categorical variables by a chi-square test. Fisher’s 
exact test was used wherever applicable. A Mann-
Whitney U test was used for skewed variables. 
All variables from the univariate analyses with a 
p-value <0.2 were included in a multivariate re-
gression analysis (backward selection method).
The best cut-off of LAV index for predicting POAF
was determined using a receiver-operating char-
acteristics curve analysis (ROC curve). A hazards
risk model was used to estimate the risk of devel-
oping POAF in the groups created by the above
cut-off value of LAV index. Further, the group was
divided into quartiles based on the LAV index and
Cox regression survival analysis was performed to
identify the POAF-free survival in each quartile.
The statistical analysis was performed using SPSS
software package, version 16.0 (SPSS inc., Chicago,
Ill). A p-value of <0.05 was considered statistically
significant.

Results 

A total of 232 patients underwent AVR for severe 
AS from January 2003 to December 2005 in our 
center. We excluded 93 patients from the analy-
sis based on the exclusion criteria mentioned ear-
lier. A total of 139 patients were included in the 
final analysis. Concomitant coronary artery by-
pass graft surgery was performed in 58 (42%) pa-
tients. The mean age of our study population was 
72 ± 12.1 yrs and 55% (77/139) of them were men. 
Of the 139 patients, 61 patients (44%) developed 
POAF. The median time to onset for POAF was 3 
days. Among patients who developed POAF, 69% 
(42/61) developed paroxysmal and the rest 31% 
(19/61) developed persistent AF. Among patients 
with paroxysmal AF, 31% (13/42) developed a sin-
gle episode and 69% (29/42) developed multiple 
episodes of AF. Post-operative AF was associated 
with a significantly increased median length of 
hospital stay (12 days vs 8 days; p < 0.001). It was 
not associated with an increased stroke or death 
rate (8.2% vs 5.1%; p=0.35).

Demographic and medication data is presented in 
table 1. Patients who developed POAF were older 
than those who did not (74 vs 70 years; p = 0.046). 
There were no significant differences between the 
medications used by both the groups. Baseline 
echocardiographic parameters, median length of 
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hospital stay and concomitant coronary bypass 
surgery data are presented in table 2. Patients who 
developed POAF had a significantly smaller aor-
tic valve area (0.75 vs 0.86 cm2; p = 0.005) and aor-
tic valve area index (0.39 vs 0.45, p = 0.025) when 
compared to patients who did not develop POAF. 
Patients with POAF also had a significantly high-
er LAV (124 vs 74; p < 0.001) and LAV index (64 
vs 39; p < 0.001) when compared to patients who 
did not develop POAF. Moreover, there was a sig-
nificant negative correlation between aortic valve 
area and both LAV (r = -0.25; p = 0.003) and LAV 
index (r = -0.17; p = 0.04). There was a significant 
correlation between LA diameter and LAV (r = 
0.18 p = 0.036) but not between LA diameter and 
LAV index (r = 0.06; p = 0.48).

In univariate analysis age (p=0.046), aortic valve 
area (p=0.005) and LAV index (p<0.001) were sig-
nificant predictors of POAF. After multivariate 
regression analysis only LAV index correlated 
significantly with the development of POAF with 
a R2 value of 0.54 (p<0.001). The receiver-operator 
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Table 1 Baseline clinical characteristics and medi-
cation use

POAF No POAF p-value

Male Sex (%) 60.7 51.3 0.27
Mean Age 74.3 70.2 0.046
Hypertension (%) 73.8 75.6 0.80
Diabetes Mellitus (%) 26.2 34.6 0.29
Smoking (%) 24.6 25.6 0.89
Hyperlipidemia (%) 50.8 59.0 0.34
Coronary Heart Disease 
(%) 50.8 55.1 0.61

Heart Failure (%) 65.6 64.1 0.86
Chronic obstructive lung 
disease (%) 14.8 6.4 0.16

Hypothyroidism (%) 14.8 11.5 0.58
Chronic Renal Insuffi-
ciency (%) 11.5 12.8 0.81

Beta Blockers (%) 45.9 52.6 0.44
Diuretics (%) 49.2 42.3 0.42
Amiodarone (%) 4.9 1.3 0.32
Statins (%) 34.4 43.6 0.27
ACEI/ ARB (%) 56.6 43.4 0.16
Thyroxine (%) 18.0 12.8 0.39

POAF: Post-Operative Atrial Fibrillation; ACEI: Angiotensin 
Converting Enzyme inhibitors; ARB Angiotensin Receptor 
Blockers



characteristics curve analysis showed an optimum 
cutoff for LAV index as 46, with a sensitivity of 
92%, specificity of 77%, positive predictive value 
of 76% and a negative predictive value of 92% for 
predicting POAF [Fig 1]. The area under the curve 
was 0.92 (95% CI, 0.87-0.97). Compared to patients 
with a LAV index < 46ml/m2, those with a LAV 
index > 46ml/m2 had an almost 10 fold increase in 
the risk of developing POAF (HR = 9.8; 4.2-22.9) 
as shown in figure 2. When patients were divid-
ed into 4 quartiles based on the LAV index (≤32; 
32> ≤46; 46> ≤64 and >64) there was a significant
trend for increased incidence in POAF among the
quartiles (3.3%; 11.4%; 65.1% and 90%; p<0.001 for
trend) as shown in figure 3.

Discussion

Post-operative AF is one of the most common 
complications after cardiac surgery and its inci-
dence is high in patients undergoing valve sur-
gery especially if combined with a concomitant 
coronary artery bypass surgery.1-2-5-6 It has been 
shown to be significantly associated with an in-

crease in early and late mortality, stroke, myo-
cardial infarction, persistent heart failure symp-
toms, respiratory failure, renal failure, shock, and 
cardiopulmonary arrest after cardiac surgery.2-5-6 
Similar worse outcomes were reported with 
POAF in patients undergoing AVR.16-19 Post-oper-
ative AF is also associated with increased length 
of hospital stay resulting in increased hospital and 
healthcare costs.20-21 In our present study we did 
find a similar significant increase in the median 
length of hospital stay in patients who developed 
POAF compared with patients who did not (12 vs 
8 days; p<0.001).

With the increased incidence of worse outcomes 
and increased healthcare costs with POAF, it is 
important to identify risk factors to predict its oc-
currence so that necessary proven preventive in-
terventions can be implemented appropriately. 
Though many interventions have been proposed 
to prevent POAF, very few of them like beta block-
ers, bi-atrial pacing and intravenous amiodarone 
have consistently shown to decrease the incidence 
of POAF after cardiac surgery.6-22 Moreover, the 
use of intravenous amiodarone for unselected pa-
tient population undergoing cardiac surgery has 
not been shown to be cost-effective.23 Hence, there 
is an urgent need to identify patients undergo-
ing cardiac surgery, especially AVR, who are at a 
higher risk of developing POAF, with a good ac-
curacy.

There have been few studies in the past to identify 
risk factors to predict POAF in patients undergo-
ing AVR. Orlowska-Baranowska et al. identified 
age, history of paroxysmal AF, presence of >300 
paroxysmal supraventricular beats in 24 hours 
rhythm monitoring before surgery and presence 
of supraventricular tachycardia as independent 
predictors of POAF.24 Ducheschi et al. identified 
age, left atrial enlargement, history of paroxys-
mal AF and post operative electrolyte imbalance 
as independent predictors of POAF.25 Recently, 
Banach et al. identified low body mass index, im-
paired left ventricular ejection faction, increased 
left ventricular end-systolic thickness and end-
diastolic diameter as independent preoperative 
predictors of POAF in patients undergoing AVR.19 
Most of these risk factors had moderate accuracy 
in predicting POAF and some of them were post-
operative variables making them difficult to serve 
the purpose of identifying patients preoperatively 
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Table 2
Baseline echocardiographic findings, hos-

pital stay and concomitant coronary bypass 
surgery

POAF No POAF p-value

Left Ventricular Ejection 
Fraction 51.9 55.8 0.07

Aortic Valve Area in cm2 0.75 0.86 0.005
Aortic Valve Area Index 0.39 0.45 0.025
Mean Aortic Valve Gradi-
ent in mmHg 42 39 0.19

Diastolic Dysfunction 1.37 1.27 0.33
Left Ventricular PW/SW 
dimension in cm 1.35 1.34 0.80

Left Atrial Diameter in cm 4.53 4.34 0.07
Left Ventricular Dimen-
sion in cm 5.11 4.99 0.36

Right Ventricular Systolic 
Pressure in mm Hg 43 36 0.05

Left Atrial Volume in cm3 124 74 <0.001
Left Atrial Volume Index 64 39 <0.001
Hospital Stay (Median) in 
days 12 8 <0.001

Concomitant Coronay 
Artery Bypass (%) 41 42 0.87

POAF: Post-Operative Atrial Fibrillation
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to implement preventive measures.

Many studies have reported LAV as a predictor of 
developing AF in a wide variety of patient popula-
tions, both with and without known cardiovascular 
disease.8-9-10 Aortic stenosis by itself and in combi-
nation with hypertension, increases the left ven-
tricular afterload which in turn increases LA wall 
tension resulting in an increase in LA size. In ad-
dition, LAV is a better measure of LA size than LA 
diameter, especially when it is enlarged, owing to 
its asymmetric enlargement.26 Increased LAV has 
been shown to be positively correlated with the se-
verity of AS.12 In our present study we did find a 
good negative correlation between aortic valve area 
and both LAV and LAV index confirming the above 
finding.

