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Dear Colleagues

Hope all of you had an excellent spring break. 
While some of us are still reeling under cold 
weather most of you might have had glimpse of 
the spring offerings. This issue of JAFIB opens with 
the successful completion of the first edition of In-
ternational Symposium on Left Atrial Appendage 
(ISLAA2013, www.islaa-kc.com) in Kansas City. 
It was a great success with several hundred left 
atrial appendage enthusiasts who joined us in KC 
despite braving extreme weather conditions. The 
two day symposium successfully laid out what 
is known and unknown in the frontier science of 
LAA. There were live case demonstrations of some 
of the appendage exclusion technologies. There 
were some exciting debates on who should per-
form LAA exclusion to the appropriate utilization 
of which technology for the right niche of patients. 
On the heels of ISLAA 2013 preparations for 2014 
have already begun.

There are several case reports, original articles and 
featured reviews that highlight various aspects of 
the diagnosis and management of atrial fibrilla-
tion. Takase et al have published their data on the 
predictive role of beta natriuretic peptide in the in-
cidence of AF. Schmitt and group have presented 
a comprehensive review article on the potential 
role of ischemic conditioning in the treatment of 
AF. Misra and his Canadian Colleagues have pre-
sented their observations on the patterns related 
to anticoagulation prescription by the emergency 
room physicians after a new onset AF and flutter. 
Majority of the ER physicians seems not to adhere 
to the standard guidelines in place for anticoagula-

tion in patients with AF.

A fine essay on Dronedarone by James Reiffel 
nicely summarizes its role in the treatment of 
atrial fibrillation and other cardiac arrhythmias. 
There is a good deal of discussion on the intri-
cacies of its use and issues related to that. Dello 
Russo and Colleagues have a nice review on the 
role of intracardiac echocardiography in AF abla-
tion. 

The team from Maastricht Bidar etal wrote a nice 
article on the pathophysiology, treatment and 
prevention of post operative atrial fibrillation. 
Stress is a major trigger of cardiac arrhythmias; 
it exerts profound effects on electrophysiology of 
the cardiomyocytes and the cardiac rhythm. Psy-
chological and physiological stressors impact the 
cardiovascular system through the autonomic 
nervous system (ANS). In their featured review 
Shusterman and Lampert described the impact 
of psychological and circadian stressors on ANS 
activity and arrhythmogenesis. Fitting well with 
the theme Lombardi and team have written a 
nice review article on the role of alternative ther-
apies like acupuncture, yoga and Tai chi in the 
management of Atrial Fibrillation.

Despite the limitations in accurately identifying 
and quantifying LA scar atrial fibrosis has been 
recognized as a key component of that substrate, 
playing a critical role in conduction abnormali-
ties in the left atrium that appear necessary to 
maintaining AF.  Spragg summarized clinical 
investigations of atrial fibrosis as a factor in the 
development and treatment of atrial fibrillation 
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in this issue. Herring and colleagues have an orig-
inal paper outlining the LAA functional param-
eters in predictive power of CHADS2-VASc score 
and LA diameter for low LAA emptying velocity 
and LAA thrombus.

Variation in sex ratio has been a topic of debate for 
millennia. Our group attempted to examine the 
effects of ex¬posure to fluoroscopic radiation and 
the sex ratio of offspring of male and female inva-
sive cardiologists. Exposure to ionizing radiation 
seems to increase the sex ratio as paternal age in-
creases. A higher proportion of females were born 
to younger fathers exposed to radiation, while a 
higher proportion of males were born to older fa-
thers. 

Wang and colleagues published an excellent pa-
per on the cost of taking care of stroke associ-
ated with AF using data from the 2010 Medicare 
Provider Analysis and Review File. The costs of 
stroke hospitalizations are high, and they are even 
higher if the patient has AF.  Medina and group 
from Israel described their experience in treating 
breathing and speech induced atrial tachycardia 

by using cryo balloon.

Heart Rhythm Society 34th Annual Session is fast 
approaching. With less than a month to go we 
wish you all best of luck with preparations for the 
meeting. Congratulations to both Anne Gillis, the 
current president and Hugh Calkins, the incom-
ing president of HRS. See you all in the mile high 
city of Denver in May. Until then have good reads.

Sincerely

Dhanunjaya Lakkireddy
MD, FACC, FHRS

Associate Editor
JAFIB

Andrea Natale
MD, FACC, FHRS, FESC

Editor-in-Chief
JAFIB



Introduction

Atrial fibrillation (AF) increases the risk of stroke, 
is associated with increased stroke severity, and 
is the main cause of stroke in elderly participants 
who receive Medicare.1,2  Medical costs for AF and 
stroke have been estimated separately,3-5  but there 
is little information on the costs associated with AF 
among stroke patients. While AF is relatively rare 
in the general population, it is much more com-
mon among patients hospitalized for stroke be-
cause of its powerful role as a risk factor. As such, 
AF-specific costs among the stroke population 

could play a substantial role influencing the over-
all costs of stroke care. Such costs would be criti-
cal for evaluating the cost-effectiveness of stroke 
interventions, especially those involving patients 
with AF, and thus we investigated hospitalization 
costs associated with AF for stroke patients in an 
elderly population.

Study Population

We used data from the 2010 Medicare Provider 
Analysis and Review File, which contains infor-
mation on inpatient stays of current Medicare 
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Abstract 

Purpose: To estimate atrial fibrillation (AF)−associated costs for stroke hospitalizations among Medicare 
beneficiaries aged ≥65 years in a 11-state region called stroke belt in the United States.
Methods: Using the 2010 Medicare Provider Analysis and Review File database, we analyzed costs of 
stroke hospitalizations conditional on presence of AF (n=226 289) after excluding those with subarachnoid 
hemorrhage, no information on race, or a length of stay [LOS] of 30 or more days. We employed regression 
analysis to estimate for defined subgroups the impact of AF on costs while controlling for major potential 
confounders. 
Results: The average cost of all stroke hospitalizations was $27 915. The presence of AF increased this cost 
by $2711 (9.4%; P<0.001). AF-associated costs were $3159, $2610, and $2197 for patients aged 65-74, 75-84, 
and ≥85 years, respectively (all P<0.001). Among hospitalization with a length of stay (LOS) of 14-29 days, 
AF increased the costs by $5888 (P<0.001). AF was not associated with higher costs for hospitalizations in-
volving intracerebral hemorrhage.
Conclusions: The costs of stroke hospitalizations are high, and they are even higher if the patient has AF. 
Further information is needed on the costs in patients with AF who are taking anticoagulants.
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beneficiaries (aged ≥65 years), to identify all hospi-
talizations with a primary or secondary diagnosis 
of stroke (International Classification of Diseases, 
Ninth Revision [ICD-9] codes 431, 433, 434, 436, 
437, 438, excluding subarachnoid hemorrhagic 
stroke) for patients residing in an 11-state region 
(the Stroke Belt) in the U.S. We also excluded hos-

pitalizations that did not have information on race 
or that had a length of stay (LOS) of 30 or more 
days.

Among the stroke hospitalizations, we searched 
the data for AF including atrial flutter (ICD-9 
427.31 and 427.32). The costs were total charges, 

Table 1 Patient Characteristics of Stroke Hospitalizations by Atrial Fibrillation Status, 2010 Medicare Provider 
Analysis and Review File Data

Characteristic Total N (%) or Sample 
Statistics (n=226 289)

Hospitalizations with AF
(n=42 557)

Hospitalizations without AF
(n=183 372)

Age (years)
65-74 77 993

(34.5)
9656
(12.4)

68 337
(87.6)

75-84 90 326
(39.9)

17 829
(19.7)

72 497
(80.3)

85 or older 57 970
(25.6)

15 072
(26.0)

42 898
(74.0)

Sex
Male 98 117

(43.4)
17 323
(17.7)

80 794
(82.3)

Female 128 172
(56.6)

25 234
(19.7)

102 938
(80.3)

Race
White 178 453

(78.9)
3829
(20.6)

141 624
(79.4)

Black 45 097
(19.9)

5260
(11.7)

39 837
(88.3)

Others 2739
(1.2)

468
(17.1)

2271
(82.9)

Average length of stay in 
days (SE)

7.05
(0.01)

6.93
(0.03)

7.08
(0.02)

Initial Admission
Yes 157 441

(69.6)
29 628
(18.8)

127 813
(81.2)

No 68 848
(30.4)

12 929
(18.8)

55 919
(81.2)

Stroke as a Primary 
Diagnosis
Yes 84 970

(37.5)
17 448
(20.5)

67 522
(79.5)

No 141 319
(62.5)

25 109
(17.8)

116210
(82.2)

Intracerebral Hemorrhage
 (ICH)
Yes 8465

(3.7)
1827
(21.6)

6638
(78.4)

No 217 824
(96.3)

40 730
(18.7)

177 094
(81.3)

Mean total charge, in dollars 
(SE)

27 915
(65.8)

28 843
(148.1)

27 700
(73.4)



including the charges for all services provided to 
the beneficiary for the stay regardless of Medi-
care coverage.

Statistical Analysis

We specified a multivariate regression model for 
the cost analysis. We ran the regression model 
for the total sample and subgroups formed by 
age, sex, race, LOS categories, initial admission 
(yes, no) and stroke diagnosis (primary, non-pri-
mary) status, and stroke type (intracerebral hem-
orrhage [ICH]; yes, no). We used the Charlson 
Comorbidity Index to control for health status.

We employed mixed-effects models to derive our 
estimates; these models incorporated repeated-
measure approaches to account for the effects of 
possible multiple admissions for individual pa-
tients during the year. Statistical analyses were 
performed using SAS version 9.1.6

Results

We identified 226 289 stroke hospitalizations, with 
42 557 (19.1%) having a diagnosis of AF (or atrial 
flutter) (Table 1). The proportion of hospitaliza-
tions having AF increased with age from 12.4% for 
those aged 65-74 years to 26.0% for those aged 85 
or older. The proportions of AF among hospital-
izations for women and white patients were higher 
than for their comparison groups. In contrast, the 
proportions were similar for initial admissions and 
readmissions, (18.8% for both). Overall, mean per-
admission costs were $27 915 ($28 843 for AF ad-
missions and $27 700 for admissions without AF).

After controlling for many potential confounders, 
AF increased the cost of hospitalization by $2711 
(9.4%; P<0.001) (Table 2). Age was inversely asso-
ciated with per-admission cost. AF increased the 
costs by $3159, $2610, and $2197 for patients aged 
65-74, 75-84, and ≥85 years, respectively. Compared

Journal of Atrial Fibrillation Original Research
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Table 2 Coefficient Estimates of Costs of Stroke Hospitalizations for Patients Aged 65 Years or Older, 2010 Medicare 
Provider Analysis and Review File Data

Variables or SubGroups
Total Sample

Higher Cost Associated 
with AF from Subgroup 
Analysis

CoEfficienta Costa

Atrial Fibrillation 2711 ---
Age 65-74 10 163 3159

75-84 5567 2610
85 + Referent 2197

Sex Male 1774 2481
Female Referent 2865

Race Black -446 2829
Non-black Referent 2724

Length of Stay 1-6 -31 529 663
7-13 -13 121 5145
14-29 Referent 5888

Initial Versus Readmission Initial admission 12 354 2844
Readmission Referent 1735

Primary Versus Non-Primary 
Stroke

Primary stroke -876 2778
Non-primary stroke Referent 2521

Intracerebral Hemorrhage (ICH) 
Versus Infarction

ICH 10 101 1364
Non-ICH stroke Referent 2757

Charlson Comorbidity Indexb 548 ---
Note: All p≤0.001, except the higher cost associated with AF for ICH patients with a p-value of 0.17

 aCoefficient and costs are in dollars, bCharlson Index measures the likelihood of death or serious disability in the subsequent 
year by diagnosis codes for up to 18 different diseases   



with women, men had a higher per-admission 
cost but a lower AF-associated cost ($2481 versus 
$2865). LOS was significantly and positively asso-
ciated with per-admission costs, while for costs as-
sociated with AF increased with LOS up to $5888 
for hospitalizations with an LOS of 14-29 days.

Initial hospitalizations cost $12 354 more than re-
admission, and AF increased the cost by $2844 for 
initial hospitalizations and $1735 for readmissions. 
Admissions in which the stroke was primary had 
a lower per-admission cost than those in which it 
was not primary, but the AF-associated cost was 
higher for primary than non-primary strokes. Per 
admission, intracerebral hemorrhage (ICH) cost 
$10 101 more than non-ICH, but the cost associat-
ed with AF was higher for non-ICH strokes ($2757) 
(AF did not significantly increase the cost for ICH 
stroke).

Discussion

Our study may be the one of the first describing 
the impact of AF on hospitalization costs among 
stroke patients using a large dataset. We found 
that AF increased the cost of stroke hospitaliza-
tions after controlling for health status and other 
potential confounders. This finding confirms the 
fact that stroke with AF is more severe than stroke 
without this disorder.2

Our findings that younger patients had both high-
er costs per stay and higher AF-associated costs 
than older patients and that men had a higher cost 
per hospitalization but that women had higher 
AF-associated costs should be useful for develop-
ing stroke prevention programs that incorporate 
the prevention or management of AF. Improved 
prevention of AF in younger patients and women 
might produce cost savings, although that would 
have to be formally tested. Our finding that AF-
associated costs were higher for hospitalizations 
with longer LOS invites efforts to improve AF man-
agement for stroke patients with longer LOS while 
also perhaps achieving economic efficiencies.
The finding that both per-admission costs and AF-
associated costs were higher for initial admissions 
than readmissions was a bit surprising, especially 
as an earlier investigation found that recurrent 
strokes had poorer outcomes on average than first 
strokes.7 We also found that primary stroke cost 
less than non-primary stroke but had higher AF-

associated costs. ICH had much higher costs than 
non-ICH stroke, but AF-associated costs for ICH 
patients did not differ significantly from those for 
such patients without AF, while such costs for 
non-ICH strokes were significantly greater. These 
findings suggest that evaluations of the cost-ef-
fectiveness of stroke programs should consider 
stroke admission type (initial or readmission), di-
agnosis status (primary, not primary), and event 
type (ICH or no-ICH) among AF patients.

Our study had several limitations including: 1) As 
with all studies that rely on medical records, the is-
sue of coding error must be considered. Although 
misdiagnosis issues have been investigated in the 
literature, how this issue would affect the costs in 
our study is unknown. 2) Our study sample con-
sisted entirely of Medicare beneficiaries, and thus 
the cost might be influenced by the Medicare re-
imbursement rate. 3) We did not incorporate the 
impact of anticoagulant therapy and in-hospital 
mortality in the cost analysis. Regardless of these 
limitations, however, the fact that we used a large 
sample and analyzed the costs from different an-
gles suggests that our findings should have great 
utility and wide applicability.

Conclusions

This study indicated that the high costs of stroke 
hospitalizations can be expected to vary by de-
mographic variables, admission status, LOS, and 
stroke type. Furthermore, we found that AF in-
creases costs for a wide variety of patients. The 
detailed cost information on stroke patients pre-
sented here could be used in the development of 
cost-effective programs for stroke prevention, es-
pecially among AF patients. Further information 
is needed on the costs in patients with AF who are 
taking anticoagulants.

Disclosures

No disclosures relevant to this article were made 
by the authors.
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Abstract

Background: Fluoroscopic radiation has been implicated in reducing the sex ratio (M:F) by potentially 
damaging the Y chromosome. We examined the effects of exposure to fluoroscopic radiation on gender of 
offspring of cardiologists across the world.
Methods: An internet based survey was e-mailed worldwide to 8000 physicians who practice invasive 
electrophysiology and/or interventional cardiology.  Survey questions included age, race, sub-specialty, 
hours of exposure to radiation, number of children, gender of off-spring, miscarriages and mutations and 
exposure to radiation prior to conception of each child. Logistic regression analyses were performed on 
years of exposure and gender of offspring born post radiation exposure.
Results: Responses of 377 cardiologists (84% male and 16% female) were reviewed.   With a total of 398 
males and 402 females born to 377 cardiologists, although reduced, the overall sex ratio (0.99) was not 
significantly different from that observed in the general population (1.05). Univariate logistic regression 
analysis identified higher male births with increasing hours of radiation exposure (OR 1.034, CI 1.003-
1.067 p=0.03) and increasing paternal age (OR 1.05, CI 1.01-1.08, p=0.002). Subgroup analysis of children 
of male cardiologists revealed higher incidence of male births with increasing age and radiation expo-
sure and multivariate analysis only identified paternal age as predictor of higher incidence of male births 
(OR 1.05, CI 1.01-1.089, p=0.0027).
Conclusion: Exposure to ionizing radiation leads to a decrease in the sex ratio (M/F) in younger male 
cardiologists, while this effect is reversed with greater number of male births in older male cardiologists.

Introduction

Variation in sex ratio has been a topic of debate for 

millennia. Sex ratio is defined as the ratio of male 
(M) offspring to female (F) offspring (M/F) or as a
ratio of male offspring to total offspring(M/M+F)



and stands at 1.05 (M/F) or 0.51(M/M+F) for the 
US population in 2005.1 Sex ratio at birth in several 
countries across the world ranges from 1.02 to 1.132 
Several large observational studies have examined 
the effects of maternal age, paternal age, birth order 
and ethnicity on reducing the sex ratio.3-7 Environ-
mental agents like dioxins8,9 gasoline,10 metal fumes 
and tobacco11, 12 have also been implicated in affect-
ing the sex ratio in favor of female offspring. Expo-
sure of male workers to certain occupational agents 
has been shown to reduce the sex ratio.8,13 

Exposure to electromagnetic radiation has been 
suggested to alter sex ratio in a few studies.14-17 
While some studies reported reduction in sex ratio 
among female physiotherapists exposed to electro-
magnetic radiation,14 others did not.18 Exposure to 
nuclear radiation showed an increase in sex ratio 
in one study15 but others showed no such associa-
tion.19-21 Similarly, a study among male radiologists 
orthopedic surgeons showed a decrease in sex ra-
tio16, 17 whereas another study among male cardi-
ologists exposed to fluoroscopic radiation found no 
change.22

Data from various studies on the impact of fluoro-
scopic radiation have been inconsistent with some 
obvious limitations. Study on male invasive cardi-
ologists included only children that were born and 
no details on miscarriages or unborn pregnancies 
were noted.22 It is unclear whether there was a dif-
ference between those born before radiation expo-
sure vs. those born after radiation exposure22 It is 
unclear from prior observations and studies if occu-
pational exposure of toxins and radiation to men or 
women affects sex ratio. In addition, the interplay 
between the exposure to radiation and maternal 
and paternal age is less clear.

In the current study we examined the effects of ex-
posure to fluoroscopic radiation and the sex ratio of 
offspring of male and female invasive cardiologists. 
We also studied the effect of duration of exposure 
with maternal and paternal age as well as the im-
pact of exposure on male and female cardiologists 
separately.

Methods 

An internet based survey in English was e-mailed 
worldwide to 8000 physicians who practiced in-
vasive, electrophysiology and/or interventional 

cardiology.  Survey questions consisted of age 
of the physician and the spouse, race, sub-spe-
cialty practice and hours of radiation exposure 
per week. The number of children born, gen-
der of off-spring, miscarriages and mutations 
and duration of exposure to radiation prior 
to conception of each child were also queried. 
The results were analyzed as detailed below.

Statistical Analysis

All categorical data are presented as percentages 
and continuous data as means and standard devi-
ation. A p value <0.05 was considered significant. 
The Z test for proportions was used to compare 
the sex ratio of offspring of respondents with that 
of the general population. Univariate and multi-
variate logistic regression analysis with forward 
approach was then performed to see if increasing 
years of exposure affected the gender of offspring. 
Maternal age, paternal age, duration of radiation 
exposure and birth order were considered in the 
analysis for all respondents and later for male and 
female cardiologists separately. SAS version 9.1.3 
(SAS Institute Inc, Cary, NC)) was used for the 
analyses.

Results

Five hundred and nineteen cardiologists (84% 
male and 16% female) responded to the survey. 
Their ethnic background included 79.8% Cauca-
sian, 15.4% Asian, 3% Hispanic, 2.4% other and 
0.2% African-Americans. They included 60% elec-
trophysiologists, 33% interventional cardiologists 
and 7% invasive (non-interventional) cardiolo-
gists (see table1). Of these, 58.3% were exposed to 
radiation (time spent in the catheterization and/or 
EP laboratory) on average of more than 10 hours 
per week, and 41.7% were exposed <10 hours 
per week.  A total of 5.8% had exposure to other 
sources of radiation as well (radioactive iodine 
in research lab, radioactive iodine for hyperthy-
roidism, exposure to radiation in nuclear imaging 
lab), while 94.6% had exposure to fluoroscopic ra-
diation alone. 

We excluded 142 respondents who had conceived 
children before radiation exposure and those with 
incomplete surveys. All respondents (n=377) with 
children born only after radiation exposure were 
included. A total of 402 males and 403 females 
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were born to 377 physicians. Although the sex ratio 
in these births (0.99) was lower compared with the 
sex ratio of the general population (1.05), the dif-
ference did not reach statistical significance (p=0.3).  
The mean maternal age was 33.5 (±4.7) years and 
mean paternal age was 35.7 (±4.5) years. There was 
no difference in the maternal age (33.75 vs. 33.3 
years, p = 0.2) for male and female offspring, re-
spectively, but mean paternal age was significantly 
higher (36.2 vs 35.2 years, p = 0.002) for the male 
offspring. The majority of respondents had 2 chil-
dren or more (84%) with 80 miscarriages and 27 
children with genetic disorders (0.03%, 27/805).  
The nature of the congenital anomalies was not 
obtained. The total cumulative radiation exposure 
for male offspring was 2678 hours of radiation and 
total cumulative hours of radiation exposure for fe-
male offspring was 2414 hours. The mean duration 
of radiation exposure for the entire study sample 
was 6.3±4.6 years, while it was  6.7±4.8 for male off-
spring and 6.0 ± 4.3 for female offspring (p=0.11).

There were 46 physicians who had miscarriages 
only and had no children. After excluding them 
and another  20 male cardiologists, who did not 
provide their age, univariate logistic regression 
analysis identified higher number of male births 
with increasing hours of radiation exposure (OR 
1.034, CI 1.003-1.067 p=0.03) and increasing pater-
nal age (OR 1.05, CI 1.01-1.08, p=0.002). On multi-
variate analysis, only paternal age was associated 
with a greater possibility of male births (OR = 1. 05, 
CI 1.01-1.18, p=0.0019).

To study the effects of radiation on male and female 
cardiologists separately, sex ratio among the chil-
dren of male cardiologists (n=266) was calculated, 
and found to be lower at 0.97 (M/F) with 338 males 
and 345 females, p=0.15 (or at 0.49 when considered 
as (M/M+F) ) compared with the general popula-

tion. Univariate analysis again identified higher 
male births with increasing hours of radiation 
exposure and increasing paternal age (See table 
2). Multivariate analysis identified paternal age 
as the only predictor of male births (OR 1.05, CI 
1.018-1.089, p=0.0027). A subgroup analysis of 
offspring of male cardiologists aged 37 years or 
more showed a significant increase in sex ratio 
to 1.2 (M/F) (143 males and 112 female offspring, 
p=0.017; M/M+F = 0.56). The sex ratio of offspring 
of male cardiologists aged less than 37 years was 
0.84 (M/F) (196 male and 233 female offspring; 
M/M+F= 0.45, p=0.0009, figure 1). Offspring of 
female cardiologists (n=45) had a sex ratio of 1.2 
(M/F) or 0.54 (M/M+F) with 45 males and 37 fe-
males (p=0.01). The sample size, however, was 
too small to make any meaningful prediction by 
regression.

Discussion

Our results show a trend toward reversal in sex 
ratio (lower number of male births) among the 
offspring of all cardiologists, especially among 
offspring of male cardiologists. Despite the de-
crease in overall number of male offspring, mul-
tivariate logistic regression analysis showed an 
association between increasing paternal age and 
higher number of male births. Offspring of fe-
male cardiologists had a higher sex ratio (greater 
number of male births) but the sample size was 
too small to make reliable interpretations. In a 
subgroup analysis, reduced sex ratio (0.84) was 
observed among offspring of male cardiologists 
when the paternal age was less than 37 years and 
a significantly increased sex ratio (1.2) was found 
when the paternal age was 37 years or more. 

Several trials have been conducted to establish 
the factors predisposing to altered sex ratios, 
but results have been inconsistent. Our study 
revealed a non-significant reduction in sex ratio 
among all qualifying respondent cardiologists. 
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Mean paternal age (years) 35.7
Mean maternal age (years) 33.5
Caucasian (%) 79.8
Asian (%) 15.4
Hispanic (%) 2.4
African American (%) 0.2
Electrophysiologists (%) 60
Interventionalists (%) 33

Table 1 Baseline Characteristics

Odds Ratio CI P value

Maternal age 1.02 0.9-1.0 0.16
Paternal age 1.053 1.01-1.089 0.0027
Duration of
radiation exposure 1.032 1-1.06 0.04

Table 2 Univariate Analysis Among Male 
Cardiologists



However, when offspring of only male cardiolo-
gists were considered, a significant reduction in 
sex ratio was noted when the paternal age was 
< 37 years; and the sex ratio increased signifi-
cantly when the paternal age was > 37 years. This 
is in stark contrast to prior larger studies which 
suggest a reduction in sex ratio with increasing 
paternal age in the unexposed general popula-
tion (3, 5, 6). (figure 2 modified from data tak-
en from the paper by Jacobsen et al. ref 5). Our 
study, however, showed an increase in sex ratio 
in cardiologists with increasing paternal age. 
Whether this suggests a natural variation in sex 
ratio in recent years, or if this is an effect of fluo-
roscopic radiation in cardiologists remains un-
known. Nonetheless, our study results are con-
sistent with prior findings of increased sex ratio 
among offspring of survivors of atomic bombing 
in Japan.23 On this basis, it has been postulated 
that induction of sex-linked lethal mutations in 
germ cells would result in an increased sex ra-
tio in the offspring of irradiated males and a 
decreased sex ratio in the offspring of irradiat-
ed females.23 The single study on female phys-
iotherapists exposed to radiation demonstrated 
lower sex ratio and conforms to this postulate.14 
Increased sex ratio in offspring of irradiated fa-
thers was also seen in a few other studies.15, 24 

The current results point to an additional layer of 
complexity to this issue, because offspring born 
to younger fathers had a lower sex ratio while 
those born to older fathers had a higher sex ratio.

Invasive cardiologists on average are exposed to 
0.01mSv to 0.02mSV of radiation per case with a 
higher collar level exposure despite the use of lead 
aprons,25, 26 which is still less than the annual radia-
tion exposure limit mandated by the international 
commission on radiological protection (< 20 m Sv 
/year).27 Since the only discernible difference of 
these male cardiologists from the general popula-
tion is exposure to fluoroscopic radiation, we pos-
tulate that the radiation is probably responsible 
for the change in sex ratios.  Prior studies have 
shown increasing paternal age and birth order to 
have the most effect on sex ratio with a smaller 
effect from maternal age.6,28 Much larger studies 
may be required such an effect of maternal age on 
sex ratio. The inability of our study to reveal any 
significant effects of maternal age on the sex ra-
tio was probably related to the very small sample 
size. Birth order was not a predictor of sex ratio 
in our study because not all children born to the 
respondents were considered in the analysis of the 
birth order, rather only the children born after ex-
posure to the radiation were considered. Duration 
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tio, whereas exposed mothers, transmit the lethal 
mutations to sons and thereby cause reduction 
in sex ratio.23 The reduced sex ratio in our study 
among younger fathers remains unexplained. It is 
not clear if the Y-chromosome is more susceptible 
to the ill effects of radiation during early years of 
exposure resulting in higher concentration of X to 
Y sperm pool and thereby higher probability of 
female births decreasing the sex ratio in younger 
fathers. This effect may get blunted and the X to 
Y sperm pool may tilt back to normal explaining 
the reversal of sex ratio as the years of exposure 
and the paternal age increases. Chronic exposure 
to low levels of radiation as was with the case of 
older male cardiologists could have resulted in 
hormetic effect on the Y-chromosome of the germ 
cells.  Radiation hormesis (also called radiation 
homeostasis) is the hypothesis that chronic low 
doses of ionizing radiation (in addition to the nat-
ural background doses) are beneficial, stimulat-
ing hypothetical reserve repair mechanisms that 
protect against disease, but are not activated in 
absence of additional ionizing radiation.31-32 The 
reserve repair mechanisms are hypothesized to 
be sufficiently effective when stimulated as to not 
only cancel the detrimental effects of extra ion-
izing radiation but also protect from other dam-
age.32-35 Hormetic responses are varied in form and 

of radiation exposure also did not have an effect 
on the sex ratio. This could be because the natural 
life span of spermatozoa is only a few days, ap-
proximately 76 days29 and exposure to radiation 
during the time of conception may be more impor-
tant than the duration of exposure. The study on 
nuclear radiation workers at Sellafield, Cumbria  
showed that fathers exposed to more than 10mSV 
of radiation in the 90 days before conception pro-
duced and increased sex ratio.15 Rate of genetic 
malformations due to spontaneous mutations 
in new born infants in a study was shown to be 
0.0007%  (48/69277).30 This is significantly lower 
than the 0.03% rate of mutations found among 
cardiologists exposed to radiation in our study 
(P<0.0001). The incidence of genetic mutations 
was assessed by the survey but no confirmation 
or details of the same were obtained in our study.

Several hypotheses have been put forward for the 
variations in sex ratio in the general population 
with age. Some theories include reduced androgen 
levels in males with increasing age and reduced 
coital rates with older age.31 Altered sex ratio in  
the radiation exposed population is explained by 
induction of sex linked lethal mutations in the x 
chromosome which are transmitted to exposed 
fathers daughters thereby increasing the sex ra-
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Figure 2: Comparison of Sex Ratio (M/M+F) of General Population and Male Cardiologists

(General Population Data is the Reference Group Derived from the Study by Jacobsen et al)



by the authors. 
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Introduction 

Atrial fibrillation (AF) is the most common sus-
tained cardiac arrhythmia, resulting in significant 
morbidity and increased healthcare costs.1 The 
recognition that the pulmonary veins (PV) play a 
critical role in the initiation and maintenance of 

AF2 has led to the development of a variety of pro-
cedures that electrically isolate the PV from the left 
atrium and thus reduce the incidence of recurrent 
AF.3-7 The vast majority of these procedures uti-
lize radiofrequency (RF) ablation, resulting in scar 
around the PV ostium. PV stenosis is a rare but 
serious complication of the procedure8, 9 that has 
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Abstract

Background: Radiofrequency (RF) ablation procedures to electrically isolate the pulmonary veins (PV) 
from the left atrium are frequently used to treat atrial fibrillation. We hypothesized that changes in PV 
size after RF ablation would correlate with the volume of ostial PV scar as assessed by high resolution 
late gadolinium enhancement (LGE) cardiovascular magnetic resonance (CMR). 
Methods: The study cohort included 23 consecutive subjects. Contrast enhanced PV CMR angiography 
and LGE were obtained before and 42 ± 18 days after RF ablation.
Results: A total of 85 PV were analyzed. Imaging after RF ablation demonstrated a reduction in PV di-
ameter (22 ± 7 mm to 21 ± 6 mm, p = 0.001) and a reduction in cross-sectional area (CSA) (285 ± 141 to 246 
± 110, p < 0.001). There was a significant correlation of PV ostial normalized scar volume with the change 
in PV diameter (r =-0.21, p =0.049) and CSA (r =-0.28, p =0.010) after AF ablation. PV in the highest quartile 
for PV scar had the greatest reduction in diameter and CSA (p <0.05 for both).
Conclusion: PV size decreases significantly after RF ablation for the treatment of AF. The change in PV 
size is linearly related to the quantity of LGE scar at the PV ostium. 
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been shown in animal studies to be related to PV 
scarring.10 Reduction in PV size after RF ablation 
has been observed even in the absence of obvious 
stenosis and may be related to the intensity of ab-
lation, a surrogate measure for the extent of scar.11 
Late gadolinium enhancement (LGE) cardiovascu-
lar magnetic resonance (CMR) directly visualizes 
myocardial scar in the left atrium and PV after the 
procedure.12 Additionally, contrast enhanced CMR 
readily visualizes the PV anatomy and provides for 
reproducible anatomic measurements.13 The rela-
tionship of ostial PV scar to changes in PV size after 
RF ablation has not previously been investigated.

We hypothesized that the change in PV size af-
ter RF ablation for the treatment of AF would 
correlate with the volume of ostial PV scar as 
assessed by high resolution LGE CMR. We 
evaluated this hypothesis in a consecutive co-
hort of 23 patients referred for CMR before 
and after RF ablation for the treatment of AF.

Material and Methods

Study Cohort

The study cohort comprised a consecutive series of 

patients who underwent CMR before and after RF 
ablation for the treatment of AF. No subject had 
previously undergone PV isolation. All study sub-
jects had an estimated glomerular filtration rate of 
>60 ml/min/1.73 m2. The study was reviewed and
approved by the hospital Committee on Clinical
Investigations (Institutional Review Board).

CMR Protocol

CMR was performed using a 1.5 T whole-body MR 
system (Achieva, Philips Medical Systems, Best, 
The Netherlands) with a five or sixteen element 
cardiac coil for RF signal reception. 

First pass breath-hold 3D contrast enhanced CMR 
of the PV was obtained after injection of 0.2 mmol/
kg gadopentetate dimeglumine (Gd-DTPA) (Magn-
evist ®, Berlex Laboratories, Wayne, NJ), immedi-
ately followed by a saline flush.13 Data acquisition 
began after a delay determined by a small timing 
bolus given prior to contrast enhanced CMR. Two 
dynamics were acquired using an end-expiratory 
breath-hold spoiled 3D gradient echo sequence 
with the following parameters: repetition time 
4.0 ms, echo time 1.3 ms, flip angle 30 degrees, 50 
slices, slice thickness 3 mm interpolated to 1.5 mm, 

Figure 1: Methodology for Measuring Scar Volumes. Late Gadolinium Enhancement (LGE) Images Demonstrate Hyperen-
hancement/scar in the Left Inferior Pulmonary Vein (LIPV) and the Right Inferior Pulmonary Vein (RIPV) (A). The Extent of 
Scar is Determined using Signal Thresholding with Scar Highlighted in Red (B). A Region of Interest (ROI) is Used to Identify 
Scar on Each Slice as Belonging to one of the PV, with the LIPV ROI Shown (C). Each PV in Each Slice is Analyzed using Thresh-
olding and ROIs to Identify Scarred Pixels in each Region (D). Total Scar is Summed Over all Slices (E). From Peters et al, JACC 
Cardiovasc Imaging 2009, 2:308-316 [15], used with Permission



field of view 360 mm, matrix 256 x 256, imag-
ing time 11 s per dynamic. The 3D volume was 
centered on the left atrium and included all PV. 
Images were prospectively acquired in the axial 
plane.

High-resolution LGE CMR was obtained 20 to 25 
min after contrast administration. Images were 
acquired using a fat suppressed, ECG triggered, 
navigator gated 3D inversion recovery gradient 
echo using the following parameters: repetition 
time 4.4 ms, echo time 2.1 ms, flip angle 20 de-
grees, average inversion time 280 ms, slice thick-
ness 5 mm, field of view 320 mm, matrix 224 x 
224, spatial resolution 1.4 x 1.4 x 5 mm, imaging 
time 4 to 8 minutes (depending on navigator ef-
ficiency).12

CMR of the left ventricle and left atrium was per-
formed in the 2-chamber, 4-chamber, and con-
tiguous short axis orientations with a standard 
breath-held balanced steady-state free-preces-
sion sequence.14

Image Analysis

All image analyses were performed by observers 
blinded to the patient clinical treatment data.

Commercially available system software (View-

Forum, Philips Medical Systems, Best, The Nether-
lands) was used to generate multiplanar reforma-
tions of the contrast enhanced CMR images. The 
maximum diameter and cross-sectional area (CSA) 
of the PV were measured at the location in the sag-
ittal plane at which the PV separated from the left 
atrium and from each other.13 A left common PV 
was defined as a single left-sided PV entering the 
left atrium as determined in the sagittal plane. A 
right middle PV was defined as any right-sided 
pulmonary vein identified in the sagittal plane in 
addition to the right inferior and right superior PV. 
The change in size (diameter and CSA) of the PV 
after ablation was determined as a percent of the 
baseline measurement.

LGE CMR images were analyzed in Matlab 7.1 
(Mathworks, Natick, Massachusetts). The volume 
of scar at the ostium of the PV was determined by 
a threshold technique,15 determined as 3 standard 
deviations of noise added to the signal of the blood 
pool. After thresholding, isolated high signal inten-
sity voxels were removed. The scar was segregated 
into regions adjacent to each of the PV ostia (Figure 
1). The quantity of scar was normalized to the CSA 
of the PV to account for variability in PV size.

Left atrial length was measured in the 4-chamber 
view at its maximal size over the cardiac cycle. 
Left atrial volume was determined using the area-
length method from data in the 2-chamber and 
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Study Cohort Characteristics (N = 23) Mean ± SD
Male (N, %) 20 (87%)
Age (years) 58 ± 13
Height (inches) 71 ± 4
Weight (pounds) 198 ± 35
Paroxysmal atrial fibrillation (N, %) 18 (78%)
Mitral regurgitation: None (N, %) 15 (65%)
Mild (N, %) 5 (22%)
Moderate (N, %) 3 (13%)
Hypertension (N, %) 7 (30%)
Coronary artery disease (N, %) 4 (17%)
Obstructive sleep apnea (N, %) 3 (13%)
Hypertrophic cardiomyopathy (N, %) 2 (9%)
Congestive heart failure (N, %) 1 (4%)

Diabetes mellitus (N, %) 1 (4%)

Table 1 Characteristics of the Study Cohort



4-chamber views. Left ventricular volumes and
ejection fraction were determined in the short axis
orientation using the method of disk summation.14

Volume measures were indexed to the body sur-
face area.

Atrial Fibrillation Ablation

The AF ablation was performed using a femoral 
venous approach as described in detail elsewhere.4 
A decapolar catheter was positioned in the coro-
nary sinus and a second catheter was placed in 
the right atrium. Left atrial access was obtained 
by two transseptal punctures. Transesophageal or 
intracardiac echocardiography was used through-
out the procedure to assist in transseptal puncture 
and to monitor catheter position during ablation. 
Three-dimensional electroanatomic mapping of 
the left atrium and PV was performed using a 
non-irrigated 8 mm or externally irrigated 3.5 mm 
NaviStar™ catheter (Biosense Webster, Diamond 
Bar, CA) and CARTO™ (Biosense Webster) and/
or EnSite NavX™ (Endocardial Solutions, St. Paul, 
MN) mapping systems. Electrograms were re-
corded during sinus rhythm, coronary sinus pac-
ing, or AF at the ostia of the PV with a 10-20 pole 
circumferential catheter with distal ring configura-
tion (Biosense Webster or Bard, Covington, GA). 
Radiofrequency ablation was performed outside 
the PV ostia near sites with the earliest PV electro-
grams. Radiofrequency ablation was targeted in 
the antrum, approximately 1 cm from the PV os-
tium, with additional carinal lesions depending on 
the response to the antral ablation. Ablation was 

performed for 20-60 seconds with a target tem-
perature of 52 degrees C for non-irrigated cath-
eters and with a maximum power of 30 watts and 
maximum temperature of 42 degrees C for irri-
gated catheters. The process was repeated until 
complete bi-directional electrical PV isolation was 
achieved, defined by both entrance block as dem-
onstrated by loss of PV potentials, and exit block 
demonstrated by failure to capture the left atrium 
during sinus rhythm by pacing (at 10 mA and 2 
ms pulse width) each of the bipolar pairs of elec-
trodes of the circumferential catheter positioned 
at the entrance of the PV. All PV were routinely 
isolated for all patients. After PV isolation, induc-
tion of AF was attempted by burst pacing from 
the right atrium and coronary sinus before and 
after administration of isoproterenol. Isolation of 
the PV was reassessed at least 30 minutes after ab-
lation and if reconnection was observed the vein 
was re-isolated. Additional ablation lines in the 
left atrium were not routinely performed.

Statistical Analysis

Data are presented as counts and percentages or 
mean ± standard deviation as appropriate. Mea-
surements before and after RF ablation were com-
pared using a paired T test. The relationship of 
changes in PV size to the volume of PV scar was 
assessed using standard correlation and linear re-
gression. PV were also segregated into quartiles 
based on the volume of ostial scar and compared 
using analysis of variance. The Student-Newman-
Keuls adjustment for post-hoc comparisons was 
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Pre-Ablation Post Ablation
Pulmonary vein diameter (mm) 22 ± 7 21 ± 6*
CSA (mm2) 289 ± 140 246 ± 110*
Scar (ml) 2.1 ± 1.3
Normalized scar (ml/mm2) 0.010 ± 0.009
Left ventricular ejection fraction (%) 59 ± 8 60 ± 8
Left ventricular end diastolic volume index (ml/
m2) 80 ± 20 86 ± 19†

Left ventricular mass index (g/m2) 67 ± 24 68 ± 27
Left atrial 4-chamber dimension (mm) 59 ± 11 58 ± 6
Left atrial volume index (ml/m2) 58 ± 21 60 ± 22

Table 2 CMR Measurements before and After the Ablation Procedure

CSA = cross sectional area, *p ≤0.001 compared to pre-ablation, †p <0.01 compared to pre-ablation



(p <0.001 for both). There was no scar visualized 
on images performed prior to the procedure. Af-
ter ablation, extensive scar involving more than 3 
quadrants of the PV was present in 44 (52%), min-
imal scar involving 1 quadrant of the PV or less 
was present in 10 (12%), and intermediate scar was 
present in 31 (36%). Left atrial size and left ventric-
ular ejection fraction and mass were unchanged.

Relationship of Changes in PV size to Scar 
Volume

There was a significant linear relationship between 
the change in PV size and the scar volume normal-
ized for the PV CSA, with a stronger relationship 
for the PV CSA (PV diameter: r = -0.21, p = 0.049; 
PV CSA: r = -0.28, p = 0.010; Figures 2 and 3). The 
PV in the highest quartile of normalized scar vol-
ume had significantly greater reductions in both 
maximum diameter and CSA (p <0.5 for both com-
parisons, Figure 4).

Discussion

In this cohort of 23 consecutive patients with AF 
undergoing CMR before and after RF ablation, we 
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used to identify significant differences between 
quartiles. A p-valueof <0.05 was used to deter-
mine statistical significance. All statistical analy-
ses were performed using SAS for Windows 9.1 
(SAS Institute, Cary, NC).

Results

Study Cohort

The clinical characteristics of the study cohort 
are summarized in Table 1. The cohort was pre-
dominantly men and most had paroxysmal AF. 
The left sided PV had a common origin in 5 sub-
jects. Six small right middle PV and a small right 
accessory PV were not included in the analysis. 
Scar could not be assessed in one PV due to im-
age artifacts. A total of 85 PV were therefore 
available for analysis.

Changes in Cardiac Anatomy after RF 
Ablation

Imaging was performed before and 42 ± 18 days 
after RF ablation (Table 2). PV diameter and CSA 
were significantly reduced after the procedure 

Figure 2: Left Inferior Pulmonary Vein (LIPV) Before and After Radiofrequency (RF) Ablation. Before RF Ablation, the LIPV 
has Normal Size (A, dimension shown) with Contrast Enhanced Cardiovascular Magnetic Resonance (CMR) and Absence of 
Scar with Late Gadolinium Enhancement (LGE) (B). The Right Inferior Pulmonary Vein (RIPV) is also Shown. After RF Abla-
tion, the Size of the Left Inferior PV is Reduced (C, dimension shown) and Scar is Apparent as Increased Signal in the Wall of 
the LIPV (D)
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PV stenosis is an uncommon but severe complica-
tion of RF ablation for the treatment of AF.8,9 In 
animal studies, application of RF energy to the 
PV causes intimal proliferation and myocardial 
necrosis that can result in stenosis or occlusion.10 
Severe stenosis occurs in up to 5% of patients after 
the procedure.9 Reductions in PV size have been 
observed even in the absence of severe steno-
sis.11,18 The mechanism for this reduction has been 
uncertain. One study demonstrated a significant 
relationship between reduction in PV size and 
surrogate markers for the extent of scarring (cir-
cumferentiality of PV ablation), suggesting that 
PV scarring is responsible.11  Other studies have 
found no relationship between these surrogate 
markers and reduction in PV size, suggesting the 
possibility that reductions in PV size may be relat-
ed to hemodynamic changes with the restoration 
of sinus rhythm.18-20

We found that reductions in PV size after RF abla-
tion are associated with the volume of PV ostial 
scar as defined by LGE CMR. This suggests that 
PV scarring plays the major role in the reduction 
of PV size after RF ablation. The variability of pri-

found that the there was a small but significant 
reduction in PV size after RF ablation for the treat-
ment of AF and that this reduction was related to 
the volume of ostial PV scar as defined by LGE 
CMR.scar. There was a significantly greater re-
duction in size for those PV that have the largest 
amount of scar. This study directly demonstrates 
for the first time in humans that scarring after RF 
ablation correlates with a reduction in PV size.

AF is the most common sustained cardiac ar-
rhythmia, affecting more than 2 million people in 
the United States.1,16 AF is a major cause of mor-
bidity, increasing the risk of stroke by a factor of 
5 and accounting for 15% of all strokes.1 A major 
breakthrough in our understanding of the patho-
physiology of AF was the recognition that ectopic 
activity in the PV plays a critical role in the initia-
tion and maintenance of AF.2 This led to the devel-
opment of RF ablation procedures to electrically 
isolate the PV to prevent recurrent AF.3-7 Short-
term success rates for these procedures range 
from 65% to 85% in patients with paroxysmal AF, 
with a reduction in morbidity and improved qual-
ity of life.17

Figure 3: Volume Rendered Image Showing Extent of Scar Relative to the Pulmonary veins. Scar, as Determined by LGE, is 
Shown in Red



or studies attempting to address the role of scar-
ring in this setting may be due to the inadequacy 
of using surrogate measures of scar compared to a 
direct measurement.

We found that reduction in PV size was most evi-
dent in those veins that had the most scar, while 
there was minimal change in those PV with mini-
mal scar. This suggests that the PV may be able to 
tolerate scarring up to a threshold beyond which 
further scarring causes a reduction in PV size. 
Identification of a consistent threshold level across 
patients may be able to identify a maximum in-
tensity of RF ablation that can be safely applied 
without significant alteration of PV size. This hy-
pothesis requires a larger study population to for 
evaluation.

The relationship between ostial PV scar and re-
ductions in PV size were most significant for PV 
CSA. Although most investigators have reported 
only PV diameters, these single dimension mea-
surements of an asymmetric structure have sub-

optimal reproducibility due to variations in PV 
anatomy such that measurements of PV diameter 
in different planes can result in significantly dif-
ferent results.21 CSA measurements are less de-
pendent on the plane of measurement and more 
reproducible.13

Our study has several limitations. Though con-
secutive, the sample size was small. Replication in 
a larger cohort would increase the confidence in 
the study results. The study cohort was predomi-
nantly men with paroxysmal AF and conducted 
at a tertiary care academic medical center. The 
results may not be generalizable to other popu-
lations. The relationship of PV scar and changes 
in size after ablation may vary depending on the 
technique used. In particular, wide area catheter 
ablation techniques may result in more scar due to 
extensive ablation but less change in PV size due 
to the placement of the lesions away from the PV 
ostia, although the volume of scar may be less than 
anticipated because of the relative thinness of the 
posterior wall.
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Figure 4: The Linear Relationship (solid line) and 95% Confidence Intervals (dashed line) of Normalized Ostial PV Scar Volume 
with the Difference in PV Diameter (A) and Cross-Sectional Area (CSA) (B) Before and After RF Ablation for the Treatment of 
AF. The Linear Relationship is Statistically Significant for Both the Diameter (p =0.049) and the CSA (p =0.010)
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Figure 5: The Relationship of Normalized Ostial PV Scar Quartile with the Change in PV Diameter and CSA. The Group with 
the Highest Quartile of Normalized PV Scar had the Greatest Reduction in Size

Conclusions

PV size decreases after RF ablation for the treat-
ment of AF. The change in PV size has a significant 
relationship with the quantity of ostial PV scar.
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Abstract

Introduction: The 2012 HRS/EHRA/ECAS guidelines encourage pre-procedural transesophageal echo-
cardiography (TEE) prior to ablation for atrial fibrillation (AF), but acknowledge a lack of consensus 
in patients maintained on therapeutic warfarin before, during and after the procedure. This is partly 
because the incidence of left atrial appendage (LAA) thrombus is so low, that it is hard to draw clear 
conclusion regarding the characteristics of patients who develop thrombus. We hypothesize that the 
presence of low LAA emptying velocities, which predisposes to thrombus, and/or thrombus itself can be 
predicted in patients undergoing ablation, based upon clinical characteristics and transthoracic echocar-
diography (TTE). 
Methods: In this multicentre study, we undertook TTE and transesophageal echocardiograms (TEE) in 
586 patients (age 59.9±0.4 years old, 64.5% male) undergoing catheter ablation for AF who were antico-
agulated on warfarin (target international normalized ratio 2–3.5) for ≥3 consecutive weeks prior to pro-
cedure and maintained on warfarin for the procedure. 
Results: Low peak LAA emptying velocities (<40cm/s) were identified in 111 (24.7%) patients and LAA 
thrombus was identified in 3 patients (0.5%) despite having therapeutic INRs. The 3 patients with throm-
bus had LAA emptying velocities of 23, 29 and 31 cm/s. None of the remaining patients had a peri-proce-
dural stroke. Patients with peak LAA emptying velocities <40cm/s or thrombus on TEE had significantly 
(p<0.05) higher CHA2DS2-VASc scores (1.7± 0.1 v’s 1.4±0.1), and were more likely to have impaired LVSF 
(odds ratio [95% CI]: 2.66 [1.52-4.66]), a LA diameter >4.6cm on TTE (2.40 [2.13-5.41]), or persistent AF (2.60 
[1.63-4.14]) compared to those with a higher LAA velocity without thrombus. 
Conclusion: In patients on uninterrupted warfarin therapy, a CHA2DS2-VASc score ≥1 or LA diameter 
>4.6cm on TTE identifies 91.5% of those at risk of developing thrombus with LAA emptying velocity of
<40 cm/s and 100% of those with thrombus in our cohort.
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Introduction

Left atrial catheter ablation is considered by some 
to be a first line treatment for those with symp-
tomatic paroxysmal atrial fibrillation (AF) and 
structurally normal hearts and as a second line 
therapy after anti-arrhythmic drugs for those 
with paroxysmal or persistent AF and structur-
al heart disease.1 The procedure carries a risk of 
thromboembolic stroke due to mobilisation of 
left atrial appendage (LAA) thrombus secondary 
to catheter manipulation or restoration of sinus 
rhythm. In order to minimize this risk, the 2012 
Heart Rhythm Society/European Heart Rhythm 
Association/European Cardiac Arrhythmia Soci-
ety statement 2 encourages pre-procedural trans-
esophageal echocardiography (TEE) to screen for 
the presence of thrombus in patients at the time 
of the procedure. However it also acknowledges 
that there is a lack of consensus or data in patients 
that have been maintained on therapeutic oral an-
ticoagulation. This is partly due to the fact that 
the incidence of LAA thrombus is so low, that it is 
hard to draw clear conclusion regarding the char-
acteristics of patients who develop LAA throm-
bus. TEE is costly, time consuming and increases 
risk to the patient, therefore targeting TEE to those 
patients most likely to benefit is of importance. 

A low peak LAA emptying velocity is a strong 
predictor of thrombus formation independent of 
rhythm. 3 A velocity of greater than 40cm/s corre-
lates with successful cardioversion 4 and mainte-
nance of sinus rhythm thereafter,5 whilst a velocity 
of less than 40 cm/s 6, 7, 8, 9 best predicts thrombo-
embolic risk. We hypothesized that the presence 
or absence of a low LAA emptying velocity and/
or thrombus could be predicted in patients under-
going ablation, based upon clinical characteristics 
and transthoracic echocardiography (TTE) find-
ings in a low-intermediate risk group maintained 
on warfarin therapy before, during and after the 
procedure.   

Methods

Patients

We retrospectively evaluated the records of all pa-
tients put forward for left atrial ablation for symp-
tomatic, drug refractory atrial fibrillation between 
March 2009 and March 2011 at the John Radcliffe 

Hospital, Oxford, and between January and De-
cember 2010 at St Bartholomew’s Hospital, Lon-
don, UK. Written informed consent was obtained 
from all patients prior to procedures. Procedures 
were classified as being for paroxysmal, or persis-
tent AF, as well as a “re-do” procedure if a pre-
vious left atrial ablation had been performed. We 
documented patient age and sex, the presence of 
heart failure, hypertension, diabetes mellitus, prior 
stroke or transient ischemic attack (TIA), and vas-
cular disease (prior myocardial infarction, periph-
eral artery disease, or complex aortic plaque), in 
order to calculate a CHADS2 and CHA2DS2-VASc 
score. We also documented the left ventricular 
ejection fraction and LA diameter on transthoracic 
echocardiography, and peak left atrial appendage 
(LAA) emptying velocity and presence or absence 
of left atrial or left atrial appendage thrombus on 
TEE. 

Anticoagulation Protocol

For patients already taking warfarin, this was con-
tinued up to and including the ablation whereas 
those not previously on warfarin were commenced 
on treatment up to 6 weeks prior to the ablation 
aiming for at least 3 weeks in the therapeutic range 
of an International Normalized Ratio (INR) of 2 
to 3.5 on weekly INR monitoring. INR was also 
checked again within 24 hours of the procedure 
in 577 patients, and 448 (77.6%) of patients had 
an INR of 2.0 or more at this point. Patients with 
a sub-therapeutic INR at this stage were given a 
once daily treatment dose of low molecular weight 
heparin from the morning following the procedure 
until the INR became therapeutic. Therapeutic 
warfarin was continued for at least 3 months after 
the procedure.

Transthoracic and Transesophageal 
Echocardiography studies

All patients had a standard two-dimensional TTE 
by an experienced echocardiographer (TTE, Sonos 
7500 and IE33, Philips, and Vivid 7, GE Healthcare) 
as part of their cardiological work up prior to ab-
lation. Reports were reviewed retrospectively to 
obtain data on left atrial anteroposterior diameter 
(determined with M-mode scans from the para-
sternal long-axis view ensuring perpendicular cur-
sor placement as guided by 2D echo, n=526) and 
degree of left ventricular impairment (classified as 



normal, mild, moderate or severely impaired ac-
cording to international guidelines (10), n=577). 
All patients also underwent TEE (IE33, Philips, or 
Vivid I, GE Healthcare) within the 24 hours prior 
to the planned ablation procedure by an expe-
rienced Consultant Cardiologist trained in TEE. 
Multiple planes of the LAA, including a continu-
ous sweep from 0 to 180 degrees with short- and 
long-axis, were obtained from the mid-esopha-
geal view. Reports were reviewed retrospectively 
to obtain data on the presence of LAA throm-
bus (defined as a circumscribed and uniformly 
echo-dense intra-cavity mass distinct from the 
underlying endocardium and pectinate muscles, 
present in more than 1 imaging plane) and peak 
LAA emptying velocity (measured via pulse 
wave Doppler positioned 1cm into the orifice of 
the appendage (11), n=450). If a thrombus was 
suspected, all images were reviewed by a second 
experienced Consultant Cardiologist trained in 
TEE, the ablation procedure was not performed 
and a repeat TEE was carried out after a further 
period of anticoagulation at a higher INR (3-4) to 
demonstrate resolution of the thrombus.

Left Atrial Ablation

Ablation was performed under general anaesthe-
sia or conscious sedation. Catheters were intro-
duced percutaneously through the femoral veins 
and a transseptal puncture performed to access 
the left atrium. After transseptal access, a bolus 
of heparin was administered (according to pa-
tient weight) and further heparin administered to 
achieve and maintain an activated clotting time of 
350 seconds. A three dimensional map was often 
constructed using an electroanatomical mapping 
system (CARTO (Biosense Webster), or NavX 
Velocity (St Jude Medical)) to assist in the loca-
tion of catheters and position of ablation lesions. 
A 7 French circular mapping catheter with a de-
flectable loop was placed at the ostium of each 
pulmonary vein for mapping. Radiofrequency 
ablation was delivered through a 4mm irrigat-
ed-tip thermocouple-equipped catheter (using a 
target temperature of 48 degrees C at a power of 
30-40W) with continuous lesions in a wide area
circumferential fashion around ipsilateral pul-
monary veins with an endpoint of bidirectional
conduction block between the LA and pulmonary
veins. Alternatively an Arctic Front cryoablation
balloon catheter (Medtronic) was used to isolate

each pulmonary vein individually.  Where patients 
were in persistent AF, ablation of complex fraction-
ated electrograms was also performed. Also for 
those patients in persistent AF or undertaking re-do 
procedures, lines of ablation lesions were deployed 
along the LA roof, and across the mitral isthmus. 
If sinus rhythm was not achieved by the end of the 
procedure, patients were cardioverted electrically.

Follow-Up

All patients were followed up 3 months post pro-
cedure at which point, if rendered asymptomatic 
from AF, their warfarin was changed to aspirin in 
those with a CHADS2 score of 0, to aspirin or war-
farin for those with a CHADS2 score of 1 (according 
to patient and clinician choice) and warfarin thera-
py continued in those with a CHADS2 score of 2 or 
more. In those patients with continued symptom-
atic AF put forward for repeat procedures, patients 
remained on warfarin therapy. 

Statistical Analysis

Data are presented as mean ± standard error of the 
mean. Differences between groups were determined 
using an unpaired t-test and one-way ANOVA (with 
the post-hoc Tukey’s test) for normally distributed 
data and the Mann-Whitney U and Kruskal-Wallis 
H tests (with the post-hoc Dunn’s test) for non-
parametric data. Pearson’s coefficient (r) was used 
to correlate variables. Analysis of patient groups 
stratified by LAA emptying velocity was under-
taken using univariate analysis; conducted with the 
Student’s t-test, Mann Whitney U and Fisher exact 
test to compare continuous, categorical and dichot-
omous variables respectively. Multivariate analysis 
was undertaken using binary logistic regression. All 
statistical analysis was performed using SPSS (ver-
sion 16.0) software with the exception of the Dunn’s 
post-hoc test (GraphPad InStat version 3.06). Re-
sults were considered significant at p<0.05.

Results

The clinical characteristics of 586 patients (357 from 
the John Radcliffe Hospital, Oxford, and 229 from 
St Bartholomew’s Hospital, London, UK) are sum-
marised in Table 1. The majority of patients (89%) 
had normal left ventricular systolic function and 
were low to intermediate risk (0/1) in terms of 
their CHADS2 (84.8%) and CHA2DS2-VASc (53.1%) 
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scores.

TEE demonstrated a peak LAA emptying velocity 
less than 40 cm/s in 111 out of 450 patients (24.7%) 
and thrombus in 3 patients from 586 patients 
(0.5%). In all cases the thrombus was located in the 
LAA. This is despite all 3 having therapeutic INRs 
(2.2, 2.2 and 3.3 respectively). The 3 patients with 
thrombus did not go on to have their procedure but 
had a repeat TEE after 2-3 months of further treat-
ment with warfarin at a higher INR (3-4), which 
confirmed resolution of thrombus in all cases. Of 
the patients without LAA thrombus going on to 

have a left atrial ablation, none had a peri-proce-
dural stroke. The characteristics of the 3 patients 
with LAA thrombus are detailed in Table 2. All 
had CHADS2 scores of ≥1, CHA2DS2-VASc scores 
of ≥2, impaired left ventricular systolic function 
(LVSF), and a peak LAA emptying velocity of <40 
cm/s (23, 29 and 31 cm/s).

A univariate analysis was performed to identify 
associations with a peak LAA emptying veloc-
ity of <40 cm/s or LAA thrombus (Table 3). Both 
CHADS2 and CHA2DS2-VASc scores were sig-
nificantly different between patients with a peak 
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Table 1 Patient Characteristics

Total patients (n=586) n=
Age (years) 59.9 ± 0.4
Female 35.5% 208
INR 2.3 ± 0.2
AF type Persistent 52.9% 310

Paroxysmal 47.1% 276
(Redo procedure) (29.8%) (173)

AF at procedure 56.1% 329
Congestive Heart Failure 13.0% 76
Hypertension 28.0% 164
Age 65-74 31.9% 187
Age >75 4.3% 25
TIA/Stroke 3.2% 19
Vascular Disease 7.7% 45
CHA2DS2-VASc 0 21.0% 123

1 32.1% 188
2 25.8% 151
3 13.8% 81
4 5.5% 32
5 1.9% 11

CHADS2 0 42.5% 249
1 42.3% 248
2 11.1% 65
3 3.9% 23
4 0.2% 1

LA Size (cm) (n=526) 4.60 ± 0.04
LVSF (n=577) Normal 89.0% 513

Mild 5.2% 30
Moderate 3.6% 21
Severe 2.3% 13

LAA Emptying Velocities <40cm/s (n=450) 24.7% 111
LAA Thrombus 0.5% 3
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LAA velocity of < or >40 cm/s mainly driven by 
a strong association between low LAA emptying 
velocity/thrombus and impaired LVSF.

LA diameter was significantly greater in those 
with low peak LAA emptying velocity (with a 
significant inverse correlation r=-0.32; p<0.0001), 

as was the proportion of patients in persistent (as 
opposed to paroxysmal) AF, or in AF at the time of 
the procedure. Those with a high-risk CHA2DS2-
VASc score ≥2 also had significantly larger LA 
diameter measured on TTE (4.72 ± 0.06 v’s 4.48 
± 0.05 cm, p=0.001). A LA diameter >4.6cm was 
also identified by multivariate logistic regression 

Table 2 Individual Characteristics of Patients with an LAA Thrombus

Age Type
of AF

AF at 
Proce-
dure

INR CHF Hyper-
tension Diabetes TIA/

Stroke Gender Vasc CHA2DS2-
VASc

LA 
Size

LAA 
Veloc-
ities

LVSF

71 Persis-
tent

Yes 2.2 Yes No No No Male No 2 4.3 29 Mild

56 Parox-
ysmal

No 3.3 Yes Yes Yes No Female No 4 5.2 31 Severe

67 Persis-
tent

Yes 2.2 Yes Yes No No Male No 3 5.6 23 Severe

(n=389) as being independently associated with 
low peak LAA emptying velocity, although type 
of AF and congestive cardiac failure were not.

We examined the performance of different clinical 
criteria for identifying peak emptying velocity <40 
cm/s and all LAA thombi. A combination of “LA 
diameter >4.6cm or CHA2DS2-VASc scores ≥1” was 
the simplest criteria and most sensitive (91.5% for 
peak LAA emptying velocity <40 cm/s, and 100% 
for thrombus) with the highest negative predic-
tive value (85.5%). Although specificity was low 
(18.7%) this would still be a useful “rule in” crite-
rion to put forward patients for TEE as no patients 
with thrombi and very few of those with low peak 
LAA emptying velocity at risk of thrombus would 
be missed in our cohort. This would reduce the 
number of TEEs performed by 15.9%.

Discussion

This is the first study to use the prevalence of low 
LAA emptying velocity to identify those at risk of 
thrombus prior to left atrial catheter ablation for 
AF on uninterrupted warfarin therapy. We find 
that the prevalence of LAA thrombus is very low 
(0.5% of 586 patients) and generally lower than 
has been observed in the few studies in this area 
published in the last 3 years where anticoagulation 
has been according to CHADS2 score, or where a 
bridging heparin strategy around the time of the 
procedure has mainly been used. In those treated 

with aspirin or warfarin according to CHADS2 
scoring, LAA thrombus has been reported in 1.5% 
of 408 patients.12 This compares to 0.6% of 1058 pa-
tients,13 1.2% of 996 patients,14 1.6% of 585 cases, 15 
1.9% of 625 patients 16 and 3.6% of 192 patients 17 in 
those treated with warfarin and a bridging hepa-
rin strategy. In those where warfarin was stopped 
and bridging heparin was used only for high-risk 
patients, LAA thrombus has been reported in 3% 
of 329 patients.18  Ours is the first study to evaluate 
the prevalence of LAA thrombus in patients who 
have been maintained on warfarin before, during 
and after the procedure (without bridging hepa-
rin), and given the low incidence of LAA thrombus 
and recent studies demonstrating fewer strokes 
and fewer major bleeding complications with this 
anticoagulation regime, 19, 20this would now ap-
pear to be the gold standard for peri-procedural 
anticoagulation prior to LA ablation for AF.

In our series, all patients with a LAA thrombus 
had a low peak LAA emptying velocity (<40cm/s), 
impaired LVSF, and intermediate to high risk 
CHADS2 and CHA2DS2-VASc scores. Similar clini-
cal patient characteristics have been correlated 
with the occurrence of LAA thrombus regard-
less of anticoagulation regime, although the small 
number of LAA thrombi limits interpretation. In 
those treated with aspirin or warfarin according 
to CHADS2 scoring, enlarged LA diameter, con-
gestive cardiac failure, female sex, and persistent 
AF are significantly correlated to the occurrence of 
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agreed definition of LAA sludge, or a consen-
sus on how it should be managed. The appear-
ance of spontaneous contrast in the LAA is also 
dependent on image quality and may or may not 
be present depending on the number of imaging 
planes in which the LAA is examined. It could be 
argued that it is therefore more subjective than a 
pulse wave doppler measurement of peak LAA 
emptying velocity placed 1cm into the orifice of 
the LAA. Our approach helps us identify with 
more confidence that CHA2DS2-VASc (mainly 
driven by CHF and impaired LVSF), persistent 
AF and LA diameter are key risk factors both for 
the presence of thrombus and risk of developing 
thrombus.

Limitations

This is a pragmatic real world study and we do 
not have data to show that all patients maintained 
their target INR for at least 3 of the 6 weeks of an-
ticoagulation prior to the procedure. In addition 
22.4% of patients required low molecular weight 

LAA thrombus.12 In those studies where a bridging 
heparin strategy was mainly used, high CHADS2 
scores (≥1 mainly driven by congestive cardiac fail-
ure ,13 or >2 15), or individual components of the 
score (heart failure, hypertension and age 16), as 
well as enlarged LA diameter 15-17 and structural 
heart disease 17 have all been correlated with the 
occurrence of LAA thrombus. Where warfarin 
was stopped prior to ablation and bridging hepa-
rin used only in high-risk patients, high CHADS2 
score (≥3 mainly driven by diabetes mellitus) was 
also correlated to the occurrence of LAA thrombus 
.18

We improve upon this approach by additionally 
identifying patients with low LAA velocities and 
performing a univariate analysis to help identify 
those both with thrombus and those at risk of de-
veloping thrombus. Other studies using different 
anticoagulation regimes prior to ablation have 
used criteria such as LAA sludge or spontaneous 
echo contrast in the LAA as risk factors for LAA 
thrombus. However, there is no internationally 

Table 3 LAA Emptying Velocities <40cm/s: Univariate Analysis

LAA Velocity <40 
(n=111)

LAA Velocity ≥40 
(n=339) Univariate Odds 

Ratio (95% CI)
Univariate 
Analysis or t-test

Age 61.0 ± 1.0 59.1 ± 0.6 - NS
Female Gender 38 34.2% 98 28.9% 1.28 (0.81-2.02) NS
INR 2.29 ± 0.04 2.26 ± 0.02 - NS

LAA Thrombus 3 0 - -
LA Size (cm) 
(n=106 vs. 284)

4.95 ± 0.09 4.38 ± 0.05 - *p<0.0001

LA Size ≥ 4.6cm 
(n=106 vs. 284)

68 64.2% 98 34.5% 2.40 (2.13-5.41) p<0.0001

Persistent AF 80 73.0% 169 49.9% 2.60 (1.63-4.14) *p<0.0001
AF at procedure 87 78.4% 179 52.8% 3.24 (1.97-5.34) *p<0.0001
CHA2DS2-VASc 1.7 ± 0.1 1.4 ± 0.1 - *p<0.05
CHADS2 0.9 ± 0.1 0.7 ± 0.01 - *p<0.03
CHF 26 23.4% 35 10.3% 2.66 (1.52-4.66) *p<0.001
Mod/Sev LVSF 
(n=108 vs. 337)

16 14.8% 14 4.2% 4.01 (1.89-8.53) *p<0.001

Hypertension 40 36.0% 116 34.2% 1.08 (0.69-1.70) NS
Age >75 4 3.6% 7 2.1% 1.77 (0.51-6.17) NS
Age 65-74 39 35.1% 109 32.2% 1.14 (0.73-1.80) NS
Diabetes 23 20.7% 52 15.3% 1.44 (0.84-2.50) NS
TIA/Stroke 5 4.5% 14 4.1% 1.10 (0.39-3.11) NS
Vascular Disease 9 8.1% 36 10.6% 0.74 (0.35-1.60) NS
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heparin following the procedure as the INR was 
found to be sub-therapeutic in the first 24 hours. 
Nevertheless whether the presence of LAA throm-
bus is contributed to by sub-therepeutic INR or 
not, in clinical practice it is not possible to be con-
fident that every patient is within the therapeutic 
range all of the time and the scoring system we 
present remains a practical way of risk stratify-
ing patients. TEE may not be 100% sensitive and 
specific for diagnosing LAA thrombus but it is 
currently the reference standard investigation. Im-
portantly no peri-procedural strokes or TIAs were 
observed during the study suggesting that clini-
cally significant thrombi were not missed. Newer 
anticoagulants such as dabigatran ,21 apixaban 22 
and rivaroxaban 23 are also becoming available 
which may be as good as or superior to warfarin 
in preventing thromboembolic events. However 
the peri-procedural bleeding risk of these agents 
around the time of left atrial ablation is not known 
and the ability to rapidly reverse their anticoagu-
lant effects may limit their use in this context. 

Conclusions

Whilst the 2012 Heart Rhythm Society/European 
Heart Rhythm Association/European Cardiac Ar-
rhythmia Society statement 2 encourages pre-pro-
cedural TEE to screen for the presence of throm-
bus in patients undergoing left atrial ablation of 
AF, it acknowledges that there is a lack of consen-
sus or data especially in patients that have been 
maintained on therapeutic oral anticoagulation. 
We find that in patients maintained on uninter-
rupted warfarin therapy prior to AF ablation, the 
incidence of LAA thrombus is very low. Based on 
our data and the risk factors we identify for LAA 
thrombus or low LAA emptying velocity, we pro-
pose that peri-operative TEE may only need to be 
performed in patients with CHA2DS2-VASc scores 
of 1 or above, or if LA diameter is >4.6cm on TTE 
providing patients have been therapeutically anti-
coagulated. This approach has a 100% sensitivity 
for identifying thrombus in addition to a 91.5% 
sensitivity for identifying those at risk of thrombus 
with a peak LAA velocity of <40cm/s and could 
better target pre-procedural TEEs where resources 
are limited. Such a scheme should be validated in 
a large prospective study. 
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Abstract

Background: Left atrial anatomy is highly variable, asymmetric, irregular and three-dimensionally 
unique. This variability can affect the outcome of atrial ablation. A catalog of anatomic varieties may aid 
patient selection and ablation approach and provide better tools for left atrial ablation.
Methods: We analyzed computed tomography scans from 514 patients undergoing left atrial ablation. 
Images were processed on Advantage Windows with CardEP™ software (GE Healthcare, Waukesha, 
WI). Measurements of pulmonary vein (PV) ostial size along the long and short axes were made using 
double oblique cuts, and area of the ostia was calculated.
 Results: Patients with 2 left (LPV) and 2 right PVs (RPV) (62.6%), 2 LPVs and 3 RPVs (17.3%) and 1 LPV 
and 2 RPVs (14.2%) made up the three most common variants. In the 2-LPV/2-RPV anatomy, the ostial 
size and area of the RPVs were larger than their corresponding LPVs (p<0.001), and the ostial size and 
area of the superior PVs were larger than their corresponding inferior PVs (p<0.001). In the 2-LPV/3-RPV 
anatomy, the total area of the RPVs was larger than the total area of the LPVs (p<0.001). In the 1-LPV/2-
RPV anatomy, the ostial size of the left common PV was larger than either right PV (p<0.007). However, 
the total area of the RPVs was larger than the area of the left common PV (p<0.002). The left common PV 
was also larger than any of the left veins in any of the other anatomies. The total PV area between the 
three most common anatomies was not significantly different.
Conclusions: More than 37% of patients have a left atrial anatomy other than 2 left and 2 right PVs. This 
data may help in designing approaches for left atrial ablation, tailoring the procedure to individual pa-
tients and improving ablation tools.
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Introduction 

Atrial fibrillation is the most common arrhythmia 
and the leading arrhythmic cause of hospital ad-
mission in the United States. Its prevalence will 
continue to increase as the population ages. There 
are many different approaches for ablation of ar-

rhythmias originating in the left atrium, but most 
include isolating the pulmonary veins (PV) and 
creating linear lesions that connect anatomic struc-
tures to block or extinguish reentrant conduction.

Left atrial anatomy is highly variable .1-8 Therefore, 
using current ablation techniques, it is difficult to 
achieve contiguous lesions as the true anatomy 
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of the left atrium is not known or visible. An im-
proved understanding of left atrial anatomy may 
facilitate the efficiency, efficacy and safety of the 
ablation procedure. 

This study provides a catalog of the various ana-
tomic types that may be encountered during left 
atrial ablation procedures. This was accomplished 
by evaluating computed tomography (CT) heart 
scans of a large cohort of patients undergoing left 
atrial ablation. This information is potentially use-
ful for preparing practitioners for procedures. It 
may aid in the development of ablation approach-
es as well as the design of new and better catheters 
and other tools to improve left atrial ablation.

Material and Methods

For this study, consecutive patients undergoing 
ablation for arrhythmias originating in the left atri-
um were scanned with contrast-enhanced 16- or 
64-slice CT (LightSpeed Ultra or LightSpeed VCT,
GE Healthcare, Waukesha, WI). The acquisition
protocol used was the standard of care used by our
institution’s radiology department for all patients
undergoing left atrial imaging. CT acquisition was
performed with breath-hold technique using elec-
trocardiogram (ECG)-gated acquisition and con-
trast enhancement. An initial scout scan (two-di-
mensional projection) was performed to determine

the field of interest. Second, a low-dose localizer 
was performed to locate the coronary ostia at the 
aortic root. Third, with the aortic root thus local-
ized, a contrast (Optiray 320 nonionic contrast, 
Mallinckrodt Inc., St. Louis, MO) bolus was inject-
ed and the radiographic density was monitored at 
that location to generate a plot of density vs. time 
after contrast injection. This plot was then used to 
determine the delay between the start of contrast 
injection into the bloodstream and the time to op-
timal presence, to enable best quality image acqui-
sition in the left atrium for the actual scan. Scan 
data acquisition typically began approximately 
20-25 seconds after the start of contrast injection.
For these scans, contrast was injected into the left
antecubital vein at 4 ml/s. The acquisition protocol
was automatically optimized per patient on the
different scanners at 120 kVp, 300-700 mA, 0.18-
0.375 helical pitch factor and 0.35-0.5 seconds/ro-
tation gantry speed. The native slice acquisition
thickness ranged from 0.625 to 1.25 mm. All im-
ages were acquired during a single breath-hold.

Retrospective ECG-gated reconstruction of the 
raw scan data was performed to yield the axial 
images. This yields better image quality by effec-
tively freezing the motion of the heart, since all 
images in a series are created from raw data ac-
quired at the same point in the cardiac cycle. Axial 
images were generated throughout the cardiac 
cycle in steps of 10% of the R-R interval, from 5% 

Figure 1: Technique for pulmonary vein ostial size measurement using double oblique cuts. A cut plane is selected (solid line) 
along the long axis of the left inferior pulmonary vein (LIPV) on the axial slice corresponding to approximately the midpoint of 
the LIPV (Panel A). A second cut (solid line) is then placed orthogonally to the short axis of the vein at the ostium of the view 
resulting from the first cut (Panel B). The long and short axes of the LIPV, at the ostium, are then measured from the view created 
in step two (Panel C).



to 95%. The axial images were analyzed to find the 
point in the cardiac cycle that yielded best image 
quality as determined by review of the axial or re-
formatted images. Generally, the 45% phase loca-
tion was used for the high and variable heart rates 
such as those usually found in patients in atrial 
fibrillation at the time of imaging. The 75% phase 
location was typically used for patients in sinus 
rhythm because it yielded the best image quality.

Left Atrial Segmentation

Left atrial images were generated by postprocess-
ing of the phase of the ECG-gated axial image 
dataset that was selected in the prior step on an 
Advantage Windows workstation (Version 4.2 
or 4.3) with CardEP™ software (GE Healthcare). 
Using a semiautomated process, segmentation 
was performed on an individual cardiac cham-
ber at a particular time phase of the cardiac cycle. 
The resultant volume, or three-dimensional (3D) 
model, then corresponded to the anatomy of the 
heart chamber. Segmentation was based on defin-
ing the boundary between the contrast-enhanced 
blood pool, which was bright in appearance due 
to contrast, and the endocardium, which was rela-

tively dark because it was not contrast-enhanced. 
This allowed for very clear differentiation be-
tween the atrial lumen and atrial wall. Detection 
of the boundary between the endocardium and 
the blood pool was performed using thresholding 
algorithms. The 3D model was then refined using 
manual trimming. Care was taken to ensure the 
model was clean and complete so as to avoid in-
troduction of any artifact on the left-atrial surface.

Measuring Pulmonary Vein Diameters and 
Area at the Ostium

Pulmonary vein ostial dimensions were measured 
using a standard double-oblique approach. Initial 
oblique views were made along the shaft or lu-
men of the vessel. A second oblique cut positioned 
orthogonally to the first cut-plane was made such 
that a continuous oval-shaped surface was vis-
ible. PVs are generally elliptical in shape. The 
long- and short-axis distances, through the center 
of the oval, were then measured. Figure 1 shows 
the process for double oblique cuts and ostial size 
measurement.

Area of the ostia was calculated by multiplying pi 
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Overall 2-LPV/2-RPV 2-LPV/3-RPV P
(vs. 2x2) 1-LPV/2-RPV P

(vs. 2x2) Other P
(vs. 2x2)

Sample 
Size n=514 n=322 (62.5%) n=89 (17.3%) N=73 (14.2%) N=30 

(5.8%)
Age, 
years 58 (52-65) 58 (52-66) 60 (51-66) NS 58 (51-65) NS 57 (51-60) NS

Male sex,
 n (%) 385 (74.8%) 255 (76.8%) 60 (66.7%) 0.050 43 (68.3%) NS 27 

(90.0%) NS

Body 
mass 
index

30.8 (27.2-35.8) 31.1 (27.5-35.8) 29.8 (26.8-36.5) NS 29.0 (25.1-32.9) 0.002 32.9 (30.4-
38.3) NS

Less than 
normal 
weight, 
n (%)

58 (11.5%) 37 (11.3%) 6 (6.9%) NS 14 (22.6%) 0.003 1 (3.3%) NS

Over-
weight,
 n (%)

157 (31.0%) 90 (27.5%) 37 (42.5%) NS 24 (38.7%) 0.003 6 (20.0%) NS

Obesity, 
n, (%) 291 (57.5%) 20 (61.2%) 44 (50.6%) NS 24 (38.7%) 0.003 23 

(76.7%) NS

Table 1 Baseline Characteristics

 Continuous variables are summarized as medians with interquartile range (Q1-Q3). Differences in clinical characteristics were 
compared across the groups with Kruskal-Wallis test and chi-square test for categorical variables (two-tailed). NS = not signifi-
cant



(3.14) by the distances of the long and short axes 
then dividing by. 4

Statistical Methods

Continuous variables are described as medians 
with interquartile range (Q1-Q3). Differences in 

patients’ clinical characteristics were compared 
across the groups with Kruskal-Wallis test and 
chi-square test for categorical variables (two-
tailed). A p-value of <0.05 was considered statisti-
cally significant

Results

Image processing and analysis was performed 
on 514 consecutive patients with atrial fibrillation 
(74.8% male, median age 58, range 51-66 years, Ta-
ble 1). CT scans were performed prior to left atrial 
ablation. The vast majority of left atrial anatomies 
(94.2%) fell into one of three categories (Table 2). 
Patients with 2 left PVs (LPV) and 2 right PVs 
(RPV) were, not unexpectedly, the most common 
(322 patients, 62.6%). The next most common 
anatomy was patients with 2 LPVs and 3 RPVs (89 
patients, 17.3%), followed by patients with 1 LPV 
and 2 RPVs (73 patients, 14.2%). We also observed 
13 patients with 2 LPVs and 4 RPVs (2.5%) and 9 
patients with 1 LPV and 3 RPVs (1.8%) (Figure 2). 
The remaining 8 patients (1.6%) showed less com-
mon anatomic varieties, including 3 LPVs and 2 
or 3 RPVs, a right common PV and common infe-
rior PVs (Figure 3).
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Anatomy No. of patients
2L/2R 322 (62.6%)
2L/3R 89 (17.3%)
1L/2R 73 (14.2%)
2L/4R 13 (2.5%)
1L/3R 9 (1.8%)
3L/2R 3 (0.6%)
1L/4R 2 (0.6%)
3L/3R 1 (0.2%)
1L/1R 1 (0.2%)
2L/1R 1 (0.2%)

Table 2 Pulmonary Vein Anatomy (number of left pul-
monary veins/number of right pulmonary veins)

Figure 2:  Segmented three-dimensional models of the left atrium in the posterior-anterior orientation from computed tomogra-
phy scans showing the more common pulmonary vein anatomic varieties. The lower right image shows a cut-away endocardial 
view of the left atrium in a deep left anterior oblique projection. This view shows the ostia of three right pulmonary veins (RPV). 
LPV: left pulmonary vein

Continuous variables are summarized as medians with inter-
quartile range (Q1-Q3). Differences in clinical characteristics 
were compared across the groups with Kruskal-Wallis test 
and chi-square test for categorical variables (two-tailed). 
NS = not significant



Area

The area of the RPVs was significantly larger than 
their corresponding LPVs (p<0.001), and the area 
of the superior PVs was significantly larger than 
the corresponding inferior PVs (p<0.001). The total 
area of the RPVs was significantly larger than the 
LPVs (p<0.001).

2-LPV/3-RPV Anatomy

The mean length of the LSPV long axis was 22.2 ± 
3.3 mm and the short axis was 15.6 ± 3.6 mm for 
a mean area of 276.0 mm2 in these patients. The 
mean LIPV long axis was 20.0 ± 3.2 mm and the 
short axis was 13.0 ± 3.5 mm for a mean area of 
209.4 mm2. The combined mean area of the left 
veins was 485.5 mm2. The mean RSPV long axis 
was 20. ± 4.2 mm and the short axis was 15.7 ± 3.6 
mm for a mean area of 257.8 mm2. The mean RIPV 
long axis was 19.2 ± 4.2 mm and the short axis was 
16.2 ± 3.3 mm for a mean area of 253.8 mm2. The 
mean right middle pulmonary vein long axis was 
10.6 ± 3.6 mm and the short axis was 8.2 ± 2.5 mm 
for a mean area of 74.5 mm2. The combined area 
of the three right veins was 586.0 mm2. The mean 
total area of the PV ostia in patients with 2-LPV/3-
RPV anatomy was 1071.5 mm2.
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Measurements of the Three Most Common 
Left Atrial Anatomies (Tables 3 and 4)
2-LPV/2-RPV Anatomy

The mean length of the left superior pulmonary 
vein (LSPV) long axis was 21.7 ± 3.7 mm and the 
short axis was 14.6 ± 3.0 mm for a mean area of 
252.9 mm2. The mean left inferior pulmonary 
vein (LIPV) long axis was 20.0 ± 3.4 mm and the 
short axis was 13.3 ± 3.0 mm for a mean area of 
212.0 mm2. The combined mean area of the two 
left veins was 464.9 mm2. The mean right supe-
rior pulmonary vein (RSPV) long axis was 23.7 ± 
3.8 mm and the short axis was 18.4 ± 3.6 mm for 
a mean area of 349.1 mm2. The mean right infe-
rior pulmonary vein (RIPV) long axis was 20.8 ± 
3.7 mm and the short axis was 17.2 ± 3.3 mm for 
a mean area of 286.8 mm2. The combined mean 
area of the two right veins was 635.9 mm2. The 
mean total area of the PV ostia in patients with 
2-LPV/2-RPV anatomy was 1100.8 mm2.

Size

 The RPVs were significantly larger in both long 
and short axes than the LPVs (p<0.001), and the 
superior PVs were significantly larger than their 
corresponding inferior PV (p<0.001).

Figure 3: Posterior-anterior views of three-dimensional left atrial computed tomography models showing patients with less 
common anatomic varieties, including a right (R) common pulmonary vein (PV) (Panel A), a patient with left (L) and right 
middle PVs (Panel B), a common left and right inferior PV ostium (Panel C), and an example of four right pulmonary veins 
(RPV) (Panel D). LPV: left pulmonary vein
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long axis was 22.7 ± 4.0 mm and the short axis was 
17.7 ± 4.0 mm for a mean area of 324.4 mm2. The 
mean RIPV long axis was 20.5 ± 3.4 mm and the 
short axis was 16.8 ± 3.0 mm for a mean area of 
276.6 mm2. The combined mean area of the two 
right veins was 601.0 mm2. The mean total area of 
the PV ostia for patients with 1-LPV/2-RPV anato-
my was 1099.9 mm2.

Size

 Only the long axis of the single LPV was larger 
than the RSPV (p<0.001); there was no difference in 
the short-axis measurement. Both long- and short-
axis measurements of the LPV were significantly 
larger than the RIPV (p<0.003). Like the 2-LPV/2-
RPV anatomy, the RSPV was larger than the RIPV 
but only in the long-axis measurement (p<0.001).

Area

The area of the single LPV was significantly larger 
than either RPV (p<0.001), and the area of the RSPV 
was significantly larger than the RIPV (p<0.006). 
The area of the two RPVs was significantly larger 
than the single LPV (p<0.002).

There was no significant difference in vein area 
between the left and right sides (except 2-LPV/2-
RPV right side vs. 2-LPV/3-RPV right side, p<0.02) 

Size

 Similar to the 2-LPV/2-RPV anatomy, the LSPVs 
in 2-LPV/3-RPV were significantly larger in both 
long and short axes than the LIPVs (p<0.001). 
There was no difference in the long or short axis of 
the RSPVs compared to those of the RIPVs when 3 
RPVs were present. Unlike the 2-LPV/2-RPV anat-
omy, the RSPV was smaller than the LSPV in long-
axis measurement (p<0.001) but no different in 
the short-axis measurement. The RIPV was larger 
than the LIPV but only in the short-axis measure-
ment (p<0.001).

Area 

Like the 2-LPV/2-RPV anatomy, the area of the 
LSPVs in 2-LPV/3-RPV was larger than the LIPVs 
(p<0.001); however the RSPVs were no different 
than the RIPVs. The area of the RIPVs were larger 
than the LIPVs (p<0.002). The area of the RSPV 
was no larger than the LSPV. The total area of the 
three right veins was significantly larger than the 
area of the two left veins (p<0.001).

1-LPV/2-RPV Anatomy

The mean length of the single LPV long axis was 
32.6 ± 5.6 mm and the short axis was 19.0 ± 5.0 mm 
for a mean area of 486.0 mm2. The mean RSPV 

Vein Axis 2-LPV/2-RPV
(n=322)

2-LPV/3-RPV
(n=89)

1-LPV/2-RPV
(n=73)

Length
(mm ± SD) Range Length

(mm ± SD) Range Length
(mm ± SD) Range

LSPV Long
Short

21.7 ± 3.7
14.6 ± 3.0

12.7–45.1
8.2–25.1

22.2 ± 3.3
15.6 ± 3.6

15.4–0.6
10.1–25.5

LIPV Long
Short

20 ± 3.4
13.3 ± 3.0

12.6–36.6
7.1–23.6

20.0 ± 3.2
13.0 ± 3.5

11.9–28.4
6.8–23.9

Lone LPV Long
Short

32.6 ± 5.6
19.0 ± 5.0

19.2–51.7
10.0–37.9

RSPV Long
Short

23.7 ± 3.8
18.4 ± 3.6

14.0–41.8
9.1–31.1

20.1 ± 4.2
15.7 ± 3.6

12.1–32.9
9.2–26.7

22.7 ± 4.0
17.7 ± 4.0

13.3–36.1
9.4–25.2

RIPV Long
Short

20.8 ± 3.7
17.2 ± 3.3

9.7–43.4
8.6–28.4

19.2 ± 4.2
16.2 ± 3.3

10.0–31.1
9.4–25.5

20.5 ± 3.4
16.8 ± 3.0

13.4–30.7
10.7–24.0

RMPV Long
Short

10.6 ± 3.6
8.2 ± 2.5

4.8–28.5
3.3–19.2

Table 3 Pulmonary Vein Ostial Length Measurements

LIPV = left inferior pulmonary vein; LPV = left pulmonary vein; LSPV = left superior pulmonary vein; mm = millimeter; 
RIPV = right inferior pulmonary vein; RMPV = right middle pulmonary vein; RSPV = right superior pulmonary vein; 
SD = standard deviation



or the total vein area among the 2-LPV/2-RPV 
anatomy (1100.8 mm2), the 2-LPV/3-RPV anatomy 
(1071.5 mm2) or the 1-LPV/2-RPV anatomy (1099.9 
mm2).

Discussion

Our results show a wide variety of left atrial ana-
tomic types, based on both number and orienta-
tion of PVs. Only 62.6% of patients undergoing left 
atrial ablation for atrial fibrillation had 2 left and 
2 right PVs. The remaining 37.4% of patients had 
some other anatomic variety, one or more right 
middle PV, or a left common PV. Less than 2% of 
the patients in our study had a more unusual left 
atrial anatomy. These findings highlight the value 
of preprocedure 3D imaging in providing an ana-
tomic roadmap for ablation, and may partially ex-
plain the inefficacy of ablation if PVs are missed 
due to poor delineation of PV anatomy. A large 
minority of patients, more than 37%, will have an 
anatomic variety other than 2 left and 2 right PVs, 
and their anatomy will not be appropriately tar-
geted in the absence of preprocedure imaging.

Not surprisingly, single PVs on the left side were 
generally larger than either LPV when two were 

present. PVs also tended to be elliptical in shape 
rather than circular. These findings may impact 
the design of new ablation catheters, such as those 
utilizing the cryoballoon approach. These proce-
dures require the size of the catheter be a close fit 
for the PV being isolated. Our findings suggest 
that more than one size of catheter will be needed 
in many patients, adding to the expense and length 
of these procedures. Also worthy of consideration 
is the fact that these catheters are circular rather 
than elliptical in shape. In contrast, the veins that 
they target are generally elliptical, and thus the 
catheters are not designed optimally to fit their in-
tended target.

Some of the most exciting new approaches for 
treatment of cardiac arrhythmias involve multi-
modality image registration .9-13 Radiological scans 
provide high-quality images of the heart, but they 
cannot track catheter movement in real time. Reg-
istration approaches combine an imaging modality 
with real-time catheter location and tracking, pro-
viding the benefits of both modalities in a single 
integrated package. The anatomic data from this 
study may be useful as registration approaches are 
defined and requirements for systems implement-
ing registration are specified.
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PV 2-LPV/2-RPV (n=322) 2-LPV/3-RPV (n=89) 1-LPV/2-RPV (n=73)

Area per 
PV ostium 
(mm²)

Combined 
left/right 
PV area 
(mm²)

Total 
area of 
all PVs 
(mm²)

Area per 
PV ostium 
(mm²)

Combined 
left/right 
PV area 
(mm²)

Total 
area of 
all PVs 
(mm²)

Area per PV 
ostium (mm²)

Combined 
left/right PV 
area (mm²)

Total 
area of 
all PVs 
(mm²)

LSPV 252.9 ± 86.0
464.9

1100.8

276.0 ± 96.4
485.5

1071.5

n/a
486.0

1087.0

LIPV 212.0 ± 73.6 209.4 ± 83.1 n/a
LCPV n/a n/a 486.0 ± 21.9

RSPV 349.1 ± 113.6

635.9

257.8 ± 112.2

586.0

324.4 ± 115.4

601.0
RIPV 286.8 ± 101.2 253.8 ± 103.3 276.6 ± 91.1

RMPV n/a 74.5 ± 56.8 n/a

Table 4 Area Calculations of Pulmonary Vein Ostia

L: left; LCPV: left common pulmonary vein; LIPV: left inferior pulmonary vein; LSPV: left superior pulmonary vein; 
PV: pulmonary vein; R: right; RIPV: right inferior pulmonary vein; RMPV: right middle pulmonary vein; RSPV: right superior 
pulmonary vein.
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Conclusions

Approximately 37% of patients undergoing left 
atrial ablation have an anatomic variety other 
than 2 right and 2 left pulmonary veins. While its 
effect on clinical outcomes is beyond the scope of 
this study, preprocedure imaging appears to be 
an important tool to facilitate left atrial ablation 
procedures. The observation that pulmonary vein 
ostia are generally elliptical in shape, in addition 
to being highly variable in size and orientation, is 
an important consideration for the design of new 
tools for isolation of the pulmonary vein antra
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Introduction 

Atrial fibrillation (AF) is a common arrhythmia 
frequently observed both in clinical practice and 
in the general population.1–3 This non-fatal ar-
rhythmia often underlies serious complications 
including heart failure and stroke,4–6 which are 
important causes of mortality 7–9 as well as dimin-
ished quality of life.10 Identifying those individu-
als at increased risk for developing AF therefore 
has important public health implications. Several 
conditions, such as aging, hypertension, diabe-
tes mellitus, chronic kidney disease, and heart 

disease, have been proposed as risk factors con-
tributing to the initiation of AF.11–16 On the other 
hand, many individuals without such condi-
tions also suffer from AF, highlighting the limi-
tation of identifying high-risk individuals for AF 
among the general population using only these 
classical ‘risk factors’. In this regard, develop-
ment of a biomarker that predicts AF is desirable.
B-type natriuretic peptide (BNP) is secreted from
ventricular myocytes in response to increased
cardiac stress, and is a sensitive and significant
marker of cardiac dysfunction.17–20 Indeed, circu-
lating levels of BNP are elevated in various or-
ganic cardiac disorders,20–23 as well as in patients

Corresponding Address : Yasuaki Dohi, MD, Department of Cardio-Renal Medicine and Hypertension, Nagoya City Univer-
sity Graduate School of Medical Sciences, Mizuho-ku, Nagoya 467-8601, Japan.

Prediction of Atrial Fibrillation by B-type
 Natriuretic Peptide

Hiroyuki Takase, MD1, Yasuaki Dohi, MD2, Hiroo Sonoda, MD2, Genjiro Kimura, MD2

1Department of Internal Medicine, Enshu Hospital, Hamamatsu, Japan, 2Department of Cardio-Renal Medicine 
and Hypertension, Nagoya City University Graduate School of Medical Sciences, Nagoya, Japan.

Abstract

Background: Although several conditions have been proposed as risk factors contributing to the inci-
dence of atrial fibrillation, many individuals without such ‘risk factors’ also suffer from atrial fibrilla-
tion. The present study tested the hypothesis that the risk of new-onset atrial fibrillation increases with 
increasing circulating levels of B-type natriuretic peptide in the general population. 
Methods: Participants in our health checkup program without atrial fibrillation or a history of atrial 
fibrillation were enrolled (n=10,058, 54.3±11.3 years old). After baseline evaluation, subjects were fol-
lowed up for the median of 1,791 days with the endpoint being the new onset of atrial fibrillation.
Results: Atrial fibrillation occurred in 53 subjects during the follow-up period (1.16 per 1,000 person-
year). The risk of new-onset atrial fibrillation increased across the gender-specific quartiles of B-type 
natriuretic peptide levels at baseline. In multivariate Cox proportional hazard regression analysis where 
B-type natriuretic peptide concentrations were taken as a continuous variable, B-type natriuretic peptide
was a significant predictor of new onset of atrial fibrillation after adjustment for possible factors (hazard
ratio 5.65 [95% CI 2.63–12.41]).
Conclusions: The risk of new onset of atrial fibrillation increases with increasing B-type natriuretic
peptide levels in the general population. Measurement of B-type natriuretic peptide may improve the
prediction of incident atrial fibrillation.
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with AF,18,24 both chronic and paroxysmal, even in 
the absence of heart failure. Since AF can be trig-
gered by cardiac overload, an increase in BNP 
levels may, conversely, precede the onset of AF. 
Indeed, BNP was reported to predict incident AF 
in the Framingham cohort.25,26 Interestingly, the 
prevalence of AF is more frequent in the United 
States than in Japan,1–3,27 thus the predictive value 
of BNP for incident AF may differ depending on 
ethnicity.28 The present study therefore sought 
to evaluate whether the risk of new-onset AF 
increases with increasing circulating BNP con-
centrations in the Japanese general population.

Methods

Study Design

This was an observational and follow-up study to 

assess the impact of BNP on the incidence of AF 
in subjects with normal sinus rhythm. The pres-
ent study accorded with the principles of the Dec-
laration of Helsinki and the study protocol was 
approved by the Ethics Committee of Enshu Hos-
pital. All participants gave written informed con-
sent to participate prior to the start of the study.