Left atrial enlargement, which represents atrial ana-
tomic remodeling, might be associated with electri-
cal remodeling. Atrial myocardial stretch activates 

extracellular signal-related kinase cascade, lead-
ing to atrial fibrosis, which has been proposed 
to increase the dispersion of the atrial effective 
refractory period leading to atrial arrhythmia 
including AF13-14 Osranek et al. reported that an 
increased LAV index independently predicted 
POAF after cardiac surgery.11 Since increased 
LAV is a marker of the severity of AS and is 
an excellent predictor of POAF, we planned to 
study its predictive power exclusively in pa-
tients undergoing AVR for severe AS.

In our present study, age, aortic valve area and 
LAV index were predictors of POAF in univari-
ate analyses. In multivariate analysis, LAV index 
was the only independent predictor consistent 
with the pathophysiological basis for the devel-
opment of POAF. Though LA diameter correlat-
ed with LAV, it did not predict POAF. This sup-
ports the proposition that LAV and LAV index 
are better measures of LA enlargement than LA 

Figure 1: Receiver operating characteristic curve for Left atrial volume index. Area under the curve = 0.92 (0.87-0.97); Standard 
Error = 0.025; p-value < 0.001



diameter. Most importantly, the graded increase 
in the risk of developing POAF with increasing 
LAV index quartiles, in our study, supports cau-
sality as proposed earlier.11 Also, it is only the se-
vere LA enlargement group ( LAV index of >40 as 
per the recent American Society of Echocardiog-
raphy guideline statement 15) who has a signifi-
cant increased risk of POAF.

Conclusions

In conclusion, in a single center, retrospective 
analysis of patients undergoing AVR for severe 
AS we identified a LAV index as the single most 
important predictor of POAF. A LAV index cut-
off of 46 cc/m2 predicted POAF with a sensitiv-
ity of 92% and a specificity of 77%. In clinical 
practice a similar cut-off can be used in patients 
undergoing AVR to identify patients at high risk 
for POAF. Proven peri-operative interventions, 
aimed at decreasing POAF, if applied to this high-
risk group may turnout to be very cost-effective 
as compared to applying to the entire group.
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Limitations

Important limitation of our study is its retrospec-
tive nature. The LAV index of our patient popu-
lation is higher compared to the previous studies, 
which may be a part of the pathophysiology of se-
vere AS, though an overall sicker population can-
not be excluded. This may limit the extension of 
the findings to other populations. The size of the 
population studied is also small, which may be one 
of the reasons why we did not identify some of the 
previously identified predictors of POAF. Finally, 
this is a single center experience and it needs to be 
validated in other patient populations undergoing 
AVR for AS.
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Introduction

With the rise of catheter ablation to treat drug-
refractory atrial fibrillation (AF), there is a collec-
tive initiative to improve procedural efficiency 
while increasing safety margins.1-2 Due to a grow-
ing concern of cancer risks surrounding ionizing 
radiation, it is paramount to consider the amount 
of ionizing radiation associated with AF catheter 
ablation, particularly with the increasing trend 
towards serial ablations.2 While the degree of 
cancer risk associated with radiation exposure 

is arguably theoretical, the ALARA (As Low as 
Reasonably Achievable) principle favors seeking 
alternatives to safely reduce ionizing radiation ex-
posure.3- 4

The major source of ionizing radiation surround-
ing AF ablation is pre-ablation computed tomog-
raphy (CT) imaging, with a minor contribution 
from intra-procedural fluoroscopy. Convention-
ally, impedance or electroanatomic atrial mapping 
to enable surrogate geometry creation and pulmo-
nary vein (PV) electrical isolation is aided by pre-
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Abstract

Radiation exposure with cardiac interventional procedures is an emerging concern. Patients receiving ra-
diofrequency ablation for atrial fibrillation (AF) still routinely undergo pre-ablation computed tomogra-
phy (CT) scans for definition of left atrial and pulmonary vein anatomy, as well as creation of a surrogate 
geometry. In an effort to decrease ionizing radiation associated with AF ablation, an ultrasound-guided 
surrogate geometry approach is proposed as an alternative to routine CT imaging. Ten patients under-
went AF ablation using intracardiac ultrasound for the creation of a surrogate left atrial geometry (Car-
toSound, Biosense Webster, CA); and ten control-cases who had conventional CT-guided imaging (Car-
toMerge, Biosense Webster, CA) were matched for age, gender, and type of catheter ablation. Sources of 
radiation included 1) intraprocedural fluoroscopy (CartoSound: 151 ± 43 mGray*cm^2, CartoMerge: 174 
± 130 mGray*cm^2; <i>p=0.6</i>) and 2) CT ionizing radiation (CartoSound: 0 mSv, CartoMerge 9.4 ± 2.3 
mSv/CT scan.) When comparing clinical success rates after a trial of previously ineffective anti-arrhyth-
mic drugs, ultrasound-guided AF ablation was non-inferior to a CT-guided approach. This potentially 
obviates the need for CT-guided imaging, therefore reducing doses of ionizing radiation by nearly 10 
mSv per AF catheter ablation.



ablation CT scans. Caveats surrounding CT imag-
ing include its contraindications (i.e. contrast dye 
allergy), lower sensitivity for detecting left atrial 
(LA) thrombus, and inability to provide real-time 
images during ablation. Although magnetic reso-
nance imaging is an alternative, its limitations in-
clude cost, time for image acquisition, and contra-
indication for use with pacemakers.

Reducing effective doses of ionizing radiation from 
CT imaging may be accomplished by performing 
catheter ablation guided only by intracardiac echo-
cardiography (ICE). ICE is being recognized as an 
alternative for creation of surrogate geometry in-
stead of point-to-point electroanatomic mapping.5 
In addition to being used for image integration to 
create a real-time surrogate LA geometry, ICE can 
also assess pulmonary veins with two-dimension-
al imaging and Doppler. ICE enables catheter ab-
lation without the cost and time of additional im-
aging, and without additional ionizing radiation 
associated with a CT-guided approach to AF abla-
tion. This study proposes the use of ultrasound-
guided AF ablation as an alternative to CT-guided 
imaging, while examining novel ways to decrease 
ionizing radiation associated with AF ablation.

Materials 

This is a retrospective study looking at 10 patients 
who underwent ultrasound-guided (CartoSound) 

AF ablations at our center. Ten case-controls were 
subsequently selected, all of whom received pre-
ablation CT scans (CartoMerge). Cases were 
matched for age, gender, and type of catheter ab-
lation (wide-area catheter ablation versus pulmo-
nary vein isolation.) CT imaging was performed 
using a 64-slice CT scanner. Total radiation doses 
were collected for each CT scan performed as well 
as for intra-procedural fluoroscopy when avail-
able.

In addition to doses of ionizing radiation, addi-
tional outcomes included atrial fibrillation recur-
rence and short-term complications associated 
with AF catheter ablation in both groups. AF re-
currence was determined after 90-day blanking 
period following a trial of previously ineffective 
anti-arrhythmic drugs (AADs), and was based on 
clinical symptoms, pacemaker or electrocardio-
graphic documentation of AF. Statistical analysis 
included student T-test or chi-squared analysis.

The Mayo Clinic Arizona Institutional Review 
Board evaluated the study protocol and deter-
mined the study to be exempt from further review, 
waiving the requirement for informed consent.

Results 

While the CartoSound and CartoMerge groups 
were matched for age, gender, and type of cath-
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Table 1 Baseline Characteristics

CartoSound (n=10) CartoMerge (n=10) p value

Age (years) 63.5 62.6 ns
Male Gender (# patients) 7 7 ns
Duration AF (years) 8.7 ± 9.6 3.2 ± 3.6 0.06
Permanent AF (# patients) 2 4 ns
Anti-arrhythmic Drug (#) 2.3 ± 1.1 1.3 ± 0.7 0.02
LA vol Index (cc/m^2) 42.0 40.6 ns
Prior ablation (# patients) 5 5 ns
BMI (kg/m^2) 31.9 ± 3.2 31.9 ± 3.2 ns
Hypertension (# patients) 7 5 ns
Diabetes (# patients) 1 3 ns
Dyslipidemia (# patients) 7 4 ns
Cardiomyopathy (# patients) 0 3 ns
Coronary disease (# patients) 2 3 ns
Pulmonary disease (# patients) 3 2 ns

AF=atrial fibrillation, BMI=body mass index, LA vol=left atrial volume, ns=not significant



eter ablation, their baseline characteristics differed 
when comparing duration of AF (8.7 vs. 3.2 years, 
p=0.06) and number of previously attempted anti-
arrhythmic drugs (2.3 vs.1.3 AADs, p=0.02). There 
were no significant differences between baseline 
comorbidities [Table 1]. Coronary artery disease 
was defined by evidence of obstructive lesions 
>50% or prior coronary interventions. Pulmonary
disease was defined as reactive airway disease,
asthma, or obstructive sleep apnea, regardless of
treatment status. The rate of clinical recurrence
of AF was similar between the 2 groups (40% vs.
40%, p=0.37), after a trial of previously ineffective
anti-arrhythmic drugs [Table 2].

There was no radiation exposure in the Carto-
Sound group outside of intraprocedural fluorosco-
py. Radiation from fluoroscopy with CartoSound 
was not significantly different from CartoMerge 
(151±43 vs. 174 ± 130 mGycm^2, p=0.6) [Figure 1]. 
In the CartoMerge group, patients received pre-
ablation CT scans with an average radiation dose 
of 8.9 ± 2.3 mSv per scan.

Discussion

Medical imaging procedures are gaining recogni-
tion as an important source of exposure to ionizing 
radiation in the United States, potentially resulting 
in high cumulative effective doses.6 While it is dif-
ficult to extrapolate cancer risks from large popu-
lation-based studies and apply them to individual 
patients, every effort should be made to decrease 
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levels of ionizing radiation when possible.

The primary aim of this study was to increase 
awareness of how much ionizing radiation is asso-
ciated with each AF ablation. Measuring actual ra-
diation doses (not estimates), we found that case–
controls at our institution were receiving nearly 
10 mSv per pre-ablation CT scan. Assuming that 
an average posterior and lateral chest x-ray is 0.10 
mSv, this is equivalent to almost 100 chest x-rays.3 

While the attributable cancer risk can only be in-
ferred from existing studies of large epidemiolog-
ic proportions, as outlined by the BEIR VII regis-
try,7 a cumulative radiation dose of 19.4 mSv in 
a population of radiation workers translated into 
an excess risk ratio of 0.97.8 With current practice 
favoring serial AF ablations, three AF ablations 
could theoretically result in 30 mSv of cumulative 
radiation.2 In these cases, organ equivalent doses 
to specific tissues such as breast and lung are even 
higher potentially increasing the lifetime attribut-
able risks of cancer.9 

The approach to decreasing ionizing radiation 
associated with AF is two-fold. The first goal is 
to assess ways to decrease ionizing radiation as-
sociated with pre-ablation CT scans. Beginning 
with the patient, diligence in ensuring IV site in-
tegrity is paramount, and would have prevented 
extravasation of contrast dye in one patient who 
received twice the dose of ionizing radiation fol-
lowing a failed CT study. Additionally, reviewing 
CT images revealed that some patients had a field 
of view (FOV) extending as far inferiorly as the di-
aphragm. Recognizing that an extended FOV in-
creased radiation exposure without clinical merit, 
we limited FOV to focus on just the left atrium and 
the pulmonary veins. In further consultation with 
our radiology department, additional technical 
adjustments were made to the CT scanner that re-
duced ionizing radiation to nearly 2 mSv per pre-
ablation CT scan, without compromising imaging 
objectives. As techniques evolve to reduce radia-
tion by adjusting CT imaging protocols, a plan to 
reinforce these protocols is paramount, as is now 
being done at our institution.

The second approach is to find alternative imag-
ing modalities that reduce or eliminate ionizing 
radiation. This feasibility study suggests an al-
ternative approach to CT-guided AF ablation by 
demonstrating non-inferiority of an ultrasound-
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Table 2 Procedural Characteristics and Outcomes

Carto-
Sound 
(n=10)

Car-
toMerge 
(n=10)

p value

WACA 8 8 ns
Duration CA (minutes) 269.5 252.3 ns
Mitral Line Ablation 0 8
Roof Line Ablation 0 4
Accessory PV Ablation 0 4
CTI ablation 10 10 ns
Prophylactic AAD at DC 5 5 ns
Days of follow-up 110 ± 20 219 ± 10 0.005
Recurrent AF 4 4 0.37

AAD=anti-arrhythmic drug, AF=atrial fibrillation, 
CA=catheter ablation, CTI=cavotricuspid isthmus, DC=post-
procedural hospital discharge, PV=pulmonary vein, 
WACA=wide area catheter ablation



guided method. The use of ultrasound-guidance 
safely eliminates the need for CT scans, which in 
turn eliminates the major source of radiation as-
sociated with catheter ablation. While this is only 
a feasibility study, rates of clinical freedom from 
AF (after a trial of previously ineffective AADs 
for 120 days) were similar between the 2 groups, 
and neither group had short-term adverse events 
within the first 30 days post-procedure.

In addition to a small sample size, there are sev-
eral other limitations to this study. Baseline 
characteristics between the two groups were not 
identical, as the CartoSound group had a longer 
duration of AF and had been tried on more AADs 
prior to ablation. Additionally, there were differ-
ences in ablation technique between the 2 groups; 
the CartoSound group had fewer linear line ab-
lations, which may have resulted in increased 
pro-arrhythmic potential. Additionally, there is a 
learning curve associated with performing ICE-
guided catheter ablation.

While there are several approaches that can be 
used to decrease ionizing radiation doses associ-
ated with AF ablation, an ultrasound-only guided 
approach may emerge as a solution to moderate 
radiation doses associated with protocol-driven 
CT imaging.

Conclusions

With the rising concern of cumulative ionizing ra-
diation exposure associated with medical imaging 
procedures, we address the sources of radiation 
associated with atrial fibrillation ablation. Pre-
ablation computed tomography scans are a major 
source of radiation exposure, and are routinely 
performed on patients undergoing catheter abla-
tion. We demonstrate the potential use of ultra-
sound-guided catheter ablation as an alternative 
to CT-imaging.
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Figure 1: Fluoroscopy Dose Area-Product: Fluoroscopy is a minor contributor to overall ionizing radiation associated with 
atrial fibrillation ablation. There is no significant difference in intra-procedural radiation from fluoroscopy between ultrasound-
guided imaging (CartoSound) and conventional CT-imaging (CartoMerge) (p=0.6).



 www.jafib.com 19 Dec 2010-Jan 2011 | Vol 3 | Issue 4                             

Journal of Atrial Fibrillation Original Research 

with cardiac CT angiography. JAMA. 2009; 301: 500-7.
5. Packer DL, Johnson SB, Kolasa MW, Bunch TJ, Henz BD, Oku-
mura Y. New generation of electro-anatomic mapping: full intra-
cardiac ultrasound image integration. Europace. 2008; 10 Suppl 3:
iii35-41.
6. Fazel R, Krumholz HM, Wang Y, Ross JS, Chen J, Ting HH, Shah
D, Nasir K, Einstein J, Nallamothu BK. Exposure to low-dose ion-
izing radiation from medical imaging procedures. N Engl J Med.
2009; 361: 849-57.
7. National Research Council. Health risks from exposure to low
levels of ionizing radiation, BEIR VII. Washington, DC: National
Academy Press 2005.
8. Cardis E, Vrijheid M, Blettner M, Gilbert E, Hakama M, Hill
C, Howe G, Kaldor J, Muirhead CR, Schubauer-Berigan M, Yo-

shimura T, Bermann F, Cowper G, Fix J, Hacker C, Heinmiller 
B, Marshall M, Thierry-Chef I, Utterback D, Ahn YO, Amoros 
E, Ashmore P, Auvinen A, Bae JM, Bernar J, Biau A, Combalot 
E, Deboodt P, Diez Sacristan A, Eklof M, Engels H, Engholm 
G, Gulis G, Habib RR, Holan K, Hyvonen H, Kerekes A, Kurti-
naitis J, Malker H, Martuzzi M, Mastauskas A, Monnet A, Mos-
er M, Pearce MS, Richardson DB, Rodriguez-Artalejo F, Rogel 
A, Tardy H, Telle-Lamberton M, Turai I, Usel M, Veress K. The 
15-Country Collaborative Study of Cancer Risk among Radia-
tion Workers in the Nuclear Industry: estimates of radiation-
related cancer risks. Radiat Res. 2007; 167: 396-416.
9. Einstein AJ. Radiation protection of patients undergoing car-
diac computed tomographic angiography. JAMA. 2009; 301:
545-7.



Corresponding Address :  Pamela K. Mason, Box 800158, University of Virginia Health System, Charlottesville, VA 22908.

Gender and Racial Characteristics of Patients 
Referred to a Tertiary Atrial Fibrillation Center

Pamela K. Mason, MDa, Liza Moorman, RN, ACNP-BCa, Douglas E. Lake, PhDa, J. Michael Man-
grum, MDa, John P. DiMarco, MD, PhDa, John D. Ferguson, MBChB, MDa, Srijoy Mahapatra, MDa, 
Kenneth C. Bilchick, MDa, David Wiggins, BS, RN, J. Paul Mounsey, MD, PhDb, J. Randall Moor-
man, MDa

aUniversity of Virginia Health System, bUniversity of North Carolina.

 www.jafib.com 20 Dec 2010-Jan 2011 | Vol 3 | Issue 4                              

Abstract

Atrial Fibrillation Centers (AFCs) are becoming increasingly common and are often developed at insti-
tutions to provide comprehensive evaluation and management for patients with atrial fibrillation (AF) 
including catheter and surgical ablation. Studies have shown that women and racial minority patients 
are less likely to be offered aggressive or invasive therapies. The University of Virginia (UVA) AFC was 
opened in 2004. We analyzed data collected during initial visits to our AFC from 2004-2008 to determine 
the gender and racial characteristics of a tertiary AFC population. Multivariable regression analysis was 
used to compare clinical characteristics. There were a total of 1664 consecutive initial patient visits. Car-
diologists referred 61% and primary care physicians referred 37% of patients. Twice as many men were 
referred as women (570 vs. 1094; P<0.0001). Women were older (68.0±11.9 vs. 62.4±13.0 years; P<0.0001) and 
more symptomatic with palpitations (80% vs. 73%; P=0.008), but otherwise were not substantially differ-
ent from men. Our referring physicians treated the majority of both men and women with anticoagulant 
and rate-controlling medications. African American patients accounted for 2.8% of AFC initial visits. In 
contrast, they accounted for 7.4% of patients seen for a primary diagnosis of AF at all other UVA outpa-
tient clinics (P<0.0001). In conclusion, the demographics of a tertiary AFC are different than those of the 
general population. Women and racial minority patients are underrepresented, and the women have few 
comorbidities and symptoms than the known epidemiology would lead us to expect.