Study Subjects and Procedures

Apparently healthy participants who visited 
our hospital for a yearly physical checkup from 
July 2001 to June 2009 were included. The health 
checkup program included a routine physical ex-
amination, chest X-ray, electrocardiogram (ECG), 
and laboratory assessment of cardiovascular risk 
factors including BNP concentration. The 12-
lead ECGs were recorded after participants had 

Total
(n=10,058)

Female
(n=3,606)

Male
(n =6,452)

Age (year-old) 54.3±11.3 54.2±10.4 54.3±11.8
Body height (cm) 161.7±8.7 153.7±5.8 166.1±6.6*
Body weight (kg) 59.9±10.6 52.8±7.9 63.8±9.8*
Body mass index (kg/m2) 22.8±3.0 22.4±3.1 23.1±2.9*
Systolic blood pressure (mmHg) 126.4±16.9 124.7±17.3 127.3±16.7*
Diastolic blood pressure (mmHg) 77.0±10.6 75.0±10.4 78.1±10.6*
Mean blood pressure (mmHg) 93.4±11.9 91.6±11.9 94.5±11.8*
Heart rate (bpm) 63.5±10.1 66.2±10.2 62.0±9.7*
Serum creatinine (mg/dl) 0.74±0.21 0.60±0.10 0.81±0.22*
eGFR (ml/min/1.73m2) 81.4±14.5 82.4±14.9 80.8±14.3*
Uric acid (mg/dl) 5.3±1.4 4.3±0.9 5.9±1.3*
Fasting plasma glucose (mg/dl) 100.3±19.8 96.4±16.2 102.5±21.2*
LDL-cholesterol (mg/dl) 125.0±31.1 128.3±31.9 123.1±30.5*
HDL-cholesterol (mg/dl) 61.2±15.4 66.3±14.8 58.3±15.0*
Triglyceride (mg/dl) 114.6±75.4 94.3±51.3 126.0±83.9*
Hemoglobin (g/dl) 14.5±1.5 13.2±1.2 15.2±1.1*
Current smoking n (%) 2,749 (27.3%) 164 (4.5%) 2,585 (40.1%)*
BNP (pg/ml) 10.1±6.3 13.6±7.4 8.4±5.5#
Follow-up period (days) 1,791±762 1,482±752 1,815±740#
Hypertension n (%) 2,779 (27.6%) 885 (24.5%) 1,894 (29.4%)*
Diabetes mellitus n (%) 698 (6.9%) 145 (4.0%) 553 (8.6%)*
Dyslipidemia n (%) 4,581 (45.5%) 1,552 (43.0%) 3,029 (46.9%)†
Heart disease n (%) 188 (1.9%) 44 (1.2%) 144 (2.2%)†

Table 1 Baseline Characteristics of Subjects

Data are mean±SD, median±median absolute deviation (BNP and follow-up period), or number of subjects (%), *p<0.0001, 
†p<0.001 vs. female by unpaired Student’s t test or chi-square test. #p<0.0001 vs. female by Mann-Whitney U-test for BNP and 
follow-up period, eGFR, estimated glomerular filtration rate; LDL, low-density lipoprotein; HDL, high-density lipoprotein; 
BNP, B-type natriuretic peptide.



rested for 1 minute in the supine position in an 
air-conditioned room and the diagnosis of AF 
was based on AF or atrial flutter present on ECG, 
which was confirmed by cardiologists. Consecu-
tive 10,127 participants were screened for eligibil-
ity for the present study. Subjects with AF, either 
chronic or paroxysmal, or a history of AF (n=69, 
0.68% of the total participants) were excluded 
and the remaining participants were enrolled 
(n=10,058, male=6,452, aged 54.3±11.3 years). Af-
ter the baseline medical checkup, participants 
were followed up for a median of 1,791 days with 
the endpoint being new onset of chronic or parox-
ysmal AF. ECGs were recorded once a year in an-
nual health checkups at our hospital. Participants 
were instructed to bring their ECG records when 
they visited other hospitals or clinics during the 
follow-up period and underwent an ECG exami-
nation. The onset of AF was confirmed based on 
these ECG results.

The relationship between baseline BNP concen-
tration and the incidence of AF during the follow-
up was analyzed using gender-specific quartiles 
of BNP and the BNP concentration as a continu-
ous variable. Linear regression analysis was per-
formed in each participant using BNP concen-
trations as a dependent variable and follow-up 
period (years) as an independent variable, with 
the slope of the regression line taken as the yearly 
increase in BNP. In participants who developed 
AF during the follow-up, the yearly increase in 

BNP was calculated using data collected prior to 
the onset of AF. The relationship between the new-
onset AF and longitudinal changes in the BNP con-
centration during the follow-up period was also 
investigated.

Hypertension was defined as systolic blood pres-
sure ≥140 mmHg, diastolic blood pressure ≥90 
mmHg, or use of antihypertensive medications. 
29 Diabetes mellitus was defined as fasting plas-
ma glucose ≥126 mg/dl or the use of anti-diabet-
ic medications, and dyslipidemia was defined as 
low-density lipoprotein-cholesterol ≥140 mg/dl, 
high-density lipoprotein-cholesterol <40 mg/dl, 
triglyceride ≥150 mg/dl, or the use of anti-dyslip-
idemic medications. Ischemic heart disease, dilat-
ed or hypertrophic cardiomyopathy, and valvular 
heart disease were defined as heart disease.

Measurement of Plasma BNP Concentrations

For the measurement of BNP, a 3-ml sample of 
patient blood was transferred to plastic tubes con-
taining 4.5 mg 2Na-ethylenediamine-tetraacetic 
acid. Plasma samples were prepared within 30 min 
by pre-cooled centrifuging, and were then imme-
diately frozen and stored at –70°C until analysis. 
The BNP concentration was measured by radioim-
munoassay (Shionoria BNP kit, Shionogi, Osaka, 
Japan).20 The normal reference range of BNP con-
centrations in our hospital is <21.3 pg/ml, which 
equates to the median (9.3 pg/ml) plus two median 
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Figure 1: Bar Graphs Showing the Incidence of Atrial Fibrillation in Different Age Groups, and in Female and Male Subjects, 
Respectively. White Columns Indicate Females and Black Columns Indicate Males



absolute deviations (6.0 pg/ml) obtained from 300 
consecutive normal subjects (women, 38%; age 
57.0 years, range 22–81 years).20 The intra- and in-
terassay coefficients of variation of the BNP assay 
were 4.0% and 4.7%, respectively. The lower limit 
of detection of the assay was 2.0 pg/ml BNP.

Statistical Analysis

All analyses were performed using StatView 5.0 
(SAS Institute, Inc, Cary, NC, USA). Data in the 
text and the tables are expressed as mean±standard 
deviation except for BNP concentrations and 
follow-up period, which were expressed as 
median±median absolute deviation. Differences 
between two means that had a normal distribution 
were compared by unpaired Student’s t test. The 
significance of any difference in medians was as-
sessed by the Mann-Whitney U-test or Wilcoxon 
signed-rank test. Yates’ corrected chi-squared (χ2) 
test was used for comparisons between categori-
cal data. Univariate and multivariate Cox pro-
portional hazard regression models were applied 
to examine the relationships of the baseline BNP 
concentration or longitudinal changes in BNP con-
centrations with the new-onset AF. In a separate 
analysis, gender-specific quartiles of baseline BNP 

values were used as a predictor of incident AF. 
To analyze the endpoint throughout the observa-
tion period, the difference in Kaplan-Meier curves 
for the quartiles was tested by the log-rank test. 
The cutoff value of the BNP level, sensitivity, and 
specificity of the cutoff value was calculated us-
ing receiver operating characteristic (ROC) curve 
analysis. A p value less than 0.05 is considered 
statistically significant.

Results

Baseline characteristics of subjects are listed in 
Table 1. Some subjects were under medical treat-
ment for hypertension (n=1,271, 12.6%), diabe-
tes mellitus (n=405, 4.0%), dyslipidemia (n=478, 
4.8%), or heart disease (n=188, 1.9%). The actual 
follow-up of this study was 45,526 person-years, 
during which AF occurred in 53 subjects (1.16 per 
1,000 person-years). The incidence was higher 
in male than in female subjects (1.51 vs. 0.51 per 
1,000 person-years) and increased with increasing 
age (Figure 1).

The impact of the BNP value on the develop-
ment of AF was analyzed using the gender-spe-
cific quartiles of BNP concentrations at baseline. 
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Figure 2: Kaplan-Meier analysis for new onset of atrial fibrillation. Participants were divided into gender-specific quartiles 
according to their baseline BNP concentrations. The median±median absolute deviation of BNP [range] is 4.5±1.5 [2.0–7.3], 
10.2±1.4 [7.4–13.5], 17.9±2.5 [13.6–23.7], and 34.0±7.5 [23.8–298.0] pg/ml for females and 2.0±0.0 [2.0–3.8], 5.9±1.1 [3.9–8.3], 11.7±2.0 
[8.4–16.7], and 26.1±6.9 [16.8–546.0] pg/ml for males in the first, second, third, and fourth quartiles, respectively. p<0.0001 by 
log-rank test
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was also an independent predictor of new onset of 
AF in subanalyses performed in male and female 
subjects (data not shown). The risk of developing 
AF increased by approximately 5.7-fold for every 
10 pg/ml increase in BNP concentration. Similar 
results were obtained in a subanalysis on subjects 
not taking medications for hypertension, diabe-
tes mellitus, dyslipidemia, or heart disease; BNP 
was an independent predictor of the incident AF 
(n=8,138, hazard ratio 5.19 (95% CI 1.91–14.04)).

Another approach to elucidating the importance 
of circulating BNP concentration for the risk eval-
uation of developing AF was made by calculat-
ing yearly changes in the BNP value. The yearly 
increases in BNP were significantly higher in 
participants with incident AF than those with-
out incident AF (6.32±13.32 vs. 0.94±8.99 pg/ml/
year). The impact of longitudinal changes in BNP 
concentration on the new onset of AF was also as-
sessed by multivariate Cox proportional hazard 
regression analysis. Longitudinal changes in BNP 
concentrations independently predicted the new 
onset of AF after adjustment for possible factors 
including BNP levels at baseline (Table 3). Similar 
results were obtained in participants not taking 
medications (Table 3).

The cutoff level of BNP, sensitivity and specific-

Kaplan-Meier curves clearly demonstrated that 
the incidence of AF increased across the quar-
tiles of BNP values (0.34, 0.36, 1.23, and 2.79 per 
1,000 person-years in the first, second, third, and 
fourth quartiles, respectively; Figure 2). The haz-
ard ratio of incident AF (first quartile as refer-
ence) was 0.935 (95% CI 0.232–3.769), 2.876 (95% 
CI 0.920–8.996), and 5.229 (95% CI 1.716–15.931) 
in the second, third, and fourth quartiles, re-
spectively, after adjustment for age, male gen-
der, body mass index, systolic blood pressure, 
heart rate, serum creatinine, uric acid, fasting 
plasma glucose, hemoglobin, current smoking 
status, and the presence of dyslipidemia and 
heart disease at baseline. To confirm the predic-
tive significance of the BNP value, univariate and 
multivariate Cox proportional hazard regression 
analyses were performed taking the BNP con-
centration as a continuous variable (Table 2). By 
univariate analysis, incident AF was correlated 
and with age, male gender, blood pressure, se-
rum creatinine, eGFR, uric acid, BNP, and heart 
disease. BNP remained an independent predic-
tor of new onset of AF in the multivariate analy-
sis after adjustment for age, male gender, body 
mass index, systolic blood pressure, heart rate, 
serum creatinine, uric acid, fasting plasma glu-
cose, presence of dyslipidemia and heart disease, 
hemoglobin, and current smoking status. BNP 

Figure 3: Receiver Operating Characteristic (ROC) Curve for BNP Levels in the Prediction for New Onset of Atrial Fibrillation
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(0.7%) was quite similar to that in previous re-
ported in Japanese subjects,3,9,27 suggesting that 
our cohort represented the Japanese general pop-
ulation. Although the incidence of AF during the 
follow-up in the present study (1.16 per 1,000 per-
son-years) was slightly lower than that in previous 
studies from Japan,30,31 the difference among the 
studies can largely be attributable to the difference 
in the prevalence of ‘classical risk factors’ such as 
hypertension, diabetes, and aging. Our study con-
firmed that the incident AF was less frequent in 
Asian populations than in Caucasian ,14 suggesting 
that ethnic difference should be considered when 
discussing the nature, prevalence, etiology, and 
prevention of the arrhythmia.28

This study clearly indicated that an increase in 
BNP concentration translates to elevated risk of 
AF, and that such risk in the Japanese general 
population could be evaluated by measuring BNP. 
Strikingly, BNP concentrations in individuals in 
the first to third quartiles were within normal ref-

ity of the level determined by ROC-curve analysis 
were 11.4 pg/mL, 81.1%, and 55.2%, respectively 
(Figure 3). The area under the ROC curve for BNP 
was 0.703.

Discussion

To the best of our knowledge, the present study 
demonstrated for the first time that circulating 
BNP concentration independently predicts the 
new onset of AF in the Japanese general popu-
lation. Although AF is not a fatal arrhythmia by 
nature, it is associated with an increase in cardio-
vascular mortality as well as morbidity, including 
stroke and heart failure. Identifying individuals 
with increased risk of AF is therefore an important 
step for the primary prevention of AF, which may 
be prevented or postponed in such individuals 
by medical intervention or lifestyle modification 
aimed at intensive overall risk reduction.

The prevalence of AF in our cohort at baseline 

Univariate Analysis Multivariate Analysis
Variables at Baseline Hazard Ratio (95%CI) P Hazard Ratio (95%CI) P
Age 1.10 (1.06–1.13) <0.0001 1.07 (1.04–1.11) <0.0001
Gender; Male 2.89 (1.36–6.13) 0.006 1.51 (0.57–4.00) 0.41
Body mass index 1.03 (0.94–1.13) 0.57 1.03 (0.93–1.15) 0.57
Systolic blood pressure 1.02 (1.01–1.04) 0.004 - -
Diastolic blood pressure 1.04 (1.01–1.07) 0.003 - -
Hypertension 2.51 (1.46–4.30) 0.001 1.24 (0.69–2.22) 0.48
Heart rate 0.98 (0.95–1.01) 0.17 1.00 (0.97–1.03) 0.87
Serum creatinine 1.66 (1.11–2.48) 0.01 1.17 (0.58–2.35) 0.68
eGFR 0.97 (0.95–0.99) 0.01 - -
Uric acid 1.25 (1.04–1.51) 0.02 1.11 (0.89–1.38) 0.37
Fasting plasma glucose 1.01 (0.99–1.02) 0.55 - -
Diabetes mellitus 1.49 (0.59–3.73) 0.40 1.02 (0.40–2.63) 0.97
LDL-cholesterol 1.00 (0.99–1.00) 0.25 - -
HDL-cholesterol 1.00 (0.98–1.01) 0.69 - -
Triglyceride 1.00 (0.99–1.00) 0.97 - -
Dyslipidemia 1.06 (0.62–1.81) 0.84 1.07 (0.60–1.90) 0.82
Hemoglobin 1.21 (0.99–1.47) 0.05 1.26 (0.98–1.61) 0.07
Current smoking 1.37 (0.78–2.41) 0.27 1.70 (0.91–3.17) 0.10
Heart disease 6.40 (2.55-16.09) <0.0001 2.33 (0.90–6.04) 0.08
BNP 7.13 (3.62–14.04) <0.0001 5.25 (2.48–11.11) <0.0001

Table 2 Univariate and multivariate Cox Proportional Hazard Regression Analyses Demonstrating the Relationships 
Between Variables Obtained at Baseline and New-Onset AF

eGFR, estimated glomerular filtration rate; BNP, B-type natriuretic peptide, Levels of BNP were log-transformed before statisti-
cal analysis



erence range, indicating that an increase in BNP 
concentration, even within the normal reference 
range, provides valuable information for the risk 
of incident AF. The predictive value of BNP was 
confirmed by regression analysis taking BNP as a 
continuous variable. Although several variables at 
baseline were significantly correlated with the new 
onset of AF by univariate analysis, most of them 
were not independent predictors by multivariate 
analysis, which identified only age and BNP re-
maining as significant independent predictors of 
AF risk. Indeed, small increases in baseline BNP 
(10 pg/ml) had a great impact on the incidence of 
AF (5.7-fold increase) after adjustment for classical 
risk factors. Changes in BNP concentration could 
also be important in predicting the new onset of 
AF, because longitudinal increases in BNP inde-
pendently predicted the incidence of AF, even af-
ter adjustment for the baseline value of BNP. This 
finding reinforced the clinical significance of BNP 
for the prediction of incident AF and implicated 
mechanisms underlying the present observation. 
Although some medications may affect BNP con-
centrations, the effect of medications seemed min-
imal in the present study because similar results 
were obtained in sub-analysis performed in par-
ticipants without medications.

Although the present result does not provide 
causal relationships, it does offer a possible expla-
nation for the close relationship between BNP con-
centration and incident AF. An increase in cardiac 
load, either manifest or subclinical, associated with 
systolic dysfunction, ventricular hypertrophy, and 
cardiac fibrosis potentially provokes or mediates 
AF and increases the ventricular secretion of BNP. 
Thus, the small BNP increases observed in the 
present study may reflect an increase in cardiac 
load, although the clinical significance of an in-
crease in the BNP value within normal range is not 
clear. Diastolic dysfunction also has a close asso-
ciation with the development of AF through an in-
crease in atrial pressure and volume ,31 and atrium 
is a source for BNP secretion even in the absence of 
ventricular dysfunction. 32,33 These interpretations 
could imply that intervention to reduce BNP levels 
could, at least in part, prevent the incident AF in 
individuals at high risk of AF via a reduction in 
cardiac load. Whether preventing an increase in or 
reducing BNP levels reduces the incidence of AF 
must be clarified by prospective follow-up stud-
ies. On the other hand, an increase in circulating 
BNP concentrations at baseline may have reflected 
the presence of clinically unidentified paroxysmal 
AF. Indeed, BNP is elevated in patients with par-
oxysmal as well as chronic AF without overt heart 
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Total Study Participants (n=10,058) Participants not Taking Medications (n=8,138)

Variables at Baseline Hazard Ratio (95%CI) p Hazard Ratio (95%CI) p
Age 1.09 (1.05–1.14) <0.0001 1.07 (1.03–1.12) 0.002
Gender; Male 1.16 (0.34–4.03) 0.81 1.39 (0.25–7.8) 0.71
Body mass index 0.97 (0.85–1.10) 0.64 0.93 (0.79–1.10) 0.40
Hypertension 1.22 (0.63–2.38) 0.56 0.88 (0.30–2.04) 0.62
Heart rate 0.99 (0.96–1.03) 0.67 0.96 (0.91–1.01) 0.09
Serum creatinine 0.50 (0.03–8.05) 0.63 1.47 (0.33–6.47) 0.61
Uric acid 1.17 (0.89–1.53) 0.27 1.22 (0.88–1.69) 0.22
Diabetes mellitus 0.77 (0.23–2.57) 0.67 0.91 (0.12–6.88) 0.93
Dyslipidemia 1.13 (0.58–2.17) 0.72 1.35 (0.60–3.02) 0.47
Hemoglobin 1.63 (1.22–2.17) 0.001 1.85 (1.28–2.66) 0.001
Current smoking 1.63 (0.80–3.31) 0.18 0.64 (0.26–1.60) 0.34
Heart disease 1.01 (0.24–4.36) 0.99 – –
BNP 3.09 (1.30–7.33) 0.01 3.49 (1.17–10.44) 0.03
Yearly increase in BNP 1.03 (1.02–1.05) <0.0001 1.04 (1.02–1.05) <0.0001

Table 3 Multivariate Cox proportional Hazard Regression Analyses Demonstrating the Impact of Yearly Increases 
in the BNP Level on the Risk of Developing AF

BNP, B-type natriuretic peptide, Levels of BNP were log-transformed before statistical analysis
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failure ,18,20,24 although an acute decrease in BNP 
levels has been reported after sinus rhythm res-
toration without alterations in echocardiographic 
parameters.33 Such findings should be taken into 
account when interpreting BNP values. Alterna-
tively, integrating changes in numerous factors 
may contribute to the predictive value of BNP, be-
cause the BNP concentration reflects many factors 
such as age, gender, renal function, hemoglobin, 
and cardiac function.

We confirmed that classical risk factors are predic-
tive of new onset of AF, although some of them 
were not independent factors. Furthermore, in-
flammation has also been associated with AF 34 
and C-reactive protein (CRP) has been reported 
as a significant predictor of new onset.25,35 Thus, 
evaluating combinations of these factors may im-
prove the predictive value of each individual risk 
factor. In this context, measuring BNP is particu-
larly valuable because it provides basically differ-
ent information from other risk factors.

Interpretation of the data is limited due to the fol-
lowing considerations: (1) selection bias may have 
existed because the study subjects were partici-
pants in a yearly physical checkup program of our 
hospital; (2) we may have missed asymptomatic 
AF episodes and clinically undetected paroxysmal 
AF at baseline and during the follow-up; (3) ECG 
was recorded only once a year in most of the par-
ticipants; (4) there may be ethnic difference in the 
prediction value of BNP; and (5) the use of single 
measurement of BNP and the reproducibility of 
BNP values may work as biases. Since the pres-
ent study offers the significant concept that BNP 
level could predict the development of AF, further 
studies with a large number of subjects should be 
pursued.

Conclusions

BNP independently predicts the new onset of AF 
in the Japanese general population. Identifying in-
dividuals with increased risk of AF may be helpful 
for the primary prevention of AF.
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Abstract

Guidelines strongly recommend long-term anticoagulation with warfarin for patients with newly recog-
nized AF who have high embolic risk by virtue of a CHADS2 (Congestive Heart Failure, Hypertension, 
Age >65, Diabetes, History of Stroke) score ≥ 2.  The goal of this study was to determine patterns of emer-
gency department-initiated anticoagulation among eligible patients discharged from Canadian centers 
with an episode of recent-onset atrial fibrillation and flutter (RAFF) and determine if decision-making is 
driven by the CHADS2 score or other factors. This was accomplished by examining health records using 
uniform case identification and data abstraction as well as centralized quality control; it was conducted in 
8 Canadian university emergency departments over a 12-month period. Eligible patients for this analysis 
demonstrated RAFF requiring emergency management, were not already taking warfarin and were not 
admitted to hospital. Univariate analyses were conducted using T-test or Chi-square to select factors as-
sociated with anticoagulation initiation at a significance level of p < 0.15 and multiple logistic regression 
was employed to evaluate independent predictors after adjustment for confounders. Among 633 eligible 
patients, only 21 out of 120 patients (18%) with a CHADS2 score ≥ 2 received anticoagulation and among 
70 patients who were given anticoagulation only 21 (30%) had a CHADS2 score ≥ 2.  Independent predic-
tors of anticoagulation included age by 10-year strata: (OR = 1.7; 95% CI 1.3 – 2.1), heparin use in the an-
ticoagulation (OR = 9.6; 95% CI 4.9 – 18.9), a new prescription for metoprolol (OR = 9.6; 95% CI 4.9 – 18.9) 
and being referred to cardiology for follow-up (OR = 5.6; 95% CI 2.6 – 12.0).  CHADS2 ≥ 2 doubled the 
likelihood of being prescribed anticoagulation (OR= 2.0; 95% CI 1.5 – 3.5) but was not an independent 
predictor.  It was thus determined that patients discharged from the emergency department in this study 
were not prescribed anticoagulation in keeping with current recommendations.  This practice gap merits 
further investigation and may benefit from educational efforts or enhanced support for anticoagulation 
use from the emergency department.
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Introduction 

Background

Atrial fibrillation (AF) is an important and common 
problem that is increasingly seen in emergency de-
partments (ED).  The major health burden associ-
ated with AF is the risk of thrombotic events, with 
at least a five-fold increase in the risk for stroke. 
AF has been found to be responsible for more than 
15% of all ischemic strokes, as well as being associ-
ated with an increased severity of stroke.1,2 While 
oral antithrombotic therapy remains the mainstay 
for stroke prophylaxis therapy, it nonetheless re-
mains an ever-present challenge to distinguish 
those patients for whom anticoagulation with war-
farin would be beneficial from those for whom less 
aggressive antithrombotics would be preferable.

Importance

In 2004, Gage et al. devised a scoring system to as-
sess the risk of stroke and thromboembolism in pa-
tients with AF, which has since come to be known 
as the “CHADS2 score”. Noted for its simplicity 
and ease of use in a busy clinical setting, CHADS2 
estimates risk of stroke in AF patients based on the 
presence of five established risk factors, after which 
patients with AF can then be stratified into 3 groups 
with separate recommendations for prophylactic 
therapy.3 In particular, warfarin’s superiority to 
antiplatelet therapy has been well established for 
all patients with CHADS2 score greater than 2, and 
remains the oral antithrombotic therapy of choice 
in this category.4 Recently, ambiguity over optimal 
therapy for patients with CHADS2 score of 1 has 
led to the development of the CHADsVASC score 
to further clarify optimal oral antithrombotic ther-
apy in these patients. Research to date has shown 
potential for this tool in clinical practice.5

Presently, despite the convenience of the CHADS2 
score, the majority of patients suffering from AF 
are still inadequately anticoagulated, many of them 
not being initiated on any antithrombotic therapy.6 
One study found similar rates of anticoagulation 
with warfarin across different CHADS2 scores, re-
flecting lack of accurate risk stratification prior to 
therapy administration.2 Another study found that 
only 40% of eligible patients received appropriate 
oral anticoagulation, an alarming situation given 
the significant increased incidence of stroke in AF 

patients.6 The under-coagulation of AF patients is 
thus a global theme and needs to be addressed.

Goals

The ED provides an important setting for initiation 
of proper treatment for AF patients as it is often 
in this setting that they first present. Poor adher-
ence to management guidelines in the ED could 
contribute to the overall under-coagulation of AF 
patients. To date, however, there is little literature 
documenting patterns of warfarin initiation in the 
ED. Our objective was to determine the extent to 
which warfarin for AF is being initiated in the ED 
and whether this decision is based on CHADS2 
score or other factors. Atrial flutter was included 
along with atrial fibrillation as there is evidence 
demonstrating little difference in stroke risk be-
tween these two entities, with over half of patients 
with atrial flutter converting to fibrillation within 
eight years.7

Methods

Study Design and Setting

This study is a secondary analysis of the Recent 
Onset Atrial fibrillation and Flutter (RAFF) study, 
a cross-sectional study of an observational cohort 
of patients with recent onset atrial fibrillation and 
flutter throughout eight EDs in Canada. We re-
viewed health records of all patients presenting to 
the ED during the 12 months between January 1st 
and December 31st, 2008. The eight hospitals sur-
veyed were all fully designated academic centres 
with both undergraduate and resident training 
programs, each associated with a different uni-
versity. Each centre specifically had an emergency 
medicine residency program. The eight EDs in-
volved were scattered across different geographic 
regions within Canada, with annual ED patient 
censuses ranging from 45,000 to 70,000. The popu-
lations of the respective cities ranged from 125,000 
to 4 million inhabitants.

Study Subjects

Patients selected for this study all had a primary 
diagnosis of recent onset atrial fibrillation or flut-
ter (and required urgent intervention). All patients 
were 18 years of age or older. Patients were in-
cluded in this study if they had clear evidence of 



onset of atrial flutter within 48 hours of presenta-
tion or within seven days if they were therapeuti-
cally anticoagulated (i.e. INR between 2 and 3). 
No distinction was made between patients with 
a first episode of atrial fibrillation or flutter and 
those with a recurrence of recent onset. Patients 
were excluded from this study if their arrhyth-
mia was permanent, if atrial fibrillation or flutter 
was not their primary diagnosis, or if they had 
already been included in this study. This study 
has been approved by the research ethics board 
of all hospitals involved. In this sub-study of the 
Canadian RAFF project, we looked at those pa-
tients of the RAFF cohort that were not already 
on warfarin upon admission and were not subse-
quently admitted.

Data Collection

Patients were found by searching through par-
ticipating ED’s electronic patient databases for 
specific keywords (atrial flutter, atrial fibrillation, 
arrhythmia, palpitations). A research nurse at 
each center, trained by the primary investigator 
through conference calls, was responsible for data 
abstraction, which was performed with a data 
extraction sheet. Quality assurance was provided 
by a single nurse at a central coordinating centre. 
The first 30 patients chosen were reviewed by the 
coordinating centre nurse to ensure accurate pa-
tient selection. Data on selected patients was then 
entered into an electronic database. Although 

inter-rater reliability was not formally assessed, 
before a specific ED was included in the trial, data 
from the first 25 patients entered into the database 
from that centre was reviewed by the coordinating 
center nurse to ensure consistency and accuracy of 
data abstraction throughout the various centres in-
cluded in the study. The coordinating center nurse 
was also regularly in contact with the individual 
research nurses through phone calls and emails to 
clear up any ambiguities in patient data. Unclear 
elements were resolved by the coordinating centre 
nurse in conjunction with the principal investiga-
tor, and missing elements were clearly identified 
as such. Finally, some pertinent information was 
included from those patients who had a primary 
diagnosis of recent onset atrial fibrillation or flutter 
but met exclusion criteria.

Data Analysis

Patients were first stratified into whether or not 
they received warfarin upon discharge from the 
ED. CHADS2 score was calculated for each patient. 
We then analyzed the compiled data with descrip-
tive statistics with 95% confidence intervals. Uni-
variate analyses were conducted using T-test or 
Chi-square to select factors, including CHADS2 
score, associated with anticoagulation initiation. 
Multiple logistic regression was employed to eval-
uate independent predictors of anticoagulation 
after adjustment for confounders. Only variables 
with p-values less than 0.05 were included in mul-
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Table 1 Characteristics for 633 Patients in the Study

Characteristic Patients not Administered 
Warfarin

Patients Administered 
Warfarin

Number of Patients (%) 563 (88.9) 70 (11.1%)
Age in years, mean (SD) 60.3 (16.1) 68.6 (11.7)
     Range 18-93 41-94
Male patients, % 60.2 52.9
Systolic BP, mean (SD) 133.4 (24.8) 139.5 (23.4)
Hours since onset of AF at presentation, mean 
(SD) 7.4 (9.4) 13.1 (14.5)

Hours of stay in the ED, mean (SD) 5.7 (3.5) 7.3 (4.5)
Patients medically cardioverted (%) 260 (46.2) 45 (64.3)
     Hours until first trial, mean (SD) 1.8 (2.6) 2.8 (3)
Patients electrically cardioverted (%) 271 (48.1) 18 (25.7)
     Hours until first trial, mean (SD) 3.5 (2.8) 4.7 (4)
Patients with CHADS2 >1 (%) 99 (17.6) 21 (30)



tivariate regression analysis. Data analyses were 
conducted with SAS statistical software. (version 
9.2; SAS Institute, Inc.).

Results

The initial RAFF study identified a total of 2,464 
RAFF patients at the 8 involved ED centers over 
the 12 month period. Of these, 1,068 met the ini-
tial inclusion criteria. After exclusion of patients 
already receiving warfarin prior to presentation to 
the ED, a cohort of 633 patients remained. Table 1 
describes the characteristics of this cohort. There 
were no significant differences between patients 
that received warfarin and those that did not.

Univariate analysis results are listed in table 2. 
Factors with the highest odds ratios were heparin 
administration in the ED (OR 10.14, 95% CI 5.77 
– 17.83), cardiology follow-up organized in the
ED (OR 5.66, 95% CI 2.91 – 11.00), having a new
prescription of Metoprolol at discharge (OR 4.02,
95% CI 2.22 – 7.23), and having a new prescrip-
tion of Diltiazem at discharge (OR 3.01, 95% CI
1.15 – 7.91). Notably, having a CHADs score of 2
or higher, while doubling the odds of receiving
warfarin at discharge (OR 2.01), was not signifi-
cantly different from having a CHADS2 score of 1
or higher (OR 2.07). Major factors associated with
lack of warfarin administration included electrical
(OR 0.37, 95% CI 0.21 – 0.65) and medical (OR 0.26,
95% CI 0.16 – 0.44) cardioversion, and having a his-
tory of AF (OR 0.50, 95% CI 0.30 – 0.83).

Multivariate analysis demonstrated significant 
predictors of warfarin administration at discharge 
to again include heparin administration (OR 9.59, 
95% CI 4.88 – 18.87), Metoprolol prescription (OR 
9.59, 95% CI 4.88 – 18.87), cardiology follow-up 
(OR 5.61, 95% CI 2.62 – 12.02), and age by 10 year 
increments (OR 1.69, 95% CI 1.34 – 2.14). Odds ra-
tios and confidence intervals are shown in table 
3. Interestingly, it was found that while patients
with a CHADS2 score of 1 or greater had double
the likelihood of warfarin administration, it no
longer became an independent predictor after re-
gression analysis.

Limitations

The major limitations of this study relate to the 
difficulties in elucidating the circumstances which 
influenced management decisions within the ED. 
Firstly, the overall management of each patient, 
including follow-up, was not standardized, which 
may have contributed quantitatively to the prac-
tice gap identified. Some patients may have been 
referred to cardiologists or family physicians for 
decisions regarding anticoagulation while others, 
inappropriately initiated on anticoagulation in 
the ED, may have been taken off warfarin on sub-
sequent follow-up. While this may have yielded a 
better rate of adherence to guidelines in the long 
term, both situations suggest inadequate manage-
ment within the ED. Second, contraindications to 
warfarin initiation were not systematically re-
corded in this retrospective study. In particular, 
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Table 2 Odds Ratios for Factors Predictive of Warfarin Administration at Discharge by Univariate Analysis

Factor Odds Ratio 95% Confidence Interval P Value

ED Heparin administration 10.14 5.77 – 17.83 <0.0001
Cardiology follow-up arranged in ED 5.66 2.91 – 11.00 <0.0001
New Metoprolol prescription at DC 4.02 2.22 – 7.23 <0.0001
New Diltiazem prescription at DC 3.01 1.15 – 7.91 0.0192
Rate control in ED 2.33 1.38 – 3.94 0.0013
History of HTN 2.30 1.39 – 3.83 0.001
CHADS2 score 1 or higher 2.07 1.22 – 3.49 0.006
CHADS2 score 2 or higher 2.01 1.15 – 3.30 0.0124
History of AF 0.50 0.30 – 0.83 0.006
Rhythm control in ED 0.39 0.21 – 0.75 0.0035
Electrical cardioversion in ED 0.37 0.21 – 0.65 0.0003
Medical cardioversion in ED 0.26 0.16 – 0.44 <0.0001
Spontaneous conversion to sinus rhythm 0.17 0.10 – 0.28 <0.0001



used agents Metoprolol and Diltiazem were both 
associated with oral anticoagulation administra-
tion in the univariate analysis, only Metoprolol 
emerged as an independent predictor, likely due 
to the greater familiarity and use of Metoprolol in 
Canadian EDs. With greater sample size, Diltia-
zem may have also reached statistical significance 
as an independent predictor. To account for the 
increase in anticoagulation with both Diltiazem 
and Metoprolol, it is plausible that patients given 
rate control may be perceived to suffer from more 
severe disease, and thus be more prone to throm-
boembolic disease. Similarly, history of Atrial Fi-
brillation was another factor that was associated 
with anticoagulation administration in univariate 
but not multivariate regression analysis. This may 
be due to ED physicians relying on previous deci-
sion making not to administer oral anticoagulants 
to guide their current management, or perhaps 
the belief that a history of Atrial Fibrillation may 
be associated with a greater likelihood of sponta-
neous conversion, and thus a lower risk of stroke. 
The overall conclusion is that patients presenting 
with atrial fibrillation are grossly under-coagu-
lated as per the Canadian Cardiovascular Asso-
ciation (CCA)’s guidelines, and this may reflect 
faulty decision making.

Comparison to Prior Studies

The issue of oral anticoagulation and chronic 
atrial fibrillation has been fairly well researched. 
Studies are consistent in reporting a general trend 
of under-coagulation of atrial fibrillation patients. 
In general, it appears that rates of anticoagula-
tion, when stratified by CHADS2 score, are rough-
ly equivalent, with rates varying from 40%2,6 to 
66%.9 One Australian study remarked that al-
though nearly 70% of atrial fibrillation patients 
on a stroke unit had been anticoagulated, only 6% 
were within the therapeutic range of INR.6
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risk of hemorrhage, which appears to be a major 
factor against anticoagulation, was not part of the 
exclusion criteria for subject selection. Canadian 
guidelines recommend the use of the HAS-BLED 
scoring system (1 point given for each Hyperten-
sion, Abnormal renal or hepatic function, history 
of Stroke or Bleed, Elderly above 65 years of age, 
and Drugs that can increase risk of bleeding and 
alcohol) for assessment of risk of bleeding. In-
cluding a high HAS-BLED score as exclusion cri-
teria may have resulted in a greater rate of warfa-
rin administration, although the CCA guidelines 
remain vague about specific cut-off levels for 
contraindication to oral anticoagulation.8 Finally, 
the use of novel anticoagulants such as Dabiga-
tran and Rivaroxaban was not yet approved at the 
time of data collection. The introduction of these 
agents may significantly alter management of 
atrial fibrillation in the ED.

Discussion

Summary and Interpretation of All Findings

To our knowledge, this is the first published 
manuscript describing the initiation of antico-
agulation in RAFF patients presenting to the ED. 
Furthermore, it is the first to describe this trend 
among major Canadian centres. Overall, there 
was a discrepancy between CHADS2 score and 
warfarin initiation in the ED. The major factors 
that influenced warfarin initiation were heparin 
use in the ED, having had a new Metoprolol pre-
scription during that visit, having been referred 
to cardiology for follow-up, and increasing age. 
One possible explanation could be that emer-
gency physicians may simply be incognizant of 
the CHADS2 score itself, and base the decision 
to initiate warfarin at discharge on other fac-
tors, such as the management received through-
out their stay. Specifically, while the commonly 

Factor Odds Ratio 95% Confidence Interval

ED Heparin administration 9.59 4.88-18.87
New Metoprolol prescription at discharge 9.59 4.88-18.87
Cardiology follow-up arranged 5.61 2.62-12.02
Age (vs similar patient 10 years younger) 1.69 1.34-2.14

Table 3 Independent Predictors for Warfarin Administration at Discharge after Multivariate Regression Analysis
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coagulation of RAFF patients in the ED. In order 
to improve compliance with guidelines, further 
training and reinforcement of anticoagulation rec-
ommendations should be provided in ED centers. 
Furthermore, hesitation for warfarin initiation 
should be eliminated by providing emergency 
physicians with a clear protocol for oral anticoag-
ulation administration, ideally including factors 
like fall-risk and risk of hemorrhage on warfarin. 
Finally, although not a specific endpoint looked 
at in this study, evidence from the literature al-
ludes to much discomfort in warfarin administra-
tion due to the risk of hemorrhage. It remains a 
challenge to concretely assess bleeding risk when 
it shares many of the same risk factors as risk of 
stroke such as age and high blood pressure. Use 
of assessment tools such as the HAS-BLED score, 
as per Canadian Guidelines, may empower deci-
sion making in the ED by providing physicians 
with a quick method of measuring and balancing 
bleeding risk against the risk of thromboembolic 
disease. Pisters et al., the designers of the HAS-
BLED score, suggest that bleeding risk outweighs 
stroke risk when HAS-BLED is greater than 2 if 
CHADS2 is 1, and otherwise when HAS-BLED 
score is greater than CHADS2 score.13

An important point should be made on the use of 
new direct thrombin inhibitors. The CCA has re-
cently approved the use of Dabigatran for antico-
agulation in AF. The RE-LY trial established that 
Dabigatran is non-inferior for anticoagulation, 
with overall less bleeding risk, and no need for 
regular monitoring.1 Major drawbacks to Dabiga-
tran include the increased risk of dyspepsia and 
gastrointestinal hemorrhage, and the lack of ef-
fective anticoagulation reversal.1,8 The 2010 CCA 
guidelines suggest that for patients with RAFF 
that require oral anticoagulation, Dabigatran is 
preferable to warfarin, and that in those patients 
with increased risk of bleeding, lower-dose regi-
mens can be used with stroke prevention equiva-
lent to warfarin but decreased bleeding risk. . As 
use of Dabigatran becomes more widespread over 
the next few years, patterns of anticoagulation 
may improve.

Finally, the creation of the CHA2DS2-VASc risk 
assessment score may in the near future alter ED 
practice patterns with regards to anticoagulation. 
With this score, age greater than 75 is given an ex-
tra point, and three factors have been added, each 
being given a score of one: Vascular disease, Age 

There is nonetheless a dearth of knowledge con-
cerning trends in warfarin administration in the 
setting of atrial presentation of recent onset. This 
is the first study to our knowledge that comments 
on anticoagulation in atrial fibrillation of recent 
onset. The Euro Heart Study, an observational 
study performed on over 5,000 patients with atrial 
fibrillation, found that rates of warfarin adminis-
tration in recently diagnosed atrial fibrillation 
were slightly lower than in patients with so-called 
permanent or long-standing atrial fibrillation,10 
although a more recent American study found an 
up to 10% increase in anticoagulation rates in this 
group.2 

Of note, while previous studies on the topic typi-
cally included only atrial fibrillation, one Cana-
dian study released in the American Journal of 
Cardiology stated that mortality and stroke risk 
were similar between atrial fibrillation and atrial 
flutter.11 Furthermore, the CCA suggests that atri-
al flutter patients be treated as atrial fibrillation 
patients in regard to stroke risk and need of war-
farin.8 We were thus justified in our inclusion of 
atrial flutter along with atrial fibrillation. 

Summary of Study Strengths

While many studies have addressed the issue of 
anticoagulation initiation in atrial fibrillation, 
this is the first that studies this problem from a 
Canadian perspective, and moreover, within the 
ED. With a large sample size and a patient sample 
representative of trends across Canada, the study 
design allowed for strong external validity for Ca-
nadian centers managing RAFF.

Research Implications

Future research should focus on determining 
the rate of anticoagulation (with both warfarin 
and direct thrombin inhibitors)  in those patients 
for which it has not been contraindicated due to 
bleeding risk, and whether dedicated and consis-
tent teaching on RAFF anticoagulation guidelines 
and bleeding risk assessment tools such as HAS-
BLED will improve anticoagulation rates within 
the ED.

Clinical Implications

The results of this study point to inadequate anti-
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65-74 years, and female Sex. This has the advan-
tage of classifying fewer patients into the ambigu-
ous “indeterminate” category (CHA2DS2-VASc =
1), and data suggests that the low-probability cat-
egory (CHA2DS2-VASc = 0) truly represents a low-
risk group, with no reported thrombotic events.5

There are currently too few studies validating the
initial data for CHA2DS2-VASc to be used in clini-
cal application, though it may prove to be more
effective than CHADS2, potentially improving
physician compliance.12

Conclusions

Patients that present to the ED with atrial fibril-
lation and flutter of recent onset are not appro-
priately anticoagulated in accordance to the 
CHADS2 risk score as per the 2010 CCA guide-
lines. ED physicians’ fear of bleeding risk may 
be alleviated through the use of effective hem-
orrhage predictor tools such as HAS-BLED. 
More education is required to inform ED phy-
sicians’ on concrete contraindications to oral 
anticoagulation and to reinforce guidelines. 
This paper presents a way that we can look at 
quality of care for patients in the ED. This ex-
ercise of determining whether RAFF are ad-
equately treated with AC is a quality indicator 
that should be looked at a system-wide level.
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Introduction

Percutaneous electrophysiological interventions in-
cluding catheter ablation of supraventricular and/
or ventricular tachycardia are usually monitored 
by fluoroscopy and electroanatomical mapping 
systems.1,2 Use of the electroanatomical mapping 
systems including Ensite NaVx and/or CARTO has 
been shown to reduce fluoroscopic time and radia-
tion dose. Although this systems can be used for 
complex procedures such as atrial fibrillation and 
ventricular tachycardia, it lacks soft tissue contrast 
and adequate visualization of the target area such 
as right ventricular out-flow tract and left atrium .2 

Two Dimensional (2D) intracardiac echocardiogra-
phy can also use for the guidance of electrophysio-
logical interventions especially ablation of the atri-
al fibrillation. This technique improves the efficacy 

of electrophysiological procedures by identifying 
anatomical structures and integrating this in-
formation with electrophysiological parameters 
and/or three dimensional (3D) reconstructions of 
computed tomography/magnetic resonance im-
aging data. 3 This method is limited by its inva-
sive nature, using large sheaths, 11 F sheath for a 
10 F intracardiac echocardiography catheter or 9 
F sheath for an 8 F intracardiac echocardiography 
catheter,3  with possible bleeding complications. 2 

Recently, in line with improvement in the quality 
of echocardiographic imaging, real-time 3D tran-
soesophageal echocardiography (RT-3D TEE), 
(is not off-line 3D reconstruction), is available to 
facilitate electrophysiological procedures such 
as transseptal puncture without fluoroscopy.2 It 
is possible to obtain cross-sectional visualization 
of the left atrium, left atrial appendix, pulmonary 
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Abstract

Percutaneous electrophysiological interventions such as atrial fibrillation and ventricular tachycardia 
ablation are usually monitored by fluoroscopy and electroanatomical mapping systems. Electroanatomi-
cal mapping systems lacks soft tissue contrast and adequate visualization of the target area such as right 
ventricular out-flow tract and left atrium. Recently, real-time 3D transoesophageal echocardiography 
(RT-3D TEE) has emerged as an important method for visualizing cardiac structures such as left atrium, 
left atrial appendix, interatrial septum, pulmonary veins, Marshall ligament and mitral valve annulus 
during invasive procedures. This review aims to describe the RT-3D TEE for the guidance of percutane-
ous interventional electrophysiological study especially at atrial fibrillation in the cardiac electrophysi-
ology laboratory.
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veins such as left superior pulmonary vein and 
its anatomical variations, mitral valve annulus, 
thrombus, and prosthetic valves less invasively 
with RT-3D TEE 2 (Figure 1,2), which are not pos-
sible with 2D TEE. 

RT-3D TEE was performed in the supine position 
using an iE33 echocardiography system (Philips 
Medical Systems, Andover, USA) with a RT-3D 
Matrix transducer (X7-2t).4,5 Initially, gain set-
tings were optimized using the narrow angle gain 
mode without the need for electrocardiography, 
which allowed us to obtain RT-3D images of an 
approximately 30°X60° pyramidale volume. To 
magnify the pyramidal volume, 3D zoom mode 
was used for anatomical and pathological tissue 
visualization such as mitral valve, pulmonary 

veins and thrombus. Image pages were divided 
automatically by the instrument into 2 mm or 5 
mm squares for measurement of image size. The 
size of the images including pulmonary veins, left 
atrial appendix, mitral valve, patent foramen ova-
le and thrombus were estimated by these squares.5 

Although RT-3D TEE allows for unique perspec-
tives for catheter-based procedures such as atrial 
fibrillation, some disadvantages of RT-3D TEE 
must be considered as well. One disadvantage is 
prolonged TEE probe exposure time most likely 
due to the learning curve because of the new tech-
nique. Secondly, this technique is still limited by 
a relatively low temporal and spatial resolution 
when compared with conventional 2D TEE. Ad-
ditionally, needs for off-line reconstruction and 
analysis for 3D distances and volumes. Third, the 

Figure 1: It is possible to obtain excellent visualization of the anatomical area with RT-3D TEE during interventional electro-
physiology [LA: Left atrium, RA: Right atrium, LAA: Left atrial appendix, LSPV: Left superior pulmonary vein, LSPVa (ana-
tomical variation): Left superior pulmonary vein a, LSPVb (anatomical variation): Left superior pulmonary vein b, MV: Mitral 
valve, ML: Marshall ligament, IAS: Interatrial septum, THROM: Thrombus, PMV: Prosthetic mitral valve, PAV: Prosthetic 
aortic valve, PTV: Prosthetic tricuspid Value] 



anaesthesiology personnel are required during 
the procedure for atrial fibrillation for sedation. 
Finally, the high cost of equipment such as the 
transducer and the 3D-capable echo system be 
limiting factors for a number of echo laboratories.

Conclusions

Implementation of RT-3D TEE in percutaneous 
electrophysiological interventions especially atri-
al fibrillation, left atrial appendage closure and 
transseptal puncture results in reduction of fluo-
roscopic time and radiation dose, may reduce 
complication ratio, and may improve in-hospital 
and long term outcomes.
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Figure 2: Visualization of the left atrial appendix, its thrombus and transseptal puncture (MV: Mitral valve, LA: Left atrium, 
LAA: Left atrial appendix, THROM: Thrombus, PMV: Prosthetic mitral valve, PAV: Prosthetic aortic valve, IAS: Interatrial 
septum)



Introduction 

Speech induced AT is a rare and peculiar condition 
.1 Very few cases of respiratory cycle dependent 
AT (RCAT) have been described .2 Both etiologies 
implicate involvement of the cardiac autonomic 
nervous system (ANS) in the initiation of the ar-
rhythmia, however their concomitant occurrence 
has not been reported. The origin of RCATs was 
shown to be in the base of the heart, in close prox-
imity to the ARGP,2 which is probably involved 
in the mechanism of arrhythmia. Hence, ablation 
of the GP in these patients may improve outcome. 
Similarly, in patients with atrial fibrillation, addi-
tion of GPs ablation to PV isolation conferred sig-
nificantly better outcomes than PV isolation alone .3

Case Report

A 46-year-old male patient otherwise healthy, pre-
sented with repetitive short bouts of AT occurring 
constantly while speaking and at mid inspiration. 
The arrhythmia was provoked even by social talk-
ing, and was not associated with stress or physi-
cal activity. Electrocardiography (ECG) during 
the tachycardia revealed a P wave biphasic in V1, 
positive in the inferior leads and isoelectric in L1, 
suggesting origination from the SVC or the RSPV. 
A tall P wave in L2 favored an SVC origin 4 (figure 
1A). Holter monitoring revealed 50-700 premature 
atrial contractions (PACs) per hour and more than 
3000 short episodes of AT lasting 3-16 beats. Beta-
blockers and class 1C antiarrhythmic drugs (AAD) 
were ineffective. The patient underwent an elec-
trophysiological study (EPS) under deep sedation. 
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Abstract

Targeting ganglionated plexi (GP) during catheter ablation of atrial fibrillation (AF) is associated with 
improved outcome. We present a patient with speech and breathing induced atrial tachycardia (AT) 
originating in the superior vena cava (SVC) and the right superior pulmonary vein (RSPV), near the 
anatomical location of the anterior right GP (ARGP). The trigger for the arrhythmia appeared to be vagal 
discharge from the GP, possibly induced by local  stretch. Ablation with a 28 mm cryo-balloon advanced 
to the RSPV orifice through a patent foramen ovale (PFO) abolished the arrhythmia, probably involving 
the underlying parasympathetic influx to the SVC and RSPV myocardial sleeves.
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Body surface ECG and endocardial electrograms 
were monitored continuously with a computer-
ized multichannel recording system (EP Tracer, 
CardioTek B.V. , Maastricht, The Netherlands) at 
a sample setting of up to 1000 Hz. The arrhythmia 
could not be induced by programmed electrical 
stimulation in the RA or the CS, nor by isoproter-
enol infusion and withdrawal, given alone or with 
concomitant pacing. The only mode of induction 
of the tachycardia was by waking the patient and 
asking him to speak. While awake, AT started with 
talking and ceased even between sentences. AT 
following the respiratory rate could also be dem-
onstrated. Interestingly, the arrhythmia was not 
uniform and other morphologies of the P wave 
during tachycardia could be documented. A tri-
dimensional map of the RA was performed us-
ing a nonfluoroscopic electro-anatomic mapping 
system (NavX, St. Jude Medical, St. Paul, Minne-
sota). The clinical arrhythmia was mapped to the 
postero-medial aspect of the SVC (figure 2A). Us-
ing a radio-frequency (RF) generator (IBI-1500, 
St Jude Medical), focal RF delivery to that region 
eliminated the AT and significantly decreased the 
frequency of ectopic activity. Several weeks later, 
the patient reported that symptoms reoccurred. 
ECG during the tachycardia revealed a positive P 

wave in V1 and a broad notched P wave in L2, 
favoring an RSPV origin (4) (figure 1B). A second 
attempt was made to ablate the tachycardia. The 
patient was kept awake and talking. Frequent 
short bouts of AT were demonstrated during the 
whole study, concomitant with speaking or fol-
lowing the respiration rate. As in the first study, 
AT was not uniform and had several morpholo-
gies. The left atrium (LA) was accessed through 
a previously unknown PFO. The site of earliest 
activation of the second clinical tachycardia was 
mapped to the antero-lateral aspect of the RSPV 
(figure 2B, video 1). Focal RF energy applied to 
sites with early and fractionated electrograms 
failed to terminate the tachycardia. Prolongation 
of the sinus cycle length by 20-30% and frequent 
sinus pauses were observed during RF delivery. 
Thereafter, a 28 mm diameter cryo-balloon (Arc-
tic front, Medtronic, Minneapolis, Minnesota) 
was advanced into the LA through the PFO, using 
a 15F outer diameter deflectable sheath (FlexCath, 
Medtronic), over a 20 mm circular mapping cath-
eter (Achieve, Medtronic) placed through its cen-
tral lumen. Cryo-ablation of the RSPV orifice and 
antrum was performed as published 5 (Figure 3). 
The arrhythmia disappeared a few seconds after 
the temperature measured at the balloon's base 

Figure 1: MECG Strips of Short Events of AT

A - The P wave is tall in L2 and isoelectric in V1, suggesting SVC origin. B – the P wave is broad in L2 and positive in V1, 
suggesting RSPV origin



dropped below freezing. The patient tolerated the 
procedure well, including right phrenic stimula-
tion during cryo-ablation to avoid nerve injury, 
albeit while awake. During the next 24 hours of 
continuous monitoring, sinus tachycardia up to 
100 beats per minutes was observed. It persisted 
for a few months, very gradually subsiding. The 
patient remained arrhythmia free.