Introduction

Atrial fibrillation (AF) has reached epidemic 
proportions in the United States. There are 2.5-3 
million Americans with AF currently and it is es-
timated that this number will more than double 
by the year 2050.1-3 AF is a major health problem, 
leading to reductions in quality of life. It is associ-
ated with a significant stroke risk and increased 
mortality.4-5 AF is one of the leading hospital dis-
charge diagnoses and costs the health care system 

more than $6 billion annually.6 

There are known gender and racial differences in 
the epidemiology of AF. While the incidence of AF 
is higher in men than women, the prevalence is the 
same due to increased longevity in women. Com-
pared to men, women with AF are older and have 
more symptoms, comorbidities, and strokes.7-14 

Data for racial and ethnic minorities with AF are 
lacking, but available evidence suggests that the 
prevalence of AF is less in African Americans.15-16 



Studies show that women and minority patients 
are less likely to be offered aggressive therapies 
or included in research trials17-19 This limits our 
knowledge with regards to the best AF treatments 
for these groups of patients.

The University of Virginia (UVA) Atrial Fibrilla-
tion Center (AFC) was opened in 2004. Our AFC 
offers a comprehensive menu of medical and ab-
lative therapies. We accept referrals from primary 
care physicians and general cardiologists, and in 
many cases, patients are being referred for more 
aggressive or ablative therapy. The purpose of this 
study was to describe the gender and racial char-
acteristics of the patients that have been referred 
to our tertiary AFC.

Methods

Study Population 

The UVA AFC opened on 10/31/2004 and is staffed 
by nurse clinicians, nurse practitioners, physician 
assistants and adult electrophysiologists with ap-
propriate support staff. We analyzed data from 
1664 consecutive initial visits ending on 4/31/2008. 
For each initial visit a detailed database, designed 
according to AHA/ACC guidelines, was created 
using patient history and medical records.20 The 
data collected included demographic information, 
date of initial diagnosis of AF, comorbid condi-
tions, types of symptoms, dates of symptomatic 
recurrences, and all previous cardiac studies and 
therapies. Comparative demographic information 
for Virginia and the United States was obtained 
from the United States Census Bureau.21 This 
study was approved by the Institutional Review 
Board of the University of Virginia.

Definitions

Paroxysmal and Persistent AF

Paroxysmal AF was defined as a self-limited epi-
sode that typically lasted less than 48 hours and 
spontaneously converted. Persistent AF was de-
fined as an episode lasting more than 48 hours or 
required cardioversion. The term permanent AF 
was not used as it had not yet been determined if 
the patient was a rhythm control failure.

The AF Symptom Duration Score. For each pa-
tient, an AF Symptom Duration Score was used as 
an estimate of AF burden:

        
524,160 (minutes per year)

This represents the proportion of the year spent in 
symptomatic AF.

Major Bleeding

This was defined as any bleeding event that re-
quired hospitalization or blood transfusion.

Statistics

Continuous variables are expressed as mean ± 
standard deviation, and the significance of differ-
ences was tested using the t-test. Categorical vari-
ables are expressed as numbers and percentages, 
and the significance of differences was tested us-
ing the Z-test. We used multivariable logistic re-
gression to test the significance of differences in 
clinical characteristics of groups [Table 1]. Model 
1 tested the association of gender with individual 
symptoms, comorbidities and drugs. Model 2 test-
ed the association of gender with major comorbid-
ities and any antiarrhythmic drug, any rate-con-
trolling drug, and any anti-thrombotic drug. The 
differences between the AF Symptom Duration 
Score were tested using the rank sum test.

Results

Referring Physicians 

Primary care physicians referred 37% of the pa-
tients, cardiologists referred 61% of patients, and 
other specialists referred 2% of the patients. Re-
ferrals from within the UVA Health System ac-
counted for 19% of the patients. Of the total AFC 
population, 40% are sent from within our primary 
referral area and an additional 26% are sent from 
our secondary referral area. Overall, 91% of pa-
tients were referred from within Virginia and 9% 
were referred from out-of-state. The average du-
ration of AF was 5.2 years at the time of referral. 
A significant number of patients, 41%, had been 
diagnosed with AF for less than 2 years at the time 
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[Number of Symptom-
aticevents per year]

[Average length per
event (minutes)]X



of referral. At the other extreme, 11% had carried 
the diagnosis for more than 12 years [Figure 1].

Gender Differences 

Males numbered 1094 (66%) and females num-
bered 570 (34%). The baseline characteristics are 
shown in Table 1. The mean ages for women at di-
agnosis and referral were 62.7±13.6 and 68.0±11.9 
years, respectively, and the mean ages for men at 
diagnosis and referral were 57.3±14.0 and 62.4±13.0 
years (P<0.0001 for each). There was no difference 
in the length of time from diagnosis to initial visit 

 www.jafib.com 22 Dec 2010-Jan 2011 | Vol 3 | Issue 4                              

at the AFC between men and women. The age 
distribution of the patients at referral is seen in 
Figure 2.

Women were more likely to have PAF (68% vs. 
58%; P<0.0001) and described more symptoms, 
particularly palpitations (80% vs. 73%; P=0.008). 
However, the AF Symptom Duration Scores were 
slightly higher in men (0.31±0.40; median 0.23) 
than women (0.25±0.36; P=0.0002; median 0.04). 
There were no differences in comorbidities, with 
the exception of coronary artery disease (CAD) 
and heart failure (HF). Women were less likely to 

Journal of Atrial Fibrillation Original Research 

Table 1 Clinical Characteristics of the University of Virginia Atrial Fibrillation Center

Female (570) n (%) Male (1094) n (%) Univariate P value Model 1 P value Model 2 P value

Mean Age at Referral 68.0+11.9 62.4+13.0 <0.001 <0.001 <0.001
Paroxysmal AF 389 (68) 634 (58) <0.001 <0.001 <0.001
Symptoms 524 (92) 961 (88) 0.012 0.023
Palpitations 456 (80) 797 (73) 0.001 0.008
Syncope 18 (3.2) 17 (1.6) 0.046 0.103
Pre-syncope 129 (23) 192 (18) 0.015 0.069
Dyspnea 252 (44) 434 (40) 0.075 0.137
Chest Pain 54 (9.5) 90 (8.2) 0.409 0.522
Comorbidities
Diabetes Mellitus 79 (14) 138 (13) 0.540 0.548 0.429
Hypertension 334 (59) 597 (55) 0.119 0.994 0.930
Coronary Artery Disease 72 (13) 177 (16) 0.060 <0.001 <0.001
Heart Failure 62 (11) 94 (8.6) 0.133 0.031 0.014
Chronic Kidney Disease 17 (3.0) 37 (3.4) 0.771 0.437 0.392
Stroke/TIA 35 (6.1) 79 (5.0) 0.474 0.050 0.065
Antiarrhythmic Drug 199 (35) 360 (33) 0.302 0.267
Amiodarone 54 (9.5) 105 (9.6) 1.000 0.535
Flecainide 55 (9.6) 86 (7.9) 0.228 0.104
Propafenone 20 (3.5) 38 (3.5) 1.000 0.838
Dofetilide 17 (3.0) 38 (3.5) 0.666 0.657
Sotalol 55 (9.6) 94 (8.6) 0.471 0.301
Disopyramide 5 (0.9) 7 (0.6) 0.558 0.662
Rate Controlling Drug 400 (70) 690 (63) 0.003 <0.001
Beta Blocker 297 (52) 521 (48) 0.088 0.020
CCB 124 (22) 204 (19) 0.136 0.027
Digoxin 91 (16) 124 (11) 0.009 0.026
Antithrombotic Drug 458 (80) 902 (82) 0.327
Aspirin 151 (27) 344 (31) 0.037 0.014 0.010
Coumadin 337 (59) 634 (58) 0.675 0.138 0.082

Univariate tests of significance are Z-tests. Models 1 and 2 are multivariable logistic regression models with age at referral 
included as a covariate (P < 0.0001 in all models). AF- atrial fibrillation; TIA- transient ischemic attack; CCB- calcium channel 
blocker.  



have CAD (P<0.0001), but were slightly more like-
ly to have HF (P=0.031). Women also had slightly 
higher CHADS2 Scores (1.03 vs. 0.88; P=0.002). 
The distribution of CHADS2 scores for men and 
women are seen in Figure 3.

Women were less likely to have received a cardio-
version prior to referral to the AFC (23% vs. 32%; 
P<0.0001). Our referring physicians treated the 
majority of men and women with antithrombotic 
medications. Aspirin was used in 27% of women 
and 31% of men (P=0.014). Warfarin was used in 
59% of women and 58% of men (P=0.138). Women 
and men were equally as likely to have been treat-
ed with antiarrhythmic medications (P=0.302). 
However, only 34% of all patients received any 
antiarrhythmic drug prior to referral to the AFC 
and the average number of drugs attempted per 
patient was 0.35. Women were more likely to have 
received rate-controlling medications prior to re-
ferral (70% vs. 63%; P<0.0001), and this included 
beta blockers, calcium channel blockers, and di-
goxin.