Discussion

We present a patient with co-occurrence of speech 
and respiratory induced AT, implying a common 
etiology most probably involving the ANS. The 
origin of arrhythmia was mapped to the SVC and 
RSPV area, similar to the findings of Yamamoto 
et al in seven patients with RCAT.2 The epicardial 
adipose tissue in this area contains a network of 
nerves and ganglia comprising most of the ANS 
traffic to the heart . Using electron micrographs 
from human preparations, Pausa et al demon-
strated nerve fibers in a sulcus between the SVC 
and the RSPV, which synapse within the closely 
located ARGP with other nerve fibers apparently 
innervating the sinus node and other RA tissue 
.6 This was the anatomical ablation area in our 
patient. Biopsies of epicardial fat collected at this 

location from eight human patients during car-
diothoracic surgery were analyzed for different 
neurotransmitters .7 It was found that the GP has 
a complex anatomy, which includes cholinergic 
and nitrergic phenotype for most of the neurons, 
noradrenergic markers in some neurons, and other 
neurochemical inputs. Nevertheless, electrical GP 
stimulation in animals or humans elicits a strong 
vagal response.8

Near the ARGP location, the heart and the great 
vessels are attached to the mediastinum by the 
pericardial reflections, and hence may be suscep-
tible to local stretch, like movements of the dia-
phragm or the trachea while speaking or breath-
ing. Notably, in our patient, the arrhythmia started 
literally with the first word and subsided even be-
tween sentences. It was initiated at mid-inspiration 
as well. It is possible that activation of stretch re-
ceptors in the great vessels or in the carotid sinus 
induced a fast hypothalamic reflex within the nu-
cleus of the solitary tract, with efferent parasym-
pathetic discharge through the dorsal medulla to 
the cardiac ganglia.9 Local physical irritation of a 
ganglion cannot be excluded as well. Studies in 
dogs demonstrate that electrical and cholinergic 
stimulation of the ARGP cause shortening of the 
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Figure 2: Three-Dimensional Mapping with NavX of the RA and SVC (A), and the LA and Pulmonary veins (B)

The site of earliest activation, white colored, is postero-medial in the SVC and antero-lateral in the RSPV (see torso, right up-
per corner). These two regions are across each other, the RSPV lines behind the SVC. CS - coronary sinus, LIPV - left inferior 
pulmonary vein, LSPV - left superior pulmonary vein, RIPV - right inferior pulmonary vein, RSPV - right superior pulmonary 
vein, SVC – superior vena cava.



ERP in the SVC and the RSPV myocardial sleeves, 
resulting in early after-depolarizations, rapid local 
firing and atrial tachyarrhythmia .10,11 This appears 
to be the mechanism of arrhythmia in our patient, 
who had clinically identical ATs originating from 
both the SVC and the RSPV. Interestingly, two out 
of the seven patients with RCAT reported by Ya-
mamoto et al also had two different arrhythmias, 
initiating from the same locations .2 It is likely that 
a common trigger induced both ATs.

The arrhythmia in our patient occurred only dur-
ing talking or breathing, had different morpholo-
gies, did not respond to AAD and could not be 
induced during EPS by programmed electrical 
stimulation. All of these suggest triggered activity 
as the mechanism of the arrhythmia. The lack of re-
sponse to beta-blockers and the inability to induce 
AT under isoproterenol infusion exclude a sym-
pathetic etiology. Vagal response was evidenced 
during RF ablation at the site of AT origin by sinus 
pauses and increased sinus cycle length. Such a re-
sponse to electrical stimulation is used to identify 
ganglion sites during AF ablation.3,8 Similarly, the 
ARGP was probably stimulated by the RF energy, 

being in close proximity to the tip of the catheter 
and therefore, ablation at this location was ex-
pected to involve the ganglion. Sinus tachycardia, 
which occurred after the ablation and lasted for a 
few months, is compatible with the expected va-
gal withdrawal after ablation of the ARGP, which 
mediates the parasympathetic traffic to the SA 
node .6 Similarly, inappropriate sinus tachycardia 
has been reported in 23.5% of patients who un-
derwent successful GP ablation as an adjunct to 
AF ablation.3 

Balloon cryo-ablation has been developed as an 
alternative to RF ablation for PV isolation in AF 
patients. To the best of our knowledge, this is the 
first report of using a cryo-balloon to treat AT 
near a single PV, or of manipulating this balloon 
through a PFO. The large contact area with the 
atrial wall adjacent to the ARGP location probably 
caused plexus ablation, involving the underlying 
pre-ganglionic vagal nerves running between the 
RSPV and the SCV.6 A reduction in heart rate vari-
ability parameters compatible with modulation of 
the intrinsic cardiac ANS has been reported after 
cryo-balloon PV isolation for the treatment of AF

Journal of Atrial Fibrillation Case Report 
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Figure 3: Balloon Cryo-Balloon Ablation of the RSPV Ostium

Note the contrast material in the vein. Arrowheads - electrode in SVC for phrenic nerve stimulation. Black arrow - “Achieve” 
lasso electrode. White arrow - electrode in CS

Conclusions

We present a patient with AT induced by speech 

and by respiration. The trigger of the arrhythmia 
appears to be parasympathetic discharge from the 
ARGP, mediated either by a fast ANS reflex or by 
another local mechanism. These vagal stimuli in-
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F, Kuck KH: The 'single big cryoballoon' technique for acute pul-
monary vein isolation in patients with paroxysmal atrial fibrilla-
tion: a prospective observational single center study. European
Heart Journal 2009;30:699-709.
6. Pauza DH, Skripka V, Pauziene N, Stropus R: Morphology,
distribution, and variability of the epicardiac neural ganglionat-
ed subplexuses in the human heart. Anat Rec 2000;259:353–382.
7. Hoover DB, Isaacs ER, Jacques F, Hoard JL, Page P, Armour JA:
Localization of multiple neurotransmitters in surgically derived
specimens of human atrial ganglia. Neuroscience 2009;164:1170-
1179.
8. Scherlag BJ, Nakagawa H, Jackman WM, Yamanashi WS, Pat-
terson E, Po S, Lazzara R: Electrical stimulation to identify neu-
ral elements on the heart: their role in atrial fibrillation. J Inter-
ven Cardiac Electrophysiol. 2005;13:37-42.
9. Hyam JA, Kringelbach ML, Silburn PA, Aziz TZ, Green AL:
The autonomic effects of deep brain stimulation-a therapeutic
opportunity. Nat Rev Neurol 2012;8:391-400.
10. Lu Z, Scherlag BJ, Niu G, Lin J, Fung KM, Zhao L, Yu L, Jack-
man WM, Lazzara R, Jiang H, Po SS: Functional properties of the
superior vena cava (SVC)-Aorta ganglionated plexus: evidence
suggesting an autonomic basis for rapid SVC firing. J Cardiovasc
Electrophysiol 2010;21:1392-1399.
11. Patterson E, Lu Z, Lin J, Scherlag BJ, Po SS, Coscia D, Lazzara
R: Antifibrillatory properties of mivacurium in a canine model of
atrial fibrillation. J Cardiovasc Pharmacol 2008;5:293-303.
12. Oswald H, Klein G, Koenig T, Luesebrink U, Duncker D,
Gardiwal A: Cryoballoon pulmonary vein isolation temporarily 
modulates the intrinsic cardiac autonomic nervous system. J In-
terv Card Electrophysiol 2010;29:57-62.
13. Kunz JS, Hemann B, Atwood JE, Jackson J, Timothy Wu T,
Hamm C: Is there a link between gastroesophageal reflux dis-
ease and atrial fibrillation? Clin Cardiol 2009;32;584-587.

duced rapid firing in the SVC and the RSPV myo-
cardial sleeves and initiated ATs in both sites. Bal-
loon cryo-ablation around the orifice of the RSPV, 
probably involving the ARGP and the pre-gan-
glionic vagal nerves, abolished the arrhythmia. 
Thus, targeting the cardiac ANS appears to have 
an important role in AT/AF ablation. Other me-
chanical stimuli have been reported as triggers of 
atrial tachyarrhythmias, including cough, swal-
lowing or esophageal reflux.1,13 As in our patient, 
these maneuvers may stretch the ARGP area, 
induce vagal discharge and initiate AT/AF. This 
possible etiology should be kept in mind while 
ablating arrhythmia in these patients.

We showed that balloon cryo-ablation might be 
used for the treatment of AT originating near the 
orifice of a single PV if a large contact area with 
the atrial wall is needed or if focal ablation failed. 
The feasibility of handling a large deflectable 15F 
(outer diameter) sheath and a 28 mm diameter 
Arctic Front cryo-balloon through a PFO is here-
by demonstrated, as well as the good tolerability 
of the procedure in a non-sedated patient.
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Introduction

Atrial fibrillation (AF) is a common cardiac ar-
rhythmia characterized by uncoordinated atrial 
activity resulting in thrombus formation in the 
atrium and the atrial appendage. AF is associated 
with substantial morbidity and mortality resulting 
from the embolization of the formed thrombus.1 In 
the recent years there has been increasing identifi-
cation of cerebral embolization in patients under-
going AF ablation. In addition to clinical events of 
cerebral embolism, there are other cases of asymp-
tomatic embolization which can be recognized on 
imaging studies.2 Though these are referred to as 
“silent emboli”, multiple small emboli are associat-
ed with dementia as occurs in patients with persis-
tent AF.3,4 MRI has been established as a modality 
to identify infarcts in patients undergoing invasive 
procedures.5 With the recent improved recognition 
of clinical and non-clinical cerebral embolism by 
imaging studies,2 there have been several studies to 
evaluate this complication associated with ablation 
therapy.

Incidence

The reported incidence of thrombo-embolism as-
sociated with AF ablation is dependent on sev-
eral factors including the investigation done to 
identify the cerebral embolism and duration of 
follow-up. In a large study of 589 patients un-
dergoing circumferential pulmonary vein abla-
tion for rhythm control, the incidence of clinical 
episodes of transient ischemic attack (TIA) and 
ischemic stroke was 8% and 4% during the 860 
days follow-up.6 There are no details of the tim-
ing of the events described. In another study of 
755 consecutive patients using similar clinical 
signs to diagnose adverse events, the noted inci-
dence of thromboembolic events was 0.9% within 
2 weeks of ablation.7 Two other studies including 
79 patients and 211 patients undergoing RF abla-
tion for symptomatic AF, report incidence of 2% 
within 24 hours and 1% in the early post proce-
dural period.8,9 In a worldwide survey on safety 
of ablation therapy for AF, the reported events of 
symptomatic stroke and TIA events were 0.23% 
and 0.71% respectively.10
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Abstract

Catheter based ablation therapy has evolved as an invaluable tool in the management of symptomatic pa-
tients with atrial fibrillation (AF). The procedure of AF ablation requires instrumentation in the systemic 
circulation predisposing to various concerns that can result in systemic embolization. We will describe 
the reported incidence of these events and refer to the various pathophysiologic explanations for their oc-
currence. Details on the risk factors and the relevant studies will also be reviewed. Preventive and treat-
ment strategies in patients undergoing the ablation procedure will be discussed.
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In a study by Gaita et al., 232 patients undergoing 
RF ablation for AF were evaluated with MRI scan 
pre and post procedurally to document the inci-
dence of symptomatic and asymptomatic cerebral 
embolic episodes. Symptomatic cerebro-vascular 
accident occurred in 1 patient (0.4%) while cere-
bral magnetic resonance imaging was positive 
for new embolic lesions in 33 patients (14%).11 In 
addition to the recognized clinical and non-clin-
ical events of cerebral embolism, it is noted that 
thrombus frequently forms on the mapping and 
ablation catheter during the procedure. In a study 
of 232 patients undergoing LA RF ablation for AF, 
the incidence of LA thrombus was 10.3% during 
the procedure.12 57% of such thrombi were locat-
ed on transseptal sheath and 43% being related to 
the circumferential mapping. The thrombus was 
recognized on intracardiac echocardiography im-
ages.

Patho-Physiology

The procedure of AF ablation requires intro-
duction of catheter and sheath into the systemic 
circulation and the ablation lesions resulting in 
endothelial dysfunction predisposes to various 
concerns that can result in systemic embolization. 
The recognized underlying causes include throm-
bus formation on the catheters and guide sheaths, 
dislodgement of existing thrombus in the atrium, 
char formation on the catheter tip, denudation 
of endothelium by ablation, and microbubble air 
embolisation.12,13,14,15,16

It is recognized that manipulation of catheters 
even during diagnostic part of electrophysiologi-
cal study is associated with increase in D-dimer 
levels, a marker of thrombogenesis.13,14 In a study 
to assess the occurrence of thrombus formation 
during AF ablation therapy, there was noted high 
incidence of thrombus commonly attached to the 
transeptal sheath and the circular mapping cath-
eter despite anticoagulation with heparin.12 In a 
study by Dorbala et al., there were noted elevated 
levels of thrombotic factors thrombin-antithrom-
bin complex (TAT) and prothrombin activation 
peptide and D-dimer levels in patients undergo-
ing EPS procedure without ablation.15

In addition, ablation lesions result in disruption 
of the endothelial function and continuity in the 
atrium. In a study to assess endothelial damage 

marker (vWf) and tissue factor levels after RF cath-
eter isolation of pulmonary veins, there was noted 
persistent elevation of the prothrombotic factors 
for 24 hours after ablation therapy.16 The disrupted 
endothelial cells will also result in prothrombotic 
states as demonstrated by increase in D-dimer 
levels and thrombin-antithrombin III levels.13,14 

Though RF ablation was associated with elevation 
markers of thromboembolism, the concentrations 
were not observed to increase after RF ablation as 
compared with pre-ablation levels, suggesting that 
thrombin is generated more in response to catheter 
manipulation than radiofrequency energy deliv-
ery.13,14,15

Formation of coagulum over the ablation catheters 
may also result in embolization to the cerebral 
circulation.17 Thrombi can form on the catheters 
during invasive procedure which can embolise. 
Any intra-procedural introduction of catheters or 
sheets in the left atrium can result in air micro-
bubbles.17,18,19 These air bubbles can be introduced 
during intra-procedure aspiration, irrigation or 
sheath⁄catheter exchanges. In a study of transcra-
nial Doppler, there were noted air emboli in the ca-
rotid arteries during RF ablation procedure.20 Con-
version to sinus rhythm in patients with persistent 
AF after ablation therapy may also be a predispos-
ing factor. Restoration of sinus rhythm by LA abla-
tion results in return of LA function in patients in 
patients with chronic AF 21 which in-turn can result 
in dislodgement and embolisation of unrecognised 
atrial thrombus.

Risk factors

Risk factors for thromboembolism in patients with 
AF are well established (CHADS2 and CHA2DS2-
VASc).22,23 These factors have been also evaluated 
for predicting thromboembolism in patients un-
dergoing ablation therapy. In a study by Choi et 
al.,24 the CHADS2 and CHA2DS2-VASc scores were 
used to predict events in 565 patients with AF who 
underwent catheter ablation. The clinical end-
points of thromboembolic event or death occurred 
in 4.8% patients during 40 months follow-up. The 
CHADS2 and CHA2DS2-VASc scores were indepen-
dent predictors of adverse events in separate mul-
tivariate models. It was noted that patients with 
CHADS2 score ≥2 had significantly higher events 
than patients with risk score of <2. There was no 
difference between CHADS2 and CHA2DS2-VASc 



scores in predicting events. As regards to the in-
dependent factors, age, congestive heart failure, 
hypertension, prior stroke/TIA were associated 
with events while gender and diabetes mellitus 
were not. Though no specification on the timing 
of the adverse events was reported, it appears 
that most events occurred months after the abla-
tion therapy. A very different finding was noted 
in a study to assess the occurrence of intra-car-
diac thrombus formation during AF ablation. In 
this study of 232 patients undergoing pulmonary 
vein ostial ablation, the occurrence of intra-cardi-
ac thrombus as identified by intracardiac echo-
cardiography, none of these factors (age, gender, 
heart disease, and history of prior embolic event) 
were associated with thrombus formation.12 LA 
diameter, spontaneous echo contrast and history 
of persistent AF were associated with left atrial 
thrombus formation on univariate analysis.12 On 
multivariate analysis only spontaneous echo con-
trast was associated with LA thrombus. In anoth-
er trial of 232 consecutive patients with parox-
ysmal or persistent AF who were candidates for 
RF ablation, none of the clinical parameters such 
as age, hypertension, diabetes mellitus, previous 
history of stroke, type of atrial fibrillation, and 
preablation antithrombotic treatment showed 
significant correlation with ischemic cerebral 
embolism.11 The anticoagulation level during the 
procedure as assessed by ACT value, correlated 
significantly with the incidence of cerebral em-
bolism. Amongst patients with ACT < 250 sec-
onds, 17% had positive MRI, whereas for those 
with ACT value >250 seconds, 9% of the patients 
were positive for silent embolism. Intraproce-
dural cardioversion represents a pertinent risk 
factor with a significantly increased odds ratio of 
2.75. In a study to determine if the intensity of 
anticoagulation reduces LA thrombus formation 
as detected by ICE during RF ablation in patients 
with spontaneous echo contrast, the incidence of 
LA thrombus was 45% in patients with activated 
clotting time 250-300 seconds and 5% in patients 
with ACT of more than 300 seconds.25 In patients 
with and without SEC, keeping ACT above 300 
reduced LA thrombus incidence from 11% to 3%. 
Total procedure time and time to heparin admin-
istration have been associated with the levels of 
vWf and DD concentrations (endothelial mark-
ers of thrombosis) after RF ablation in 30 patients 
underoing pulmonary vein isolation procedure.16

In a study comparing cryoablation with RF abla-
tion for management of AF, the incidence of MRI 

detected cerebral embolism was 7.9% within 1 day 
after pulmonary vein isolation, without statistically 
significant difference between the group treated 
by cryoenergy (8.9%) and radiofrequency ablation 
(6.8%).26 In an observational study of 74 patients un-
dergoing ablation therapy for AF, the incidence of 
cerebral infarcts was significantly higher in patients 
in the pulmonary vein radiofrequency ablation non-
irrigated catheters when compared to irrigated RF 
and cryoballoon ablation.27 In this study 27 patients 
underwent irrigation RF ablation while 24 patients 
underwent cryoballoon ablation. 24 patients un-
derwent non-irrigation RF ablation with a circular 
mapping and ablation system capable of duty-cy-
cled phased unipolar and bipolar RF delivery. On 
imaging with MRI on all patients, 7.4% of irrigated 
RF patients, 4.3% of cryoballoon patients, and 37.5% 
of non-irrigated circular mapping and ablation pa-
tients had new embolic events (p=0.003). A similar 
finding of silent cerebral thromboembolism was 
noted by Gaita et al.28 In this study of 108 patients 
undergoing ablation therapy for paroxysmal AF, 
pulmonary vein ablation with multielectrode non-
irrigated catheter increased the risk of thromboem-
bolism by 1.5 times when compared to irrigated RF 
and cryoballoon ablation.

Prevention and Treatment

The approaches can be categorized into pre-, intra- 
and post-operative measures.

Pre-Operative

Identification of patients who are at a higher risk 
of thromboembolism needed to be informed of 
the risk. Though clinical risk factors including age, 
diabetes, hypertension, heart failure and prior his-
tory of stroke are associated with embolic events 
after ablation therapy, they appear to occur several 
months after the procedure and not in the immedi-
ate peri-procedureal period. Factors that need to be 
considered include LA diameter, presence of spon-
taneous echo contrast and presence of persistent AF 
at the time of ablation. Patients with persistent AF at 
the time of the procedure need to be screened with 
imaging study considering that catheter manipula-
tion could dislodge a thrombus with the potential 
for embolic complications. Current guidelines rec-
ommend managing patients with AF at the time of 
the procedure to be the same as that for a cardiover-
sion.1
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Intra-Operative

A careful awareness to the anticoagulation 
throughout the procedure especially when the 
catheters are in the left atrium is critical. It is es-
sential to understand that optimal anticoagulant 
should minimize the risk of thromboembolism and 
also bleeding risk. Keeping the ACT between 250 
and 300 seconds is recommended by Venice Chart 
International Consensus during ablation proce-
dure.29 Patients with spontaneous echocontrast in 
the LA are at a higher risk of thrombus formation 
and may benefit with keeping the ACT >300 sec.25 

There has been no study to identify whether add-
ing antiplatelet medications would reduce these 
events.

The routine practice of withholding warfarin and 
bridging with parenteral anticoagulation (unfrac-
tionated heparin and low molecular weight hep-
arin) is associated with higher bleeding risk and 
has not been associated with reduction in embolic 
events. Several invasive cardiac procedures in-
cluding pacemaker implantation requiring skin 
incisions and venous access can be safely be per-
formend on warfarin without bridging with hepa-
rin.30 Use of coumadin through the ablation proce-
dure has been shown to be safe and also prevent 
stroke and TIAs.31,32 There has been no noted in-
crease in bleeding events with using warfarin in 
the peri-procedural period.

With the available newer anticoagulant agents, 
there have been studies to assess the use of Dabi-
gatran on periprocedural embolism and bleeding. 
In a study by Lakkireddy et al., 145 patients with 
AF undergoing RF ablation therapy on dabiga-
tran were compared with age, sex and type of AF 
matched 145 patients who were on uninterrupted 
warfarin at the time of undergoing AF ablation.33 

The dabigatran group consisted consecutive pa-
tients receiving dabigatran 150 mg twice daily for 
at least 30 days before the ablation procedure. The 
medication was held on the morning of the pro-
cedure and restarted at 3 hrs after obtaining he-
mostasis. UFH was given during the procedure to 
maintaine ACT between 300 and 400 sec when the 
catheter was in the left atrium. A 3.5-mm open ir-
rigated tip RF catheter was used in all the patients. 
The use of dabigatran in the perioperative period 

was associated with similar thromboembolic 
events as warfarin (2.1% vs. 0%, p=0.25). Patients 
on Dabigatran had significantly higher events of 
major bleeding (6% vs. 1%; p = 0.019) and com-
posite of bleeding and thromboembolic compli-
cations (16% vs. 6%; p=0.009) compared with the 
warfarin. All the major bleeds were in the form 
of pericardial hemorrhage requiring surgical 
drainage. On multivariate analysis, use of dabi-
gatran and age more than 75 yrs were associated 
with bleeding risk. In another study by Winkle 
et al.34 there were no increased events of bleed-
ing or thromboembolic events with dabigatran. 
In this study 34 patients underwent periproce-
dural use of dabigatran. In this study dabigatran 
was stopped 36 hours before the procedure and 
restarted 22 hours after the procedure. Warfarin 
was stopped 5 days before the procedure and sub-
cutaneous heparin was used until the procedure.
Use of open irrigated ablation catheter, and pull-
ing the sheaths back into the right atrium during 
ablation are associated with reduction in embolic 
events. Thrombus formed on the sheath or cath-
eters are usually firmly attached and can be re-
moved from the left atrium by withdrawing the 
sheath and catheter. In the study by Ren et al., 90% 
of the thrombus identified by ICE during ablation 
procedure could be eliminated by withdrawing 
the sheath and catheter.12 Use of intraoperative 
intravascular echocardiography will help in early 
identification of thrombus over the catheters and 
hence prevent embolic episodes.

In addition to the thrombus risk, every precau-
tion to avoid development of air pockets in the 
sheath needs to be made. The sheaths need to be 
aspirated and flushed with heparinized saline. 
The sheaths need to be connected to continuous 
flush with heparinized saline. The above intra-
procedural strategies have reduced the incidence 
of systemic thromboembolism from 5% to 6% to < 
1% in the more recent literature.10,31,35

Post operative

After the ablation procedure, anticoagulation 
should be restarted after the access sheaths are 
removed. Heparine infusion should be titrated to 
keep the PTT between 60 and 80 seconds. Patients 
should be restarted on oral anticoagulation with 
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warfarin and LMWH could be used as a bridge 
until the the international normalized ratio is > 2. 
Anticoagulation needs be continued in the post 
procedural period. Witholding anticoagulation 
puts the patients at higher risk considering that 
patients with persistent AF who have reverted to 
sinus rhythm can form thrombus in the atrium 
to cause systemic embolisation. CHADS2 and 
CHA2DS2-VASc scores can be used in assessing 
the thromboembolic risks. Patients with CHADS2 
score of 2 or more are at high risk of cerebro-vas-
cular events and need to be on anticoagulation.

Conclusions

LA catheter ablation is associated with substantial 
events of asymptomatic and symptomatic cerebral 
embolism. Variables associated with thromboem-
bolic events in the periprocedural period include 
LA diameter, presence of spontaneous contrast 
in the left atrium, duration of ablation therapy, 
and anticoagulation levels during the procedure. 
Non-irrigated tip RF catheters are associated with 
significantly risk of cerebral embolism when com-
pared to irrigated RF catheters and cryo-ablation. 
CHADS2 and CHA2DS2-VASc scores are associat-
ed with long term risk of thromboembolism after 
ablation therapy and have not been helpful in pre-
dicting periprocedural risk. Appropriate anticoag-
ulation, withdrawing the sheath and catheter from 
the LA will reduce the risk of thromboembolism.
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Introduction

Stress is a major trigger of cardiac arrhythmias; it 
exerts profound effects on electrophysiology of the 
cardiomyocytes and the cardiac rhythm.1-3   Psycho-
logical and physiological stressors impact the  car-
diovascular system through the autonomic nervous 
system (ANS) .While stressors vary, properties of 
the stress response at the level of cardiovascular 
system (collectively referred to as the autonomic 
cardiovascular responses) are similar and can be 
studied independently from the properties of spe-
cific stressors.4  

Psychological Stress and Arrhythmias

While the associations of psychological stress and 
ventricular arrhythmias are well-established,5-7 

data linking stress and atrial arrhythmias are just 
beginning to emerge. Small case-series dating back 
50 years have suggested that stressful stimuli may 
acutely trigger atrial fibrillation (AF). Anecdot-
ally reported emotional triggers have included a 

death or injury in the family, and awakening to 
an alarm.8 One older case-series reported a patient 
with a first AF episode during involvement in a 
motor vehicle accident, and a next episode four 
years later on hearing a collision.9 Other small 
series have reported both sympathetic and vagal 
precipitants.   From 2% to 30% of AF episodes 
have been described during “emotional or physi-
cal exhaustion” and from 1-30% after coughing, 
vomiting, eating, or sleeping.10,11   These small ob-
servational studies have suggested that vagal and 
sympathetic stimuli may separately trigger oc-
currence of AF through the autonomic effects on 
atrial electrophysiology described below. 

More recently, preliminary prospective data from 
our group has supported the concept of stress-
induced AF.  In this prospective, controlled, elec-
tronic-diary-based study of emotions preceding 
AF, 75 patients with a history of paroxysmal or 
persistent AF recorded their rhythm on event-
monitor at the time of AF symptoms, and com-
pleted a diary entry querying mood states and 
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Stress is a major trigger of cardiac arrhythmias; it exerts profound effects on electrophysiology of the 
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also completed diaries on a nightly basis. The like-
lihood of an AF episode was increased five times 
immediately following an episode of anger as well 
as by other negative emotions, and was decreased 
by happiness.  Anger reported the night before the 
event was associated with a 50% increase in likeli-
hood of AF the following day.12  

In addition to triggering of AF by acute stressors, 
stress may also increase likelihood of AF over 
time.  Several long term stressors, which also im-
pact autonomic function chronically, have been 
associated with development of AF.In a Danish 
study, Sterndorf et al. found that patients with 
any cardiac disease, including AF, scored higher 
on measures of impatience, competitiveness, and 
job involvement, than did controls.13Among pa-
tients with AF, those with greatest degree of so-
matization had the greatest frequency of symp-
toms of recurrence.14 In one small study of 54 AF 
patients undergoing cardioversion, 85% of those 
scoring high in depression, compared with 39% of 
those without depression, had a recurrence over 
the two month follow-up period.15 In the Framing-
ham study, measures of anger, hostility and ten-
sion predicted development of AF over ten years 
in men, although not in women.16,17  

In a more recent analysis of the Womens Health 
Study (Whang/Albert JAHA), while measures of 
global distress as measured by the SF-36 did not 
predict development of AF, happiness did prove 
to be protective, similar to the findings from our 
group. In laboratory studies of provoked mental 
stress, happiness attenuates stress-induced in-
creases in fibrinogen,19 and blood pressure,   and 
in daily life, happiness is associated with lower 
daily heart rate and cortisol,18 all mechanisms 
which over time could be protective against AF. 

Circadian Mechanisms of Stress and 
Arrhythmias

The 24-hour light/dark cycle is a powerful mod-
ulator of the central nervous system and ANS 
activity,20 with well-documented decreases in 
sympathetic activity  and increases in vagal ac-
tivity 21,22 during the night, which adjusts sensi-
tivity of stress response to fit environmental de-
mands. In addition to the circadian variations of 

ANS activity, recent experimental studies have 
demonstrated circadian changes in the periph-
eral receptor responsiveness to autonomic influ-
ences,23  which suggests that the circadian pattern 
to ventricular tachyarrhythmia is likely a result of 
interaction between ANS activity, central and pe-
ripheral circadian molecular mechanisms. Indeed 
approximately 2-8% of all cardiac gene transcripts 
demonstrate a circadian pattern of expression.24,25  

The circadian timing system is organized in a hi-
erarchy of multiple circadian oscillators with the 
circadian “master” clock consisting of cells lo-
cated in the suprachiasmatic nuclei (SCN) of the 
hypothalamus.26  The master clock is entrained by 
the light-dark cycle via retinohypothalamic tract 
and possibly other pathways. The “slave” oscilla-
tor clocks are scattered throughout the body, in-
cluding the heart; importantly, they can sustain 
24-hour oscillations independently of the master
clock for at least several days.27  The cardiomyo-
cyte circadian clock regulates diurnal variation in
heart rate, contractile function, responses to ad-
renergic stimulation and increased workload.27  

Mice with cardiomyocyte-specific overexpression
of a dominant negative Clock (a “core” circadian
clock-controlled gene) mutant have attenuated
diurnal variations of heart rate and bradycar-
dia; the hearts of these mice exhibit bradycardia
both in vivo and ex vivo, in the absence of con-
duction defects or neurohormonal influences.27 

The circadian pattern of gene expression has been 
documented for two K+ channels: Kv1.5 (associ-
ated with the rapidly activating slowly inactivat-
ing current) and Kv4.2 (associated with the tran-
sient outward current, Ito) with the rest of the K+ 
channels remaining constant during a 24-hour 
period in rats.  The circadian rhythms of Kv1.5 
and 4.2 mRNA have relatively large magnitudes, 
with the peak being ~ 2-fold greater than that dur-
ing the opposite phase of the circadian cycle.28 A 
circadian pattern of activity also has been report-
ed for the L-type Ca2+ current in the suprachias-
matic nucleus (the location of the “master” circa-
dian clock in the brain).28 However, the question 
whether Ca2+ channels in the heart also exhibit 
circadian pattern of activity remains unexplored. 

Importantly, the greatest differences between hy-
pertrophied and normal hearts with respect to the 
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expression of cardiac clock genes (Per2, Per3, and 
DBP) were observed immediately before or at the 
beginning of active (dark) phase of the circadian 
cycle in rodents, coinciding with the peak of ar-
rhythmia frequency in genetic mouse models of 
heart failure and arrhythmias.29 In humans with 
heart failure, there is a similar association be-
tween the circadian peak of ventricular arrhyth-
mia occurrence and the onset of activity period 
(in the morning), despite the 12-hour shift in the 
cycle between rodents and humans.5 A number 
of studies have documented circadian patterns 
of ventricular arrhythmia.30,31 This cyclical varia-
tion of environmental demands and responsive-
ness to environmental stressors is also associated 
with circadian patterns of atrial arrhythmias.32

Circadian Patterns of Paroxysmal Atrial 
Fibrillation

Gillis et al. have studied the patterns of paroxys-
mal AF in patients with implanted dual-chamber 
pacemakers and found that longer AF episodes 
(>2 hours) had a single morning peak, whereas 
shorter episodes (<2 hours) had two peaks, both in 
the morning and evening time.33  Similarly, Viskin 
et al., analyzing emergency phone calls related to 
9989 episodes of paroxysmal AF, have found that 
the time of AF onset showed two peaks, one in the 
morning and another one in the evening.34  Kupa-
ri et al. also reported two peaks (in the morning 
and evening time) in the occurrence of sustained 
supraventricular tachyarrhythmias.35  Yamashita 
et al. in Holter recordings from 150 patients with 
paroxysmal AF have also observed that the initia-
tion of arrhythmias had two peaks, although the 
peaks occurred later in the 24-hour cycle (at 1 pm 
and midnight).36  Clair et al. have examined the 
first recurrence of symptomatic paroxysmal atrial 
tachycardia or AF in 150 ambulatory patients us-
ing transtelephonic ECG transmitted by the pa-
tients and found a daytime peak of occurrence of 
paroxysmal AT (2-8 pm) but a random 24-hour 
distribution of AF.37  

To explain the differences in the circadian patterns 
of AF reported in different populations, Gillis et 
al. have suggested that the 24-hour distributions 
are modulated by the disease burden (i.e. the fre-
quency and duration of arrhythmias as well as the 
presence of structural heart disease).33 Recently, 

our group has shown, in a large group of patients 
with implantable devices, which allow continu-
ous collection of the event data over prolonged pe-
riods of time (16,130 atrial tachycardia/AF events 
were recorded in 236 patients over a period of 12 
months), that the total arrhythmia burden is the 
major determinant of the circadian pattern of AF. 
In patients with rare arrhythmias (<4 atrial tachy-
cardia/AF episodes over the follow up period), 
the events are distributed randomly over 24-hour 
period. However, patients with more frequent ar-
rhythmias are more likely to develop atrial tachy-
cardia/AF at night. A nocturnal peak emerges in 
patients with more frequent atrial tachycardia/
AF episodes and grows as a function of the total 
number of arrhythmias. This strong relationship 
between the nighttime peak of atrial tachycar-
dia/AF initiation and total arrhythmia burden is 
present in both absolute and patient-normalized 
units. It is observed in patients of different age 
groups, genders, irrespective of the level of left 
ventricular ejection fraction, presence of coronary 
artery disease and pharmacological treatment 
(including beta-blockers). It is likely that some 
patients in our study had abnormal autonomic 
nervous system activity, which is typical for pa-
tients with implantable cardioverter-defibrillator. 
Because the heart rate variability and other auto-
nomic markers were not available to us, further 
research is needed to examine the relationship 
between nighttime surges in vagal activity, sleep-
disordered breathing, oxygen saturation and pat-
terns of atrial tachycardia/AF. 

Summarizing, circadian periodicity of the AF ini-
tiation confirms the important role of the ANS 
activity and the ANS-mediated stress response 
in triggering the arrhythmia. However, the ex-
act mechanisms and “weights” of the participat-
ing factors are not uniform in different patient 
groups and even in the same patient over differ-
ent periods of time; the mechanisms linking cir-
cadian patterns of stress, ANS activity, behavior 
and arrhythmogenesis are subjects of ongoing 
research studies. 

Ambulatory Studies of Autonomic Nervous 
System Activity and Atrial Arrhythmias

Specific contributions of vagal and sympathetic 
ANS effects to atrial arrhythmogenesis, as well 
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as the accuracy of estimating those effects in a 
clinical setting, are still under debate. In the early 
1990s, Coumel suggested that AF is an electrical 
abnormality of the atrium exposed by autonomic 
stimuli and proposed to classify all AF episodes 
as “vagal” or “sympathetic”, depending on the 
relative balance between the two systems38 He 
pointed out that vagal AF episodes usually hap-
pen at night or at rest in the setting of relatively 
slow heart rates, whereas sympathetic events 
usually occur during day time, in the setting of 
heightened sympathetic activity, such as emo-
tional of physical stress, accompanied by heart 
rate acceleration. Further support for this clas-
sification has been provided by the findings of: 
i) immediate changes in the heart rate variabil-
ity indexes corresponding to vagal/ sympathetic
ANS effects prior to the vagal/ sympathetic AF
events,39-42 and  ii) increased heart rate variability
(HRV) indexes of parasympathetic activity (the
high-frequency power and the root-mean-square
of the successive differences between consecutive
RR intervals) in patients with vagal AF.43  Coumel
also noted that vagal AF usually occurs in rela-
tively young, <50 year-old, men without a history
of structural heart disease.44  He observed that in
those patients, vagal maneuvers can provoke AF,
whereas exercises prevent it when patients expe-
rience the sensation of an impending arrhythmia
(frequent atrial extrasystoles). In addition, he not-
ed frequent co-existence of atrial flutter and AF
in these patients, which led him to suggest that
AF could be associated with an acceleration of the
flutter due to the vagally induced shortening of
the atrial refractory period.45

According to Coumel’s classification, the 2nd type 
of AF is adrenergic (sympathetic); it often occurs 
in the morning or day time, during exercise or 
emotional stress in patients with structural heart 
disease but with no age or sex predominance.46  In 
contrast to vagal AF, the heart rate and the low-
frequency (partially sympathetically-mediated) 
oscillations of cardiac rhythm increase prior to the 
onset. Moreover, the arrhythmia is often associ-
ated with hyperadrenergic state and can be repro-
duced by administering β-adrenergic agonists. 
Long-lasting beta-blockers, such as nadolol, can 
reduce the AF burden in these patients.4 

Several studies provided experimental support 
for Coumel’s classification of AF episodes. Huang 

et al. analyzed changes in heart rate variability 
(HRV) in patients before the onset of sustained 
(>30 s) AF.47  Most patients who did not have struc-
tural heart disease (64%), had the vagal type of AF 
(increased high-frequency HRV and decreased 
low/high frequency power ratio), whereas most 
patients with structural heart disease (67%), had 
adrenergic AF (decreased high-frequency HRV 
and increased low/high frequency power ratio). 
Dalal et al. investigated HRV during 20 min before 
the onset of AF and were able to demonstrate an 
increase in vagally-mediated high-frequency HRV 
power prior to the onset of AF at night but not 
during day time.48 Sasabe et al. classified AF using 
HRV analysis into predominantly sympathetic and 
vagal ones and reported that ventricular rate was 
higher before the onset of adrenergic AF.49  Further-
more, beta-blockers were effective in suppressing 
37% of adrenergic AF episodes vs. only 5% of vagal 
AF events.

Other studies have reported a more complex inter-
play of autonomic activity preceding AF.  Tanabe 
et al. reported that high-frequency power was re-
duced 20-30 min before the event but increased 
during the last 5 min before the event. The authors 
concluded that an increase in sympathetic modula-
tion is followed by an increase in vagal tone short-
ly before the onset.50  Zimmermann and Kalusche 
also found that sustained AF is preceded by an 
increase in sympathetic modulation followed by 
an increase in the vagal tone immediately before 
the onset.  A large-scale clinical study, which in-
cluded more than five thousand patients with AF 
from 35 European countries, could not identify the 
ANS triggers of arrhythmias in 2/3 of the studied 
patients.52  The study has shown that a majority 
(79%) of arrhythmic events cannot be classified as 
purely vagal or sympathetic. Moreover, the study 
has found that clinical and demographic character-
istics (age, gender, presence of structural heart dis-
ease) cannot discriminate between these two types 
of arrhythmias. Yet, this large-scale, multicenter 
investigation has confirmed one important clinical 
implication of Coumel’s theory that beta-blockers 
applied in patients with the vagal type of atrial 
tachycardia/AF may promote arrhythmogenesis 
and increase the frequency of arrhythmic events. 

A gradual increase in the number of premature 
atrial contractions has been consistently observed 
prior to the onset of AF both in ambulatory setting 
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vagal nerves, but their spatial distribution is not 
uniform. ,Vagal nerve endings are predominantly 
located in the endocardium, whereas the sympa-
thetic terminals could be found both in the endo-
cardium and epicardium.  

Parasympathetic Effects 

In experimental studies, vagal stimulation has 
long been known to aid in the provocation of 
AF by causing hyperpolarization of atrial fibers, 
shortening of atrial effective refractory period and 
action potential duration,68,69    and creating local 
conduction inhomogeneity.70,71  In normal human 
atrial cells, an acetylcholine-like agent ouabain in-
creases the maximal diastolic potential, the action 
potential amplitude and the upstroke depolariza-
tion velocity and at the same time, decreases the 
action potential duration and automaticity. 72,73

Stimulation of the vagus (in the cervical region or 
the third fat pad of the right pulmonary artery) 
caused shortening of the effective refractory peri-
od and increased its inter-site dispersion in canine 
atria.74  The enhanced dispersion was attributed 
to the inhomogeneity of vagal nerve distribution 
and relatively higher concentration of acetycho-
line near the nerve endings.26 Both the shorten-
ing of the refractory period and the increase in 
dispersion are pro-arrhythmic, because an early 
ectopic impulse can propagate along an irregu-
lar path, encountering areas in various states of 
excitability.26 Catheter ablation of atrial parasym-
pathetic nerve terminales abolished these effects 
and eliminated AF that could be induced by vagal 
stimulation before the ablation.39 Although more 
recent clinical studies have confirmed the feasibil-
ity of local modification of the cardiac vagal ef-
fects; they did not find any measurable impact on 
the outcome (clinical recurrence of AF).75

In human studies, baroreceptor stimulation pro-
vides a noninvasive tool to evaluate parasympa-
thetic effects.  Prystowsky et al. increased vagal 
activity by carotid baroreceptor stimulation in 
humans (using neck collar suction) and observed 
shortening of atrial effective refractory periods.76  

Chen et al. reported that higher baroreflex sen-
sitivity and enhanced atrial effective refractory 
period dispersion correlated with the occurrence 
of paroxysmal AF.77  The same group studied in-
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and during the course of a clinical electrophysi-
ologic study, which could be attributed to the ad-
renergically mediated increase in the atrial cell 
automaticity.1,12,53  Vikman et al. reported that the 
number of atrial ectopic beats increased in the 
last 40 min before the onset of paroxysmal AF 
in patients without structural heart disease. The 
authors also observed that approximate entropy 
(a nonlinear measure of cardiac rhythm regular-
ity )54  and beta1-scaling exponent (a modified 
root-mean-square estimate of the short-time 
(<11 beats) correlation properties of the cardiac 
rhythm)55 decreased before the onset. However, 
changes in high and low-frequency HRV power 
before the events were not uniform, suggest-
ing involvement of mixed vagal and adrenergic 
mechanisms.  Experimental studies in ambulato-
ry canines have provided direct evidence that AF 
episodes are preceded by both sympathetic and 
vagal discharges (although the generalizability 
of these findings to the clinical setting remains to 
be determined). 57,58   Nevertheless, this novel ex-
perimental approach has shown that paroxysmal 
atrial tachyarrhythmias are invariably preceded 
by increased intrinsic cardiac nerve activity, in-
cluding that in ganglionated plexi and the liga-
ment of Marshall.58 

To summarize, the ANS effects play a major role 
in the initiation of AF events; however, most 
events usually involve complex changes in the 
ANS activity and probably cannot be classified as 
purely vagal or sympathetic. Whether a “finer”, 
quantitative assessment of such complex ANS 
changes is feasible using direct measurements of 
the neural activity remains to be established.  

Laboratory Studies of Autonomic Effects on 
Atrial Electrophysiology

Psychological stressors such as anxiety, anger, 
and fear have profound effects on the autonomic 
nervous system.  In the laboratory setting, men-
tal challenge and distress, increase both epineph-
rine and norepinephrine,6,59-63 and decrease heart 
rate variability suggesting vagal withdrawal.64 
These autonomic perturbations in turn impact 
atrial electrophysiology in ways that may be ar-
rhythmogenic. 

The atria are innervated by sympathetic and 



ducibility of AF during atrioventricular pacing 
with varying intervals. Again, patients with AF 
had greater atrial dispersion and higher baroreflex 
sensitivity than patients without AF78  however, no 
differences in heart rate variability were found be-
tween patients with and without AF.  These find-
ings suggest that the high baroreflex sensitivity 
could be one of the components of the “AF-prone” 
ANS-phenotype.

Sympathetic Effects 

Sympathetic activity also alters atrial electrophysi-
ology in ways which may predispose to AF. Most,79-

82  although not all,69 studies,  have shown that 
sympathetic stimulation decreases atrial effective 
refractory period (AERP), and acts synergistically 
when combined with vagal stimulation.79-8279,80,81,82  
In a study evaluating diurnal variation of AERPs 
through non-invasive programmed stimulation 
in patients with pacemakers, Huikuri found the 
shortest AERPs in the morning, the time of high-
est catecholamine levels.83   Beta-blockers lengthen 
both AERP and action potential duration.  Hetero-
geneity of the atrial sympathetic innervation (that 
could be enhanced by rapid pacing or epicardial 
application of phenol) promotes dispersion of atri-
al refractoriness and creates a substrate for sus-
tained AF.85, 86

Isoproterenol may provoke AF originating from 
the pulmonary veins, suggesting that increased 
sympathetic tone may enhance local automatic-
ity in this area and thus facilitate AF.87  In addi-
tion, sympathetic stimulation with isoproterenol 
may lead to proarrhythmic shortening of the atrial 
refractoriness and intra (inter)-atrial conduction 
times.88 For this reason, beta-blockers suppress 
initiation of arrhythmia in this setting. 

Our group has examined longer-term (>10 min) 
changes in the cardiac rhythm dynamics preced-
ing the onset of AF in human subjects undergoing 
electrophysiologic study.89  After infusion of iso-
proterenol (5-10mg), the cycle length significantly 
shortened during 3-6 min before the onset, but no 
changes occurred in the last 2 min before AF. The 
cycle length shortening, which develops gradu-
ally, minutes before the onset of AF, suggested the 
predominant role of the adrenergic mechanisms in 
this group of patients. 

Interaction Between Vagal and Sympathetic 
Branches of the Autonomic Nervous Systems 

The parasympathetic and sympathetic nervous 
system activities may affect each other both lo-
cally and at the level of the central nervous sys-
tem.90 Acetylcholine released from vagal nerve 
endings diminishes release of norepinephrine in 
adjacent sympathetic nerves.91 However, the la-
tency and duration of physiological responses to 
vagal and sympathetic stimulation are different. 
The responses to cholinergic stimulation occur 
within a few milliseconds, whereas those to ad-
renergic stimulation are approximately three or-
ders of magnitude slower for target activation.38  
Thus, the spatial inhomogeneity of the autonomic 
nerve distribution as well as the differences in 
the functional response times may set the stage 
for pro-arrhythmic conduction irregularities.92-94 

Because the centers of sympathetic and parasym-
pathetic control are located in the brainstem in a 
close proximity to each other and are connected 
by multiple links, stress-induced ANS changes 
are rarely confined to pure sympathetic or vagal 
effects.90 For example, direct stimulation of the 
rootlets of the vagus nerve in the brainstem in-
creases heart rate and decreases the amplitude of 
electrocardiographic T wave, possibly acting via 
the closely connected sympathetic centers.90 

Conclusions

In “Pathophysiology and Prevention of Atrial 
Fibrillation”, published 12 years ago, an interna-
tional expert group has pointed out that analysis 
of the ANS activity must be considered as an inte-
gral component of any preventive AF strategy.  Al-
though a large number of studies have been con-
ducted over the last 12 years to elucidate the links 
between ANS activity and atrial arrhythmias, no 
effective preventive methods have emerged thus 
far from either pharmacologic or non-pharmaco-
logical approaches to autonomic modulation.  Re-
cent technological advancements, however, create 
new opportunities for personalized assessment 
and management of daily stressors and exces-
sive autonomic responses, which could be proar-
rhythmic. These include: (i) miniaturized sensors, 
which track cardiac rhythm and ANS activity, and 
(ii) mobile devices, which collect physiological
data, run stress-assessment software, and provide
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feedback as well as communication platform for 
patients and healthcare providers.  It remains to be 
seen whether these technological advancements 
will lead to practical benefits in stress manage-
ment and prevention of cardiac arrhythmias.
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Introduction

Atrial fibrillation (AF) is the most common sustained 
arrhythmia, contributing to a significant morbidity 
and mortality.  Catheter ablation of the pulmonary 
veins (PVs) and left atrium (LA) has been shown to 
be an effective strategy for the treatment of symp-
tomatic AF.  Regardless of technological advances 
and technique improvement, catheter ablation for 
AF remains a highly complex procedure and the 
risk of procedural complications is not negligible. 
The major complications have been reported to oc-
cur in up to 5.2% of procedures.1-3  A systematic 
investigation among 32,569 patients undergoing 
catheter ablation for AF has demonstrated that 
mortality is around 0.1%.4  Nevertheless, the true 
prevalence of complications is possibly underesti-
mated in retrospective surveys because of recollec-

tion bias and other factors.  This article will focus 
on the management of serious complications of 
catheter AF ablation and the approaches to avoid 
those complications.