Racial and Ethnic Differences 

Few racial and ethnic minority patients were re-
ferred to the AFC. The racial and ethnic demo-
graphics of the AFC patient population as well as 
all outpatients seen by any UVA physician with 
a primary diagnosis of AF are shown in Table 2. 
The racial and ethnic demographics of our pri-
mary and secondary referral areas in central Vir-
ginia, the state of Virginia, and the United States 
are also shown in Table 2 for comparison. The 
proportion of outpatients at our AFC who were 
African-American was much less than that seen 
at the other UVA outpatient clinics for a primary 
diagnosis of AF (2.8% vs. 7.4%; P<0.0001). More-
over, the number of African-American patients 
referred to our AFC was less than expected based 
on the demographic data. Whites outnumber Af-
rican-Americans by 7-fold (83% compared to 12%) 
in our referral areas, but white referrals are more 
than 30-fold more common (93% of our AFC prac-
tice compared to 2.8%). Some of this difference 
is due to the lower prevalence of AF in African-
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Figure 1: Duration of Atrial Fibrillation Diagnosis in the UVA AFC Population
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Americans, but some may well be due to referral 
bias.

Discussion

In this study, we have defined the population of a 
tertiary AFC, which is quite different from the pop-
ulation demographics of AF in the United States.7-16 
In the United States, studies have shown that the 
incidence of AF in men is 1.5 times that of women. 
However, women have greater longevity, and ul-
timately the prevalence of AF in men and women 
is the same. It has also been shown that women 
are more likely to have PAF and their episodes 
are more frequent and faster. Women have higher 
symptom burdens and lower quality of life scores. 
Associated with AF, women have more comorbi-
ties and strokes. Fewer studies have evaluated AF 
in racial and ethnic minorities in the United States, 
but the prevalence of AF in African Americans is 
thought to be about half that of whites.17-19

In our AFC population, twice as many men were 

referred as women. The women were older and 
more likely to have PAF than the men, but other-
wise the two populations were relatively similar. 
The women had fewer comorbidities and symp-
toms than the known epidemiology would lead 
us to expect. This suggests that women with co-
morbid conditions are not being referred for ter-
tiary care. African Americans and other minor-
ity were dramatically less likely to be referred 
to our tertiary AF center, even when taking into 
consideration the expected lower prevalence in 
this population.

Determining why women and racial minorities 
are referred less often to our AFC is beyond the 
scope of this study and is likely multifactorial. 
Similar findings have been seen in other stud-
ies.22-23 AFCs tend to serve AF patients who are 
difficult to manage or who are viewed as being 
ablation candidates by referring physicians. The 
data regarding catheter ablation outcomes and 
complications for AF in women is conflicting, 
and there is virtually no data for African Ameri-

Figure 2: Age Distribution of Men and Women at the Time of Referral to the UVA AFC.



can patients.24-25 Our referring physicians may 
view women and racial minority patients as poor 
candidates for more invasive therapies. In addi-
tion, gender and racial disparity have been well 
described within the field of cardiology. It has 
been shown that women and African Americans 
are less likely to be offered aggressive therapies, 
including cardiac catheterizations and implant-
able cardioverter-defibrillators.17-19 There are also 
data to suggest that women are more cautious 
about undergoing elective procedures compared 
to men.26-27

One of the most encouraging findings of this 
study is the aggressive usage of antithrombotic 
medications in both men and women by our re-
ferring physicians, which includes a large pro-
portion of primary care physicians as well as gen-
eral cardiologists. Over 80% of all patients were 
receiving aspirin or warfarin at the time of refer-
ral to the AFC. Patients were also being aggres-
sively treated with rate-controlling medications, 
with women being more likely to receive these 
medications. This may reflect the increased bur-
den of palpitations that the women experienced. 
Only a third of the patients had ever received 
any antiarrhythmic therapy prior to referral to 
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our specialized AFC. Studies have demonstrated 
that women have increased side effects to antiar-
rhythmic medications over men.7-11-12 However, 
there were no differences in antiarrhythmic usage 
between men and women in our patients.

This study is limited as a retrospective review. 
While our referral area is large, it is still geographi-
cally limited and the ability to extrapolate this data 
to other tertiary AFC centers is unknown. Howev-
er, we have demonstrated that there are differenc-
es in the ways that women and racial minorities 
with AF are managed. Physiologic differences do 
occur between different groups of patients; how-
ever, determining what those differences are can 
be difficult due to the disparity in medical care 
and research. This study highlights the need for 
further investigation regarding the epidemiology 
and management of AF in women and racial mi-
norities.
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Abstract

It has been recognized in the last decade that atrial and ventricular tachycardias may arise from the myo-
cardium around the aorta. These tachycardias can be ablated from the coronary sinus cusps of the aorta 
(ASCs) . In some of those tachycardias, the site of origin may be epicardial and thus can be ablated only 
through the thin structure of the ASCs. It is important to know how to make a diagnosis, map and ablate 
tachycardias arising from this region.

Introduction

It has been recognized in the last decade that atrial 
and ventricular tachycardias may arise from the 
myocardium around the aorta. These tachycardias 
can be ablated from the coronary sinus cusps of 
the aorta (ASCs).1-4 In some of those tachycardias, 
the site of origin may be epicardial and thus can 
be ablated only through the thin structure of the 
ASCs. It is important to know how to make a di-
agnosis, map and ablate tachycardias arising from 
this region.

Shehata et al. illustrated 2 rare cases with atrial 
tachycardias (ATs) successfully ablated from the 
left coronary cusp (LCC).5 This recently published 
paper was reviewed in this article. This is an im-
portant contribution to the literature on the ana-
tomical background of tachycardias arising from 
the myocardium around the aorta. They nicely il-
lustrated the location of the myocardium around 
the aorta. The atrial myocardium lies behind the 
aortic wall bordering the entire non-coronary cusp 

(NCC) and the posterior portion of the LCC and is 
attached behind the aortic wall at the base of the 
aortic cusps. Therefore, some ATs may be ablated 
sometimes within the NCC and rarely within the 
LCC. There is no atrial myocardium behind the 
aortic wall at the level of the right coronary cusp 
(RCC). The ventricular myocardium that extends 
below the RCC and the anterior portion of the 
LCC consists of spiral extensions of the ventricular 
septum, the so-called posteroinferior wall of the 
infundibulum, in which a large portion of ventric-
ular myocardium lies beneath the RCC and LCC 
and also separates the right ventricular outflow 
tract from the left ventricular outflow tract.

A differential diagnosis of LCC ATs may include 
ATs arising from the sites adjacent to the LCC such 
as the NCC and left atrial appendage (LAA) that 
is located laterally. Shehata et al. provided fluo-
roscopic images exhibiting the aortography and 
catheter positions which are helpful to understand 
the location of the successful ablation site within 
the LCC. The LCC is most easily identified in the 



left anterior oblique projection where this cusp is 
on the far lateral aspect of the aortic root, leftward, 
and superior to the His bundle (HB) catheter. The 
NCC is readily identified as the most inferior and 
posterior of the 3 ASCs and by its close relation to 
the HB catheter. The fluoroscopic images demon-
strated that the successful ablation site was located 
at the posterior portion of the LCC. The electro-
cardiographic characteristics may be helpful for 
differentiating those ATs. NCC ATs always exhibit 
positive P waves in leads I and aVL and negative/
positive P waves in lead V1, whereas LCC and 
LAA ATs always exhibit negative P waves in leads 
I and aVL and positive P waves in lead V1.2-3-6 It 
may be challenging to differentiate LCC ATs from 
LAA ATs by using an electrocardiographic algo-
rithm. Activation mapping during ATs may be 
helpful for differentiating those ATs. The local atri-
al activation in the HB region always precedes the 
P wave onset during NCC and LCC ATs whereas 
it does not during LAA ATs.2-3-5-6 The atrial activa-
tion sequence within the CS is from proximal to 
distal during NCC and LCC ATs whereas that is 
the reverse during LAA ATs.2-3-5-6 This is due to 
the short distance of the conduction to activate the 
right atrium (RA) via the interatrial septum rather 
than via the roof of the left atrium (LA) or the high 
septal region during NCC and LCC ATs. An A/V 
amplitude ratio in the local electrogram at the suc-
cessful ablation site is likely to be more than 1 for 
NCC ATs and less than 1 for LCC ATs. This electro-
physiological feature may be helpful for locating 
an ablation site within the NCC or LCC.

ATs originating from the LA behind the aortic wall 
could be ablated through a transseptal approach 
within the LA directly which may be a safer ap-
proach and obviates the need for aortography or 
coronary angiography. However, ablation at the 
posterior portion of the LCC through a retrograde 
aortic approach may be the only option for reach-
ing the epicardial aspect of a thick LA wall if abla-
tion through a transseptal approach is unsuccess-
ful.

Although further study with a larger case series 
may be required to reveal the exact electrocardio-
graphic and electrophysiological characteristics 
and results of the catheter ablation of LCC ATs, 
this case report provided a better understanding 
of the diagnosis, mapping and catheter ablation 
of ATs arising from the myocardium around the 
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aorta based on the anatomical background. 
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Abstract

Long-term maintenance of sinus rhythm (SR) after catheter ablation of atrial fibrillation (AF) has re-
mained an open issue awaiting further relevant data. It is of paramount importance as our everyday 
decisions on discontinuing anticoagulation after ablation rest on the belief in the absence of clinically 
significant asymptomatic AF episodes and constant SR for the rest of the patient’s life. Both aspects are 
difficult to ascertain, for the tools of truly continuous ECG monitoring are not comfortably applicable, 
and routine follow-up tends to thin out beyond 1 year in asymptomatic patients without apparent ar-
rhythmia recurrences.

Introduction

Long-term maintenance of sinus rhythm (SR) af-
ter catheter ablation of atrial fibrillation (AF) has 
remained an open issue awaiting further relevant 
data. It is of paramount importance as our every-
day decisions on discontinuing anticoagulation 
after ablation rest on the belief in the absence of 
clinically significant asymptomatic AF episodes 
and constant SR for the rest of the patient’s life. 
Both aspects are difficult to ascertain, for the tools 
of truly continuous ECG monitoring are not com-
fortably applicable, and routine follow-up tends 
to thin out beyond 1 year in asymptomatic pa-
tients without apparent arrhythmia recurrences. 
Entailing unawareness silently splits the feelings 
and opinions of ablationists and the rest of the car-
diology public. Ablationists (who may incline to 
overrate the results of their work) have provided 
some encouraging data on the very low incidence 
of thromboembolic events after successful abla-
tion despite warfarin withdrawal.1-3 These stud-

ies have uniformly shown normalization of the 
incidence of ischemic stroke to less than 1% per 
year. On the other hand, general cardiology pub-
lic (who rather tend to mistrust AF ablation) may 
be slipping into over-anticoagulation. Lack of pro-
spective, randomized, multicenter data proving 
safety of anticoagulation cessation after successful 
AF ablation naturally project onto the guidelines 
that may seem overcautious to the ablationists.4

In the paper on long-term outcome after successful 
ablation of AF recently published by Tzou et al. in 
the Circulation Arrhythmia & Electrophysiology 
journal, an important message has been conveyed: 
continued vigilance for recurrent AF is warranted 
beyond one year of uneventful clinical course.5 In 
this study, of the selected patients with successful 
outcome of a single ablation at 1 year, only 85% 
remained in stable SR after 3 years, and even only 
71% after 5 years, showing approximately 7% per 
year late AF recurrence. This does not inevitably 
mean that anticoagulation should be maintained 



indiscriminately in all the patients because of 
doubts about the ablation efficacy. It rather accen-
tuates the need for watchful postablation follow-
up focused on timely detection of unexpected 
recurrences. Indeed, a majority of the patients hav-
ing undergone repeat ablation remained free of AF 
without drugs for the additional 3 years.5

The study further noted reconnection of the ar-
rhythmogenic PVs in nearly all the patients un-
dergoing repeat ablation, and PV reisolation led to 
freedom from AF in 11 of 15 patients. Why does re-
connected PV activity resume arrhytmogenic func-
tioning with such a long deferral? The cause is not 
clear. However, if we follow these patients thor-
oughly, we will hardly miss some complaints of 
rhythm disturbance, and relatively frequent atrial 
premature beats in their early postablation stage. 
Therefore, it is probable that these patients display 
arrhythmogenic PV recovery-reconnec tion early 
after ablation, but concurrent fresh modification of 
the substrate forestalls recurrences of sustained AF 
until further gradual substrate deterioration again 
exceeds a certain limit. These patients with known 
frequent isolated atrial ectopy early after ablation 
should definitely be periodically monitored for AF 
recurrences and re-ablated betimes.

Tzou et al. also proved that the late AF recurrence 
was predicted by the presence of persistent AF at 
baseline. Such finding is not unexpected provided 
pulmonary vein (PV) isolation and possibly non 
PV triggers had been the mere ablation targets. 
Arrhythmogenic substrate and sources of persis-
tent AF are obviously more complex and may re-
quire more extensive ablation strategy.6-8 The same 
applies to the older patients who are more ame-
nable to atrial structural remodeling for different 
reasons. It is possible that stratifying patients ac-
cording to the atrial structural characteristic and 
substrate complexity to more extensive step-up 
approaches will change our perception of age or 
AF persistency as the determinants of more fre-
quent ablation failure. Indeed, some studies of 
persistent or longstanding persistent AF show (at 
the expense of repeat ablation in more than 50% of 
the patients) longer-term outcome comparable to 
that of paroxysmal AF.6-9

To reach more fearless consensus on the antico-
agulation therapy after ablation that would ade-
quately reflect the real risk (as many ablationists 
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may perceive), we need more conclusive data. 
Until now, scores containing multiple clinical 
variables serve as a surrogate of more important 
individual procoagulation status that we cannot 
identify by current methods, prevail. Much less 
we appreciate that under the condition of SR, 
these clinical variables loose predicting power, as 
if we accepted in advance earlier or later ablation 
failure. Should we anticoagulate the whole popu-
lation from the age of 55 years, because we do not 
believe in their apparent SR? In fact, AF ablation 
opens up a unique opportunity for the patients 
and physicians to continue adequate comfortable 
long-term follow-up based on periodic tele-moni-
toring, quality of life assessment, coagulation sta-
tus testing, etc. under the umbrella of centers for 
AF management. Under surveillance of special-
ists, patients could be sorted out to more individ-
ualized anticoagulation, and timely indicated to 
repeat ablation. Indeed, in the studies ascertaining 
thromboembolic events after ablation, first thing 
we have to recognize is that 20-30% of the patients 
were considered to remain in higher thromboem-
bolic risk and were left on warfarin permanently 
despite SR.1-3 This, in a way, corroborates fairly 
judicious approach to anticoagulation in patients 
having undergone ablation.

Decision to withdraw anticoagulation is easier af-
ter ablation of paroxysmal AF limited to PVs, let 
alone in otherwise healthy patient with small left 
atrium. One of the forthcoming issues is; however, 
how to deal with patients, who successfully un-
dergo complex ablation for persistent AF. Current 
guidelines favor lifelong anticoagulation.4 Exten-
sive ablation including additional linear or cluster 
ablation naturally arouses misgivings about the 
residual left atrial transport function and heads 
us to disinclination to warfarin cessation.4 But let 
us take the liberty of introducing an example of 
a patient 55 years old, who experienced minor 
stroke 2 year before ablation, when his longstand-
ing persistent AF was first diagnosed. His AF was 
terminated via 2 different atrial tachycardias into 
SR by ablation, rendered noninducible, and SR 
has now been maintained for years. His baseline 
left ventricular ejection fraction of 35% improved 
to normal, and, more importantly, his preablation 
peak (maximum possible) left atrial appendage 
outflow velocity of 25 cm/s increased to 65 cm/s 
during SR. In addition, appendage is activated 
early, with a long interval to QRS complex, thus 

Journal of Atrial Fibrillation Journal Review 



 www.jafib.com 32 Dec 2010-Jan 2011 | Vol 3 | Issue 4                              

Journal of Atrial Fibrillation Journal Review

ensuring timely emptying before the mitral valve 
closure. The patient is now healthy and off all 
drugs. Should we have kept him on anticoagula-
tion lifelong? From the limited data we know, left 
atrial function can be preserved after extensive 
catheter ablation.10 Appendage, the risky struc-
ture for thromboembolism under the mechani-
cal dysfunction during AF, may revert to normal 
function under SR. Appendage is likely to deter-
mine majority of the whole left atrial transport 
function, and its mechanical recovery may impact 
on thromboembolism as well as hemodynamics. 
Its activation timing and emptying function can 
be respected even by more extensive ablation 
strategies (if scarce foci are not just located here). 
As measurable variables, appendage timing and 
outflow velocity may serve as additional clues for 
safer decisions in our efforts to let our patients to 
have the convenience of warfarin (or any other fu-
ture anticoagulation) cessation. 
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Introduction

Atrial fibrillation (AF) is certainly the most com-
mon arrhythmia encountered in clinical practice, 
reaching epidemic proportions in occidental 
society. Nowadays, transcatheter ablation us-
ing radiofrequency (RF) has become a popular 
technique in the treatment of drug-resistant AF. 
Since ectopic beats originating from the pulmo-
nary veins (PVs) have been shown to be the main 
trigger initiating AF, electrical isolation of these 
venous structures has become the goal when per-
forming this procedure.1-2 Traditionally, RF PV 
isolation uses a point by point technique which 
makes it difficult to create continuous lines and 
allows conduction gaps to develop which may 
facilitate recurrence of the arrhythmia.3 Further-
more, this approach is depending on the opera-
tor’s dexterity and the learning curve is still too 
long.4 Finally, even though AF ablation is widely 
performed, the procedure itself is nowadays as-
sociated with a significant amount of complica-

tions such as PV stenosis, thrombo-embolism, 
pericardial tamponade, and the dreaded atrio-oe-
sophageal fistula.4

Recently, catheters designed as balloons have radi-
cally changed the approach to PV isolation. In fact 
not only do these tools offer fast and effective elec-
trical isolation in comparison to the focal “point by 
point” approach but by their own design they are 
able to achieve complete circular lesions around 
the PVs with virtually a single application.5 The 
novel Cryoballoon (Arctic Front, Medtronic , USA) 
using cryothermal energy ablation has proven very 
effective in achieving PV isolation.5 Additionally, 
the latter might also lead to a lower rate of adverse 
events. In fact, cryothermal energy has been pro-
posed as a safe and reliable energy source having 
been demonstrated to be less thrombogenic and 
associated with a lower risk of PV stenosis than RF 
energy.6-7-8 Although mainly, if not only, designed 
to approach paroxysmal AF, cryoballoon ablation 
might lead more and more electrophysiology labo-
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Abstract

Atrial fibrillation (AF) is certainly the most common arrhythmia encountered in clinical practice, reach-
ing epidemic proportions in occidental society. Nowadays, transcatheter ablation using radiofrequency 
(RF) has become a popular technique in the treatment of drug-resistant AF. Since ectopic beats originat-
ing from the pulmonary veins (PVs) have been shown to be the main trigger initiating AF, electrical 
isolation of these venous structures has become the goal when performing this procedure.



ratories around the world to start performing AF 
ablation, due to its relatively simpler and more 
straightforward technique to achieve PV isolation. 