PV Stenosis

The PVs have been demonstrated to be an impor-
tant source of the initiation of AF5,6 and also to 
have a role in the maintenance of AF.7  Isolating 
all accessible PVs has become the primary goal of 
most ablation approaches.  At the early stage of 
AF ablation as the clinical experience with abla-
tion had just grown, radiofrequency lesions were 
applied within the PVs or at the venoatrial junc-
tion to isolate PVs. As a result, PV stenosis had 
emerged as a major concern after PV ablation.  
Early reports demonstrated the incidence of PV 
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Abstract

Catheter ablation for atrial fibrillation (AF) has been increasingly performed over the past decade.  Re-
gardless of technological advances and technique improvement, catheter ablation for AF remains a high-
ly complex procedure and the risk of procedural complications is not negligible. This article discusses the 
management and the approach to avoid the serious complications of catheter AF ablation including pul-
monary vein stenosis, atrioesophageal fistula, cardiac tamponade, stroke and collateral nervous damage.  
The management of periprocedural anticoagulation and the complications associated with epicardial AF 
ablation are also described. 
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stenosis as high as 8 to 15%.8-10  The predictive fac-
tors for the development of PV stenosis were the 
application of energy inside the veins and inap-
propriate energy delivery.9, 10  The mechanism by 
which PV stenosis may develop after ablation is 
unclear.  It could be attributable to the response to 
thermal injury within the PVs which included the 
intimal proliferation with organizing thrombus, 
necrotic myocardium in various stages of collagen 
replacement, endovascular contraction, and pro-
liferation of elastic lamina.11

Most patients with severe PV stenosis presented 
with dyspnea on exertion.  Other symptoms in-
cluded dyspnea at rest, recurrent cough, pleuritic 
chest pain, flu-like symptoms and hemoptysis.12  
Due to the non-specific symptoms, the patients 
with PV stenosis had frequently been misdiag-
nosed as bronchitis and delaying establishment of 
PV stenosis.13  Awareness of this condition is fun-
damental for proper and prompt management.  
Computed tomography (CT) evaluation was the 
most helpful way in identifying the location and 
extent of the stenosis.  Lung perfusion scan was 
also beneficial in determining the pathophysiol-
ogy of the stenosis and its progression.  Previous 
study showed that the patients with PV stenosis 
did not develop symptoms unless the perfusion of 
the affected lobe falls below 20% or the perfusion 
of the entire lung on the affected side falls below 
25%.14

The preferred therapy for patients with symp-
tomatic severe PV stenosis is PV angioplasty.  
However, the incidence of restenosis was high as 
70% with angioplasty alone but was lower with 
PV stenting with an incidence of 33%.9, 15  In the 
patients with asymptomatic severe PV stenosis, 
the decision to proceed intervention is challeng-
ing.  The risk of PV intervention including stroke 
(0.7%), tamponade (0.5%) and groin complica-
tions (0.5%) should be weighed carefully with the 
potential benefits of the procedure.9  Routine CT 
scanning at 3 months postablation can be used as 
a screening tool to identify patients with PV steno-
sis following ablation based on the evidence that 
no patient had progression of PV stenosis after 
normal CT scan at 3 months after AF ablation.9

How to Avoid PV Stenosis?

Currently, the incidence of ablation-related PV 

stenosis has been decreasing.  Recent reports have 
shown the incidence of PV stenosis after AF abla-
tion ranging from 0.3 to 1.5%.3, 16, 17  One of the rea-
sons is the innovation of the AF ablation technique 
and strategy, which avoids energy applications 
within the vein and limits the ablation outside the 
orifice of the PV. Theoretically, electrical isolation 
of the PVs from the LA by radiofrequency energy 
delivery outside the PV ostia should reduce the 
risk of developing significant PV stenosis.  How-
ever, the development of PV stenosis remains pos-
sible due to the fact that this approach requires ap-
plying lesion close to anterior part of left PV ostia 
along the LA appendage (LAA) ridge.  In addition, 
the inadvertent ablation of tissue distal to the PV 
ostium can be caused by the shifts in the electro-
anatomic map, respiratory motion, and poor cath-
eter stability.

Apart from the acquired PV stenosis, we reported 
the incidence of preexisting stenosis of PVs before 
AF ablation of 2.8%.18  This condition may be a 
consequence of congenital focal stenosis or exter-
nal compression by adjacent structures.  Detection 
of this condition by imaging modalities before the 
catheter ablation can provide information for plan-
ning the ablation strategy and prevent a misdiag-
nosis of ablation-related PV stenosis.

Atrioesophageal Fistula

Atrioesophageal fistula is a rare complication after 
AF ablation with an incidence reported less than 
0.1%.19  However, it is associated with very high 
morbidity and mortality.  Atrioesophageal fistula 
typically presents 1 to 5 weeks post AF ablation.  
Presenting manifestations include septic shock, 
neurological deficits from air emboli and gastroin-
testinal bleeding.  Thoracic CT scan is the recom-
mended first line investigation. With a very high 
mortality rate exceeding 50%, prompt diagnosis 
necessitates emergent cardiac and esophageal 
surgery to prevent rapid deterioration and death.  
Temporary esophageal stenting to stabilize the 
esophagus at the injury site has been reported as 
the alternative approach.20

The energy applications within LA near the esoph-
ageal course can cause thermal injury of the esoph-
agus.  As a result, this thermal injury may lead to 
inflammation and potential fistula formation.  Oth-
er predisposing factors that have been suggested 



include the close anatomic relationship between 
the esophagus and the LA, a thin posterior LA 
wall in slim patients, reduced soft tissue between 
the esophagus and the LA, the distribution of 
the fat pad at the posterior LA wall,21 and me-
chanical trauma induced by echocardiographic 
probes.22 

How to Avoid Atrioesophageal Fistula?

To prevent esophageal damage, several meth-
ods have been suggested.  The simple approach 
is to reduce power or temperature settings dur-
ing ablation and to avoid applications of energy 
over the esophagus.  The esophagus in more than 
90% of the patients was located on the left poste-
rior LA wall.21  Previous study showed that ad-
ditional LA lines performed increase the risk of 
developing esophageal ulcerations.23  Therefore, 
the drawing of additional LA lines should only 
be performed if there is sufficient evidence for an 
arrhythmic substrate outside the PVs.  If so, rec-
ommendations have been made to move lesions 
from the mid posterior wall to the anterior roof, 
where LA tends to be thicker and is not adjacent 
to esophagus.  Because the esophagus is a mobile 
structure and it can migrate during the AF abla-
tion, static images might have limited values.  In 
our laboratory, we routinely ask the patient to 
swallow a thick barium paste which facilitates vi-
sualization of the esophagus on fluoroscopy.  This 
approach is also effective to monitor for esopha-
geal migration during the procedure which has 
been recognized to occur in up to 50% of the pa-
tients.24   

Continuous monitoring of the esophagus temper-
ature has been proposed as a method to monitor 
for esophageal injury.25  The limitation of this ap-
proach is the difficulty of achieving good tissue 
contact with the temperature probe and the need 
to position the probe in the direct proximity of the 
ablation catheter.  Nevertheless, one case of atrio-
esophageal fistula has been reported despite <1°C 
rise recorded from an esophageal temperature 
probe.19   Furthermore, esophageal cooling bal-
loon has been reported to reduce the esophageal 
temperature, but this approach may be limited by 
the fact that the inflated balloon would press on 
the esophageal wall against the LA and increase 
the contact force with the ablation catheter.26  Oth-
er approaches include the placement of balloons 

in the oblique sinus to separate the esophagus 
from the LA 27 and mechanical displacement of the 
esophagus.28, 29 

Pericardial Effusion and Cardiac 
Tamponade

Cardiac tamponade is a serious complication of AF 
catheter ablation.  The incidence of cardiac tam-
ponade with PV isolation procedures is 1% 30 but 
higher with extensive LA linear ablation.31  Previ-
ous survey reported that 25% of periprocedural 
deaths are caused by cardiac tamponade. 4  There-
fore, prompt recognition and management of 
cardiac tamponade during LA ablation is critical.  
Intracardiac echocardiography can be helpful for 
the early detection of pericardial effusions before 
the emergence of tamponade physiology.  The use 
of an arterial line that provides continuous blood 
pressure monitoring also serves as a potential 
means to detect early hemodynamic compromise.  
The majority of patients with cardiac tamponade 
can be managed conservatively by percutaneous 
drainage, but some may require a surgical closure.  
It has been described that the LA roof is suscep-
tible to perforation that may not be responsive 
to conservative therapy.  This area may be more 
vulnerable to persistent bleeding since the pericar-
dium in not closely adherent to the LA and a tight 
seal of these structures is difficult to achieve by ap-
plying negative pressure through the pigtail cath-
eter.32 The transcardiac access to the pericardium 
using percutaneous technique and the supportive 
autologous transfusion using a Cellsaver device 
for the treatment of cardiac tamponade have been 
reported to avoid the need of open chest surgery.33

How to Avoid Pericardial Effusion and 
Cardiac Tamponade?

The risk factors of cardiac perforation include the 
occurrence of “popping” due to tissue boiling re-
lated with the delivery of high energy and me-
chanical trauma.  The significant decrease in the 
incidence of cardiac tamponade has been reported 
after the limiting of energy delivered.34  Based on 
individual operators’ preferences, alternative im-
aging such as intracardiac echocardiography may 
help lower the risk of cardiac perforation by pro-
viding a better visualization of cardiac anatomy 
and facilitate catheter tracking, manipulation, and 
stabilization.

Journal of Atrial Fibrillation Featured Review

 www.jafib.com 86 April-May, 2013 | Vol 5 | Issue 6                         



Stroke and Thromboembolic Complications

The incidence of postablation thromboembolisms 
has been reported to be 0.5-1.2%,35, 36 with the pe-
riod of highest risk being the first 2 weeks after 
ablation, usually before achieving of a therapeu-
tic level of anticoagulation after resumption.  The 
thromboembolisms observed early after ablation 
were not associated with the rhythm or to clinical 
variables.36  With this regard, the cause of throm-
boembolisms was most likely to be char and/or 
thrombus formation at sites of LA endocardial 
ablation.  This reinforces the importance of prop-
er periprocedural anticoagulation management.  
Recently, the study from postprocedural cerebral 
magnetic resonance imaging discovered a substan-
tial risk (14%) of silent cerebral ischemia following 
ablation.  The level of activated clotting time dur-
ing the procedure and procedural cardioversion 
to sinus rhythm are important predictors for the 
silent cerebral thromboembolism.36  Nevertheless, 
the current study did not found the impact of those 
silent cerebral infarctions to the cognitive function 
after the ablation.37 

Periprocedural Management with 
Anticoagulants

The common practice is to discontinuation war-
farin 3 to 5 days before ablation, with periproce-
dural bridging with low-molecular weight hepa-
rin.  However, such an approach is not supported 
by adequate evidence and has been derived from 
methodologically limited uncontrolled studies 
and expert consensus opinions..2,38  Several recent 
studies have shown that AF catheter ablation can 
be safely performed without warfarin interrup-
tion.39,40  Recent meta-analysis has demonstrated 
that this approach reduces the risk of thromboem-
bolic complications without increasing the risk of 
bleeding as compared to the strategy of warfarin 
discontinuation with heparin bridging.41 There-
fore, current guideline recommends performing 
catheter ablation of AF on continuous anticoagula-
tion in patients taking warfarin and maintaining at 
low therapeutic levels (such as an INR of 2 to 2.5) 
throughout ablation is suggested.42

Periprocedural Management with New Oral 
Anticoagulants

Recently, new oral anticoagulants have been used 

as an alternative to warfarin for stroke preven-
tion in many patients with AF.  A previous study 
showed that uninterrupted dabigatran with a 
dose of 150 mg twice daily significantly increased 
the risk of bleeding or thromboembolic compli-
cations compared with uninterrupted warfarin 
therapy.43  In contrast, the other study demon-
strated that periprocedural dabigatran use at a 
dose of 110 mg twice daily was safe for AF ab-
lation in patients with a relatively low risk of 
thromboemboli.44  The different results could be 
due to the different patient selection, dabigatran 
dose and ablation techniques.  The reason for the 
increased bleeding is unclear but may partly be 
explained by the interaction between unfraction-
ated heparin and dabigatran at the time of the 
procedure.45  Based on this pharmacokinetic con-
sideration, it may not be appropriate to use unin-
terrupted dabigatran, particularly, at a dose of 150 
mg twice daily.  However, this does not diminish 
dabigatran’s utility when used in an interrupted 
manner.  Previous study reported the safety of 
interrupted dabigatran in more than 500 patients 
(40% of whom were on dabigitran pre-ablation) 
after AF ablation.46,47  With this regard, in patients 
taken off oral anticoagulants before the ablation 
procedure with heparin bridging, initiation of an-
ticoagulation with new oral anticoagulant shortly 
after the ablation can be the alternative approach 
to avoid any bridging with heparin after proce-
dure.37 

Management of Anticoagulant After AF 
Ablation

The decision whether to discontinue oral antico-
agulant after successful catheter ablation of AF 
is challenging.  AF ablation may not be able to 
completely eliminate the risk of thromboembo-
lisms due to the fact that patients carrying other 
risk factors of stroke may still be at risk of throm-
boembolisms even in the setting of sinus rhythm 
and patients with successful ablation procedure 
could have asymptomatic episodes of AF during 
a long-term follow-up.  In addition, AF ablation 
may reduce LA transport function predisposing to 
thromboembolisms even when in sinus rhythm.38  
A prior study suggested that anticoagulation 
can be discontinued safely after radiofrequency 
ablation in patients ≤65 years old.36  However, it 
is still unclear whether anticoagulation also can 
be stopped safely in patients with higher risk of 
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stroke.39  Currently, it has been suggested that the 
risk of late thromboembolisms after AF ablation 
and the decision to continue long-term anticoag-
ulation should be considered with respect to the 
baseline risk of thromboembolisms, regardless of 
apparent procedural success.42

Collateral Nervous Damage

Ganglionated Plexi Ablation

It has been described that vagal reflexes from clus-
ters of autonomic ganglia, so-called ganglionated 
plexi (GP), at sites around the circumference of 
the LA-PV junction, may induce and perpetuate 
AF through spatial heterogeneity of refractori-
ness.40  Recent meta-analysis has shown that GP 
ablation in addition to PV isolation increased the 
rate of sinus rhythm maintenance in both parox-
ysmal and nonparoxymal AF patients.41  Howev-
er, GP ablation alone yielded a lower success rate 
when compared with PV isolation.  The long-term 
significance of vagal denervation after ablation is 
unclear.  Recovery of the vagal system has been 
described in the canine heart and after heart trans-
plantation and could be explained by incomplete 
ablation, reinnervation of the neural network or 
increased end-organ sensitivity due to muscarinic 
receptor remodeling.42  

It is not infrequent to find that locations of GP 
are in close proximity to esophagus and phrenic 
nerve. As a result, the potential complications as-
sociated with GP ablation are esophageal injury, 
phrenic nerve injury and cardiac perforation.43  

Some investigators located GP by applying high-
frequency stimulation to both the endocardial and 
epicardial atrial regions.  With this regard, the 
potential complications related to percutaneous 
pericardial puncture should also be concerned.  
Also, anatomic GP modification appears to carry 
a higher risk of iatrogenic creation of macroreen-
trant atrial tachycardia than PV isolation.43  

Vagal Denervation

Gastric hypomotility has been reported as an 
extracardiac adverse effect after vagal denerva-
tion.44, 45  The vagal fibers innervating the pyloric 
sphincter and the gastric antrum play an impor-
tant role of gastric emptying.  The damage of 

this periesophageal vagal plexus which usually 
locates on the anterior portion of the esophagus 
may result in gastric hypomotility.46  The clinical 
presentation is characterized by abdominal bloat-
ing and discomfort occurring within a few hours 
to few days after the procedure.  An earlier onset 
of symptoms has been shown to correlate with 
significant residual gastric motor dysfunction.45  
The gastrointestinal evaluation of vagus nerve 
injury includes an endoscopic study, a barium 
swallow study and real-time magnetic resonance 
imaging.  The vagus nerve integrity can also be 
evaluated with the assessment of pancreatic poly-
peptide secretion with sham feeding or induced 
hypoglycemia.47  Although most of the patients 
eventually recover completely after supportive 
treatment, some patients with persistent symp-
toms may require more aggressive options, such 
as local injection of Botulinum toxin on pylorus, 
pylorus endoscopical dilatation or surgery.44, 45  

Real-time esophageal position and temperature 
monitoring during AF ablation with decreased RF 
power if there is a temperature rise are considered 
important strategies to reduce the risk of both atri-
al-esophageal fistula and gastric hypomotility.

The other concern after vagal denervation is the 
possibility of inappropriate sinus tachycardia.  
Previous studies have reported inappropriate si-
nus tachycardia as a complication that occurs after 
ablation of AF for which a change of autonomic 
tone from vagus nerve injury is the postulated ex-
planation.47, 48  The treatment options include beta-
blocker, ivabradine and sinus node modification 
in medically refractory cases.

Phrenic Nerve Injury

Phrenic nerve injury is a rare complication that 
may occur as a result of AF ablation with a report-
ed incidence of 0.5%.49  The right and left phrenic 
nerves can be damaged during ablation because 
the nerves are located in close proximity to the 
right atrium (RA), right superior PV (RSPV), su-
perior vena cava (SVC), LAA. Phrenic nerve inju-
ry secondary to catheter ablation appears to have 
a benign prognosis and most cases showed full 
clinical recovery of phrenic nerve function over 
time.  The majority of the patients is asymptom-
atic or has mild symptoms.  Nevertheless, some 
patients may develop respiratory insufficiency or 
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vasospasm.55

Predictors of Procedural Complications

Many studies have examined the predictors for 
procedural complications with AF ablation in or-
der to reduce and potentially avoid the overall 
complication rate in AF ablation.30, 56, 57  Several 
investigators have identified subgroups at high-
er risk for complications including female gen-
der, older age, the presence of heart failure and 
CHADS2≥2.30, 56-59  It has been observed that com-
plication rates at high-volume centers are lower 
than at centers performing fewer procedures.  
Previous study by Hoyt and colleagues demon-
strated that the complication rate decreased sig-
nificantly from 11.1% in 2002 to1.6% in 2010 as the 
annual procedure volume and the number of AF 
ablationists increased.30  Accordingly, published 
guideline suggests that a minimum of 50 proce-
dures during clinical training and several ablation 
procedures per month during practice are needed 
to gain and maintain proficiency.60  In addition, 
the change of practice pattern overtime such as 
the ablation outside PV ostium, uninterrupted 
warfarin, the use of irrigated catheters may have 
a major impact on complication rate.  Neverthe-
less, the changes in AF ablation technology may 
not be able to completely eliminate procedure-
related complications.  Therefore, those predic-
tors for procedural complications should be taken 
into consideration to determine a tailored benefit/
risk ratio in each individual patient referred for 
AF ablation.

Conclusions

Despite the advance in AF ablation technology 
and the improvement of AF ablation techniques, 
several serious complications still have occurred 
in patients undergoing AF ablation.  Improving 
the safety remains therefore an important chal-
lenge.  The prompt recognition and proper man-
agement of critical procedural complications is 
crucial.  The possible preventive methods should 
also be seriously undertaken to avoid the poten-
tial dangers of the AF ablation procedure. 
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pneumonia secondary to phrenic nerve injury.49, 50

In order to prevent phrenic nerve injury, high-out-
put pacing prior to ablation, fluoroscopy monitor-
ing of diaphragmatic motility during ablation, and 
energy delivering away from the phrenic nerve 
should be considered.  In situations where the crit-
ical area of ablation has phrenic nerve capture with 
pacing, protecting the phrenic nerve by placing a 
balloon placement in the epicardial space has been 
previously reported.51

Epicardial AF Ablation 

Percutaneous epicardial catheter ablation has been 
used for treating epicardial ventricular tachycardia 
and accessory pathways.52  Due to the fact that the 
atrium is a relatively thin structure and transmural 
lesion could be generally generated by endocar-
dial ablation, the percutaneous epicardial catheter 
has infrequently been performed in AF patients.  
However, the endocardial ablation may not be suf-
ficient to target some arrhythmogenic epicardial 
structures such as the ligament of Marshall or thick 
ridges between the LAA and left-sided PVs or GP.  
Previous study has demonstrated that the hybrid 
percutaneous epicardial catheter ablation and en-
docardial ablation for AF is an effective strategy 
in patients who are resistant to endocardial abla-
tion.53  It has been suggested that the percutaneous 
epicardial catheter ablation may be favorable in AF 
patients who need redo-ablation procedures with 
a high risk for left-sided PV stenosis, those patients 
with a history of a failed endocardial ablation, and 
difficult transseptal puncture during redo-proce-
dure.53

The postprocedure pericarditis is one of the com-
mon complications after percutaneous epicardial 
catheter ablation. This condition can be reduced 
or prevented by empirical instillation of intraperi-
cardial corticosteroids at the completion of the 
procedure.54  The other common complication is 
inadvertent right ventricular (RV) puncture.  The 
incidence of RV puncture has been reported to be 
17% of cases in which percutaneous access is at-
tempted.52  Most cases of RV puncture are self-lim-
iting, but some may require surgical repair.  Other 
less common complications related to percutane-
ous epicardial access include RV pseudoaneurysm, 
hepatic injury, epicardial vascular laceration, RV-
abdominal fistula formation, and coronary arterial 
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Introduction

Atrial fibrillation (AF) is the most common sus-
tained tachycardia encountered by physicians.  The 
prevalence of AF increases with age. In the US, 
roughly 6% of patients over 65yo and 10% of pa-
tients over 85yo have AF.1  The burden of AF in the 
US, in terms of total number of patients (currently 
roughly 2.2 million1), total health-care expendi-
tures, and associated morbidity2-4 and mortality, is 
likely to rise as the population ages.

While Harvey first identified fibrillating atrial tis-
sue almost four centuries ago, it has only been in 
the last sixty years that we have developed an ap-
preciation of the mechanisms underlying AF. 

while that mechanistic understanding remains in-
complete, it has contributed to radical new thera-

pies – principally catheter-based – in the treatment 
of AF.  The purpose of this review is to summarize 
what is known about atrial fibrosis, and specifical-
ly, how atrial fibrosis contributes to the pathogen-
esis of AF and how that fibrosis impacts current 
therapies used to treat AF.

Basic Mechanisms

As clinicians we tend to regard AF as a single 
disease. This is probably not the case.Indeed, 
it seems strange to attribute lone AF in a 20yo 
and chronic AF in an octogenarian with ad-
vanced CHF to common underlying mechanisms.
The relative importance of triggering foci and 
maintenance substrate, for instance, is likely to 
be different in disparate patient populations.

However, there are some basic electrophysiologi-
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cal principles that are likely important in most pa-
tients with AF.  Over a 5 year period from 1959 to 
1964, Gordon Moe published a series of papers hy-
pothesizing that AF was due to functional reentry 
of multiple wavelets, rather than to rapidly firing 
ectopic foci.5-7  Reentry, either functional or ana-
tomic, has several prerequisites.  First, there must 
exist a substrate allowing for unidirectional block, 
with concomitant conduction over a discreet limb 
of the circuit.  Second, the wavelength of the de-
polarization during tachycardia (as defined by the 
product of conduction velocity and refractory pe-
riod) must fit in the excitable, repolarized tissue 
available.  Conditions that reduce the wavelength 
of depolarized tissue, either by shortening atrial 
effective refractory period and/or reducing atrial 
conduction velocity, are likely to contribute to 
sustained arrhythmia.

In subsequent work by Allessie and others, the 
multiple wavelet hypothesis put forth by Moe was 
largely confirmed.8-10  AF induced by rapid pacing 
was shown to shorten atrial refractory periods, 
leading to ever-increasing predisposition for AF 
induction and maintenance and demonstrating 
the observation that AF begets AF.8  In his initial 
study of pacing-induced AF in goats, Allessie did 
not find significant changes in atrial conduction 
velocity.Subsequent investigators have found, 

however, that conduction velocity in atrial tis-
sue prone to sustained fibrillation is significantly 
compromised.11There are likely a number of fac-
tors that contribute to deranged activation propa-
gation in diseased (and fibrillation-prone) atria, 
including alterations in gap junction protein ex-
pression,12-15 attendant changes in myocyte cou-
pling, and the development of interstitial fibrosis 
and atrial scarring.11  Together, these factors con-
spire to reduce conduction velocity, generate re-
gions of anisotropic conduction and lines of frank 
conduction block, and thus contribute to the ini-
tiation and maintenance of functional reentry. 

The contributory role of left atrial scar in the gen-
esis of AF has been shown in a variety of animal 
and human models.16-22 Olgin and colleagues 
demonstrated increased atrial fibrosis and AF pro-
pensity in a mouse model of TGF-B1 overexpres-
sion.16  Mice engineered to overexpress ACE have 
also been shown to have increased atrial fibrosis 
and AF.17  In larger models, atrial and ventricular 
tachypacing,18,19 aging,20,21 and mitral regurgita-
tion22 have all been shown to result in atrial fibro-
sis which in turn may increase the likelihood of 
sustained AF. 

In humans, there have been a wide variety of stud-
ies identifying increased atrial fibrosis and scar in 
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Figure 1: Schematic of the Posterior Left and Right Atria, Showing (A) Autonomic Ganglia, (B)Abnormal Patterns of Conduction, 
(C) Triggering Foci from the PVs (red) and other Ectopic Sites (green), and (D) the Superimposition of each of these Components
as Contributors to AF.



patients either at increased risk for AF, or in AF 
patients per se.  This includes increased atrial fi-
brosis seen in patients with advanced CHF,23 valvu-
lar heart disease,24,25 and  ischemic heart disease.26  

Increased atrial scar has also been seen in patients 
with lone AF,27 suggesting that even in those rel-
atively healthy patients, there are fundamental 
changes in atrial conduction properties necessary 
for the maintenance of fibrillation. 

The precise mechanism by which fibrosis contrib-
utes to the origination and maintenance of fibril-
lation in atrial tissue is not fully understood.  AF 
is thought to depend on an interplay between 
triggers and substrate.  Traditionally, triggers are 
thought to be localized to the PV ostia, though 
increase in fibrosis may give rise to new, non-PV 
localized trigger sites.  Increased fibrosis almost 
certainly changes the conduction properties of the 
tissue activated by triggered beats (PV-focused 
and otherwise), such that fibrosis is an important 
contributor to AF maintenance.  Animal models 
of tachycardia-mediated cardiomyopathy suggest 
that regions of left atrial fibrosis result in increased 
conduction heterogeneity through the left atrium, 
with both large patches of fibrosis and pulmonary 
vein ostia serving as anchors reentrant circuits and 
impediments to conduction that result in delays, 
wavebreaks, and lines of block.28

Catheter Mapping of Scar

As mechanisms underlying AF have been deter-
mined, strategies to treat AF with catheter ablation 
have evolved in parallel.  Early ablative procedures 
consisted of linear lesion sets in the right atrium, left 
atrium, or both and were delivered with the goal 
of interrupting reentrant circuits.29-32 These strate-
gies, designed to alter the substrate by parsing left 
and right atrial tissue into regions small enough to 
be incapable of supporting sustained AF, were of 
limited efficacy. The linear lesions applied to mod-
ify the substrate with this strategy were long and 
complex, with complete lines of block difficult to 
deliver.  With Haisseguerre’s seminal report that 
AF is triggered by PV foci,33 ablative strategies tar-
geting triggeres located in PVs were adopted.  Ini-
tially, focal ablation of the PV foci themselves was 
performed,33-35 but focal ablation gave way to seg-
mental36 and eventually to circumferential lesions 
designed to isolate, rather than eliminate, PV tar-

gets.37-40 Most procedures today combine some 
combination of circumferential and segmental 
isolation, with the goal of isolating each of the 
pulmonary veins.41 In patients with persistent 
AF, some operators deliver additional lesion sets 
to further divide atrial tissue, eliminate rotors, 
or destroy ganglia. Catheter ablation for AF has 
provided unique opportunities to investigate in 
situ atrial fibrosis, with the aim of understand-
ing the mechanisms of AF induction and main-
tenance more completely, as well as determining 
whether there exists a relationship between AF 
scar burden and patient prognosis.The Michigan 
group performed an analysis of bipolar atrial 
electrograms in 47 patients undergoing PVI for 
persistent AF.42  Patients in the cohort had LA di-
ameters of 46+/-5 mm, and had been in persistent 
AF for 2+/-1 years prior to ablation.  The authors 
found that atrial fibrosis correlated strongly with 
patient age, and that age (and associated fibrosis) 
correlated inversely with AF cycle length.  These 
findings mirrored investigational and ex vivo 
studies (referred to above) correlating age with 
atrial fibrosis. Natale and colleagues investigated 
LA scar, as assessed during catheter ablation, in 
a much larger series of patients (700) undergoing 
initial PVI.43 Patients included in the study under-
went mapping of LA scar using a decapolar lasso 
catheter, with scar defined as absence of electro-
grams on all 10 catheter poles in three distinct las-
so positions.  LA scar was noted to be present in 
42 patients (6%).  There was apparent correlation 
between scar and LA size, low EF, and increased 
plasma C-reactive peptide levels.  The incidence 
of AF recurrence was significantly higher (57%) 
in patients with LA scar than in patients without 
scar (19%).  LA scar was the only predictor of AF 
recurrence on multivariate analysis. In patients 
with LA scar who underwent CARTO electroana-
tomical mapping, scar area averaged 21 +/- 11% 
of LA surface area, and was associated with large 
regions of low voltage electrograms.  The authors 
postulated that scarring likely contributes to AF 
etiology by providing abnormal patterns of LA 
conduction that allow for triggers of AF (from 
the PVs or elsewhere) to successfully initiate fi-
brillation, and that myopathic, diseased tissue 
itself may provide triggered beats. Olgin and col-
leagues studied regional patterns of LA fibrosis 
in patients with AF versus those with focal atrial 
tachycardia.44  They found that in both patient 
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populations, the anterior LA and appendage had 
highest bipolar voltage electrogram amplitudes, 
and that scar (as assessed by voltage amplitude) 
was most often found in the posterior and septal 
LA.In patients with AF, there was greater region-
al variability in voltage amplitude, perhaps sug-
gesting increased heterogeneity of conduction.  
Similar to the findings of Morady and colleagues, 
the authors also found that low voltage and scar 
correlated strongly with patient age In summary, 
there have been a number of systematic analyses 
of LA scar, as defined by low-voltage bipolar atri-
al electrograms, in patients undergoing catheter 
ablation for AF.  Generally these studies support 
data from ex vivo studies or experimental mod-
els that LA scar burden correlates with age, left 
atrial size, and with reduced cardiac function.  LA 
scar burden appears to be a negative prognostic 
indicator of long-term freedom from AF after ini-
tial PVI.  While this information is clinically help-
ful, there are obvious disadvantages to catheter-
based scar mapping of the LA: such maps are 
by definition invasive, laborious, and must be 
performed during the procedure (rather than in-
forming decisions about whether to proceed with 
AF ablation at all).For these and other reasons, 
a number of centers have developed imaging 
techniques – predominantly MRI-based – to ana-
lyze LA scar in pre- and post-ablation patients.

MRI Assessment of LA Scar

TThe use of delayed enhancement MRI (DEMRI) 
to determine burden and patterns of LA fibrosis 
in AF patients has largely been championed by 
two groups, the Marrouche lab in Utah and the 
Peters lab in Boston.  Other centers, including 
our own, are beginning to investigate the tech-
nique.  DEMRI assessment of cardiac scar (in ei-
ther the ventricles or atrium) takes advantage of 
the different kinetics of contrast (typically gado-
linium) loading and washout in blood, healthy 
myocardium, and myocardial scar.Typically pa-
tients undergo non-contrast cardiac MR imag-
ing, followed by contrast loading and reimaging 
shortly thereafter.Comparison of the two sets of 
images allows regions of tissue enhancement (i.e. 
scar) to be identified.DEMRI in AF patients has 
been used for two principal aims: to character-
ize patient substrate (LA scar burden) prior to AF 
treatment for prognostic purposes, and to char-

acterize post-ablation lesion burden, both for prog-
nosis and for planning redo ablation procedures. 

Assessment of LA Scar in AF Patients Pre-pro-
cedure

Initial investigations of LA scar imaging by DE 
MRI were performed in patients who had under-
gone catheter ablation for AF.  In 2007, the Peters 
group reported on a series of 23 patients who un-
derwent PV isolation, with 15 patients getting pre-
procedure MRIs and 18 patients getting post-pro-
cedure MRIs.45  The authors reported that 0% (0/14 
with adequate MRI images) of patients were found 
to have atrial scarring on pre-procedure MRI; data 
about the nature and duration of AF (i.e. paroxys-
mal versus persistent; AF burden) were not pro-
vided.In 2008 the Marrouche group reported on a 
series of 46 patients undergoing PV isolation.  All 
patients underwent pre- and post-procedure MR 
imaging.  Pre-procedure MRI detected LA fibrosis 
in only 4 patients (8.7%).46

The Utah group refined their pre-procedure as-
sessment of LA scar in patients referred for PVI, 
and introduced the Utah scoring system in a 2010 
investigation of LA fibrosis in patients with lone 
AF.48 The Utah system categorizes patients by LA 
area showing enhancement, dividing patients into 
four groups: I (<5%), II (5-20%), III (20 – 35%), and 
IV (>35%). The investigators report that procedur-
al outcomes were predicted by LA scar burden, 
with a 100% freedom from AF (mean f/u 324 +/-
234 days; AF assessed by ECGs and Holter moni-
tors at f/u visits; AF recurrence defined as episode 
> 30s) in the Utah I group, contrasted with a 96%
recurrence rate in the Utah IV group.  The authors
conclude that, in their hands, MRI provides a pow-
erful pre-procedure assessment that can help de-
termine whether a patient should be referred for
catheter ablation.Subsequently, the same group
has proposed that the strategy used during AF
ablation (i.e. simple PV isolation versus isolation
coupled with more extensive ablation) be informed
by scar burden as assessed by DEMRI.49,50  Whether
that sort of tailored therapy will result in improved
long-term outcomes remains to be seen.

LA Scar Assessment Post-Ablation

A number of studies have been performed inves-
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of inadequate imaging quality.  This is sobering.  
Other groups,58 including our own at Johns Hop-
kins,59 have begun using MRI to assess fibrosis in 
LA tissue.  The results, for our group and others, 
has been less promising to date than the results 
from the Utah and Boston groups. This, too, is 
sobering, and may reflect the highly specialized 
nature of image acquisition and post-image data 
processing that is required to generate images 
of LA scar.  However, MRI clearly has become a 
powerful and alluring technique to provide non-
invasive, pre-procedure assessment of LA fibrosis 
in patients considering catheter ablation. 

Conclusions

From the initial work of Moe to the confirma-
tory studies of Allessie, from the observation of 
PV triggers by Haisseguerre to the more recent 
descriptions of focal rotors, our collective under-
standing of the mechanisms underlying AF has 
progressed remarkably over the last several de-
cades.  One aspect of the pathophysiology under-
lying AF that almost certainly comprises a critical 
part of the substrate is LA scarring and fibrosis.  
Basic principles of electrophysiology predict that 
scar, with conduction block and slowing, is re-
quired for arrhythmia initiation and maintenance.  
And indeed, a wide array of studies including ex-
perimental animal models, human ex vivo stud-
ies, human catheter-based scar mapping, and 
novel non-invasive assessment of LA scar by 
DEMRI,  all seem to validate those basic electro-
physiological principles.  How we use that infor-
mation to guide clinical choices, how we differen-
tiate “good” scar post-ablation from pathological 
scar contributing to arrhythmogenesis, and how 
we can target fibrotic processes before the onset of 
clinical AF, these and other questions remain, for 
now, unanswered.
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Abstract

Atrial fibrillation continues to be a challenging arrhythmia. There are some conventional, time-tested ex-
planations of atrial fibrillation genesis, however some uncertainty of its complete understanding still ex-
ists. We focused on atrial ischemia which, hypothetically, could be responsible for manifestation of the 
arrhythmia, irrespective of the underlying heart disease. Evidences abounds that atrial fibrillation has 
an extremely strong association with nutritional/oxidative status of myocardium. This arrhythmia seem-
ingly may stem from the electrophysiological differences taking place in the boundary areas. To validate 
such assumptions we have surveyed widely accepted theories based on clinical and experimental evi-
dence. There was an attempt to integrate some well-known theoretical explanations (focal, multifocal, ec-
topic, reentrant activity, atrial remodeling, etc.) into a new conceptually systematized arrhythmogenesis. 
Confronting ischemic and non-ischemic atrial zones electrophysiologically on their borderlines presum-
ably creates a substrate vulnerable to the development of atrial fibrillation. The behavior of these inter-
related areas is likely ischemia-dependent; the separating borderline(s) may be treated as conflictogenic, 
releasing triggers/drivers to commence and to perpetuate the arrhythmia. Ischemically damaged and 
non-damaged myocardial areas likely participate in the relay-race carousel of arrhythmogenicity due 
to their mutual interactions, accompanied by the “fireworks” at the separating borderlines. It could be 
concluded that myocardial ischemia as a nonspecific proarrhythmic factor presumably plays a key role 
in the genesis and sustenance of atrial fibrillation. Theoretically the most important step in eradication 
of arrhythmogenic substrate might be an overall abolition of ischemia regardless of the characteristics of 
underlying heart disease. Innovative intellectual and explorative research is needed to render innocuous 
the ischemia that might help us win the century’s cardioarrhythmological battle.
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Introduction 

Atrial fibrillation (AF) is a non-life-threatening 

arrhythmia however the scale of its damage to 
the population worldwide is huge. Despite some 
progress in research the results of pharmacologi-
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cal and non-pharmacological AF therapy do not 
satisfy the hopes of patients and clinicians. Re-
garding the overall complexity of AF this intrusive 
arrhythmia sometimes is called a “difficult puz-
zle”.1 Contemporary studies have pointed out tis-
sue-level substrate for triggers of permanent AF.2,3 
Catheter or surgical ablation therapy is effective 
in patients with paroxysmal AF, but its efficacy to 
cure persistent AF is still under debate.4-6 Electrical 
isolation of pulmonary vein (PV) continues to be 
the cornerstone of AF ablation today. 4, 7 Due to the 
lack of specificity it requires multiple procedures 
and the continuation of antiarrhythmic drug ther-
apy.6, 8-12 Irrespective of the target sites undertaken 
for the ablation of potential triggers (right atrium, 
left atrium, atrial roof, mitral isthmus, both atria, 
coronary sinus, myocardial sleeves of PVs, etc.) the 
success rate in restoration of sinus rhythm ranges 
from 16% to 63%,13, 14 in rare cases – up to 80%.4 
Up to 74,5% of patients undergo a redo procedure 
and clinical results are not always reproducible.15 
Even ardent supporters do recognize the limita-
tions of hypothesis of focal and multiple reentrant 
sources as if existing in the sleeves of PV.8 Finally, 
it is still unclear whether reentrant or nonreen-
trant arrhythmia mechanism prevails and where 
the AF triggers actually do reside – in the left atri-
um, pulmonary veins1, 15 or anywhere in the atria.

AF as the most frequent cardiac arrhythmia is asso-
ciated with almost all cardiac disorders. 16 Initially 
we have focused on atrial myocardial infarction as 
an extreme condition creating the substrate for the 
arrhythmias. It seems at least hypothetically that 
myocardial ischemia irrespective of the antecedent 
heart disease is perhaps the only significant con-
tributory factor being responsible fundamentally 
and entirely in organizing the substrate of arrhyth-
mogenicity. An elegant experimental study by 
Nishida et al. with their meaningful insights dem-
onstrates that chronic atrial ischemia/infarction 
provides favorable conditions for both spontane-
ous ectopy and sustained reentry.17 Clinical obser-
vations also show the outbreak of various arrhyth-
mias including fibrillation (atrial or ventricular) 
appearing on the ischemic basis.17-20 Interestingly, 
AF itself diminishes coronary flow reserve, espe-
cially in the subendocardial layer.21, 22 In general, 
cardiac ischemia causes complex interactions be-
tween ionic, metabolic and neurohumoral factors 
with deleterious effects on cardiac cellular electro-
physiology.23 It could be considered that not only 

ischemia, but some other organic cardiac/atrial 
disorders evoking atrial architectural changes 
- valvular or nonvalvular such as, atrial chronic
overstretch, atrial sarcoidosis, amyloidosis, in-
flammatory vicinity (myocarditis, coronary vas-
culitis), etc.24-26 - may result in AF primarily via
indispensable ischemic component of the milieu.
Therefore, myocardial ischemia might be con-
sidered as a favorable proarrhythmic and profi-
brillatory substrate. We will attempt to compile
and collate the well-known evidence in order to
support this viewpoint. The review of the litera-
ture sources will serve as a baseline on which a
supplementary hypothesis of conceptually sys-
tematized arrhythmogenicity will be built. Fi-
nally, the goal of this article is the hypothetical
attempt to dismantle the mechanisms originating
and maintaining the AF.

Arterial Vascularization of the Atria and 
Ischemic Consequences

The atrial arterial network in humans is extreme-
ly variable, however there are two widely recog-
nized coronary atrial branches participating in 
the blood supply: the sinus node and the atrio-
ventricular node arteries .27 Also an artery with 
a specific name – Kugel’s artery -    provides an 
additional though unstable direct arterial anasto-
mosis in 6% of the hearts.27, 28 Sinoatrial node is 
supplied by the right coronary artery more fre-
quently than by the left one.29

Let’s look at the contributing factors influenc-
ing the impairment of arterial blood flow. Three 
major circumstances are responsible for the ini-
tiation and advance of atrial fibrosis: ischemia-, 
inflammation-, and stretch-related vicinity.7, 17-19, 

30-32 Occlusion of the sinus node artery may evoke
a nodal rhythm with premature atrial beats and
AF .18 Atrial ischemia and sinus node ischemia
in particular, may be involved in the pathogen-
esis of AF .30 The development of AF is usually
associated with inferior wall myocardial infarc-
tion (also involving an atrial wall) because of
right coronary artery occlusion.23 The pathologi-
cal study by Steiner et al. has shown that AF may
be initiated due to hypoxia and the degenerative
changes of the pulmonary myocardial sleeves
.Some inflammatory diseases – myocarditis, cor-
onary vasculitis – are often accompanied by atrial
arrhythmias and AF.26, 31 Reportedly, both factors



– ischemia including vasospasm and inflamma-
tion take place in acute myocardial infarction
complicated with arrhythmias.32,33 At large atrial
infarction is concurrent with AF.17, 19, 23 It is known
that amyloidosis sets the stage of the favorable
morphological substrate for AF with subsequent
impairment of left atrial systolic function .24, 25, 34, 35

Fibrosis as a primary cause associated with in-
creased collagen depositions (excessive extracel-
lular matrix), amyloid deposits (nidi) and sarcoid 
granulomas as well usually form the pathological 
conditions36-41 leading presumably to the micro-
angioarchitectural alteration. Consequently, the 
detrimental blood supply is likely also related 
to the extravascular pressure/siege/strangulation 
(impact of fibrosis, amyloids, sarcoid granulo-
mas or inflammatory infiltrates) onto the vascu-
lature – the coronary arterial tree, finally result-
ing in regional or global ischemia. Obviously, 
atherosclerosis being associated with aging is 
responsible for the production of the pathologic 
intimal thickening/lesions and, in fact, constructs 
intravascular stenotic obstacles/restrictions or 
occlusion resulting in reduced blood supply of 
atrial myocardium. Atrial dilatation and patchy 
fibrosis ranging from scattered foci to diffuse in-
volvement, including evidence of destruction of 
the sinoatrial node, are commonly present when 
AF is associated with structural heart disease.41-43 

Chronic atrial overstretch related to the hemody-
namic overload (in cases of valvular heart disease) 
apparently evokes architectonic abnormalities of 
arterial network - elongation of coronary arteries 
with their lumen narrowing and/or rough defor-
mation of the coronary articulation concomitant 
with the impairment of arterial circulation.De-
ductively, the low-flow ischemia may be attrib-
uted to the attenuation of viable myocites and to 
their degenerative degradation. Hypoperfusion 
also being a favorable arrhythmogenic substrate 
may trigger arrhythmias in both atrial and ven-
tricular levels.44 Paradoxically and importantly, 
similar or identical fibrotic changes are induced 
by atrial fibrillation per se, i.e., AF itself promotes 
atrial fibrosis and structural remodeling.45-48 This 
notion suggests the presence of reciprocal/mu-
tual relationship which leads to the understand-
ing that actually we deal with the classic phe-
nomenon of a vicious circle: ischemia generates 
fibrosis and vice versa. Arguably, there is a close 
relationship between patchy/diffuse fibrosis and 

patchy, non-uniform/disseminated ischemia and 
conversely. In fact, these processes are inseparable. 
The coalescence of the tissue-level substrate with 
the vessel-level one leads to the formation of physi-
cal conglomerate(s), finally resulting in permanent 
and potentially irreversible arrhythmia. One may 
speculate that so called lone AF49 occurring osten-
sibly without underlying heart disease actually is 
not alone but is related, at least hypothetically, to 
the transient regional/ focal atrial ischemia; the on-
set of AF paroxysm may be provoked by ischemia 
exacerbation thus intermittently activating vigilant 
triggers. 

Pivotal Role of Closely Juxtaposed Regions 
– Non-Ischemic, Ischemic and/or Ischemic
Penubra

It could be considered that AF triggers and AF 
drivers most likely are located in the myocar-
dial conflict zone represented by the borderline 
(norm-pathology boundary) separating the isch-
emic (ischemically injured myocardium) and non-
ischemic areas or ischemic and sub-ischemic (less 
ischemic) areas – in between the territories with 
different degree of ischemia. In a sense, this line 
represents the meeting point(s)/flank(s) of electri-
cally normal heart (atria) and electrically abnor-
mal one. Presumably, zigzagging borderlines – 
the invisible rim around the ischemic areas - are 
extended across the atria thus dividing both atria 
into several ischemic and non-ischemic micro- or 
macro-regions. Hypothetically, one of these most 
active borderlines serves as a substrate for the gen-
eration of AF drivers (mother rotors), while all the 
rest are places where the main wavefront splits 
into wavelets (daughter wavelets). 

Noteworthy, ischemia-induced cellular electro-
physiological abnormalities – the increase of the 
cellular excitability and emergence of the “injury 
currents” (an intercellular current flow between 
the ischemic region and the surrounding normal 
myocardial cells) were demonstrated experimen-
tally in the border zone of myocardial ischemia 
.50, 51 This is related to a reduction in Ca2+ transient 
amplitude and slower Ca2+ removal as well as to 
reduced density of K+ currents and the changes 
in Ca+-dependent ionic currents.33 Coexistence of 
slightly antagonistic neighboring zones may create 
some disparity of electrophysiological parameters 
resulting in subtle electrophysiological tension /
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stress (or electrophysiological polarization) thus 
forming a substrate for the manifestation of ar-
rhythmias. Hypothetically, it may be considered 
that the existence of some critical threshold of ten-
sion below which no arrhythmia outbreak can be 
expected. Sub-threshold electrophysiological ten-
sion between viable (non-necrotic) myocites and 
the healthy ones is perhaps in close relationship 
with the so-called “silent” myocardial ischemia/in-
farction which is not accompanied by atrial or ven-
tricular arrhythmias 52-56 – an example of benign/
peaceful coexistence of different regions. Thus, 
certain antagonistic interrelationship is observed 
between these two adjacent zones. Their presence 
results in the occurrence of different or slightly dif-
ferent and importantly peculiar electrophysiologi-
cal characteristics – dispersion of refractoriness, 
spatial heterogeneity of refractoriness, atrial con-
duction velocity, changes in action potential du-
ration, changes of excitability, susceptibility and 
their recovery, etc. Taken together these alternat-
ing electrophysiological properties are estimated 
in the global atrial scale in terms of electrophysi-
ological instability, anisotropy, heterogeneity, 
spatial inhomogeneity, atrial vulnerability, etc. 23, 

57, 58 The differences of these parameters in specific 
atrial regions presumably are insignificant, how-
ever potentially important to release AF trigger(s). 
In other words, the contiguous non-uniform con-
fronting zones alongside with electrophysiologi-
cally invisible borderlines provide the vulner-
ability for arrhythmia firing. Greater odds of AF 
occurrence are likely proportional to the degree 
of electrophysiological tension. Smooth advance 
of atherosclerotic intimal changes within the atrial 
arterial network likely evokes no arrhythmogenic 
risk until regional or global asymmetry of blood 
supply and corresponding electrophysiological 
threshold of tension is reached; the threshold and 
the range of its fluctuation is scarcely identifiable 
(detectable or measurable). Supposedly, wide in-
terindividual variability of threshold variations 
may occur. Before the advent of ischemic mani-
festations normal electrophysiological functioning 
of atrial myocardium is stored and altogether – 
myocites and the sinoatrial node “live in peace and 
harmony”. Therefore, AF conceptually is a result 
of lifelong accumulation of arterial atherosclerosis. 
Hopefully there is an individual myocardial sus-
ceptibility/resistance to the provocative ischemia 
and its individual tolerance.

Concerning the area size, ischemia may encom-
pass different territories which may be circum-
scribed not only by the borderlines as such, but 
also by the transitional/intermediate strips with 
their different width and depth. These juxtaposed 
marginal boundaries likely compose the sensitive 
and irritable rim which hides “volcanic” proar-
rhythmic activity. The peculiarities of the fron-
tier environment via unique electrophysiological 
parameters may contribute to the character of AF 
(paroxysmal, long-lasting, etc.). Such an electro-
anatomic segmentation/compartmentalization 
of the regions finally results in transformation 
of the corresponding territories which gradually 
acquire different electrical, functional, structural 
and contractile status known as the remodeling 
process.

Discreet Coin of new Definitions and 
Importance of Blood Flow Restoration

It is well known that the Frank-Starling mecha-
nism conceptually regulates cardiac mechani-
cal performance. Similarly, a new hypotheti-
cal definition might evolve: it can be stated that 
the AF occurrence may increase in response to 
an increase in the ischemic and ensuing electro-
physiological differences in between segmented 
non-uniform atrial areas. Deductively, elimina-
tion of AF triggers actually may be accomplished 
through the elimination of regional ischemic dif-
ferences. However, the question is: why the elec-
trical isolation of PV’s is still effective in some 
patients? There is a suspicion that myocardial 
sleeves of PV’s do represent an area of increased 
reflexogenic activity. Destruction of these locali-
ties seems to resemble the removal of spurious/
misleading pathways or foci. Most likely this pro-
cedure could induce depressive antiarrhythmic 
effect – a favorable disbalance of autonomic tone 
with subsequent regional vasodilatation result-
ing in ischemia annihilation, unfortunately often 
transient and unstable.

In order to properly validate and characterize 
the suggested hypothetical assumptions a new 
definition might be proposed, e.g. ischemia-de-
pendent conflictogenic atrial fibrillation (IDCAF). 
This term concentrates the essence of the AF oc-
currence on the regional ischemic basis. Actually 
it means that electrophysiological differences de-
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found historical analysis of AF by Jalife6 high-
lighted the most important issues, controversies, 
and advances that have driven the field of inves-
tigation into AF mechanisms at any given time 
during the last ˜ 100 years. In this elegant review 
we can find very important data regarding long 
competition of theories of AF genesis (focal, ecto-
pic activity, reentry, circus movement, meander-
ing spiral waves, scroll waves, multiple wavelets, 
vortices, turbulent activity, rotors, mother rotors, 
daughter rotors, etc.) postulated by prominent 
cardiologists and electrophysiologists – Lewis, 
Moe, Haissaquerre, Wiener, Rosenblueth, Allessie 
and many others .47, 63-68 According to Jalife,69 it is 
conceivable that electrical impulses from the ecto-
pic focus (e.g., localized in pulmonary vein inlets) 
may induce chaotic activation of the atria due 
to interaction with anatomical and/or functional 
barriers that leads to fragmentation of the depo-
larization front (daughter wavelets). Similarly, 
the spiral waves and scroll waves emitted by the 
rotor propagate through the cardiac muscle and 
interact with anatomical and functional obstacles, 
leading to fragmentation and new wavelet for-
mation.70 Moe66 described the substrate of AF as 
a continuous activation of the atrial myocardium 
by several reentry circles that are not anatomically 
fixed, but spread and mingle in a seemingly cha-
otic pattern. The theoretical length of each reentry 
circle gives an expression of the minimal circum-
ference and each depolarization must travel to 
avoid that the electrical impulse reaches its origin 
before this is again excitable; when refractoriness 
is short and conduction velocity is low, wave-
length is also short.62, 66, 71 Thus, several reentry cir-
cles may exist simultaneously in the atria.62 Five 
or six reentry circles are associated with the stable 
AF, while a situation with fewer reentrant circles 
either converts to sinus rhythm, or degenerates 
into more reentry circles. 47, 63 Reportedly, there 
are different number of propagating wavelets and 
rotors participating in AF and giving rise to the 
turbulent atrial activity. Some authors indicate 
single or small number of high-frequency sourc-
es, 72-74 4-6 wavelets 75, 76 and even 23-40 multiple 
circulating waves for arrhythmia sustenance.77 It 
is widely known that rotors may be responsible 
for the perpetuation of AF.6, 66, 69, 70 The periodicity 
of rotations depends on wavelength (action po-
tential duration), refractory period and conduc-
tion velocity, and these parameters are unstable, 
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rive from the ischemic one; the endpoint of these 
antagonistic differences as the result of conflict, 
in fact is the manifestation of the arrhythmia - 
premature beats, AF, etc. Thus, it seems reason-
able that for the mitigation or elimination of such 
unfavorable circumstances the only therapeutic 
recommendation might be the restoration, equal-
ization and normalization of global blood supply 
of the atria. It can be supposed that periodic re-
covery or normalization of the blood’s flow bal-
ance between ischemic and non-ischemic zones 
may provide the spontaneous termination of AF 
and/or facilitation of the abruption of AF by drug 
therapy. Also it might be suspected that some an-
tiarrhythmic drugs along with their direct impact 
may selectively improve the macro- and micro-
circulation within the ischemic area(s). Restored 
homogeneous blood circulation presumably 
leads to disarrangement of clinically unfavorable 
vulnerability of the substrate predominantly in 
the initial stages of the arrhythmia. Currently 
such an approach might be treated as a purely 
theoretical one, since the vessels of very small 
caliber are not amenable to the modern revascu-
larization surgery or to the remote intravascular 
manipulations. Normalized blood flow as a pre-
condition may presumably promote the primary 
prevention of AF paroxysm. Unfortunately our 
assumptions cannot explain the effectiveness of 
cardiac defibrillation. This therapeutic proce-
dure scarcely abolishes the regional ischemic dif-
ferences unless indirectly via shocking stress by 
forced violation of myocardium, thus temporary 
increasing/maximizing the threshold of electro-
physiological tension/polarization. 

Incorporation of the Arrhythmogenicity 
into Ischemic Entity

Universally accepted mechanisms of induction, 
maintenance and perpetuation of AF are based 
mostly on hypothetical assumptions, simula-
tion studies, experimental and clinical observa-
tions. However, there is general agreement that 
genesis and maintenance of AF requires com-
plex interaction between trigger, perpetuator, 
and vulnerable atrial substrate. Important con-
tributors to AF are shortened refractory period, 
regional variations of refractoriness (dispersion 
of repolarization) and conduction velocity, and 
increased ectopic or reentrant activity.6, 62, 63 Pro-
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borderlines. Any rotational direction of the driver 
– clockwise or counter-clockwise - is feasible. Re-
garding the localization, the size and geometric
configuration of the ischemic region, the ectopic/
reentrant pulses may propagate also centrifugally
and/or centripetally. Most likely reentrant pulses
move centrifugally inducing AF, while ectopic
one – centripetally, thus evoking premature/ex-
trasystolic beats. Different consequences may be
expected in respect to which territory is traversed
first (whether ischemic or non-ischemic) by the
pulse emitted in the vulnerable substrate. It must
be emphasized that the triggering pulse meets
different, volatile and strongly defined medium
– alternating environments with distinct electro-
physiological characteristics being intersected by
functional barriers. Taking into account the influ-
ence of gross structure and atrial myoarchitecture
to the character of AF81, 82 some different clinical
manifestations of arrhythmia may occur and it
could be related to the anatomical site of the vul-
nerable substrate – subendocardial, intramural,
subepicardial, transmural. Finally, dislocation or
migration of the separating borderlines also may
take place and may influence the outbreak of AF,
especially when the ischemic territory shrinks or
expands. In any case, these peculiarities may act
in concert with the previously declared phenome-
non comparable with the vibrantly quiescent stro-
boscopic tuning. 83 As long as AF is initiated by the
principal borderline the arrhythmia is more ame-
nable to the therapy (drugs, DC shock, ablation),
however due to the development of alternating
activities of the rest borderlines’ arrhythmia be-
comes less controllable and finally uncontrollable.
Most likely the dynamics of arrhythmia control is
related to the parallel ongoing process of fibrotic
changes with the advance of atrial remodeling.

Of course, AF remains multiethiological. Howev-
er, the hypothetical presumptions presented here 
might be helpful to assert the processes taking 
place in the chain of the onset, maintenance and 
termination of AF. Hypothetically the ischemia is 
a mainstay and crucial contributing factor. How-
ever, there is a lack of convincing data to strongly 
argue the suggested approach. In the broad sense, 
the knowledge that different number of ischemic 
areas and their borderlines exist along with unsta-
ble number of rotors, wavelets, reentrant circles 
with their complex interactions might better ex-
plain the intrusive phenomenon of AF. 

they shift in response to tempo of the electrical 
and structural remodeling.74, 78 There are meth-
odological difficulties in determining wavelength 
however some authors through indirect methods 
have established that it ranges from 5-7 cm up to 
12-13 cm.74, 79, 80 Direct measurements from a com-
puter model showed the wavelength of 5 cm. 71  
Electrical remodeling primarily shortens the re-
fractory period and the action potential duration,
while structural remodeling impedes propagation
and hence decreases conduction velocity,74 electri-
cal and structural remodeling both decrease the
wavelength, thus potentially perpetuating AF.

The above mentioned mechanisms of AF genesis 
are consistent with the conceptual assumptions 
related to the atrial segmentation into ischemic 
and non-ischemic regions, thus resulting in elec-
trophysiological disintegration of atria. Ischemia-
dependent atrial electrophysiological behavior 
may be incorporated into the scenario depicted 
as IDCAF. Theoretically the sheer number of ro-
tors, daughter rotors, wavelets and wavelength(s) 
are unstable and situation-dependent. As noted 
above, each borderline separating different atrial 
areas is not capable of producing/releasing the 
triggers. The main (dominant) borderline ini-
tially plays a key role in emanating focal/multi-
focal/reentrant triggers for AF. Obviously, this 
line – insidious arrhythmogenic substrate - con-
tains the greatest potential of trigger(s) activity. 
All remaining borderlines being less important 
serve as a functional obstacle(s)/hurdle(s) where 
the rotors split into wavelets, daughter wavelets, 
i.e. into secondary, tertiary, etc. wavefronts. Here
the wavelets most likely breakthrough, traverse,
split, fragment, multiply, anchor, abrupt, die and/
or extinguish. However, over time the role of the
main borderline is taken over by the borderline(s)
theretofore being less active or dormant/inactive;
this may occur when the threshold of electro-
physiological tension between conflicting areas is
reached. So, all borderlines may demonstrate their
activity in alternating manner and sooner or later
become interchangeable. As a result of such un-
controlled game, the total chaos (bioelectrical in-
stability, high-frequency oscillation activity, etc.)
gradually and finally ingrains. Due to the mutual
interactions, ischemically damaged and non-dam-
aged myocardium do participate fundamentally
in the relay-race carousel of arrhythmogenicity
accompanied by the “fireworks” at the separating



Analogical ischemia-based argumentation may be 
helpful in elucidating the pathogenesis of ventric-
ular arrhythmias including fibrillation (except of 
syndromes’ associated with accessory conduction 
pathways or genetic origin).

Conclusions

The understanding of pathogenesis of atrial fibril-
lation continues to evolve.Based on the survey of 
currently applied theories and reconsiderations it 
may be concluded that, regardless of the character 
of cardiac disorder, the ischemic factor is relevant 
and possibly responsible for the genesis and per-
petuation of atrial fibrillation. Due to the electro-
physiological differences (antagonistic tension, 
stress, polarization) occurring in between ischemic 
and non-ischemic atrial areas a vulnerable arrhyth-
mogenic substrate most likely is created along the 
separating borderlines. The dominant borderline 
apparently may be involved in releasing of trig-
gers/drivers of arrhythmia while the rest may be 
treated as functional obstacles/hurdles participat-
ing in the relay-race carousel of arrhythmogenic-
ity. In time, along with the atrial remodeling all 
borderlines become functionally interchangeable, 
the chaos gradually ingrains and finally arrhyth-
mia tends to become irreversible. Much innovative 
intellectual and explorative research work is to be 
done to overcome the difficulties in restoration 
of blood flow of ischemic areas where circulative 
problems are mostly concentrated in the microvas-
culary, pre-capillary or capillary level. Thus, fur-
ther studies might be focused on reunification of 
ischemic areas or annihilation of ischemic asym-
metry in order to rebuild global electrical and elec-
trophysiological stability.
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Abstract

Cardiac resynchronization (CRT) therapy is indicated in patients with at least mildly symptomatic heart 
failure, left ventricular ejection fraction ≤35% and wide QRS, and has been associated with decreased 
morbidity and mortality. Unfortunately, approximately 30% of the patients appropriately selected for 
therapy do not respond to CRT. Among the reasons for non-response, atrial fibrillation (AF) plays a 
prominent role. AF limits the degree of biventricular pacing during CRT, not only when the ventricular 
rate is fast and highly irregular, but also during periods of of relatively constant rate, by causing fusion 
and pseudo-fusion complexes. Importantly, achievement of nearly 100% biventricular pacing is neces-
sary to derive benefit from CRT. A simple, albeit irreversible, method to maximize biventricular pacing 
in patients with AF who are otherwise eligible for CRT is atrioventricular junction (AVJ) ablation. In 
this review, we discuss the role of AVJ ablation in CRT optimization in patients with AF. The available 
evidence from observational non-randomized studies suggests that AVJ ablation in patients with AF 
qualifying for CRT may offer improvement in heart failure symptoms, better survival, and better cardiac 
function.  In light of the inherent limitations of non-randomized studies, further randomized studies are 
needed to support this treatment option.
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Introduction 

Heart failure (HF) is a significant cause of mortal-
ity and morbidity in the United States.  In 2010, 
the estimated prevalence in adults over 18 years 
of age was 2.8%, and by 2030 the prevalence is 
projected to grow by 25% 1 While optimal phar-
macologic therapy has been shown to reduce HF 
symptoms and mortality, many patients still re-
main symptomatic and need additional interven-
tions.2  In patients with at least mildly symptom-
atic HF (New York Heart Association [NYHA] 

class II to IV), left ventricular (LV) ejection fraction 
≤35%, wide QRS with a left bundle branch block 
(LBBB) morphology and sinus rhythm, cardiac 
resynchronization therapy (CRT) is indicated3 

CRT has been shown to improve functional sta-
tus, increase exercise capacity, decrease hospital-
izations, and reduce mortality in HF patients that 
meet implant criteria. 4-8

Unfortunately, about 30% of patients who are ap-
propriately selected for therapy, do not respond 
to CRT.9 Several predictors of non-response have 
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been identified, including male gender, ischemic 
cardiomyopathy, QRS duration <150ms and non-
LBBB pattern.10-13 Other studies have identified 
apical LV lead position ,14 presence of lateral LV 
scar 15 and impaired renal function 16  as reasons 
for a lack of response to CRT.  Atrial fibrillation 
(AF) is another possible cause of poor response to 
CRT ,17as patients with AF do not derive as large a 
benefit as patients with sinus rhythm do.  This is 
unfortunate for several reasons.  First, at least 25% 
of patients eligible for CRT have AF.18,19  Further-
more, since HF and AF share similar risk factors, 
about 40% of patients with AF or HF will develop 
the other condition 1, and the prevalence of AF 
is related to worsening NYHA class.18 The lack of 
a definitive benefit of CRT in patients with AF is 
reflected in the current ACCF/AHA/HRS guide-
lines, which require the presence of sinus rhythm 
for a class I indication .3

Atrial Fibrillation and CRT Response

Achievement of nearly 100% biventricular pacing 
has been the holy grail of CRT. In a study of more 
than 36,000 patients (most of whom were in sinus 
rhythm) who underwent CRT implantation and 
were enrolled in a remote monitoring program, 
there was a direct relationship between the per-
centage of biventricular pacing and mortality, 
with incremental increases in mortality benefit 
observed with an increasing percentage of biven-
tricular pacing, whereas AF limited the degree of 
biventricular pacing .20 In another study, the pres-
ence of atrial arrhythmias was associated with a 
less-than-optimal degree of biventricular pacing, 
which in turn limits the efficacy of CRT.21 AF lim-
its the degree of biventricular pacing, not only 
when the rate is fast and highly irregular, but also 
during periods of relatively constant rate, by caus-
ing fusion and pseudo-fusion complexes .22 While 
slower ventricular rates help increase the degree 
of biventricular pacing, even modest increases in 
ventricular rates have been shown to reduce the 
benefit of CRT .23 Moreover, the absence of regu-
lar, organized atrial activity, and the loss of atrio-
ventricular synchrony in the presence of AF, may 
adversely influence the response to CRT .17,23

Most of the randomized controlled CRT trials in-
cluded only patients with sinus rhythm.3 There-
fore, evidence for the benefit of CRT in patients 
with AF has been derived from mostly observa-

tional studies,24-32  whereas only two randomized 
controlled trials included patients with AF.5,33  
An acute hemodynamic study of biventricular 
pacing in patients with HF and LBBB, in either 
sinus rhythm or AF, revealed a similar degree 
of improvement in pulmonary capillary wedge 
pressure, V-wave amplitude  and systolic blood 
pressure in both groups, suggesting that biven-
tricular pacing may be beneficial in patients with 
HF regardless of whether or not they are in sinus 
rhythm.34 A few small preliminary studies indi-
cated that CRT may improve symptoms and ex-
ercise tolerance 35,36 and induce reverse LV remod-
eling 36 at 1 year in patients with HF and wide 
QRS, regardless of the presence of AF. However, 
despite aggressive rate control to ensure adequate 
biventricular pacing, reverse LV remodeling was 
less prominent in the AF group in the latter study 
,36 whereas in the former study, atrioventricular 
junction (AVJ) ablation was performed systemati-
cally in all patients with AF, in order to achieve 
complete and permanent biventricular pacing .35 
Of note, AF was associated with an increased risk 
of death at follow-up in both studies .35,36

In the first randomized controlled trial to include 
patients with AF, the Multisite Stimulation in 
Cardiomyopathy (MUSTIC) study, the benefit 
of CRT in surrogate markers, including exercise 
tolerance, peak oxygen uptake, quality of life and 
NYHA class was observed equally in the AF and 
sinus rhythm groups at 12 months follow up.33 
However this study did not offer definitive evi-
dence as the sample size was small and it was not 
powered to examine differences between sub-
groups. In a pre-specified secondary analysis of 
the Resynchronization/Defibrillation for Ambu-
latory Heart Failure Trial (RAFT), the effect of 
CRT was examined in a subgroup of patients with 
permanent atrial fibrillation who received either 
an implantable cardioverter defibrillator (ICD) or 
CRT-ICD.  In this analysis, there was no clear im-
provement in any clinical or surrogate outcome in 
the CRT-ICD group compared to the ICD group.  
AF was associated with a higher risk of death, 
but there was a trend towards reduced HF hos-
pitalizations in the CRT-ICD group. 37  However, 
the trial was underpowered to detect moderate 
treatment effect differences, and only one third 
of patients received more than 95% biventricular 
pacing, suggesting that the effect of CRT was not 
maximized.
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To summarize the available evidence on the effi-
cacy of CRT in patients with AF compared to those 
in SR, Wilton et al.38  conducted a meta-analysis on 
23 observational  studies, including 7,495 CRT re-
cipients (25.5% with AF).  In five of the included 
studies, clinical response was defined as improve-
ment in one functional class and survival over 6 to 
12 months.  The remainder of the studies used a 
10% improvement in 6-minute walk distance or a 
15% improvement in quality of life score. Patients 
with AF had a significantly higher risk of non-re-
sponse to CRT and all-cause mortality compared 
to those in sinus rhythm.38  Likewise, AF was asso-
ciated with an attenuated improvement in 6 min-
ute walk distance, quality of life and LV end-sys-
tolic volume.   Importantly, among patients with 
AF, AVJ ablation was associated with a lower risk 
of CRT non-response, as well as improved surviv-
al. In another meta-analysis of prospective cohort 
studies, Upadhyay et al.39  examined the differen-
tial impact of CRT for patients in AF and sinus 
rhythm.  Five studies met their inclusion criteria, 
four of which were prospective cohort studies and 
one was a subgroup of a randomized clinical tri-
al.  The use of AVJ ablation in this meta-analysis 
varied from 22% 24 to 100%.35  Only two of the 
studies mentioned biventricular capture rates.  
Specifically, Gasparini et al. 28 reported a 75% 
biventricular capture rate and Molhoek et al. 31 
reported 82% capture rate.  They concluded that 
while patients with AF derive benefit from CRT, 
they have smaller functional improvements com-
pared to thise in sinus rhythm.  Specifically, while 
both groups had improvement in the 6-minute 
walk test, those in sinus rhythm patients walked 
11.6 m farther on average.  Similarly, both groups 
showed improvement in the quality of life as mea-
sured by the Minnesota Living with HF question-
naire, but those in in sinus rhythm showed more 
relative improvement. In summary, the presence 
of AF is associated with an attenuated response 
to CRT, in part because of the inability to achieve 
almost complete biventricular pacing. A simple, 
albeit irreversible, method to maximize biventric-
ular pacing is AVJ ablation.

AVJ Ablation to Maximize CRT Response In 
Patients with AF

The importance of biventricular capture in pa-
tients with CRT cannot be overstated.  Current ev-
idence suggests that a high degree of biventricular 

pacing is necessary in order to derive benefit from 
CRT. Analysis of the LATITUDE remote monitor-
ing network ,which followed more than 36,000 
CRT patients, showed a 27% reduction in mortal-
ity compared to all other groups when biventricu-
lar pacing was achieved in excess of 98% .20  Most 
of these patients, however, were predominantly in 
sinus rhythm.  In a subgroup analysis of patients 
with atrial arrhythmias from the RENEWAL and 
REFLEX trials, those with biventricular pacing 
percentages more than 92% had a reduced haz-
ard ratio of heart failure events compared to those 
with less than 92% biventricular pacing.21  

As described above, fast and irregular AF poses 
a significant challenge to achieving effective CRT 
by reducing the degree of biventricular pacing. 
Another challenge, which is often overlooked, 
arises when the percentage of biventricular pac-
ing taken directly from the device counter does 
not accurately represent effective CRT.  Kamath et 
al.40 placed Holter monitors on AF patients with 
CRT devices.  In this analysis, a high percentage 
of pseudo-fusion and fusion beats in patients with 
AF were seen that the device counters labeled as 
biventricular paced beats.  These beats likely do 
not deliver the true mechanical benefit of a biven-
tricular paced beat, which further advocates for 
more complete resynchronization in AF patients 
with CRT.

AVJ ablation was reported as a successful pro-
cedure with a low incidence of complications in 
1991 by Yeun-Lai-Wah et al. 41 for the treatment 
of supraventricular tachycardias, around the 
same time that radiofrequency catheter ablation 
started to be used for mapping and ablation of 
Wolff-Parkinson-White syndrome.42 AVJ ablation 
continues to be used for the maintenance of ap-
propriate ventricular rate control in AF patients, 
but usually only as a final option ,43-45  mostly be-
cause of the irreversible nature of the procedure 
and the possible long-term consequences.  Inap-
propriate ICD therapies may not be resolved com-
pletely after AVJ ablation, but since inappropriate 
therapies compose about 30% of all ICD interven-
tions, this secondary benefit may have more long 
term quality of life improvements. 46

A recent meta-analysis by Ganesan et al.47  sys-
tematically examined the role of AVJ ablation in-
patients with coexistent AF and HF undergoing 
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CRT.  Six observational non-randomized cohort 
studies, including 768 patients (339 patients who 
underwent AVJ ablation and 429 who received 
medical therapy aimed at rate control alone) were 
included in the analysis. AVJ ablation was associ-
ated with a significant reduction in all-cause and 
cardiovascular mortality, as well as improvement 
in NYHA Class when compared to medical man-
agement alone.47 In another meta-analysis, Wilton 
et al. reviewed five studies comparing CRT out-
comes by use of AVJ ablation in AF patients with 
HF, low LV ejection fraction (<35%) and wide QRS 
(>120ms).  In these studies, patients were selected 
for AVJ ablation based on inability to achieve at 
least 85% to 90% biventricular pacing, while the 
timing of AVJ ablation varied from either before 
or after CRT implantation. AVJ ablation was as-
sociated with a lower risk of CRT non-response. 
Moreover, improved survival with AVJ ablation 
was seen in two studies, independent of other fac-
tors .38

Notwithstanding the limitations of non-random-
ized trials, these analyses suggest that AVJ abla-
tion is associated with improved outcomes in 
patients with AF who otherwise meet criteria for 
CRT. Further randomized trials are warranted to 
confirm these findings. Importantly, the degree of 
biventricular pacing in the two groups should be 
systematically assessed and correlated with clini-
cal outcomes in a pre-specified analysis. Evidence 
from non-randomized trials supports the notion 
that the benefit of CRT may be equal in patients 
with sinus rhythm and those with AF who un-
dergo AVJ ablation. Tolosana et al.19 performed 
an observational prospective multicenter study in 
202 patients who received CRT for symptomatic 
heart failure despite optimal drug therapy, LV 
ejection fraction less than 35%, and a QRS dura-
tion more than 120ms. Patients were grouped ac-
cording to their intrinsic rhythm. If biventricular 
pacing was ≤85% in the first 2 months, AVJ abla-
tion was recommended for patients in AF. In the 
group of patients with AF, 28% required AVJ abla-
tion after maximizing negative chronotropic drug 
therapy. After one year of therapy, the percentage 
of biventricular pacing was similar in all three 
groups (sinus rhythm, AF, AF/AVJ ablation). , 
Importantly, there was no difference in the per-
centage of response, defined as ≥ 10% reduction in 
left ventricular end-systolic volume at 12 months 

between patients in sinus rhythm and AF.  None-
theless, the mortality was higher in patients with 
AF .19 These results are consistent with those of a 
previous trial, in which CRT resulted in a simi-
lar benefit among patients with sinus rhythm and 
AF, when AVJ ablation was performed systemati-
cally in all patients in the latter group, in order to 
maximize biventricular pacing.35

The above information taken together seems 
to suggest that the benefit of AVJ ablation by 
maximizing effective CRT outweighs the risk of 
pacemaker dependency.  Hopefully, continued 
advancements in bipolar pacing strategies will 
reduce this fear in patients who may benefit the 
most from this strategy. The importance of effec-
tive delivery of CRT in patients with AF is reflect-
ed in the current ACCF/AHA/HRS guidelines, 
which indicate that CRT can be useful in patients 
with AF and low LV ejection fraction who other-
wise meet CRT criteria, only if AVJ ablation or 
pharmacologic rate control will allow near 100% 
ventricular pacing with CRT (class IIa) .3

CRT Use After AVJ Ablation For Refactory 
AF

As previously mentioned, AVJ ablation with per-
manent pacing has been used in patients with 
symptomatic AF with difficult to control high 
ventricular rates. The optimal pacing modality in 
these patients is still a matter of debate.  In this 
subgroup of patients, a few studies have com-
pared RV pacing versus CRT in patients under-
going AVJ ablation for refractory AF.48-52  Some 
studies suggested that CRT might be more benefi-
cial than RV pacing in such patients,48,50-52 whereas 
some failed to show an additional benefit of CRT 
beyond that conferred by rate regularization.49 

Since most studies evaluated surrogate endpoints 
and were underpowered to evaluate major clini-
cal endpoints, the optimal pacing modality after 
AVJ ablation remains unclear. 

Our group performed a meta-analysis on this 
subject and found 5 randomized controlled tri-
als 48-52 meeting our inclusion criteria.53  The 
majority of the patients included in these studies 
had at least mildly depressed LV ejection fraction 
(<45%) and 50% had a QRS duration of >120ms. 
Our results suggested that CRT for permanent AF 
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after AVJ ablation may be superior to RV pac-
ing.  Specifically, CRT decreased hospitalization 
for heart failure and provided a favorable, albeit 
non-significant, trend in mortality, compared to 
RV pacing. Based on this meta-analysis, we hy-
pothesized that the beneficial effect of CRT was 
a result of reverse LV remodeling, as indicated 
by the significant improvement in LV ejection 
fraction, LV end-systolic and end-diastolic diam-
eters compared to RV pacing. These findings are 
consistent with previous studies, showing that 
the beneficial effects of CRT are associated with 
improvement of cardiac structure and function 
through reverse LV remodeling 54,55 Although 
these results are encouraging, they cannot be 

considered definitive. Importantly, the evidence 
supporting use of CRT after AVJ ablation in pa-
tients with normal LV ejection fraction is sparse, 
even though the benefit of CRT was seen irrespec-
tive of LV ejection fraction or NYHA class in one 
study.52 Therefore, a randomized clinical trial, ad-
equately powered to detect clinical outcomes and 
specifically examining patients with normal LV 
ejection fraction, is urgently needed. Based on our 
calculations, a sample size of 1310 patients would 
need to be recruited over a 3-year period with a to-
tal study duration of 5 years (minimum of 2 years 
follow-up for all patients) to provide adequate 
power to detect a difference in mortality between 
the two groups .53

Figure 1:  Recommended strategy for atrioventricular junction (AVJ) ablation in patients with atrial fibrillation (AF) for optimi-
zation of cardiac resynchronization therapy (CRT) based on available evidence.

Conclusions

CRT is a well-studied non-pharmacologic treat-
ment for HF, a disease that is only increasing in 

prevalence.  Atrial fibrillation, among other factors, 
may have a negative impact on the clinical benefit 
of CRT by reducing the degree of biventricular pac-
ing.  Based on the knowledge that maximizing bi-
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ventricular pacing reduces mortality, AVJ abla-
tion may be an important treatment in this patient 
population.  Based on the available evidence, we 
recommend the following algorithm for the use 
of AVJ ablation in patients with AF for optimi-
zation of CRT (Figure 1). In patients who other-
wise meet criteria for CRT (NYHA class II to IV, 
LV ejection fraction ≤35%, QRS duration ≥150ms 
with left bundle branch morphology) ,3aggressive 
medical therapy to achieve rate control may be 
tried first. If the degree of biventricular pacing is 
<95% at follow-up, we recommend considering 
AVJ ablation to maximize the response to CRT. In 
patients with symptomatic AF, in whom a deci-
sion was made to perform AVJ ablation, the de-
cision to implant a CRT device may be reserved 
for those who have HF with a low LV ejection 
fraction ≤35%. Given the uncertainty of the value 
of CRT in patients with normal ejection fraction 
and without HF, no firm recommendations can 
be made at this time and the decision to implant 
a CRT in these patients should be individualized. 

In conclusion, the available evidence from obser-
vational non-randomized studies suggests that 
AVJ ablation in patients with AF qualifying for 
CRT may offer improvement in HF symptoms, 
better survival, and better cardiac function.  In 
light of the inherent limitations of non-random-
ized studies, further randomized studies are 
needed to support this treatment option.
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Introduction

In the recent years, several new evidences support 
catheter-based ablation as a treatment modality of 
atrial fibrillation (AF), either in patients with drug-
resistant symptomatic paroxysmal AF or as first-

line therapy in selected patients. The common 
endpoint of AF ablation procedure in most cen-
ters is Pulmonary Veins Isolation (PVI).1-4 This an-
atomically based approach implies the need for 
a better visualization of left atrial anatomy and 
interventional catheter devices in addition to tra-
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Abstract

In the recent years, several new evidences support catheter-based ablation as a treatment modality of 
atrial fibrillation (AF). Based on a plenty of different applications, intracardiac echocardiography (ICE) is 
now a well-established technology in complex electrophysiological procedures, in particular in AF abla-
tion. ICE contributes to improve the efficacy and safety of such procedures defining the anatomical struc-
tures involved in ablation procedures and monitoring in real time possible complications. In particular 
ICE allows: a correct identification of the endocardial structures; a guidance of transseptal puncture; an 
assessment of accurate placement of the circular mapping catheter; an indirect evaluation  of evolving 
lesions during radiofrequency (RF) energy delivery via visualization of micro and macrobubbles tissue 
heating; assessment of catheter contact with cardiac tissues. Recently, also the feasibility of the integra-
tion of electroanatomical mapping (EAM) and intracardiac echocardiography has been demonstrated, 
combining accurate real time anatomical information with electroanatomical data. As a matter of fact, 
different techniques and ablation strategies have been developed throughout  the years. In the setting of 
balloon-based ablation systems, recently adopted by an increasing number of centers,  ICE might have 
a role in the choice of appropriate balloon size and to confirm accurate occlusion of pulmonary veins. 
Furthermore, in the era of minimally fluoroscopic ablation, ICE has successfully provided a contribute 
in reducing fluoroscopy time. 

The purpose of this review is to summarize the current applications of ICE in catheter based ablation 
strategies of atrial fibrillation, focusing-on electronically phased-array ICE.
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ditional fluoroscopy. Although the fluoroscopic 
two-dimensional “silhouette” imaging provides 
a general overview of the cardiac anatomy, it re-
quires substantial experience to carefully recog-
nize the target structures and to guide catheters 
location. Intracardiac echocardiography (ICE) al-
lows to visualize the left atrium (LA) in real time 
during the course of the procedure and to iden-
tify all structures  for the ablation accomplish-
ment. ICE has proved to be helpful in the setting 
of electrophysiological (EP) procedures and in 
particular for AF catheter-based ablation allow-
ing: (1) a correct identification of the endocardial 
structures (assessment of pulmonary veins anat-
omy, ostium size, and normal blood flow via 2-D 
anatomical imaging and Doppler measurements); 
(2) a guidance of transseptal puncture, particular-
ly in the setting of complex or unusual anatomy;
(3) an assessment of accurate placement of the
circular mapping catheter; (4) an indirect evalu-
ation  of evolving lesions during radiofrequency
(RF) energy delivery via visualization of  micro
and macrobubbles tissue heating, with the latter
providing a signal for energy termination; (5) as-
sessment of catheter contact with cardiac tissues
.5-8 Recently, also the feasibility of the integra-
tion of electroanatomical mapping (EAM) and
intracardiac echocardiography has been demon-
strated, combining accurate real time anatomical
information with electroanatomical data.6,9-11 As a
matter of fact, different techniques and ablation
strategies have been developed throughout  the
years. In the setting of balloon-based ablation sys-

tems, recently adopted by an increasing number of 
centers,  ICE might have a role in the choice of ap-
propriate balloon size and to confirm accurate oc-
clusion of pulmonary veins (PV).12-14 Furthermore, 
in the era of minimally fluoroscopic ablation, ICE 
has successfully provided a contribute in achiev-
ing “near-to-zero” fluoroscopy ablation.10,15,16

The purpose of this review is to summarize the 
current applications of ICE in catheter based ab-
lation strategies of atrial fibrillation, focusing-on 
electronically phased-array ICE.  

Intracardiac Echocardiography: Types of ICE 
Probe 

During the past 15 years, transducer miniaturiza-
tion and advances in microelectric and piezoelec-
tric crystal technology have allowed ICE to become 
an invaluable tool for cardiac assessment. Nowa-
days two different types of ICE imaging systems 
are available: the mechanical ultrasound catheter 
radial imaging system and the electronic phased-
array catheter sector imaging system. In the me-
chanical ultrasound catheter (Ultra ICE) radial im-
aging system (EP Technologies, Boston Scientific), 
a single, rotating, crystal ultrasound transducer is 
mounted at the end of a nonsteerable 9 Fr (110-cm 
length) catheter. Mechanical ICE produces  im-
aging frequencies between 9 and 12 MHz, thus 
providing near-field clarity (within 5 to 7 cm of 
the transducer) but poor tissue penetration and 
farfield resolution. As a result, this system has not 

Figure 1: Panel A: Intracardiac echocardiography (ICE)-2D image of the left atrium (LA), left atrial appendage (LAA) and fossa 
ovalis (FO). The green lines represent the endocardial borders tracked in order to build a 3D anatomical shell. Panel B: Co-
registration of the LA ICE-3D-anatomical shell and the pre-operative cardiac computed tomography (CT) scan.
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Figure 2: Panel A: Intracardiac echocardiography (ICE) 2D image of the left atrium (LA), left superior and inferior pulmonary 
veins (LSPV and LIPV). The green lines represent the endocardial borders. Panel B: Co-registration of the LA ICE-3D-anatomical 
shell and the pre-operative cardiac CT scan

Figure 3: Panel A: Intracardiac echocardiography (ICE)-2D image of the left atrium (LA), right inferior pulmonary vein (RIPV). 
The green lines represent the endocardial borders. Panel B: Co-registration of the LA ICE-3D-anatomical shell and the pre-
operative cardiac CT scan.

allowed clear imaging of the LA and PV, except 
when introduced directly into the LA (transsep-
tally).6,17 

In the electronic phased-array ultrasound cath-
eter (AcuNav) coupled with sector imaging sys-
tem (Acuson Corporation, Siemens Medical 
Solutions,Malvern, Pa.), the ultrasound transducer 
is mounted on the distal end of an 8 or 10 Fr (90-cm 
length) catheter and has a forward-facing 64-ele-
ment vector phased-array transducer scanning in 

the longitudinal plane. The catheter has a four-
way steerable tip (160 degrees anteroposterior and 
left-right deflections). Imaging capabilities include 
90-degree sector 2-D, M-mode, and Doppler imag-
ing (pulsed-wave, continuous-wave, color, and tis-
sue Doppler), with tissue penetration up to 16 cm,
and variable ultrasound frequency (5.5, 7.5, 8.5,
and 10 MHz). Electronically phased-array ICE can
provide more detailed cardiac structural and func-
tional imaging, comparable with transesophageal
echocardiography, but without manipulation in a



limited esophageal space. It also provides hemo-
dynamic evaluation with Doppler and color flow 
imaging for the atria, pulmonary veins and great 
vessels. These features have been of significant 
value for PV isolation procedures and creation of 
linear lesions in the LA.6,17

A newer phased array ultrasound catheter 64-ele-
ment systems, the ViewFlex Plus (St. Jude Medical, 
Inc.) developed in association with Philips Medi-
cal Systems (Bothell, WA) is a steerable catheter via 
two-way articulation and runs on the ViewMate 
ultrasound system (EPMedSystems, Inc., Berlin, 
NJ). The ViewFlex Plus ICE catheter has a frequen-
cy ranging from  4.5 to 8.5 MHz, with an imaging 
depth of 12 cm. It appears to be somewhat similar 
to the AcuNav catheter that can be rotated axially 
and steered in anterior and posterior directions. 
The ViewMate Z System uses Zone Sonography 
from ZONEARE Medical Systems, a new approach 
to ultrasound image acquisition and processing. 
Using a small number of large “zones,” this tech-
nology acquires ultrasound data up to ten times 
faster than conventional systems and implements 
the full reality of data acquisition and management 
in software rather than hardware. By enhancing 
image resolution, uniformity, contrast, and pen-
etration, ZONE Sonography provides high-quality 
images in real-time.6,17,18 

Visualization of Left Atrial Anatomy

Intracardiac ecocardiography is usually per-
formed introducing the catheter through the right 
femoral vein and then moving it into the right 
atrium (RA), the right ventricle or occasionally 
in the LA transseptally. By locating the ICE ul-
trasound probe in the RA a home long axis view 
of the RA, the RV and the tricuspid valve can be 
obtained. 

From the home view position, a clockwise rota-
tion of the catheter allows a subsequent view of 
the aorta, the pulmonary artery and the RV out-
flow tract. With a further rotation of the probe the 
Fossa Ovalis (FO), the LA, the mitral valve and 
left appendage become visible (Figure 1). Should 
a better view of the FO be required, the ICE cath-
eter can be advanced or withdrawn accordingly 
to optimize its visualization. To better view the 
entire septum and the FO, the probe should be 
moved posteriorly. The left pulmonary veins are 
clearly visible rotating the probe from the left ap-
pendage view in a clockwise direction (Figure 
2). A short-axis image obtained by inserting the 
probe into the RA and rotating it in a clockwise di-
rection represents the best right pulmonary veins 
view (known as “owl-eyes”). During AF ablation 
is particularly relevant to visualize the right pul-
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Figure 4: Panel A: Intracardiac echocardiography (ICE)-derived 2D image of the left atrium (LA), right superior pulmonary vein 
(RSPV). The green lines represent the endocardial borders. Panel B: Co-registration of the LA ICE 3D-anatomical shell and the 
pre-operative cardiac CT scan



associated with transseptal puncture are estimated 
to occur in approximately 1% of procedures and 
are mostly related to the perforation of the poste-
rior atrial wall or of the aortic root.20

Intracardiac echocardiography provides excellent 
display of the FO as previously described, and has 
recently become a complementary tool to fluoros-
copy for a safer LA access (Figure 5). As a matter 
of fact, when advanced in the right atrium, the 
echocardiographic catheter provides a cross-sec-
tional view of the FO, which allows the position 
of both the needle and the sheath to be checked in 
the middle of the FO (Figure 6). This helps to de-
termine the exact position of the needle by looking 
for tenting of the membranous septum at the time 
of the puncture. It also confirms access to the left 
atrium via injection of contrast material through 
the needle, even though the HRS/EHRA/ECAS Ex-
pert Consensus Statement on Catheter and Surgi-
cal Ablation of Atrial Fibrillation recommends the 
use of ICE because of the possibility to visualize 
directly the interatrial septum, avoiding the use of 
iodine contrast whenever  contraindicated.1,21 Ac-
cording to this Statement, ICE should be used also 
thanks to the possibility of being able to perform, 
under echocardiographic guidance, transseptal 
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monary veins in the long-axis view in order to get 
a better definition of the ostium-antrum border. 
This can be obtained by rotating the ICE probe 
posteriorly and placing it against the interatrial 
septum (Figure 3-4). A clear long axis view of both 
right pulmonary veins is usually much more dif-
ficult compared to the left ones. ICE plays also an 
important role in visualizing other structures of 
interest (e.g. the esophagus and the pericardium) 
whose anatomical positions are very important 
during AF ablation.

Guidance of Transseptal Puncture

Transseptal puncture has always been a challenge 
to the operator, due to the particular position of 
the fossa ovalis, the site of lowest resistance, locat-
ed within the atrial septum between the posterior 
atrial wall and the bulb of the aorta. Traditionally, 
it has always been performed using fluoroscopic 
guidance, in which anatomic structures are not 
visualized directly and the catheter position is 
entirely estimated by its relationship with cardiac 
silhouette. Furthermore, it is possible to fluoro-
scopically estimate the position of fossa ovalis by 
standard electrode catheters as anatomical refer-
ences.19 Despite these strategies, complications 

Figure 5: Two-dimensional ICE image derived from a transducer location in right atrium (RA). From this view it is possible to 
see the fossa ovalis (FO) and left atrium (LA)
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Figure 6:Two-dimensional ICE image that shows the Brockenbrough-curve needle is advanced from the right atrium (RA) to the 
fossa ovalis (FO) for transseptal puncture guided by ICE. LA: left atrium

Figure 7:Interatrial septum visualized using ICE transoesophageally, tenting of the interatrial septum towards the left atrium 
(LA); RA, right atrium

puncture in patients that are fully anticoagulated, 
since it may prevent cardiac tamponade.8

Continuous real-time observation of the interatrial 
septum also adds important information especially 
in patients with abnormal anatomy of the interatri-
al septum, such as aneurysmatic floppy septum, 
lipomatous hypertrophy of the septum, patent 
foramen ovale (PFO) or atrial septal defect (ASD) 
and previous cardiac surgery.5,22 Double transsep-
tal puncture in patients with ASD repair or PFO 
closure has been shown feasible and safe using 

ICE.  The effectiveness of a transseptal puncture 
through different devices as pericardial patches, 
septal stitches, Dacron patches, Cardioseal™ and 
Amplatzer™ guided by ICE have been described.23 
In patients with ASD closure devices the possibil-
ity to perform an eco-guided transseptal puncture 
both at the level of the native septum and of the 
implanted device was confirmed.24Furthermore, a 
recent study has demonstrated the role of ICE in 
the visualization of the intra-atrial membrane dur-
ing transseptal catheterization in patients with AF 
and cor triatriatum, facilitating direct entry into 



the posterior-superior pulmonary vein chamber.25 
ICE can  be used also for safe guidance of transbaf-
fle puncture to obtain biatrial access in patients af-
fected by supraventricular arrhythmias, after atrial 
correction of the great arteries transposition.26 An 
innovative approach consists in using ICE cath-
eter transoesophageally, introducing the probe 
through the nasal route and performing close 
monitoring during the positioning of the transsep-
tal needle, and withdrawing the probe after trans-
septal catheterization27 (Figure 7). Even though 
fluoroscopy is still an important complementary 
tool during catheter positioning for the transseptal 
puncture, the possibility to perform the whole AF 
ablation procedure in both paroxysmal and per-
sistent patients under ICE and electroanatomical 
mapping guidance has been recently described.28

Some surveys have also shown that ICE is a useful 
tool in guiding difficult transseptal punctures re-
quiring specifically designed radiofrequency nee-
dles (Toronto Transseptal Catheter, Baylis Medi-
cal Company Inc, Monteral, Canada) (Figure 8) or 
J-shaped  transseptal guidewires (SafeSept, Pres-

sure Products, Inc.,San Pedro, CA, USA).29,32

Three-Dimensional Reconstruction of Left 
Atrial Anatomy

Integration of ICE imaging into a 3D reconstruc-
tion of the LA is an upgrade of the utility of ICE 
during AF ablation. The CARTOSound system 
(Biosense Webster, Inc.) allows to reconstruct 
multiple 2D ultrasound fans generated by ICE 
to a 3D shell of the cardiac chambers. By using a 
dedicated echocardiography probe (SoundStar 
3D Ultrasound Catheter, Biosense Webster, Dia-
mond Bar, USA) with a location sensor tracked 
by the mapping system, endocardial contours of 
the LA and PVs can be acquired while the cath-
eter is still in the right atrium before transseptal 
puncture. The CARTOSound volume map of the 
cardiac chamber may be used as a stand-alone tool 
to guide navigation and ablation or as a facilitator 
of computed tomography (CT) scan or magnetic 
resonance imaging (MRI) image integration using 
an integrated software algorithm (CARTOMerge, 
Biosense Webster, Diamond Bar, USA). Continu-
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Figure 8:Sequence of ICE imaging of transseptal puncture by radiofrequency delivery, crossing a thickened interatrial septum. 
Panel A: the tip of the powered needle is positioned in the fossa ovalis of the interatrial septum. Panel B: tenting of the fossa 
ovalis is demonstrated. Panel C: a single application of radiofrequency energy was delivered. Panel D: the tip of the needle can 
be seen in the left atrium (LA) immediately after radiofrequency energy delivery and the needle crossed the septum.



good alignment between the reconstructed elec-
troanatomical map and the 3D image of the heart 
is crucial for a proper merge; this process is then 
carried out by a mathematical algorithm (Figure 
9).36 A recent showed that ICE-guided landmark 
registration with a new technique of ICE-guided 
focused endocardial surface registration resulted 
in a superior accuracy as compared to traditional 
landmark registration in achieving a better align-
ment between the CT/MR image and the electro-
anatomical map. (Figure 10).37

In a recent randomized study the impact of differ-
ent modalities of image integration with CARTO 
system on procedural and fluoroscopy times was 
evaluated:  CARTOSound-guided PV isolation 
with preprocedural MRI only or with the combi-
nation of MRI and/or ICE was studied. Total pro-
cedural time was similar in the three groups, but 
MRI integration required more fluoroscopy time 
and a longer dwell time spent in the LA. Intracar-
diac ultrasound image integration significantly 
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ous “real time” imaging provided by ICE yields 
a significant advantage, since  both CT scan and 
MRI have the drawback of time intervals between 
the imaging and the ablative procedure itself, 
during which changes in anatomical conditions 
and shape of LA may occur, potentially due to 
changes in intravascular fluid volume, patient 
position and underlying cardiac rhythm 6 Fur-
thermore MRI has shortcomings associated with 
availability and costs, while CT causes additional 
radiation exposure for the patient and- requires 
contrast medium administration. Recreating LA 
anatomy with ICE is advantageous as it mini-
mizes chamber deformity with contact mapping, 
permits detailed visualization of the LA and its 
adjacent structures, and reduces radiation expo-
sure.33,34

Since the first reports of its use in humans, several 
studies have demonstrated the safety and effica-
cy of CARTOSound system for guiding ablation 
procedures, including AF catheter ablation.35 A 

Figure 9: Screen shot of the CARTO (Biosense Webster, Inc., Diamond Bar, Calif.) electroanatomical mapping system. The os-
tium of the left superior PV, identified by ICE, is used as single landmark point (red circle on the ICE image right on the top). 
On the left the endocardial landmark point is marked on the imported 3-D CT image, thus creating a landmark pair, with one 
landmark point on the real-time electroanatomical map and the other on the 3-D CT image. Landmark registration approximates 
the electroanatomical map to the 3D CT surface reconstruction by matching the landmark pair



reduces fluoroscopy time and dwell in the LA, a 
parameter linked to the procedure-associated risk 
of cerebrovascular complications, in comparison 
to MRI integration alone.38

Visualization and Navigation of Catheters

The position of the PV circular mapping catheter 
can be monitored with ICE to determine the pre-
cise location close to the ostium of PVs (Figure 
11). A helpful tool of ICE integration with CAR-
TO system is the possibility to display the tip of 
the ablation catheter in the ultrasound viewer of 
the CARTO monitor: a green coloured electronic 
representation of the catheter tip appears in the 
ultrasound real time image whenever the ultra-
sound fan intersects it (Figure 12). This feature al-
lows to locate the exact position of the mapping 
catheter and to ensure adeguate catheter tissue 
contact. Furthermore it can provide imaging of 
lesion morphologic changes including swelling, 
dimpling, crater formation, accelerated bubbles 
before popping.21 Recently the impact of cath-
eter tip/tissue contact in RA and LA in five dogs 
who underwent atrial ablation guided by the Sen-
seiTM robotic catheter remote control system, us-
ing a 3.5-mm irrigated-tip ablation catheter has 

been evaluated (Celsius Thermocool, Biosense 
Webster, Inc., Diamond Bar, CA, USA). Simulta-
neous 2D ICE and fluoroscopic images were ob-
tained to establish catheter tip/tissue orientation, 
catheter shaft curve angles and tissue contact.  A 
correlation between 2D ICE/fluoroscopy visual-
ized catheter tip/tissue contact and the measured 
contact force was found.39

Monitoring for Complications

Even if it has been shown that the rate of major 
complications associated with AF catheter ablation 
has decreased from 11.1% in 2002 to 1.6% in 2010, 
it still represents a major concern for the electro-
physiologists.40 The use of ICE through different 
stages of the procedure can help to reduce compli-
cations such as pericardial effusion, tamponade, 
thrombus formation, pulmonary veins stenosis or 
atrial-esophageal fistulas (Figure 13).41,42

A recent study showed a significant lowering 
of complications of cardiac origin in procedures 
ICE-guided as compared to traditional approach-
es (0.25% vs 1.3% p= 0,002).41 These findings can 
be easily explained by the capability of ICE to 
detect in real time even small pericardial effu-
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Figure 10: Screen shot of the CARTO (Biosense Webster, Inc., Diamond Bar, Calif.) electroanatomical mapping system. Using 
more landmark points increases the accuracy of the registration process. On the right, the ICE 2-D image shows landmark points 
(red circles). The left panel shows landmarks points on the real time electroanatomical map and on the 3-D CT image
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Figure 11: Intracardiac echocardiography (ICE)-derived 2D image of the left atrium (LA). A circular mapping catheter can 
clearly be visualized in the antrum of the LSPV

Figure 12: Intracardiac echocardiography (ICE)-derived 2D image of the left atrium (LA). Activating the function “show map-
ping catheter tip”, a green colored electronic representation of the catheter tip appears in the ultrasound real time image when 
the ultrasound fan intersects it

sions, at their very early stage, prior to hemodynamic 
changes.5 Moreover, it has been proven that ICE can 
reduce thromboembolic events by providing serial as-
sessment, multiple views and detailed imaging of the 
LAA to diagnose the presence of thrombus, most of all 
when equivocal TEE findings require confirmation.44 
It was also discussed the role of ICE in the early de-

tection of thrombus formation in the LA during 
catheter ablation, especially at the edge of the 
transseptal sheath or along the circular map-
ping catheter. An unexpected high incidence 
(10.3%) of thrombus formation despite correct 
anticoagulation with heparin was recorded. 
This underlines the possibility of being able 



 www.jafib.com 128 April-May, 2013 | Vol 5 | Issue 6                         

Journal of Atrial Fibrillation Featured Review          

to perform a successful withdrawn into the right 
atrium of left atrial thrombi under ICE monitor-
ing without any complication, preventing system-
ic embolic consequences.45 ICE imaging can also 
help to set temperature, impedance and power 
during RF delivery, due to the early detection of 
microbubbles resulting from overheating that can 
even precede increased impedance, thus allow-
ing a prompt termination of RF delivery. This can 
prevent tissue damage and scar formation which 
can lead to pulmonary veins stenosis and perfo-
ration.46,21 Furthermore, this risk could be reduced 
by monitoring pulmonary vein ostial narrowing 
with Doppler color flow.47

Atrial-esophageal fistula is a rare but feared com-
plication of AF catheter ablation. Esophagus can 
be easily identified by ICE. Precise measurements 
of the distance between the endocardium of the 
posterior wall and the outer layers of the esopha-
gus  at the site of ablation can be obtained, in order 
to select the safest location for the ablation catheter 
tip.48 ICE can also be helpful in visualizing the lo-
cation of luminal esophageal temperature probe, 
thus allowing its optimal placement , as close as 
possible to the ablation catheter, and performing a 
real-time monitoring of esophageal temperature.49 

ICE and New Technologies in Atrial 
Fibrillation Ablation

In the last years new technologies in AF ablation 
have been developed in order to overcome some 
shortcomings associated with point to point abla-
tion using a standard RF catheter.50 Balloon-based 
and multielectrode ablation catheters as well as 
remote navigation system have been developed 
in an attempt to perform PV isolation in a shorter 
time and with a minimum number of lesions, to 
standardize its completeness and steadiness and 
to partly obviate the need for manual dexterity. 