The Cryoballoon

The cryoballoon catheter [Fig 1] conversely to the 
focal tip cryocatheter, represents a much more ap-
pealing system to perform PV isolation as it can 
achieve the goal of electrical isolation with poten-
tially one single application. Mainly designed to 
approach drug resistant paroxysmal AF, the cryo-
balloon therapy apparatus includes the Arctic 
Front® doubled-walled cryoballoon catheter [Fig 
2], which inflates and fills with coolant (N2O) to 
ablate between the pulmonary veins and the left 
atrium; the FlexCath® Steerable Sheath, which 
helps deliver and position the cryocatheter in the 
LA and the CryoConsole®, which houses the cool-
ant, electrical and mechanical components that 
run the catheter during a cryotherapy procedure. 
The refrigerant N2O is delivered into the balloon 
where it undergoes a liquid-to-gas phase change, 
resulting in cooling temperature to approximately 
-80°C. As other cryothermal tools the endocardial
lesion created by the cryoballoon occurs in three

main phases. The first phase is characterized by 
the immediate effect of freezing on the cardiac tis-
sue by the formation of ice crystals in both the ex-
tracellular and intracellular space. When reaching 
temperatures lower than -20/-25°C ice crystal for-
mation occurs in the extracellular space. Further 
cryoablation reaching temperatures lower than 
-40°C leads to cellular damage by the means of
intracellular ice crystal formation. This phenom-
enon provokes destruction of cytoplasmic organ-
elles and architectural subversion of the plasmatic
membrane. Irreversible cellular death will occur
when temperatures reach values lower than -70°C.
When cryothermal energy is stopped, a rapid va-
sodilatation and a state of augmented vascular
permeability lead to hemorrage and edema with
further tissue injury. This phase is also character-
ized by microthrombus formation in the tissue,
leading to further damage. During the latter, tis-
sue reparation occurs by collagen deposits, fatty
infiltrations and neovascularisation. The fibrotic
scar will first develop from the peripheric areas of
the lesion eventually reaching the centre.9-10

The cryoballoon catheter has a central lumen, 
which can be used for different scopes such as the 
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Figure 1: The cryoballoon catheter



insertion of the guide wire, the injection of contrast 
medium (diluted 1:1 ratio with 0.9% saline) for PV 
angiograms and eventually the insertion of a cir-
cular mapping catheter to evaluate PV isolation 
during cryothermal energy application [8]. Navi-
gation of the balloon inside the LA is simplified 
using the ‘over-the-wire’ technique in conjunction 
with the steerable sheath (12 F, FlexCath, Medtron-
ic CryocathTM, USA). In addition, the cryoballoon 
itself is steerable thanks to a pull wire mechanism 
integrated in the handle of the catheter itself. To-
day two different balloon diameters are available 
(23 and 28 mm) [fig 3].

Ablation procedure

Usually a single transseptal puncture is performed 
using the right femoral venous approach. In some 
centers, a double transseptal puncture is achieved 
in order to have simultaneous electrical informa-
tion during the freezing phase. After gaining left 
atrial access, a 70 UI/Kg heparin organelles bolus 
is given and afterwards repeated to maintain the 
activation clotting time between 250 and 300 s. 
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Selective PV angiograms are then performed. Im-
mediately after, a 0,032’’ 260 cm long guide-wire 
(Emerald, Cordis, Johnson & Johnson, Diamond 
Bar, California, USA) is advanced in the left su-
perior PV (LSPV) and a steerable 15 F over-the-
wire sheath (FlexCath, Cryocath, Medtronic, 
USA) is positioned in the LA. A circular mapping 
catheter (Lasso, Biosense Webster, Inc., Diamond 
Bar CA, USA) is then advanced in each PV osti-
um to obtain baseline electrical information. Af-
ter withdrawing the mapping catheter, a 23 or 
28 mm double walled cryoballoon (Arctic Front, 
Medtronic, USA) is advanced over the wire up to 
the LA, inflated and positioned in the PV ostium 
of each vein. Optimal vessel occlusion is consid-
ered to have been achieved when selective con-
trast injection show total contrast retention with 
no flow to the atrium. For each vein, cryoablation 
usually consists of a minimum of 2 applications 
lasting 5 minutes each. Whenever possible, the 
operator tries to engage with the guide-wire 2 dif-
ferent branches of the same vein and to orient the 
balloon differently, in the attempt of covering a 
wider ostial surface. However, if successful occlu-

Journal of Atrial Fibrillation Featured Review 
Figure 2: Detailed view of the double-walled balloon principal components



sion could only be obtained in one branch, both 
applications are delivered by leaving the guide-
wire in the same branch. Usually, the left supe-
rior PV (LSPV) [Fig 4A] is treated first, followed 
by the left inferior PV (LIPV) [Fig 4B], right su-
perior PV (RSPV) [Fig 4C] and right inferior PV 
(RIPV) [Fig 4D]. The degree of balloon occlusion 
obtained by injection of 50% diluted contrast me-
dium into the PV is evaluated using a semiquan-
titative grading, as previously described5: grade 
4 = excellent (full retention of contrast medium 
without visible outflow) to grade 1 = very poor 
(immediate rapid outflow from the PV). In order 
to avoid phrenic nerve palsy, a complication ob-
served during cryoballoon ablation in the right 
pulmonary veins, a quadripolar catheter is in-
serted in the superior vena cava in order to pace 
phrenic nerve with a 1000 ms cycle and a 12 mA 
pulse output. Diaphragmatic contraction during 
pacing will indicate correct phrenic capture. If this 
contraction suddenly stops or weakens, the cryo-
ablation is immediately interrupted. The reason of 
pacing at such a slow rate is to prevent catheter 

displacement in the early phases of application 
due to diaphragmatic contraction. After ablation 
in all PVs, the circular mapping catheter (Lasso, 
Biosense Webster, Inc., Diamond Bar CA, USA) is 
then placed in each ostium to evaluate isolation 
[Fig 5]. In case of persistence of PV potentials ex-
tra cryoballoon applications were performed until 
complete PVI. In case of failure of the cryoballoon, 
a focal radiofrequency or cryothermal energy cath-
eter is used to complete PV isolation.

In clinical practice isolating the inferior pulmonary 
veins can be particularly challenging in compari-
son to the superior ones.11 Specifically, occluding 
and isolating the RIPV is often quite tricky due to 
the proximity of this vein to the site of transatrial 
access and its posterior orientation, especially in 
patients with relatively small left atria (LA diam-
eter < 35 mm). Various ablation techniques aim-
ing at overcoming these anatomical obstacles have 
been reported : the “hockey stick” technique, the 
“pull-down” technique and the “big loop” tech-
nique for the RIPV. The “hockey stick” technique 
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Figure 3: The 2 cryoballoon diameters: 23 and 28 mm
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is applied in patients with an early branching infe-
rior PV and consists of a maximal bending of the 
sheath towards the superior-posterior LA, allow-
ing the cryoballoon to be pushed and to adhere to 
inferior part of the PV ostium. The right inferior 
PV can be addressed using 2 different approaches: 
the “pull-down” technique consists of freezing at 
the ostium of the PV in starting, regardless of the 
incomplete occlusion and when the latter adheres 
to the interpulmonary carina (typically at -20°C) 
to pull down all the cryoballoon apparatus, in or-
der to close the inferior gap. Finally the “big loop” 
technique, is achieved by maximally bending and 
directing the balloon towards the lateral posterior 
LA, allowing the guide wire to advance along the 

posterior mitral annulus until the ostium of the 
right inferior PV is reached.

Pulmonary vein isolation

According to recent publications PV isolation 
can be demonstrated in 70% to 98% of veins 
following cryoballoon ablation [Table 1]. If this 
goal cannot be achieved, a focal tip catheter 
will be used to close the conduction gaps and 
obtain complete isolation. Successful PV isola-
tion with the cryoballoon is highly dependent 
on a perfect contact to the atrial wall at the level 
of the PV ostia. Indeed, lack of blood back-flow 
allows the cryoballoon to obtain lower tempera-

Figure 4A: left superior PV
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Figure 4B: left inferior PV

Figure 4C: Right upper PV
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tures with the result of achieving more deeper 
lesions.12 Complete contact is usually easier to 
achieve using with the smaller 23 mm diameter 
cryoballoon with the risk, however, to cause a 
more distal PV lesion and to be associated with 
a potentially higher risk of right phrenic nerve 
palsy when dealing with the RSPV.5 Anatomical 
features are the main reason for the inability of 
this technique to obtain complete PV isolation; 
Van Belle et al. reported that oval shaped PV os-
tia or veins inserting into the LA with a sharp 
angulation are the most difficult to occlude.12 
However like in all other techniques, the learn-
ing curve and the level of the operator’s experi-
ence will condition the efficacy of cryoballoon 
ablation. Our group also tested the degree of PV 
isolation obtained by the cryoballoon technol-
ogy, administering intravenous boluses of ade-
nosine 15 minutes following acute PV isolation.13 
Recent studies have demonstrated that intrave-
nous injection of adenosine after AF ablation can 

induce transient reconduction in isolated PVs, due 
to incomplete lesions.14-15 In our series of patients, 
transient PV-LA reconnection occurred only in 4, 
6% PVs, a result somewhat surprising seen that 
following radiofrequency AF ablation, adenosine 
caused reappearance of atriovenous conduction 
in roughly 30% of veins. A hypothetical explana-
tion of these findings is that cryoballoon ablation 
might achieve more homogeneous lesions than 
traditional RF point by point circumferential PV 
isolation.