Balloon-based catheter ablation systems allow 
PVI with a single or few shots of energy delivery 
and a minimum number of lesions .51,13 Currently 
balloon-based ablation systems allows to deliver 
different ablation sources such as cryothermal en-
ergy, laser, and high-frequency ultrasound.

ICE might be useful in cryo-ablation AF procedure 
–for the following reasons: to identify the relevant
anatomic structures; to measure the PV ostium di-
mension in order to -choose the appropriate bal-
loon size; to guide the placement and movement
of the cryo-balloon catheter at the ostial and antral
level of the PVs, thus improving both safety and

Figure 13: Intracardiac echocardiography (ICE) 2D image showing a large pericardial effusion (PE) surrounding the left ven-
tricular wall.
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Figure 14: Pulmonary vein occlusion guided by angiography and intracardiac echocardiography (ICE). Panel A: left anterior 
oblique fluoroscopic view showing the cryoballoon already inflated and placed in front of the left superior pulmonary vein 
(LSPV). Angiography shows complete occlusion. Panel B: intracardiac echocardiographic view of the LSPV antrum, displaying 
the whole left atrial antrum and the PV itself, as well as the balloon that has been placed in front of it. Color Doppler shows the 
absence of reflow to the left atrium

Figure 15:Panel A: pulmonary vein (PV) isolation using the laser balloon technology. The laser balloon is inflated in the left su-
perior pulmonary vein (LSPV). Panel B: endoscopic view shows LSPV antrum. Panel C: intracardiac echocardiography (ICE)-de-
rived 2D image of the left atrium with the Zonare technology. The laser balloon catheter can be visualized in the antrum of LSPV

efficacy .52,53 Using color Doppler information, the 
whole PV antrum can be visualized to optimize 
Doppler alignment for each PV during freezing 
and, -subsequently, the position of the cryobal-
loon can be optimized to occlude gaps during the 
freezing cycle, documented by a loss of Doppler-
coded reflow to the left atrium (Figure 14). Fur-
thermore color Doppler information can be used 
for real-time monitoring of the PV occlusion level 
to avoid a too distal PV occlusion and prevent os-
tial PV narrowing. The use of ICE in this setting 
has also proved to be associated with lower fluo-

roscopy, contrast and procedural time .54-55 

A recent study has shown that the PV occlusion 
during cryo-ablation can be easily predicted by 
intracardiac saline echocontrastography. This ap-
proach has reduced procedural time, radiological 
exposure and contrast medium use.56

ICE can also be helpful in the setting of other types 
of balloon catheters. One study has evaluated the 
role of ICE combined with laser-balloon ablation 
in 27 dogs. ICE has proved to be useful for leak 
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Figure 16 A:Screen shot of the CARTO (Biosense Webster, Inc., Diamond Bar, Calif.) electroanatomical mapping system. On the 
right, in the ICE 2-D image, the green colored electronic representation of the catheter tip in left atrial chamber shows no contact 
to endocardial tissue (also confirmed by low contact force in left panel)

Figure 16B: Screen shot of the CARTO (Biosense Webster, Inc., Diamond Bar, Calif.) electroanatomical mapping system. On 
the right, in the ICE 2-D image, the green colored electronic representation of the catheter tip in left atrial chamber shows good 
contact to endocardial tissue. In the left panel high contact force confirmed good catheter tip-tissue contact

detection to avoid ineffective energy application. 
57 The laser-balloon ablation system (EAS, Cardio-
focus) is a catheter equipped with an endoscopic 
probe to assist the visualization of balloon-tissue 
contact. This feature could render redundant the 
use of ICE, although in previous small studies 

and in our experience the endoscope and ICE are 
complementary for positioning of the balloon at 
the LA-PV junction and for monitoring complica-
tions58-60 (Figure 15).

Another important issue represented by the tissue 
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Figure 17:Screen shot of the Sensei robotic navigation system (Hansen Medical, Mountain View, Calif.) with CARTO system 
(Biosense Webster, Inc., Diamond Bar, Calif.) and the novel Smarttouch catheter (Biosense Webster, Inc., Diamond Bar, Calif.). 
Bottom right panel, in the ICE 2-D image, the ablation catheter and circular mapping catheter can be visualized in the antrum 
of LIPV. Top right panel, a left anterior oblique fluoroscopic view of the SmartTouch catheter catheter guided by Sensei robotic 
navigation system in the left atrium. Multipolar circular mapping and coronary sinus catheters are also shown. Left panel, 3-D 
CT image view showing left pulmonary veins. Radiofrequency applications (small red circles) were deployed at the posterior 
aspect of the ostium of the left superior pulmonary vein (LSPV). The ablation catheter tip is positioned at the ridge of the left 
inferior pulmonary vein (LIPV). The intelisense force and smarthouch force in grams are similar

Figure 18:Panel A: screen shot of the CARTO electroanatomical mapping system showing the nMARQ circular catheter (Bio-
sense Webster, Inc., Diamond Bar, Calif.) in the antrum of the left pulmonary veins (LPVs). Panel B: anteroposterior fluoroscopic 
view with the nMARQ circular catheter in LPVs. Panel C: the intracardiac echocardiography (ICE)-derived 2D image of the left 
atrium confirms the position of the multielectrode ablation catheter.

contact has been recently investigated:  some Com-
panies developed a reliable technology which can 
measure the contact force (CF) between the catheter 

tip and the target myocardium. Evidences from 
animal studies have shown that there is a strong 
correlation between CF and 2D ICE images of 
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catheter tip/tissue contact.39 In our experience ICE 
is very useful to validate appropriate contact and 
good orientation of these new ablation catheters, 
to monitor in real time the catheter-tissue interface 
during RF delivery and also to reduce fluoroscopy 
time (Figure 16a, 16b). 

Another method of tackling the challenge of the 
dexterity required for AF ablation is remote naviga-
tion. Remote navigation technologies (Sensei Han-
sen robotic system) use standard ablation catheter 
technologies and deliver them in a unique way. The 
system equipped with a force-sensing technology, 
appears to be limited when the catheter is not per-
pendicular to the tissue. In our experience, the use 
of ICE with remote navigation system is helpful to 
confirm the catheter tip-to-tissue contact, since the 
contact force in this case is estimated by a sensor 
installed in the robotic arm, and detecting the resis-
tance of the catheter sheath (Figure 17). 

New technologies are rapidly becoming available 
to simplify AF ablation by allowing energy delivery 
in a circumferential fashion around PV ostia. Mul-
tielectrode ablation catheters (MACs), which have 
an array of electrodes, allow the operator to deliver 

lesions throughout much of the circumference of 
each pulmonary vein during a single RF applica-
tion. In this setting ICE could be used to properly 
position the MAC proximal to the anatomic PV 
ostia.61 The additional use of ICE with MAC is 
associated with significantly lower fluoroscopy 
duration and RF delivery time.61,62 Furthermore, 
a novel multielctrode irrigated ablation catheter 
(nMARQ Biosense Webster, Diamond Bar, Cal) 
integrated with an electronatonical mapping sys-
tem (CARTO 3 Biosense Webster, Diamond Bar, 
Cal), is being evaluated in a multicenter study 
(Revolution, ClinicalTrials.gov: NCT01353586). 
In our personal experience the combination of 
this technology with ICE has provided additional 
criteria for choosing correct position of the circu-
lar catheter in relation to PV ostia and to critical 
structures i.e carina region or ridge. (Figure 18)

A final important mention has to be dedicated 
to novel approaches for stroke prevention in Pts 
with AF, i.e. the left atrial appendage occlusion 
devices, which have provided a huge impact in 
the management of Pts with conflicting clinical 
patterns concerning the anticoagulation manage-
ment. The two main systems are: 1) Watchman 

Figure 19:Panel A: right anterior oblique view shows placement of a percutaneous left atrial appendage (LAA) device closure 
(Amplatzer Cardiac Plug, AGA Medical, SJM). Panel B: three dimensional transesophageal echocardiography reconstruction 
of left atrium and LAA orifice after device positioning. Panel C: intracardiac echocardiography 2D image showing the device 
placed in LAA
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(Boston Scientific; Natick MA) ; 2) Amplatzer Car-
diac Plug (St Jude Inc.)

In both cases the International Guidelines as well 
as the recommendations of the Companies sug-
gest the TEE-guidance as a gold standard tech-
nique for a correct device positioning63 even if 
also alternative approaches have been described.64 
Our personal experience (evaluation of ICE per-
formance in parallel with TEE) indicate the ICE as 
a useful and effective tool for: detection of LAA 
morphology and dimension; exclusion of throm-
bi; device measure choice; identification of criteria 
for a correct positioning including absence of leak, 
stability during tug test and absence of interfer-
ence with the mitral leaflets (Figure 19). It is likely 
that in Pts with major contraindications to TEE 
this technology could represent a valid alternative 
for this promising approach to Pts with AF

Conclusions

Based on a plenty of different applications, ICE 
is now a well-established technology in complex 
electrophysiological procedures, in particular in 
AF ablation. Catheter ablation has become very at-
tractive and safe treatment modality with a poten-
tial benefit of definitive elimination of the arrhyth-
mia. ICE contributes to improve the efficacy and 
safety of such procedures defining the anatomical 
structures involved in ablation procedures and 
monitoring in real time possible complications.
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Introduction 

Post-operative atrial fibrillation (POAF) is 
an important complication after cardiac sur-
gery, which increases short-term hospitaliza-
tion costs1 and more importantly, decreases 
long-term survival.2,3 This makes POAF an im-
portant target for prevention and treatment. 
Great discrepancy remains between reported in-
cidences of POAF in different studies. Reported 
incidences vary from 10-60% depending on the 
type of surgery, with higher incidences in valve 
surgery compared to coronary artery bypass sur-
gery (CABG).4 This is certainly affected by the 

more invasive structural changes arising from 
valvular diseases such as atrial dilatation and fi-
brosis, but also by the more prolonged and inva-
sive nature of the surgical interventions in valve 
surgery.5 The incidence of POAF is however also 
influenced by the definition of AF. The minimal 
duration of AF needed to qualify as POAF varies 
in reports between minutes of AF,6,7 to sometimes 
only qualification as AF if it requires therapy.1

In general, AF is defined as an episode with ir-
regular RR-intervals without a traceable p-wave, 
during at least 10 seconds.8,9 It is important to 
acknowledge even the short episodes of AF,6 be-
cause of the progressive nature of the arrhyth-
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Abstract

Atrial fibrillation occurring after cardiac surgery has been the subject of intensive research over the past 
decades. However, the incidence remains high, despite numerous preventive and treatment strategies. In 
addition, several reports show that the impact of post-operative atrial fibrillation (POAF) is high. It is an 
independent risk factor for mortality after several years. These findings make clear that the pathophysi-
ology of POAF is not fully understood and POAF-associated risks to some extent might be underesti-
mated. On the one hand, excessive triggers during the acute post operative phase after cardiac surgery 
might initiate AF even in atria with low vulnerability. On the other hand, many patients undergoing 
surgery have an atrial substrate at the time of operation promoting AF not only in the post-operative 
phase but also in the days and weeks thereafter. Progress in our understanding of the AF mechanisms 
in general has provided valuable insights into processes involved in atrial structural remodeling due to 
advanced age, hypertension, obesity, and congestive heart failure. These patient characteristics strongly 
contribute to cardiac disease, predict POAF and likely have an impact on the risk of thrombus formation 
in the weeks and months after cardiac surgery. For a better understanding of the mechanisms involved, 
it is important to not only recognize the occurrence of POAF by continuous monitoring after surgery, but 
also to identity the extent of atrial vulnerability to AF in these patients.
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mia,10,11 but also because even a low AF burden 
significantly increases the stroke rate.12 The un-
predictability of AF onset and duration poses a 
great challenge to the intermittent rhythm detec-
tors such as ECG or Holter monitoring after dis-
charge.13 Reports on long-term follow up after 
cardiac surgery suggest that POAF is an indepen-
dent predictor of mortality, which might well be 
related to the fact that it is a recurrent arrhyth-
mia.2,3,14 Of note, some of the AF episodes may re-
main unnoticed as they can be asymptomatic both 
during hospitalization and after discharge.15-17 

Indeed, several studies in patients undergoing 
cardiac surgery have shown recurrence of AF af-
ter discharge.18,19 In a randomized trial of 124 pa-
tients on the effects of Amiodarone after cardiac 
surgery, 12% of the patients in the placebo group 
were in AF at a mean of 12 days after discharge.20 
In a retrospective study of 305 patients under-
going cardiac surgery, the annual incidence of 
symptomatic AF during a 4 year follow up was 
5.1% in patients who had developed POAF.21 In-
terestingly, multivariate analysis showed reduced 
left ventricular ejection fraction, which can cause 
atrial structural remodeling, to predict recurrences 
of POAF independently.21 In line with this, other 
predictors of POAF after discharge that have been 
reported are valve surgery, history of myocardial 
infarction and pulmonary hypertension.17 The 
value of continuous monitoring seems essential 
in detecting the true POAF burden,13 as the im-
portance of asymptomatic “silent AF” in patients 
with a comparable risk profile as the POAF pop-
ulation has recently been emphasized.12 There-
fore, to be able to treat or at least to restrain the 
consequences of POAF, a better understanding 
of the pathophysiology of POAF is mandatory. 

Pathophysiology

Even in normal atria in sinus rhythm inter-atrial 
and site-specific conduction heterogeneities are 
present, which may lead to spatial non-unifor-
mity of conduction anisotropy.22 In the presence 
of triggers with sufficient incidence, AF can be 
induced both in normal and in abnormal atria. 
The wave pattern and type of AF may vary in 
complexity, 9 depending on the severity of the 
underlying substrate.23 Although inducibility of 
AF by pacing in normal atrial structure is depen-
dent on the protocol of pacing,24 it has a predic-

tive value for the occurrence of POAF. 25,26 This 
suggests higher susceptibility for AF at least in 
some of the patients who subsequently develop 
POAF.27 Furthermore, AF occurring as a conse-
quence of cardiac surgery in patients without a 
history of AF postulates a significant pathophysi-
ological role for the surgical intervention itself. 

Early Pro-Arrhythmic Environment

In a recent review, we discussed the acute and 
chronic factors contributing to initiation of POAF, 
and emphasized that different mechanisms are re-
sponsible for AF in a post operative setting.28

Inflammation in the acute post-operative phase 
has been subject of extensive research as it has 
been linked to several local and systemic pro-ar-
rhythmic effects. 

First of all, direct atrial trauma, e.g. the venous 
cannulation through the right atrium, has been 
shown to induce an inflammatory reaction lead-
ing to inhomogeneity in conduction in a canine 
model.29 The canine sterile pericarditis model, in 
which application of sterile talc and subsequent 
pericarditis enhanced AF susceptibility, supports 
this hypothesis.30 Administration of prednisone in 
this model reduced inflammation and as expected 
prevented AF.31 Similarly colchicine was able to 
reduce the incidence of POAF, as a result of a re-
duction of the post-cardiotomy syndrome in hu-
mans.32 Secondly, systemic inflammatory effects 
expressed as increased C-reactive protein levels, 
and therefore complement activation during car-
dio pulmonary bypass and during the acute post 
operative phase, were demonstrated to coincide 
with the peak POAF incidence, advocating a direct 
immune reaction mediated by the complement 
system. 33 Indeed, the use of cardio pulmonary 
bypass is correlated with POAF incidence in most 
studies.5,34 Thus as expected, oral corticosteroids 
reduce not only the post-operative inflammatory 
markers, but also the incidence of POAF as dem-
onstrated by an extensive meta-analysis.35

Furthermore, cardiopulmonary bypass might 
lead to insufficient cooling of the atria during the 
cardioplegic arrest.36 This may induce a tempo-
rary substrate to initiate AF as a consequence of 
ischemia reperfusion injury.36,37 Indeed, oxidative 
stress has been shown to cause a transient pro-ar-
rhythmic effect in the post-operative setting.38 This 



can explain the anti-arrhythmic effects of statins 
in POAF prevention. Despite the anti-inflamma-
tory effects of the HMG-CoA enzyme inhibitors, 
statins had no effect in predetermined substrates 
for AF, such as enlarged left atria.39 In line with 
the effect of oxidative stress in the direct post-op-
erative occurrence of AF, administration of ascor-
bate acid preserved the length of the effective 
refractory period (ERP) during rapid pacing in 
a canine model, and reduced POAF especially in 
the very early post-operative phase in humans.40 
Similarly, the antioxidant N-acetylcysteine re-
duced the incidence of POAF in the early post-
operative phase.41 These findings suggest that in-
dependent of a pre-existing vulnerability to AF, 
surgery itself can have several pro-arrhythmic 
consequences on the atrial tissue based on isch-
emic and inflammatory effects. 

Post-operatively, as a counterbalance to anesthe-
sia induced hypotension and cardiac stunning 
after aortic crossclamping, fluid administration 
is required to keep up the cardiac output. Es-
pecially in hypertrophic ventricles, e.g. in aor-
tic valve stenosis, significant volume therapy 
is applied for hemodynamic stabilization in the 
acute post-operative phase. In this setting, atrial 
enlargement seems to be an important factor in 
predicting POAF.32 Acute atrial stretch decreases 
conduction velocity, increases conduction block 
and thereby the vulnerability of the atrial tissue 
to reentry. 42-44 In addition, premature atrial beats 
initiate post-operative AF,45 partly aggravated by 
high sympathetic activation.6 Possibly, they are 
also due to increased L-type calcium currents 
(Ica2+) in patients developing POAF.46Indeed, mil-
rinone, a phosphodiesterase inhibitor inotropic 
agent, increased the incidence of POAF signifi-
cantly, presumably through a protein kinase-A 
activation leading to triggered activity.47

It can be concluded that transient local and sys-
temic changes in the acute post-operative phase 
after cardiac surgery are linked to POAF. They 
cause conduction disturbances and may enhance 
triggers for AF which both together will enhance 
the susceptibility to AF.

Histopathological Substrate 

In addition to post-operative acute phase trig-
gers, several long-term mechanisms have been 

identified to also predict POAF. These mechanisms 
are known to produce a more sustained substrate 
for AF, which favors AF maintenance rather than 
initiating it. The complexity of AF in these patients 
is therefore higher and recurrences are more likely 
after discharge, compared to AF in the less pro-
nounced substrates, which are confine to solely 
acute phase POAF.

First, POAF is a disease of advanced age.1,48 The atri-
al wall becomes fibrotic with age49 and this has been 
identified as one of the most important structural 
substrates for AF perpetuation in the non-operative 
setting.10,23 Prolonged signal averaged p-wave dura-
tion may reflect atrial fibrosis resulting in conduc-
tion delays and has been reported to be a predictor 
of POAF.50-52 However, pre-operative AF was not 
excluded in all these studies.50,51 Nevertheless this 
finding suggests an increased AF vulnerability in 
patients with intra-atrial conduction delays partic-
ularly in a pro-arrhythmic environment. 

Several co-morbidities have also been shown to in-
crease the chances of POAF development, such as 
chronic obstructive pulmonary disease,48,53 hyper-
tension,1 obesity and systolic dysfunction.1,53 The 
role of these co-morbidities in the perpetuation of 
AF has long been established.8,54 Obesity has been 
associated with ERP shortening in left atria, diastol-
ic dysfunction and left atrial dilation, all of which 
predispose to AF.5

In congestive heart failure, Sanders et al. demon-
strated increased vulnerability to AF due to pro-
longed p-wave duration, prolonged ERP duration 
at the right atrial wall and significantly longer si-
nus node recovery time.27 Accordingly, prolonga-
tion of conduction time with a higher percentage 
of double potentials and longer iso-electric inter-
vals is linked to severely disturbed substrates. 10,23 
These pro-arrhythmic changes seem to occur due 
to chronic dilated atria, as a consequence of con-
gestive heart failure or longstanding valve pathol-
ogy for example. In line with these findings, left 
ventricular diastolic dysfunction was determined 
as an additional predictor of POAF.55 On the bio-
chemical level, stretch activated channels (SAC’s) 
increase intracellular Na+ concentrations. As a con-
sequence, the Na+/Ca2+ exchanger extrudes less Ca2+ 
to the extracellular space, thereby enhancing Ca2+ 
binding to the actin-myosin response. In this set-
ting intracellular calcium overload causes a down 
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regulation of Ica2+-gene expression, subsequently 
shortening the ERP.56 Also chronic stretch has been 
associated with altered matrix metalloproteinase 
expression and angiotensin II mediated fibrosis.10 
Thus as expected, preoperative atrial enlargement 
has been shown to increase risk for POAF.57 Fur-
thermore, preoperative dispersion of refractori-
ness and a prolonged PR interval predicted POAF 
after CABG.58 Atrial structural changes have been 
attributed to the uncontrolled ventricular rate and 
congestive heart failure leading to atrial stretch, 
apoptosis and myolysis.59 Although apoptosis has 
not consistently been found in the atrial tissue of 
patients developing POAF, myolysis has been 
advocated as a preexisting structural substrate in 
these patients.60,61 

Another important structural abnormality, which 
is closely linked to the propagating abilities of the 
atrial wall, is the gap-junctional connexin (Cx) dis-
tribution. Higher and more heterogeneously dis-
tributed levels of Cx 40 have been demonstrated in 
POAF patients. 62 Also local inflammation caused 
a reduction in Cx 40 and 43 expressions in the 
epicardial level, compared to normal distribution 
in non-inflammatory circumstances.63 The exact 
role of connexin expression changes in POAF still 
needs to be defined. 

From these findings it can be concluded that at 
least in some of the patients developing POAF af-
ter cardiac surgery, severely altered atrial architec-
ture already is present before the operation. These 
structural alterations make the atria prone to not 
only POAF but also to AF in general. This is im-
portant because POAF might be an expression of 
the atrial vulnerability that is detected due to con-
tinuous monitoring in a period with excessive trig-
gers, a “poor man’s exercise” effect. This strongly 
implies close monitoring of these patients later on. 
Figure 1 gives a possible course of POAF develop-
ment and perpetuation after cardiac surgery and 
after discharge. 

Treatment strategies also provide additional infor-
mation for the possible mechanism that is respon-
sible for POAF. The positive effects of class III anti 
arrhythmic drugs for example, suggest a role for a 
reentry mechanism, in which shortening of the ex-
citable gap might be the key element in their effec-
tiveness, while beta-adrenergic blockers advocate 
a more prominent role for the sympathetic activa-

tion and triggers for AF.5,64

Prevention 

Beta-Blockers

It has become clear from multiple meta-analyses, 
reviews, and large cohort studies, that the peri-
operative use of β-blocking agents reduces the in-
cidence of atrial fibrillation after cardiac surgery. 
65-67 Furthermore, it is evident that the peri-oper-
ative use of β-blockers reduces mortality.66 This
knowledge has led to unambiguous recommen-
dations of the use of β -blockers as standard of
care in the prophylaxis of POAF in patients with-
out contra-indications. 8,68-70

Sotalol

Sotalol has a greater efficacy in preventing POAF 
than standard β-blockers,67 but has possibly more 
unfavorable adverse event profile. The extent of 
side effects of sotalol, such as prolongation of the 
QT-interval, compared to standard β-blockers is 
debated.  Because sotalol exposes patients to the 
risk for torsade des pointes, its use requires close 
monitoring, and under these conditions may be 
considered for the prevention of POAF.8,54,69,70

Amiodarone

Amiodarone with its class III anti-arrhythmic ef-
fects is a strong preventive drug in the acute post-
operative setting.20,71 Prophylactic amiodarone, 
with or without concomitant use of β-blockers 
also has a positive effect on duration of hospital 
stay, postoperative stroke, and post-operative 
ventricular tachyarrhythmia.20,67,71,72,73 However, in 
one trial the effects of amiodarone were not supe-
rior to placebo in patients with enlarged atria and 
in patients undergoing valve surgery. These are 
important characteristics of patients with a strong 
structural substrate,43,71 suggesting its effective-
ness relies on the prevention of triggers in the 
early pro-arrhythmic environment.  Common ad-
verse effects of amiodarone are bradycardia and 
hypotension74,75 which lead – together with extra-
cardiac side-effects – to cessation of the treatment 
with amiodarone in up to 20% of all patients.76 
The pre-operative administration of amiodarone 
should be considered in patients with high risk 
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overdrive pacing after an ischemic episode has 
been shown to reduce infarct size, based on pre-
vention of ischemic reperfusion injury.86 More re-
search is required to define the exact mechanisms 
of AF prevention by pacing at the atrial level, and 
to determine the population in which pacing is ef-
fective.  

ACE-Inhibitors

Angiotensin concerting enzyme inhibitors (ACEI’s) 
may be as effective in preventing POAF as they are 
in preventing permanent AF in the general popu-
lation.87 Although administration of ACEI’s have 
been associated with reduced POAF incidence, 48,88 

recent reports show conflicting results. Most im-
portantly increased adverse effects are reported 
in some studies, including hypotension, renal fail-
ure, higher mortality and a paradoxical increased 
risk of POAF incidence,89,90 or at least no reduction 
of new onset AF after cardiac surgery.91 More re-
search is therefore required to find true effects of 
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for the development of POAF, according to the in-
ternational guidelines,8,54 and should certainly be 
considered in patients with a contraindication for 
the use of β-blockers.69,70

Biatrial Pacing

Bi-atrial pacing significantly reduces the inci-
dence of POAF,67,73 although it has been reported 
to be difficult to apply. Some studies demonstrat-
ed even pro-arrhythmic side effects and also unin-
tentional diaphragmatic or left ventricular pacing 
are common.52,77-79 However, when sensing and 
capture thresholds of the pacemaker leads are fol-
lowed accurately, particularly simultaneous bi-
atrial pacing effectively prevents POAF.7,80-84 The 
main effects of post-operative atrial pacing on the 
atria are still unclear. It has been proposed that 
simultaneous biatrial pacing reduces dispersion 
of refractoriness and reduces the p-wave duration 
and dispersion.52,85 Also, overdrive pacing might 
prevent ectopic activity.82 At the ventricular level, 

Figure 1: A schematic sketch of incidence of POAF in the early post-operative phase (i.e. the first post-operative week) and dur-
ing the late post-operative phase (i.e. weeks to years following cardiac surgery) after discharge. In severely aggravated atrial 
substrates, POAF might continue to exist and reoccur. Red area under the curve represents patients with a preexistent structural 
substrate, e.g. atrial enlargement or heart failure, which is not easily reversible. White area under the curve represents patients 
with less severe structural substrate but who are exposed to the pro-arrhythmic environment of the acute-postoperative phase
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AF. This is reflected by the fact that the preven-
tive and therapeutic strategies are only helpful 
in some patients in the early phase after cardiac 
surgery. In patients with highly diseased atrial tis-
sue e.g. due to chronic atrial stretch or advanced 
age, AF might not only occur in the early post-
operative phase, but also during the days and 
weeks thereafter. Indeed, data on late POAF is 
accumulating and shows a potential role for pro-
longed monitoring in high-risk patients.[2,14,98,99]

Future research needs to address the incidence 
of ‘late POAF’ in the weeks and months after 
discharge. It is also of interest how this inci-
dence depends on the heart disease and other 
clinical factors. Finally, the therapeutic impli-
cations of ‘late POAF’ need to be defined. As a 
first step towards these objectives, more stud-
ies systematically studying ‘late POAF’ in dif-
ferent indication groups are urgently needed.
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Introduction

As the most common sustained arrhythmia, AF 
represents an enormous healthcare burden,1 which 
is anticipated to increase in coming years.2 Prog-
ress has been made in management, yet there con-
tinues to be a significant need for safer, more effec-
tive, and durable treatments. 

Current drug therapy continues to have lim-
ited efficacy in maintaining sinus rhythm and
presents concerns over adverse effects.3 This di-
lemma is illustrated by the fact that amiodarone is 
the most effective anti-arrhythmic drug, but only 
has a long term efficacy of 50-70%4 with a wide 
range of adverse effects that often limit its toler-
ability.5 This has led to the search for alternatives 
such as dronedarone, which has been  disappoint-
ing in terms of efficacy.6

Transcatheter ablation represents an exciting new 
frontier in rhythm management, but it also has 

limited efficacy7, 8 and carries risk of procedural 
complication9, 10 These issues highlight the need 
for novel approaches. In this manuscript, we will 
describe the role of ischemia in the pathophysiolo-
gy of AF and discuss the mechanisms of ischemic 
conditioning and hypothesize how conditioning 
may protect against AF.

Pathogenesis of Atrial Fibrillation 

Atrial Fibrillation and Clinical Risk Factors

Paroxysmal AF is defined as AF lasting at least 
30 seconds but less than 7 days with spontaneous 
termination. In contrast, persistent AF lasts longer 
than 7 days, requires cardioversion and is not self-
terminating. Chronic or permanent AF does not 
terminate and the clinical decision is then to keep 
the patient in AF.11 Patients who initially present 
with paroxysmal AF - usually progress to more 
chronic forms over time.12 Clinical risk factors for 
AF include advanced age,13 ischemia,14 after car-
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Abstract

Atrial fibrillation (AF) is the most common sustained arrhythmia. It is accompanied by both structural 
and ion channel remodeling which underlie the propensity to perpetuate AF. The prevalence of AF is 
expected to increase as population ages and as more patients survive myocardial infarction. Despite 
pharmacological and nonpharmacological (such as ablation) therapies for AF, more effective therapy is 
needed. Ischemic or pharmacological conditioning offers a potential novel approaches to patients with 
AF. This review will focus on the basic biology of ischemic pre- and postconditioning, patho-physiology 
of AF, potentially novel AF treatment approaches based on conditioning, and clinical situations that may 
be amenable to a conditioning strategy.



diac surgery,15 hypertension, heart failure includ-
ing both systolic and diastolic heart failure. Chan-
nelopathies like long-QT syndromes or Brugada 
syndrome can also be associated with AF. High 
catecholamine states can also precipitate AF. In a 
subset of patients no risk factors or structural heart 
disease can be identified. These patients are con-
sidered having “lone AF”.

Triggers 

Haissaguerre and his group identified the pulmo-
nary veins as important triggers for AF (16). Some 
studies of the pulmonary veins showed cells with 
spontaneous activity.16,17 Investigation of pulmo-
nary vein cells using patch clamp technique re-
vealed a reduced action potential duration and 
Vmax favoring reentry by slowing conduction 
velocity. Focal foci were also found near the supe-
rior or inferior caval veins or adjacent to the coro-
nary sinus os. Other triggers include sympathetic 
and parasympathetic stimulation and acute atrial 
stretch. 

Basic mechanisms underlying ectopic impulse for-
mation include enhanced automaticity as well as 
early and delayed afterdepolarization. While nor-
mal atrial cells do not exhibit automaticity, abnor-
mal atrial cells exhibiting If may be overwhelmed 
by a large IK1. A change in the balance of IK1 (de-
crease) and If (increase) can cause enhanced au-
tomaticity of atrial cells with ectopic firing. Early 
afterdepolarization can occur with prolonged ac-
tion potentials when ICaL has recovered enough 
to cause a second depolarization. This might be 
the cause of AF seen in patients with long-QT syn-
drome.Delayed afterdepolarization results from 
Ca overload. ICaL triggers Ca release from the sar-
coplasmic reticulum during systole. During resting 
membrane potential and before the depolarized 
portion of action potential, the Na-Ca exchanger 
can operate in forward mode causing entry of 3 Na 
ions while extruding 1 Ca ion causing a net posi-
tive depolarization current. This mechanism might 
be seen in patients in AF caused by digitalis intoxi-
cation. 

Maintenance of Atrial Fibrillation

After an initiating trigger, perpetuation of atrial fi-
brillation is usually dependent on the presence of a 

vulnerable substrate to maintain the rhythm. Once 
initiated, electromechanical remodeling promotes 
the maintenance of AF - often referred to as
atrial fibrillation begetting atrial fibrillation. 

AF can be maintained by persistent triggers or 
reentrant activity. Different models describe re-
entrant activity. In the leading circle model the 
wavelength and size of the reentrant circuit is de-
termined by the refractory period and the conduc-
tion velocity.18,19 The shorter the wavelength of the 
circuit the more reentrant wavelets can be accom-
modated in the atria. Therefore, the shorter the 
refractory period and the slower the conduction 
velocity, conditions found in persistent AF with fi-
brosis, the more chronic AF gets. The rotor model 
describes a rotor circulating around a core .8,9 AF 
persists as long as enough wavefronts are avail-
able at the same time in both atria. In contrast to 
the reentrant wavelet model perpetual firing from 
one or more foci can maintain atrial fibrillation.20 

Anatomical as well as electrophysiological prop-
erties within the atria play a role in maintain-
ing AF. The abrupt change in fiber orientation 
between the pulmonary vein and atrial juncture 
may facilitate reentry by causing unidirectional 
block.21 Fiber orientation and fibrosis of the pos-
terior wall may facilitate unidirectional block and 
reentry.22 Studies of the pulmonary veins have 
shown specialized cells with automatic activity23 

and the resting potential of pulmonary vein cells 
with a reduced AP can cause slowed conduction 
favoring reentry24, 25

Electromechanical Remodeling 

AF leads both to mechanical as well as electrical 
remodeling. These changes in the substrate of the 
atria facilitate the continuation of AF and likely 
cause the transition from paroxysmal to chronic 
AF. The two important electrical changes in AF 
are a decrease in AP duration and shortening of 
the AP plateau.26-29 The basis of these changes is
the altered physiology of ion channels with ICaL 
playing a central role. Initially, rapid activation 
leads to increased calcium Ca++ influx activating 
mechanisms to limit Ca influx. As a result, ICaL is 
reduced. Also an increase in IK1 and IKAch can be 
seen in chronic human AF. These changes result 
in both shortening of AP duration and shorten-
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ing of the AP plateau. These effects can be seen 
within 24hours of the onset of AF. The shortened 
AP promotes the continuation of AF by shorten-
ing the wave length in the leading circle model or 
stabilizing the core in the rotor model. 

Fibrosis is of key importance in mechanical re-
modeling. Hypertensive heart disease, dilated 
cardiomyopathy, and coronary disease are asso-
ciated with fibrosis involving the atria. Fibrosis 
does interfere with the homogenous excitation 
wavefront propagation and can promote ectopic 
impulse formation. Fibroblasts separate myocar-
dial bundles causing a discontinuous zig-zag type 
conduction pattern which results in conduction 
slowing. Conduction slowing, electrical coupling 
between fibroblasts and myocytes as well as con-
duction block favor reentrant formation. These 
reentrant circuits may only be a few millimeters 
in diameter. Reactive interstitial fibrosis may be 
caused by the underlying heart disease but there 
is evidence that AF itself contributes in the re-
modeling process.30 Apoptosis may contribute to 
structural changes of the atria. A8 small number 
of apoptotic cells can be found in human hearts 
with chronic fibrillation.31 The Renin-angiotensin-
aldosterone (RAS) system may play a role in the 
structural changes occurring in AF supported by 
some experimental evidence. The RAS activates
protein kinases causing myocyte hypertrophy 
as we, after AFas fibroblast proliferation.32 In pa-
tients with AF expression of ACE and AT1 can be 
increased .33 By contributing to structural remod-
eling, AF itself creates positive feedback making 
permanent AF more likely. 

Ischemic Conditioning-Basic Mechanisms

Ischemic pre- and post-conditioning provides po-
tent cardioprotection in animals and humans.34-39 
Ischemic preconditioning (IPC) is triggered by a 
brief period of ischemia prior to an infarct that 
causes,  after that sustained ischemia.IPC has 
been shown to have protective benefits of limiting 
myocardial infarction and protecting against ar-
rhythmias.34-41 Brief ischemia/reperfusion during 
early reperfusion is also cardioprotective and is 
known as ischemic postconditioning (IPost). The 
extent of the protective effect of IPost is similar to 
that of IPC, with nearly equivalent reduction in 
the infarct size. In order for the protection of IPost 

to occur, brief ischemia/reperfusion must be ap-
plied immediately after sustained ischemia at the 
beginning of reperfusion.

Both pre- and post-conditioning appear to share 
similar signaling mechanisms via RISK (reperfu-
sion injury survival kinases). Thus, pharmacologi-
cal conditioning might be applied to mimic the 
protection achieved by the triggering ischemia/
reperfusion.

However, several important features differentiate 
the two kinds of conditioning. First, IPC requires 
that the trigger ischemia/reperfusion or pharma-
cological agonist be applied before the sustained 
ischemia. Thus, for cardioprotective effect of pre-
conditioning to be exerted therapeutically, one 
will need to anticipate the occurrence of sustained
ischemia/reperfusion. The occurrence of sustained 
ischemia would be difficult to predict clinically in 
patients. On the other hand, IPost is exerted after 
sustained ischemia has already begun. Its protec-
tive effect can be achieved by applying triggering
ischemia/reperfusion or pharmacological agents 
after prolonged ischemia, obviating the need to 
anticipate clinical events. Second, the protective 
effect of IPost requires several repetitive episodes 
of brief ischemia and reperfusion especially in pigs 
42 and is limited to sustained ischemia of 45 min-
utes or less.43 Third, while RISK enzymes mediate 
protection in both kinds of conditioning, connexin 
43 (Cx43) is not important in mediating the pro-
tection of IPost. This potentially important insight 
was obtained in Cx43 knockout mice in which the 
protection of IPC or of pharmacological precondi-
tioning by diazoxide is lost while that of IPost is 
preserved. Fourth, signaling mechanism for IPC 
appears to be more complex. During the trigger 
phase, preconditioning ischemia activates a num-
ber of G protein-coupled receptors such as ad-
enosine, bradykinin and -opioid receptors.44 This 
is followed by activation of EGF and TNF- recep-
tors that in turn stimulate survival kinases (similar 
to the RISK involved in IPost). The trigger phase 
of IPC is followed by the mediator phase during 
which actual protection against ischemia-induced 
injury is exerted. Various mediators activated by 
the trigger phase’s survival kinases include phos-
phor-Ser9-glycogen synthase kinase-3 (phosphor-
GSK-3 ), mitochondrial ATP-sensitive K+ channel
10 (mitoKATP) and Cx43. It is thought that mito-
KATP channels and phosphor-GSK-3 converge on 
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and inhibit the mitochondrial permeability transi-
tion pore with the latter being the final mediator 
of necrosis. Finally, while IPC has been shown to 
reduce arrhythmias caused by sustained ischemia, 
the protection against arrhythmias by IPost is less 
well studied.

Ischemic Conditioning in Humans

It is a well-described phenomenon that cardiac tis-
sue has the adaptive ability to become more tol-
erant to the toxic effects of prolonged ischemia 
with intermittent ischemia and subsequent reper-
fusion34-39 This adaptability can be intentionally 
stimulated with the therapeutic delivery of brief 
periods of ischemia. Classically, short episodes, 
usually 3-5 minutes of ischemia, are delivered be-
fore a larger ischemic insult with subsequent re-
perfusion, and are termed IPC. The cardiac ben-
efits of IPC in humans are decreased frequency of 
ventricular arrhythmias and limitation of infarct 
size.34-41, 45, 46

Recent studies have demonstrated that similar 
benefits may also be seen with the delivery of short 
episodes of ischemia after a larger ischemic insult 
i.e. IPost.47, 48 In addition, the benefit of ischemic
conditioning may not only be derived by ischemic
conditioning of cardiac tissue, but there is evi-
dence that ischemic conditioning of remote organs
can result in benefits to the heart. To date, data
are limited on the benefit of ischemic conditioning
with respect to AF.

Ischemic Pre Conditioning 

There is an extensive literature describing the ben-
efits of ischemic conditioning in animal studies, 
however, the clinical uses of direct cardiac isch-
emic conditioning in humans have been limited by 
the invasive nature of its delivery. The cardiac op-
erating theater is a natural setting to evaluate the 
potential for direct ischemic conditioning.Multiple 
small studies have evaluated the ability of isch-
emic conditioning to reduce the release of cardiac 
biomarkers, and to reduce the requirement of ino-
tropes post surgically.49 

With regard to arrhythmias, data are more limit-
ed. One group from Finland has been particularly 
active in assessing effect of IPC on arrhythmias 

in CABG patients. Their most recent cohort (50) 
evaluated forty five patients with three vessel 
CAD undergoing CABG and randomized them 
in 1:1 fashion to two rounds of IPC immediately 
after cardiopulmonary bypass and run pump to 
vent the still normothermic heart. Immediately 
post-operatively (<2 hrs), there was a significant 
decrease in ventricular extrasystoles in patients 
treated with IPC. Clinical follow-up was limited 
to 5 days, over which time a significant reduction 
in incidence of VT and SVT was seen that peaked 
on postoperative day three. There was no descrip-
tion of the types of SVT’s seen. The same group 
of investigators demonstrated that IPC results a 
significant suppression of heart 12 rate variability 
after CABG, suggesting that cardiac autonomic 
function is involved in the IPC mechanism.51 

To our knowledge, no human clinical trials have 
demonstrated an effect of IPC with respect to AF. 
Other potential benefits of ischemic conditioning 
include: decreased heart rate after surgery, and 
decreased systemic vascular resistance after sur-
gery.52 All of these peri-cardiac surgery trials have 
been limited by small numbers of patients and 
limited follow-up. Any benefits seen appeared to 
be limited in duration and any long-term data are 
lacking. One study from Japan evaluated the elec-
trophysiologic responses to repeated coronary 
balloon inflation and deflation in the setting of
percutaneous coronary intervention for treatment 
of acute ST-segment elevation myocardial infarc-
tion.53 These data pointed to a possible anti-ar-
rhythmic mechanism underpinning the benefit of 
ischemic conditioning by demonstrating a signifi-
cant decrease in the QT dispersion with repeated 
balloon inflation and dilation. Numbers were too 
small to draw conclusions, but anecdotally, pa-
tient’s with frequent PVC’s were suppressed or 
disappeared with progressive ballooning. Atrial 
arrhythmias were not seen during this study.

Ischemic Post Conditioning

Some of the same protective benefits of direct 
IPC may also be derived from postconditioning.54 
Ischemic post-conditioning has even been shown 
to convert VF to sinus rhythm in perfused rat 
hearts.55 However, the clinical benefits of postcon-
ditioning was recently thrown into doubt with the 
publication of a study showing no benefit from 
post conditioning in patients undergoing PCI for 
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Several small trials have also evaluated RIPC in 
patients undergoing CABG and demonstrated 
conflicting data. A meta-analysis of these studies 
concluded that there was a 36% (95%CI = -0.62 to 
-0.12) reduction in the amount of Troponin I or T
released after RIPC, with slightly greater reduc-
tion in patients with multi-vessel disease. Postop-
erativ change in creatinine and length of hospital
stay were unchanged.63

A recent meta-analysis of RIPC concluded that 
while RIPC may reduce the incidence and degree 
of peri-procedural infarction and troponin re-
lease, there is insufficient evidence at this time to 
suggest the RIPC can reduce mortality or MACE 
.64 Little appears to be known about RIPC and AF 
or other arrhythmias. 

Pharmachological Adjuvants 

Several drugs had been shown to offer benefits 
similar to those of preconditioning: opiods, cer-
tain volatile anesthetics, and even certain noble 
gases have demonstrated the ability to induce 
tolerance to the effects of ischemia.65-71 Fascinat-
ingly, one study demonstrated  interaction be-
tween pharmachologic agents and RISP when 15 
troponin reduction was present when RIPC was 
delivered in the presence of isoflourane anesthe-
sia, but this benefit was absent during propofol 
anesthesia.72 
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STEMI.56 This study demonstrated no difference 
in infarct size or LVEF and revealed a significantly 
lower myocardial salvage after post-conditioning 
was performed.

Remote Ischemic Conditioning

Remote ischemic pre-conditioning (RIPC) refers 
to the protective effects to the heart seen by deliv-
ery of short periods of ischemia to remote organs. 
The promise is that its benefit may be delivered 
non-invasively. Animal models of short periods 
of ischemia to limbs and kidneys are protective 
to the heart after cardiac reperfusion.57-60 Human 
studies have evaluated the effect of non-invasive 
limb ischemia prior to elective PCI and demon-
strated reduced release of Trop I.61 ECG changes 
were seen less frequently in patients receiving 
RIPC, however subsequent follow-up did not 
evaluate for presence of arrhythmias.