The mid-term permanency of PV isolation using 
a cryoballoon has also been investigated. Indeed, 
Fürnkranz and colleagues16 analyzed the sites of 
PV reconnection in 26 patients undergoing repeat 
ablation for recurrent symptomatic AF or atrial 
tachycardia after initial cryoballoon ablation for 
paroxysmal AF. They found a high rate of PV re-
connection (around 50%) at a median follow-up 
of about 6 months. Reconnection mostly occurred 
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Figure 4D: Right inferior PV
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in the inferior segments of the inferior PVs and 
on the LAA-LSPV ridge. The authors also ob-
served that lower temperatures were achieved 
during cryoballoon ablation of the superior PVs 
compared to the inferior PVs. They postulated, 
in accordance to the previous findings described 
by others.12 That a straighter alignment of the bal-
loon with the superior PVs as compared with the 
inferior ones provides more contact force on the 
LA wall and lower temperatures. Accordingly to 
these findings, Ahmed and coworkers evidenced 
at 8-12 weeks months follow up that 98% of PVs 
previously ablated with the cryoablation thera-
py were still isolated and that reconnections oc-
curred mainly in the LIPV and in the inferior as-
pects of each vein.17

Both groups of authors underlined the impor-
tance of full PV occlusion during cryoablation. To 
this aim, imaging-guided positioning of the cryo-
balloon in the antrum might improve success. In-
tracardiac echocardiography18 on one hand, and 
transesophageal echocardiography19 on the other 
hand, have demonstrated to be helpful during 
the manipulation of the cryoballoon in achieving 
PV occlusion by allowing a better identification of 
the PV-LA junction. Furthermore, Color Doppler 
documented PV occlusion during cryoballoon 
ablation has demonstrated to be able to predict 
effective electrical isolation. Pressure recording at 
the distal tip of the cryoballoon catheter have also 
been used to confirm PV occlusion with reliable 
results.20

Follow-up

Unfortunately, data on follow-up of patients hav-
ing undergone AF ablation is extremely heteroge-
neous and varies immensely from center to center. 
This is mainly due to the fact that this process has 

not yet been standardized. Thus the success rates 
following AF ablation on the long-term should be 
interpreted cautiously. However, data available in 
the literature reports promising results [Table 1]. 
Klein et al.21 were among the first to report the suc-
cess rate of cryoballoon ablation at 6 months. In 
their study up to 86% of patients were AF free on 
a short term follow-up. Chun et al.11 demonstrated 
a rate of AF recurrence of 30% at about 1 year of 
follow up after cryoballoon ablation, applying a 
blanking period of 3 months, while Neumann ob-
tained at 1 year a success rate of 74%. Kühne et al.22 
reported a success rate of 71% at 1 year follow up 
too. Linhart and colleagues23 found a success rate 
of about 50% at 1 year of follow-up, a value signifi-
cantly inferior to the expectations: they explained 
this finding with the fact that the blanking period 
in their study was of only 4 weeks.

Adverse Events

Cryoablation is historically known as a safe abla-
tive energy source. In May 2010, the STOP AF (Sus-
tained Treatment of Paroxysmal Atrial Fibrillation) 
clinical trial data was presented by Packer at the 
American College of Cardiology 2010.24 The aim of 
the trial was to compare cryoablation of AF with 
antiarrythmic drugs in terms of success rates and 
safety, by randomly assigning patients to either a 
cryoablation procedure or anti-arrhythmic drug 
therapy. Acute procedural success was defined as 
demonstration of electrical isolation in 3 or more 
PVs at the conclusion of the first cryoablation pro-
cedure. Using this definition, acute procedural 
success was achieved in 98.2 percent (160/163) of 
cryoablation patients. Chronic treatment failure 
was defined as the occurrence of detectable AF af-
ter a 90-day blanking period and/or the occurrence 
of an AF intervention or the use of a non-protocol 
AF drug anytime during the 12-month follow up. 
At 12 months, approximately 70 percent of cryo-
ablation patients were free of AF compared to 7.3 
percent of anti-arrhythmic drug patients. The 2 
primary safety outcome measures were Cryoabla-
tion Procedure Events (CPEs) in cryoablation sub-
jects and Major Atrial Fibrillation Events (MAFEs) 
in both study groups. The data indicate that both 
primary safety outcomes were met. Cryoablation 
patients with one or more CPE(s) was 3.1 percent, 
which was significantly less than the prespeci-
fied 14.8 percent (p< 0.001). No treatment-related 
deaths or atrioesophageal fistulas were reported. 
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Table 1 Long term success rates (follow-up = 12 
months) following cryoballoon ablation

Authors

Neumann 2008 74% AF free (Acute PV isolation: 97%)

STOP AF Trial 69,9% AF free (Acute PV isolation:
98,2%)

Linhart 2010 50% AF free (Acute PV isolation: 70%)*
Kunhe 2010 71% AF free (Acute PV isolation: 84%)

* one month blanking period
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Figure 5: Pulmonary Vein isolation following cryoballoon ablation. Panel A: electrogram recordings from the Lasso circular 
mapping catheter (L1,2 to L 9,10) from a PV ostium before cryoballoon ablation. Notice the sharp pulmonary vein potentials 
(PVs)

In addition, 96.9 percent of cryoablation patients 
were free from MAFE(s), compared to 91.5 per-
cent of anti-arrhythmic drug patients (p < 0.001, 
non-inferiority). Phrenic nerve palsy, a recog-
nized adverse event with this technology, oc-
curred after 11.2 percent of all cryoablation pro-
cedures in 228 patients. At 12 months, 98.2 % of 
patients that underwent cryoablation were free 
of any effects related to phrenic nerve injury. An 
apparent discordance in the list of possible pro-
cedural complications has been found regarding 
the incidence of PV stenosis. In fact, the rate of 
PV stenosis was 3.1% versus a complete absence 

of this complication in the already published re-
ports. This difference might be explained by the 
fact that in the STOP AF trial the PV stenosis was 
intensively investigated during the follow-up and 
that the definition of PV stenosis was quite strict.

The results emerging from this trial in terms of 
rate of procedural complications are concordant 
to the results reported in previous studies. For ex-
ample, In a recent publication,23 comparing cryo-
balloon technology with RF ablation in a group of 
patients affected by paroxysmal AF, right phrenic 
nerve palsy occurred in about 11% of patients un-
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dergoing cryoballoon ablation and all these cases 
resolved spontaneously. Interestingly, all of them 
were associated with the use of a 23 mm cryobal-
loon. This could be explained by the fact that the 
smaller cryoballoon might achieve a more dis-
tal lesion occurring closer to the phrenic nerve’s 
anatomical course. More interestingly, atrio-oe-
sophageal fistula has never been described among 
procedural complications of cryoballoon ablation. 
Esophageal lesions following cryoballoon ablation 
is another matter of debate. Whereas Fürnkranz et 
al.25 demonstrated that PV isolation with the cryo-
balloon was not associated with thermal esopha-
geal lesions in any of 38 studied patients, Ahmed 
et al.26 on the contrary showed appearance of tran-
sient esophageal ulcerations in 17% of the patients 
following this procedure. Interestingly, a correla-
tion with temperature changes inside the esopha-
geal lumen was found by the authors.

Pericardial effusion is another potentially life 
threatening complication observed associated 
toAF ablation. Our group27 compared the inci-
dence and clinical outcome of pericardial effusion 
following cryoballoon ablation and RF ablation. A 
total of 133 consecutive patients with paroxysmal 
AF were included in this study. Pericardial effu-
sion was detected in 14.2% of the 133 patients. Six-
teen patients presented mild effusion, one moder-
ate effusion, and 2 pericardial tamponades(related 
to transseptal puncture). Interestingly, there was 
no significant difference in the incidence of peri-
cardial effusion between the cryoballoon and the 
RF group (11 vs. 16%). Fortunately, pericardial ef-
fusion was mostly mild and asymptomatic, with 
benign clinical outcome not requiring additional 
hospitalization days.

Conclusions

Data in the literature convincingly indicate that 
Cryoballoon ablation is a very promising tech-
nique to treat AF. However, although cryoballoon 
technology potentially represents a very quick, 
simple and safe approach to the treatment of par-
oxysmal atrial fibrillation, we still are relatively 
far from that reality. Unfortunately, the cryobal-
loons currently available do not always adapt 
themselves well to the anatomical variants and do 
not systematically isolate the pulmonary veins in 
one application (sometimes requiring “touch up” 

lesions with a traditional ablation catheter). Also, 
there continues to be the significant risk of phrenic 
nerve paralysis. Ideally, a softer and more com-
pliant balloon which would snugly fit into most 
PVs might lead to a more effective procedure. Fu-
ture technological improvements will certainly 
overcome some of the abovementioned issues 
and might lead a larger number of electrophysi-
ologists to adopt such a technique. However, al-
though very promising, a direct comparison with 
the “traditional” point by point isolation is needed 
in order to assess the real efficacy on this technol-
ogy. Large randomized trials such as the ongoing 
Freeze AF trial28 will certainly provide valuable 
answers to this important issue.
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