The benefit of RIPC has also been evaluated in the 
setting of acute myocardial infarction as a com-
plement to percutaneous coronary intervention 
(PCI) .62 Repeated inflation with a blood pressure 
cuff to induce transient limb ischemia resulted in 
a significant improvement in the degree of myo-
cardial salvage as assessed by myocardial perfu-
sion imaging 30 days after infarction. There was 
no reduction in MACE (coronary death, reinfarc-
tion, and heart failure). Presence of arrhythmias 
was not assessed.
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Figure 1: An Overall Model of Conditioning again AF

Both direct and indirect mechanisms are proposed to protect against occurrence of AF. Indirectly, conditioning (COND) can 
reduce ventricular infarct size and protect from ischemic heart failure-associated AF. Directly, COND may enhance atrial 
conduction and atrial myocyte survival. The increased Cx expression appears to be caused by its reduced degradation due to 
IPC; the increase Cx phosphorylation (Cx-Pi) is due to reduced dephosphorylation. Together, these two changes in Cx enhance 
electricalcoupling during the sustained ischemia. Enhanced atrial myocyte survival may reduce fibrotic replacement and atrial 
structural remodeling in AF.



Indirect Benefit of Pre- or Post-Conditioning 
on Atrial Fibrillation

Very little is known about the potential benefit of 
ischemic conditioning against the occurrence of 
AF. Since ischemic heart disease such as myocar-
dial infarction and heart failure increase the preva-
lence of AF, a reduction in the size of ventricular
infarction will decrease the extent of subsequent 
adverse ventricular remodeling and may thus re-

duce the propensity to AF (Fig. 1). Although un-
known, it is possible that reduced atrial infarction 
in patients with STEMI or NSTEMI will decrease 
atrial fibrosis and structural remodeling in that tis-
sue. This could secondarily reduce the occurrence 
of AF. Since both pre- and post-conditioning can 
decrease ventricular infarct size, ischemic or phar-
macological conditioning can be exploited as a 
new therapy to prevent AF.
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Figure 2: Pre Comditioning to Enhance Cx-Mediated  Electrical Coupling

Both direct and indirect mechanisms are proposed to protect against occurrence of AF. Indirectly, conditioning (COND) can 
reduce ventricular infarct size and protect from ischemic heart failure-associated AF. Directly, COND may enhance atrial con-
duction and atrial myocyte survival. The increased Cx expression appears to be caused by its reduced degradation due to IPC; 
the increase Cx phosphorylation (Cx-Pi) is due to reduced dephosphorylation. Together, these two changes in Cx enhance 
electricalcoupling during the sustained ischemia. Enhanced atrial myocyte survival may reduce fibrotic replacement and atrial 
structural remodeling in AF.



Potential Direct Conditioning Against Atrial 
Fibrillation 

Very little is known about potential direct con-
ditioning against the occurrence of AF.Given the 
pivotal role of connexin (Cx) in electrical coupling 
between cardiomyocytes, and in mediating the 
protection of preconditioning40, 73-75 Cx may be im-
portant in preconditioning against AF. We propose 
a potential mechanism by which increased 16 cell-
end expression of Cx with a concomitant reduced 
lateralization via IPC may suppress AF (Fig. 2). 

Cx40 is mainly found in atrial myoytes while Cx43 
is the predominant isoform of Cx in ventricular 
cardiomyocytes.76, 77 Both Cx43 and Cx40 are ex-
pressed in atrial myocytes and appear to mediate 
gap junction function in that tissue. Cx 43 has been
well-characterized and is implicated in mediating 
the protective effect of IPC.75 It is mainly local-
ized to the sarcolemma and the intercalated discs 
where six connexins assemble into a so-called con-
nexon or hemichannel. Two opposing connexons, 
one each from adjacent cells, form a pore through 
which ions and molecules less than 1000 Da can 
flow down their concentration gradients. Clusters 
of such pores form a gap junction. It has been sug-
gested that gap junctions are responsible for both 
electrical coupling (permitting ions) and chemical 
coupling (permitting larger molecules as defined
by Lucifer Yellow dye). It has been suggested that 
IPC may have a differential effect on these two 
proposed types of coupling via the Cx hemichan-
nels: further suppression of chemical coupling and 
partial preservation of electrical coupling during 
the sustained ischemia. Loss of electrical coupling 
occurs early during ischemia (10-20 min after on-
set of ischemia) as shown by extra- and intracellu-
lar electrodes in isolated papillary muscles while 
chemical coupling via gap junction as assessed 
by Lucifer yellow and ethidium bromide persists 
for 30-60 min during ischemia. Despite this differ-
ence in time course of loss of electrical vs. chemical 
coupling, the underlying process and mechanism 
are not known. It is difficult to ascertain which 
biological molecules are spread via the so-called 
chemical coupling between myocytes. It is further 
suggested 17 that IPC-induced suppression of 
chemical coupling would inhibit the spread of any 
“death signal” from one myocyte to another while 
preservation of electrical coupling would enhance 

conduction and decrease heterogeneity of excit-
ability. While this concept may be appealing, Na+ 
as an ion should be spread via electrical coupling 
but may contribute to neighboring myocyte’s Na 
overload that in turn results in Ca overload and 
cell death. That IPC can protect isolated cardiac 
myocytes suggests gap junctionmediated cou-
pling is not necessary for the protection against 
cell death. Accumulating evidence demonstrates 
an important role of the mitochondrial Cx against 
cell death. 75,78, 79 Mitochondrial Cx is increased by 
ischemia and positively enhances the function of 
mitoKATP channel which can help trigger IPC 
by increasing reactive oxygen species (ROS) and 
PKC- activation. MitoKATP channels can also be 
the mediator protecting against cell death during 
the sustained ischemia. Taken together, Cx plays 
an important role against myocyte death during 
preconditioning. 

In the intact myocardium, electrical coupling me-
diated by Cx may be important in mediating the 
protective effect of preconditioning on arrhytmias. 
IPC can attenuate the prolongation of transmural 
conduction time during ischemia as measured by
microelectrodes in isolated right ventricle walls .80 
The anti-arrhythmic effects of IPC were correlated 
with delayed electrical uncoupling between myo-
cytes81, 82 In a porcine model of AF, forced overex-
pression of Cx43 by gene transfer improves atrial
conduction with increased probability of sinus 
rhythm .83 It is of interest that Cx43 gene transfer 
can improve conduction and reduce ventricular 
tachycardia in Yorkshire pigs after myocardial 
infarction.84 A parallel pattern now emerges such 
that Cx 18 enhancement at its intercalated disk lo-
cation is of anti-arrhythmic benefit on both ven-
tricular and atrial arrhythmias. Small molecule 
drugs have been developed to increase gap junc-
tion conduction with improvement in ischemia 
and mitral valve disease-related AF. Such agents 
have little or no benefit in other AF models, how-
ever.In patients with AF, metoprolol treatment 
could partially reverse the lateralization of Cx43 
and antagonized the attendant transverse conduc-
tion velocity.85 Since IPC appears to protect against 
electrical uncoupling via a better Cx-mediated gap 
junction function, it is possible that IPC or drugs 
that mimic the anti-arrhythmic effect of IPC can
be exploited to suppress AF (Fig. 2). 

www.jafib.com 152 April-May, 2013 | Vol 5 | Issue 6                           

Journal of Atrial Fibrillation Featured Review



 www.jafib.com 153 April-May, 2013 | Vol 5 | Issue 6                           

Finally, while IPC or IPost is speculated to impact 
on Cx, a conditioning strategy may also modulate 
other ion channels implicated in pathogenesis or 
maintenance of AF. For example, conditioning 
may induce an increase of IK1 and/or a decrease 
in If. In this scenario, conditioning may reduce 
automaticity of atrial cells with less ectopic firing.
Conditioning may also reduce spontaneous firing 
or propagation of the pulmonary vein cells. Chan-
nels important in the pulmonary vein myocytes 
may be targets for IPC or IPost. 

Future Directions- Possible Use of Ischemic 
Conditioning in Patients

Despite improvements in pharmacological and 
non-pharmacological therapies for AF, more ef-
fective therapy is needed. This review focused on 
the basic biology of ischemic pre- and post-condi-
tioning, patho-physiology of AF, and potentially 
new pathways for AF 19 treatment approach based 
on conditioning. If ischemic conditioning can be 
developed as a new therapy for AF, what are the 
clinical conditions that may be amenable to condi-
tioning? Given the prevalence of post-operative AF 
following both cardiac and non-cardiac surgeries, 
a preconditioning stimulus before surgery may re-
duce the incidence of post-operative AF. Examples 
of such a stimulus include a pharmacological pre-
conditioning agent or remote IPC. The latter can 
be achieved by repetitive episodes of limb isch-
emia and reperfusion such as those achieved by 
application of a tourniquet. Clinical conditioning 
strategies may include administration of an agent 
during reperfusion phase of cardioplegia or dur-
ing percutaneous coronary intervention. It mayal-
so be possible to use remote conditioning during 
early phase of reperfusion to mimic the protection 
of IPost. The ongoing RICO-Trial (Effect of remote 
ischemic conditioning on AF and outcome after 
coronary artery bypass grafting) is a randomized 
control trial that is evaluating the efficacy of re-
mote pre- and post-conditioning in patients un-
dergoing cardiac bypass grafting with incidence 
of post-operative AF as the primary endpoint.86 
Pre conditioning will consist of 3 x 5 minute isch-
emic episodes via tourniquet to an upper limb af-
ter the induction of anesthesia and before bypass. 
The post ischemic treatment consists of similar 3 
x 5 minute episodes of upper limb ischemia after 
aortic cross clamping has occurred. Follow up will 

be out to one year.These results are pending. Fi-
nally, as we understand more about the pathogen-
esis ofAF, it is possible that daily administration 
or ingestion of a conditioning drug may
prevent AF. 

Limitations Sense 

This review is intended to be hypothesis-driven, 
proposing that conditioning may be a new thera-
peutic strategy to prevent or reduce AF. It is based 
on the many salutary effects of conditioning in the 
cardiovascular system. Although evidence exists 
for IPC against arrhythmias, there is no experi-
mental study to show that IPC or IPost can con-
dition against AF. The hypothetical mechanisms 
proposed are based on potential links between 
known effects of conditioning in the heart, exist-
ing knowledge of Cx in atrial myocyte coupling, 
and the established role of Cx in IPC. Future in-
vestigations areneeded to test the proposed path-
ways. 

Conclusions

Despite pharmacological and non-pharmacologi-
cal advances in the treatment of AF, new therapy 
for this most common sustained arrhythmia is 
needed.  Ischemic conditioning, already known 
to protect from infarction and ventricular arrhyth-
mias, represents a potential novel approach to 
patients with AF.  Modulating the expression or 
phosphorylation of Cx may be the target of con-
ditioning that can be accomplished by ischemic or 
pharmacological conditioning.
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Introduction

Dronedarone

Dronedarone, a derivative of amiodarone with 
similar mechanisms of action (blocking calcium, 
potassium and sodium channels in addition to hav-
ing anti-adrenergic effects) does not contain iodine 
and has shown no thyroid toxicity in its clinical tri-
als, has fewer drug interactions than amiodarone, 
and has rare if any proven pulmonary toxicity.1-8 

Very rarely, dronedarone has produced severe he-
patic failure – not shown predictable by routine 
hepatic function test monitoring in its clinical trials 
(see the package insert for details). Dronedarone’s 
effects on blocking the L-type calcium current are 
dose/concentration dependent and require higher 

levels than its effects on the sodium channel and 
on potassium channels.1 (and, Belardinalli and 
Zeng, 2012 personal communication) Dronedar-
one is approved for the treatment of atrial fibrilla-
tion (see below); has had limited studies for other 
arrhythmias; and has no adverse drug-ICD inter-
actions reported.

Dronedarone has low bioavailability but as with 
amiodarone, dronedarone levels are higher when 
it is taken with a meal.2-3 Hence, for clinical efficacy 
(as well as better GI tolerance in the experience of 
some clinicians), dronedarone (which is dosed as 
400 mg bid) must be taken with meals. Droneda-
rone is metabolized by the CYP3A4 pathway and 
can interact with other agents that are dependent 
upon this metabolic pathway, including factor Xa 
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Abstract

Dronedarone is a derivative of amiodarone with similar mechanisms of action (blocking calcium, potas-
sium and sodium channels in addition to having anti-adrenergic effects).  Compared to amiodarone it 
has fewer drug interactions (though it can interact with all current anticoagulants), more limited risk of 
organ toxicity, a much shorter half-life with no need for a loading regimen, but lower efficacy.  Dronedar-
one is approved for the treatment of atrial fibrillation; has had limited studies for other arrhythmias; and 
has no adverse drug-ICD interactions reported.  Clinical trials have resulted in only one dosing regimen 
(400 mg bid, to be taken with food) and have demonstrated both rate and rhythm effects in atrial fibril-
lation (AF). Dronedarone slows the ventricular response, can prolong the time to/reduce recurrences of/ 
reduce progression of AF, and reduce the incidence of hospitalization in AF patients with risk-prone 
markers.  However, trials have also revealed an increased risk of mortality and other adverse cardiovas-
cular outcomes from dronedarone when given to patients in heart failure.  The details of these trials, 
additional pharmacokinetic and pharmacodynamic information,  and recommendations concerning the 
use of dronedarone are provided in the full manuscript that follows.
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inhibitors and direct thrombin inhibitors whose 
serum concentrations can be increased by drone-
darone. Dronedarone may also interact with 
warfarin (largely, in my experience via speeding 
transit time, sometime with frank diarrhea, thus 
reducing vitamin K availability for absorption) 
with a resultant increase in prothrombin times.

Clinical Trials Regarding the use of 
Dronedarone for Atrial Fibrillation

Dronedarone has been widely studied with sev-
eral completed trials relevant to AF therapy. 
The phase 2, prospective, double-blind, placebo-
controlled, dose-ranging Dronedarone Atrial 
Fibrillation study after Electrical Cardioversion 
(DAFNE) study resulted in the single clinical dos-
ing regimen of only 400 mg bid. DAFNE enrolled 
patients undergoing cardioversion for AF,4 most 
of whom had been in AF for 2-4 months. Aver-
age left ventricular ejection fraction (LVEF) was 
> 50%; average LA size 45 mm. The primary end-
point was time to AF recurrence. After pharma-
cologic or electrical cardioversion, 199 patients
were followed for 6 months. Although the study
showed a significant increase in time (60 days) be-
fore AF recurrence on 400 mg bid of dronedarone
versus 5 days in the placebo group, higher doses
were not more effective by intent to treat analysis.
Rather, doses of 600 mg bid and 800 mg bid were
less effective (for probably multiple and complex
reasons). At 400 mg bid, the QT interval was not
prolonged, and there was no evidence of organ
toxicity. Discontinuation was excessive at higher
doses, mostly due to GI symptoms. All trials sub-
sequent to DAFNE have used only the 400 mg bid
dosing regimen.

Following DAFNE, a series of phase 3 and phase 
4 trials ensued. The EURopean trial in atrial fibril-
lation or flutter patients receiving Dronedarone 
for the maintenance of Sinus rhythm (EURIDIS) 
and the American-Australian trial with Drone-
darone In atrial fibrillation or flutter patients for 
the maintenance of Sinus rhythm (ADONIS) were 
pivotal double-blind, randomized, placebo-con-
trolled phase III trials using identical protocols 
that enrolled patients with paroxysmal AF (PAF) 
or persistent AF that had been cardioverted. 5 The 
data from these trials was pooled for publication. 
EURIDIS enrolled patients in Europe and ADON-
IS in North America, South Africa, and Australia; 

1,237 patients were enrolled. In both trials patients 
were in NSR at the time of randomization and re-
ceived dronedarone 400 mg bid or placebo. Exclu-
sions included: conduction abnormalities, brady-
cardia, renal insufficiency, and severe heart failure 
(HF). The average age was 63 years. The average 
LVEF was >59% but patients with low EF were not 
excluded. In both trials, approximately 17% of pa-
tients had mild HF (NYHA class I or II), most had 
a history of hypertension, 21% had coronary artery 
disease (CAD), and 56% were on beta-blockers. The 
primary end point was time to AF or AFL recur-
rence detected by scheduled ECGs and transtele-
phonic monitoring. Follow up was one year. The 
median time to recurrence of AF or AFL in ADON-
IS was 158 days compared to 59 for placebo, and 
in EURIDIS 96 days versus 41 for placebo. In both 
trials, if AF did recur, the ventricular rate was sig-
nificantly (about 10-15 bpm) slower with droneda-
rone compared to placebo, though still averaging 
approximately 105 bpm. This same degree of rate-
slowing effect was also demonstrated as the pri-
mary efficacy endpoint in the ERATO trial which 
was performed specifically to assess the effect of 
dronedarone on ventricular rate control in patients 
with permanent AF. 6 In EURIDIS and ADONIS 
the relative risk of the post-hoc combined end 
point of hospitalization or death was significantly 
improved with dronedarone, RR = 0.73, p=0.01, 
and there was a trend towards reduced mortality. 
The rate of adverse effects was similar to placebo, 
and there was no evidence of proarrhythmia or or-
gan toxicity during these short trials. The absolute 
rate of serious cardiac adverse effects was in fact 
slightly lower in the dronedarone group than in 
the placebo group.

Subsequent to EURIDIS and ADONIS, the AN-
DROMEDA (Antiarrhythmic trial with Drone-
darone in Moderate to severe CHF Evaluating 
morbidity Decrease)9 was performed as a regula-
tory agency request. ANDROMEDA was a trial of 
dronedarone who had moderately severe or severe 
HF (recent episode of NYHA class IV HF or class 
III HF with recent (1 month) severe decompensa-
tion and LVEF <35%), a group with a high baseline 
mortality rate and high risk of TdP. AF was not a 
requirement for enrollment and only the minority 
of patients had it. ANDROMEDA was planned pri-
marily as a safety trial. Six hundred twenty-seven 
patients were enrolled, average age 69 years. The 
primary end point was death or hospitalization 



for HF. It was hoped that this study would con-
firm the absence of adverse events in a high-risk 
group of patients and perhaps demonstrate a 
benefit in reducing the morbidity and mortality 
of HF in these patients. However, worsened hos-
pitalization/mortality (RR 1.38, CI 0.918 – 2.088, 
p=0.118) was noted prior to study completion 
and the trial was stopped prematurely. No TdP 
was observed. There are multiple possible con-
tributors to these results but they were not fur-
ther assessed by additional specific studies.

Subsequent to ANDROMEDA regulatory agen-
cies determined that approval for AF could not 
be given unless an additional large trial were 
performed in patients who had both AF and 
significant structural heart disease or other high 
risk factors – but not severe advanced HF. Ac-
cordingly, ATHENA (A Trial With Dronedarone 
to Prevent Hospitalization or Death in Patients 
With Atrial Fibrillation) was then performed. 
ATHENA was a multinational, double-blind, 
placebo-controlled prospective randomized out-
come study of 4,628 high-risk patients with AF 
that was conducted to provide further data on 
dronedarone’s efficacy and safety profile in sick-
er patients.10 Patients had paroxysmal and/or 
persistent AF. Enrollment was limited to patients 
aged 70-75 years (after an initial period allow-
ing younger patients as well) with one or more 
high-risk markers (hypertension, diabetes, prior 
CVA, left atrium size >50 mm, or LVEF <40%) or 
to patients older than age 75 with or without ad-
ditional risk markers. Class IV heart failure was 
excluded. ATHENA patients had a mean age of 
72 years (19% <65, 42% age >75), 53% male, 6% 
lone AF, 60% structural heart disease (86% hy-
pertension, 30% coronary artery disease, 16% 
valvular disease, 6% non-ischemic cardiomy-
opathy). LVEF was <45% in 12% of patients and 
<35% in 4% of patients. Twenty nine percent had 
a history of heart failure (mostly class II).

Dramatically, in ATHENA, the primary end 
point, all-cause mortality combined with cardio-
vascular hospitalization, was reduced by 24% 
(p<0.001). Total mortality had a trend (16% re-
duction) towards improvement (p=0.176); first 
cardiovascular hospitalization was reduced 25% 
(P<0.001); and cardiovascular mortality was re-
duced by 29% (p=0.034).10 Also reduced was ar-
rhythmic death.

The decrease in hospitalization was mainly due to 
a reduction in hospitalization for AF related events 
(p<0.001). Also noted was a reduction in hospi-
talization for acute coronary syndrome (p=0.030). 
Discontinuation rates were approximately 30% in 
both the dronedarone and the placebo arms. Dis-
continuation for “adverse events” was 12.7% for 
dronedarone (mainly for GI symptoms) and 8.2% 
for placebo (mainly for AF recurrence). There was 
no excess withdrawal of ACE-inhibitors or ARBs 
(in contrast to ANDROMEDA). There were not sig-
nals of organ toxicity.

These striking results, in which an antiarrhythmic 
drug shown effective for AF reduction was now 
also shown effective in decreasing cardiovascular 
mortality, cardiovascular hospitalization (and ar-
rhythmic death) were exciting and so far novel in 
the antiarrhythmic world. In July 2009, the federal 
Food and Drug Administration (FDA) approved 
the marketing of dronedarone (Multaq, sanofi-
aventis) for use in patients with atrial fibrillation 
(AF) or flutter (AFL) [with a requirement for a re-
cent episode] that is paroxysmal or persistent – the 
latter having been converted to sinus rhythm or 
with conversion planned – who have, in addition 
to AF, certain “high-risk” markers for adverse out-
comes that were derived from the enrollment crite-
ria for the landmark ATHENA trial. Contraindica-
tions include class IV heart failure or symptomatic 
heart failure with a recent decompensation ( pa-
tients with NYHA Class IV heart failure or NYHA 
Class II-III heart failure with a recent decompensa-
tion requiring hospitalization or referral to a spe-
cialized heart failure clinic); second or third degree 
AV block without a functioning pacemaker; brady-
cardia < 50 bpm; concomitant use of a strong CY-
P3A inhibitor or a QT prolonging agent that may 
induce torsades de pointes; QTc Bazett interval of 
500 ms or longer; or severe hepatic impairment or 
history of adverse hepatic reaction on amiodarone. 
The prohibition against its use in class IV heart 
failure or heart failure with recent decompensa-
tion was the result of the premature termination of 
the ANDROMEDA trial. European regulators gave 
similar approval later in the same year (although 
it was also approved for rate control as well as for 
rhythm control).

Perhaps the two major informational limitations at 
this point were the limited duration of long-term 
experience with the drug and limited comparative 
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efficacy and tolerance/safety data. The only direct 
comparative data that exists is that from the sub-
sequently performed DIONYSOS trial 11 in which 
dronedarone and amiodarone were compared in 
a 500 patient trial of only 6 months duration in 
which dronedarone demonstrated lower efficacy 
against AF than did amiodarone, but fewer ad-
verse effects and a lower rate of drug withdrawal. 
Hence, how it might perform against other AADs 
either in the suppression of AF/AFL or in a trial 
similar to ATHENA is unknown. With post mar-
keting observations, efficacy continues to appear 
modest and tolerance reasonable. However, as 
noted above, rare cases of serious hepatic toxicity 
have been reported, as have occasional observa-
tions of pulmonary changes (that have not been 
found to be definitively causative, unlike amioda-
rone). Diarrhea and lesser changes in bowel habit 
and symptoms remain the major complaints of pa-
tients given dronedarone.

Following the above trials, one more important 
trial was completed – PALLAS.12 PALLAS was per-
formed in follow up to some intriguing additional, 
post-hoc observations made from ATHENA. In 
ATHENA, patients in the dronedarone arm had a 
7.5% absolute reduction in the primary outcome 
event, which was largely driven by reduction in 
hospitalization due to AF and other cardiovascular 
events as was noted above. However, additional 
post hoc analysis suggested a reduction in stroke, 
which had not previously been shown by an AAD, 
as well as reductions in acute coronary syndrome 
and death from cardiac arrhythmia in the droneda-
rone arm.10,13 ATHENA also demonstrated a lower 
incidence of the development of permanent AF on 
dronedarone than on placebo (not unexpected for 
an AAD). Interestingly, in a post-hoc analysis, pa-
tients who went into permanent AF also had lower 
event rates on dronedarone than on placebo simi-
lar to those in the trial as a whole. Whether similar 
outcomes could truly be extended to patients with 
permanent AF was then tested prospectively in the 
PALLAS trial. The rationale to study such patients 
was thus based on the hypothesis of a pleiotropic 
effect of dronedarone on vascular outcomes that 
was independent of its antiarrhythmic drug ef-
fect as was derived from the post-hoc analysis in 
ATHENA noted above. PALLAS enrolled patients 
who were at least 65 years old with at least a 6 
month history of permanent AF and risk factors 

for major vascular events. The trial was prospec-
tive, randomized, double-blind using 400 mg bid 
of dronedarone and a matching placebo. Notably, 
almost 70% of patients that enrolled in PALLAS 
had been in permanent AF for at least 2 years and 
almost 70% had a history of HF, with most having 
been hospitalized for it in the prior year (but not 
in the prior month). One third of the PALLAS pa-
tients were taking digoxin and 84% were receiv-
ing a vitamin K antagonist.

In stark contrast to ATHENA, PALLAS was ter-
minated after less than one year due to an ap-
proximately doubling of the rates of heart failure, 
stroke, and cardiovascular mortality in patients 
taking dronedarone in contrast to placebo.12 Why 
such discordant results between ATHENA and 
PALLAS? Both trials employed the same drug and 
dosing regimen of 400 mg bid and tested similar 
composite endpoints, and both were multi-center, 
international trials. Population-related differenc-
es are likely the key contributing factor. The PAL-
LAS population was distinct from the ATHENA 
population as permanent AF was an enrollment 
exclusion criterion in ATHENA, while PALLAS 
enrolled entirely patients with permanent AF. In-
deed, in PALLAS, at four months follow-up, AF 
was still present in 96.3% vs. 98.2% of patients 
randomized to dronedarone vs. placebo, a statis-
tically significant but clinically small difference. 
When the trial populations are closely examined 
it becomes clearly apparent that the PALLAS 
subjects in many ways more closely resembled 
those of ANDROMEDA (in which dronedarone 
showed harm) than it did those of ATHENA (in 
which dronedarone showed benefit independent 
of the issue of permanent AF). As noted above, 
approximately 70% of PALLAS subjects had a 
history of heart failure (NYHA I-III), as did 100% 
in ANDROMEDA (NYHA III-IV ) in contrast to 
22% in ATHENA (NYHA II-III) and most of these 
70% had been hospitalized with heart failure in 
the prior year, perhaps raising questions about 
the stability of their heart disease, (though hos-
pitalization in the prior month was an exclusion 
that differs them from ANDROMEDA patients). 
Hospitalization for acute worsened HF was rare 
in the demographics of ATHENA. Importantly, 
dronedarone is contraindicated in patients with 
recent acute decompensated heart failure. More-
over, classification of patients by baseline NYHA 
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first develop permanent AF during the one year 
of therapy, over 70% of patients in PALLAS had 
documented permanent AF for 2 years or more; 
and, in general, the longer AF persists, the more 
advanced SHD is likely to be present. According-
ly, the population differences between ADONIS, 
EURIDIS, ATHENA, ANDROMEDA, and PAL-
LAS clearly had to have contributed to dramati-
cally different safety outcomes in PALLAS as 
compared to ATHENA whereas the dronedarone 
dosing was the same.

To better assess the above hypothetical contribu-
tors to the PALLAS results, it would be interesting 
to see an analysis limited to the 30% of patients 
without a history of heart failure, and whose left 
ventricular ejection fraction was preserved, and 
who were not taking digoxin. However, since 
PALLAS was terminated after a median follow-
up of 3.5 months and less than one third of tar-
get enrollment, the statistical power of subgroup 
analyses for the primary and secondary endpoint 
would likely be too limited to discern differences 
between groups. Nonetheless, such an analysis, 
if possible, would clarify the issue as to whether 
simply the presence of permanent AF was of any 
importance to the results observed.

In the aftermath of PALLAS, dronedarone’s place 
in the AHA/ACC/HRS16 and other guidelines for 
AF rhythm control was modified. Dronedarone 
is now listed as a first-line option to suppress AF 
in patients without structural heart disease and 
in those with structural heart disease – excluding 
those with heart failure (and those with LVH, for 
which data is limited). In Europe, dronedarone is 
no longer indicated for rate control. Accordingly, 
dronedarone is contraindicated in heart failure as 
well as in permanent AF. Patients on dronedar-
one are now supposed to undergo some form of 
rhythm assessment at least quarterly, with dis-
continuation if the patient has developed perma-
nent AF.

What is Next for Dronedarone?

Perhaps the next chapter in the use of dronedar-
one for AF will come as a component of a combi-
nation regimen. Work in the basic electrophysi-
ology lab [Belardinelli and Zeng, 2012, personal 
communication] has demonstrated that droneda-
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status may not be sufficient to understand the 
PALLAS results. Heart failure is a dynamic syn-
drome and stable heart failure at enrollment need 
not predict stability throughout a trial. Increased 
risk from disease-drug interaction may become 
manifest only during episodes of disease instabil-
ity and may do so disproportionately on a drug 
rather than on placebo. In HF, this might include 
the development of decompensated HF with a 
resultant decrease in end-organ perfusion caus-
ing secondarily significant drug-drug and drug-
patient interactions that may only be apparent at 
such times. Dronedarone is a substrate for P-gly-
coprotein and increases digoxin levels. Reduced 
renal perfusion during acute HF could further 
increase digoxin levels and possibly potentiate 
its risk. Digoxin elevations in HF would not be 
as great on placebo. Notably, then, digoxin levels 
were one third higher in the dronedarone group 
in PALLAS, raising the risk for digoxin toxic ar-
rhythmias both at baseline and especially during 
episodes of acute HF. Dronedarone, as noted early 
in this manuscript, can increases dabigatran lev-
els and can increase INR in patients taking war-
farin. A further additive interaction with warfarin 
and/or bleeding risk on any anticoagulant might 
be expected if hepatic dysfunction and congestion 
significant enough to disturb coagulation protein 
synthesis were to occur during episodes of HF. Of 
important note, hemorrhagic strokes in PALLAS 
were significantly more frequent in the droneda-
rone arm than on placebo, and the hazard ratio 
for dronedarone compared to placebo was 2.23 
vs 1.31 in the subgroup of patients receiving an-
ticoagulation (although INR levels at the time 
were not reported). Dronedarone also decreases 
mean heart rate compared to placebo both dur-
ing sinus rhythm and during AF.14 In patients 
with advanced heart failure, arrhythmic death is 
frequently due to bradycardic pulseless electrical 
activity.15 A drug such as dronedarone that in-
creases bradycardia or that lowers blood pressure 
while reducing inotropy might increase mortal-
ity risk in such patients during acute HF whereas 
placebo would not. Moreover, the relatively mild 
negative inotropic effect of sodium and calcium 
channel blockade of dronedarone may not be im-
portant in stable patients, but could rationally be 
so during acute HF – and would worsen it dis-
proportionately in dronedarone as compared to 
placebo patients. Finally, in contrast to the events 
assessed in the ATHENA patients who went on to 
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cause of selection bias that goes into clinical tri-
als of new antiarrhythmic agents – including a 
typical history of prior drug failures antecedent to 
clinical trial enrollment for a new antiarrhythmic 
drug, comparison of its efficacy data in ADONIS/
EURIDIS to that obtained in trials of older anti-
arrhythmics would likely be misleading. There is 
enticing data that both its efficacy for suppress-
ing AF as well as its tolerance and its safety with 
respect to heart failure may be enhanced when 
used in doses lower than that which are presently 
available commercially in combination with rano-
lazine. The ongoing HARMONY trial will shed 
more light on this promise. If positive in a man-
ner consistent with the basic laboratory’s data on 
such a combination, dronedarone’s use could rise 
dramatically.

Conclusions

Dronedarone is a useful first-line agent for reduc-
ing AF recurrence in patients with non-permanent 
AF, in the absence of underlying heart failure, 
which is a contraindication to its use.  In patients 
with clinical markers of risk such as those used as 
inclusion factors in the ATHENA trial, droneda-
rone may also reduce the likelihood of hospital-
ization – something not yet shown with any other 
antiarrhythmic agent in AF patients.  Although 
dronedarone does slow the ventricular rate in AF, 
it is not indicated for this purpose; hence it has no 
role in patients who have or who develop perma-
nent AF.  Dronedarone should be taken with food 
to enhance its pharmacokinetics and minimize its 
potential for gastrointestinal symptoms.  Drone-
darone is less effective than amiodarone but also 
has lower rates of discontinuation and of organ 
toxicity.  Aside from amiodarone, dronedarone 
has not been directly compared to any other an-
tiarrhythmic agent in head to head trials. Drone-
darone has relatively few drug interactions, when 
compared with those associated with amiodarone 
or dofetilide; however, the potential for increas-
ing the effects of warfarin and the new oral anti-
coagulants does exist and their dosing may need 
to be adjusted if dronedarone is begun in patients 
taking them.  When used appropriately, droneda-
rone has proven a helpful addition to our thera-
peutic armamentarium for AF.

rone’s effect on calcium channel inhibition (which 
is likely its major contributor to intolerance in 
heart failure) is dose related and can be avoided 
with lower concentrations of the drug than are 
achieved with the 400 mg bid dose in man. Addi-
tionally, basic and animal lab studies have shown 
a remarkable synergistic effect on AF suppression 
when combined with ranolazine.17 Ranolazine it-
self has been shown in small clinical studies and 
case reports 18-21 to have AF suppression and AF 
termination efficacy. In the basic and animal labs 
noted above, both dronedarone and ranolazine 
can suppress AF in a highly inducible model in 
about 20-30% of subjects, but when combined, 
suppression approaches 90%. Ranolazine in its 
clinical trials has been free of organ toxicity, has 
constipation (in contrast to the diarrhea that can 
occur with dronedarone) and vague dizziness as 
its major adverse effects, and can suppress rather 
than induce torsade de pointes. These observa-
tions have led a group of investigators, working 
with Gilead (the manufacturer of ranolazine) to 
initiate a clinical trial of low and moderate dose 
ranolazine combined with reduced dose droneda-
rone in which the effect of the combination on AF 
burden is being assessed. This trial, HARMONY, 
is currently enrolling patients with implanted 
pacemakers capable of rhythm interrogation us-
ing a placebo-controlled dose-ranging design. If 
substantial efficacy and tolerance are demonstrat-
ed, larger phase 3 trials are expected to follow us-
ing one or more of the doses being tested in this 
trial (which are not the doses clinically available 
for either of the commercially available agents).

Clinical Implications

Dronedarone is a clinically useful multichannel 
blocker that has a place in clinical practice for 
the reduction of / prevention of recurrent symp-
tomatic atrial fibrillation in patients with neither 
permanent AF nor heart failure. These latter two 
circumstances are clinical contraindications for its 
use. Dronedarone’s relative lack of toxicity or pro-
arrhythmia make it a reasonable first-line agent 
when its use is indicated; and, it can be used in 
the absence of or presence of structural heart dis-
ease (so long as LV failure is absent). Dronedar-
one is less effective than amiodarone. No direct 
comparative data exists for its relative potency 
versus other standard antiarrhythmic drugs. Be-
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Introduction 

Basis for Exploring Predictors of Atrial 
Fibrillation Recurrence after Ablation

When exploring predictors of the recurrence of 
atrial fibrillation (AF) after ablation for persis-
tent AF, the natural history of AF needs to be 
understood as the basis of exploration. Most 
cases of AF occur in the paroxysmal form, which 
may progress to persistent AF during its course. 
There are several predictors of the onset of AF.1 
In addition, there are predictors of the progres-
sion from paroxysmal to persistent AF, i.e., the 

HATCH score, 2 although this score has not been 
completely established and is currently being 
studied in various researches. Nonetheless, it is 
very likely that there are predictors of progres-
sion.3 Therefore, it is necessary to recognize these 
underlying predictors (of the onset of paroxysmal 
AF and of the progression from paroxysmal to per-
sistent AF) when exploring predictors of AF recur-
rence after ablation for persistent AF (see Table 1).

The predictors of AF onset include all risk factors 
considered in the CHADS2 score, which is a pre-
dictor of stroke onset, and many risk factors for 
arteriosclerosis and/or ischemic heart diseases. As 
such, the predictors of AF onset largely overlap the 
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Abstract

The ablation treatment for the atrial fibrillation extends to the persistent atrial fibrillation now. However, 
the cure rate of persistent atrial fibrillation by Radiofrequency Ablation is lower than paroxysmal atrial 
fibrillation and we really want to know is the information that what kind of persistent atrial fibrillation 
ablation therapy is effective for. Therefore, it is wished the predictors of recurrence after the ablation for 
the persistent atrial fibrillation is confirmed, but does not yet confirm. The cause that is not confirmed 
seems to be present in many factors including the gene which the atrial fibrillation occurs in and per-
sist, the change of pathology into remodeling according to progression of atrial fibrillation and strategy 
of the ablation corresponding to them. Left atrium diameter, Duration of atrial fibrillation and Cardiac 
Function that are involved deeply in atrial muscle and electric remodeling, and Ablation strategy cor-
responding to them are considered based on the conventional report. It can be stated now, however, that 
persistent atrial fibrillation patients with some degree (although this “some degree” has not been clearly 
defined) of enlarged left atrium diameter, prolonged atrial fibrillation duration, or decreased cardiac 
function may also revert to sinus rhythm with Radiofrequency Ablation, more efficient treatment may be 
developed in the future and reversion to sinus rhythm may increase the benefit to patients. In summary, 
RF ablation for persistent AF is currently required with further study of the predictors of recurrence after 
the ablation for the persistent atrial fibrillation. 
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aggravating factors of the cardiovascular system. 
Even in cases where AF can be temporarily con-
trolled with ablation, AF is likely to recur if the 
factors/diseases mentioned above are not treated. 
Whether treatment is provided for these factors/
diseases after ablation may largely affect the re-
currence of AF; however, many of these factors 
cannot be completely eliminated by treatment. It 
is therefore necessary to recognize that the predic-
tors of AF onset remain as predictors of AF recur-
rence after ablation. 

“Upstream therapy” with angiotensin receptor 
blockers (ARBs) is a pharmacological treatment 
option for AF (as opposed to ablation), which has 
markedly lost its value as a treatment for AF.4,5 

The root cause of this loss may be its inability to 
prevent and/or control all the above factors of AF 
onset. 

The difference between medication and ablation 
is that ablation can directly treat the mechanism 
of AF onset and is able to radically treat the dis-
ease in some cases. Accordingly, the optimal abla-
tion strategy may vary depending on the status of 
AF to be treated.

In summary, whether the environmental factors 
(general condition) of the patient treated have 
improved by ablation constitute the basis of the 
discussion regarding predictors of AF recurrence 
after ablation. Only on this basis should the sta-
tus of patient/AF at the time of ablation and/or the 
ablation strategies used be evaluated as potential 
predictors.

Mechanism of Onset of Atrial Fibrillation 
and Ablation Strategy

It has been demonstrated that the development of 
premature atrial contractions (PAC) originating 
in the pulmonary veins (PVs) and PV tachycardia 
are closely involved in the onset of paroxysmal 
AF (PAF) as a trigger.6 Spiral wave reentry within 
the atrium has been also demonstrated to be re-
sponsible for PAF onset.7 Atrial remodeling as a 
structural abnormality of atrial muscle is closely 
involved in this reentry.

Upon PAF onset, atrial electrical remodeling in-
duces calcium (Ca) overload as phase 1 due to 
rapid atrial excitement, which leads to shortening 
of the refractory period.8 Because the sole symp-
tom is shortening of the refractory period at this 
point, only the acceleration of left atrial (LA) con-
duction occurs and structural abnormality of the 
left atrium that causes spiral wave reentry does 
not necessarily occur; therefore, it is theoretically 
considered that PV isolation that inhibits the trig-
gers can sufficiently control AF at this stage of the 
disease.

The expression of genes including c-fos, c-jun, and 
Kv1.5 due to intracellular Ca overload occurs in 
phase 2 of action potential. Above all, increased 
levels of Kv1.5 mRNA and Kv1.5 protein shorten 
atrial action potential duration. This is a synergis-
tic effect of atrial muscle stretch and rapid stimu-
lation of the atrium. Increased intracellular Ca via 
the L-type Ca channel and induced calmodulin 
and calmodulin kinase II are involved in both of 

Table 1
Predictors of PAF Onset and Predictors of Progression from PAF to Persistent AF, Left: Predictors of PAF Onset 
(Modified from Reference 1), Right: Predictors of Progression from PAF to Persistent AF (Modified from Refer-
ence 2)

AF/AT Reccurence

Sl.no EF(%) LAD(mm) Strategy Single(%)        Multi(%) Mean Change in EF Predictors

1 36 47 PV1 plus 27 4 0.04  ±  0.16 EF, PV Size

2 35 50 PV1 plus 75 22 0.21 ± 0.13
3 33 48 PV1 plus 45 12 0.14 ±0.02
4 42 44 PVI 13 0.14 ±0.09
5 39 - CFAE 50 0.08 ±0.08
6 27 49 PV1 plus 21 0.07 ±0.10 Duration and LA>50mm,not EF
7 41 43 PVL plus 50 21 0.08 ±0.11 LA Size,not EF or Duration



these actions.9 Shortening of the action potential 
duration and the refractory period vary in de-
gree from one site to another in the atrium, lead-
ing to increased variability of the atrial refractory 
period. At this stage of the disease, the structure 
prone to cause reentry is formed. Therefore, it is 
considered that, at this stage, AF cannot be con-
trolled only by PV isolation for trigger preven-
tion and that linear ablation for LA conduction 
blocking is required to maintain/control AF. 

Subsequently, the expression levels of ion chan-
nels, including sodium channel, calcium chan-
nel, and transient outward potassium channel, 
decrease in phase3,10–12 resulting in so-called atrial 
remodeling. It is presumed that, at this stage of 
disease, the quantitative decrease in ion channels 
reduces the effectiveness of AF prevention of 
channel blockers targeting ion channels and re-
sults in progression to persistent AF. The shallow 
resting membrane potential of the left atrium at 
this stage of disease makes abnormal stimulation 
(i.e., trigger for AF) prone to occur from various 
sites of the atrium, including those suggesting 

the involvement of the autonomic nerve (e.g., com-
plex fractionated atrial electrograms [CFAE]) in a 
manner similar to increased automaticity. In addi-
tion, the variability of the atrial refractory period 
becomes highly enhanced and the structure which 
maintains AF is completely formed at this stage. 
Therefore, the ablation strategy at this stage of dis-
ease should employ circumferential PV isolation 
rather than focal PV isolation alone. Circumferen-
tial PV isolation isolates the sources of abnormal 
stimulation (trigger) within the left atrium at the 
same time as PV isolation. Alternatively, other con-
current ablations, such as CFAE ablation, should 
be used. In addition, electrical isolation by linear 
ablation in the left atrium may be required to cor-
rect the structure maintaining AF.

Recently, many single nucleotide polymorphisms 
(SNPs) contributing to AF onset have been identi-
fied in genetic studies of AF. These SNPs include 
one SNP with a strong correlation with AF, Pitx2, 
and several other SNPs that are weakly correlated 
with AF. It has been reported that Pitx2 affects the 
myocardial sleeve, which is a trigger of AF onset 
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Validated risk factors, concomitant cardiovascular conditions
Age
Male gender
Hypertension
Valvular heart disease
Heart failure
Diabetes
Coronary artery disease (MI)
Genetic factors
Less validated risk factors and risk markers
Obesity/BMI
Blood pressure/ pulse pressure
PR interval
Height
Sleep apnoea syndrome
Subclinical hyperthyroidism
Alcohol consumption (often excessive)
Chronic kidney disease
Competitive or athlete-level endurance sports
Chronic obstructive pulmonary disease
Smoking
Coffee
PR interval
Murmur
Biomarkers haemodynamic stress
ANP>BNP
Biomarkers of inflammation 
(C-reactive protein, IL6, TNF-α a.o.)
Newer, less established risk factors or markers
Birth weight >4Kg
Biomarkers of cardiac damage (cardiac troponin T)
Pre-clinical atherosclerosis
Psychological determinants

1) Hypertension
2) Age (75 years and older)
3) Transient ischemic attack or stroke
4) Chronic obstructive pulmonary disease
5) Heart failure
6) Other unidentified factors

Europace.2012;14:8-27

Paroxysmal AF

Persistent AF

Figure 1

Figure 1:  Predictors of PAF onset and Predictors of Progression from PAF to Persistent AF, Left: Predictors of PAF Onset 
(Modified from Reference 1), Right: Predictors of Progression from PAF to Persistent AF (Modified from Reference 2)



(i.e., PAC originating in PV), while other weakly 
correlated SNPs affect the AF-maintaining mecha-
nism such as remodeling (see Figure 2).13

When persistent AF reaches phase 3 where genetic 
factors are also involved, radical cure of the dis-
ease is likely to be impossible even with all avail-
able ablation techniques (stepwise approach). This 
assumption is a limitation of ablation for persistent 
AF and is supported by all previous reports on ab-
lation for persistent AF, in which the success rate 
of the procedure never achieved 100%.

Evolution of Ablation Strategies

In 1998, Haïssaguerre et al.14 noted frequent action 
potentials in the PVs and reported that these poten-
tials trigger the onset of PAF. Since then, electrical 
isolation of PV (PV isolation) has been performed 
as a radiofrequency (RF) ablation technique for PAF 
with the hope of preventing the conduction of pul-

monary vein activation in the left atrium where it 
may serve as a trigger of PAF. The initial PV isola-
tion was a focal or segmental isolation technique 
which isolates each of four PVs using the poten-
tials traveling from the PVs to the left atrium as a 
guide. In 2001, Pappone et al.15  reported circum-
ferential PV isolation, which simultaneously iso-
lates all four PVs (left superior, left inferior, right 
superior, right inferior). This approach had been 
made feasible by the use of a 3D-mapping system 
enabling anatomical RF ablation as well as con-
firmation of whether electrical isolation has been 
successfully completed. It was reported that this 
new approach provided more favorable results 
than focal isolation.16 Although RF ablation had 
previously been indicated for PAF only, it has also 
been performed in patients with persistent AF 
since 2003. As for RF ablation for persistent AF, 
linear RF ablation in the left atrium was consid-
ered necessary to block conduction within the left 
atrium in order to prevent LA reentry. Linear RF 
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Genetic factors + Environmental factors
(e.g., HF, hypertension, diabetes)

Triggering process
(myocardial sleeve in PV) + Maintenance process

(electrical/structural remodeling)

Atrial fibrillationOne strongly 
correlated 
SNP

Several weakly correlated 
SNPs affected by 
environmental factors

Cathecolamin
RAA system
Oxidative stress
Inflammation
Etc.

One strongly correlated SNP
Involved in development of 
myocardial sleeve in PV

Several weakly correlated SNPs

Furukawa T et al. Nat Genet. 2012;44:670-5.

Figure 2:  AF-related genes and AF (Modified from Reference 14), Upper panel: Many single nucleotide polymorphisms (SNPs) 
contributing to AF onset have been identified including one SNP with a strong correlation with AF (Pitx2) and several SNPs 
with a weak correlation, Lower panel: Relationships between genetic factors related to AF, triggering factors of AF onset, envi-
ronmental factors, and AF maintenance process (atrial remodeling) 



is blocked and isolated by RF ablation, the AF re-
currence rate is lowered .21 Later, Lemery et al. de-
fined a site at which high-frequency, high-power 
stimulation provided during AF prolongs the R-R 
interval by ≥50%, increases blood pressure by ≥20 
mmHg, and causes distress in anesthetized pa-
tients as ganglionated plexuses (GP), and reported 
that RF ablation of this site lowers the AF recur-
rence rate.22 In light of the mechanism of AF onset, 
ablation strategies have shifted toward targeting 
AFs occurring in atrial muscles with more pro-
gressed remodeling, in other words, persistent AF. 
However, a recent study23  reported that segmental 
ablation alone rather than with additional linear 
ablation reduces complications originating from 
the left atrium (e.g., tachycardia) in the case of ini-
tial ablation for PAF patients with less progressed 
remodeling. Another report 24 indicated that not all 
CFAEs may be responsible for AF maintenance. 
Although CFAE is considered responsible for AF 
maintenance through autonomic innervation, it is 
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ablation of the following sites was therefore per-
formed in addition to PV isolation17–19: the roof 
of the left atrium (from the superior wall of the 
orifice of the left superior PV to the superior wall 
of the orifice of the right superior PV), the region 
between the mitral annulus and the inferior wall 
of the orifice of the left inferior PV (mitral isth-
mus), the region between the mitral annulus and 
the inferior wall of the orifice of the right inferior 
PV, and the anterior and posterior mitral annu-
lus. Around the same time, Nademanee et al.20 

reported, based on LA mapping during AF, that 
CFAE in the left atrium is a good indicator of RF 
ablation. Pappone et al. found, during circumfer-
ential PV isolation, a site where RF ablation had 
induced a decrease in blood pressure and caused 
atrioventricular block. They focused on the low-
er AF recurrence rate in these cases, judged that 
this site is the vagal nerve on the basis of its au-
tonomic mechanism, analyzed the autonomic 
mechanism, and reported that, if the vagal nerve 

Figure 3: Upper panel: Clinical success of various ablation techniques for persistent/long-standing persistent atrial fibrillation, 
Lower panel: Success rate of ablation for persistent AF and predictors in patients with low cardiac function

Legend:  Upper panel: Rates are shown for single-procedure, drug-free success (white), multiple-procedure success (diagonal 
cross hatch), and antiarrhythmic drug (AAD)–assisted success (dark double hatch). Error bars represent ±1 SD; bars are absent 
when estimate is based on one study. BOX = posterior wall isolation; CFAE = complex fractionated electrogram ablation; LIN = 
conventional linear ablation; PVA = pulmonary vein antrum ablation; PVAI = pulmonary vein antrum isolation; PVI = pulmonary 
vein isolation; STEPWISE = stepwise ablation technique.(Reference 27), Lower panel: single: success rate with a single procedure, 
Multi: success rate with multiple procedures CFAE = ablation of complex fractionated atrial electrograms; PVI = pulmonary vein 
isolation; PVI plus = pulmonary vein isolation and substrate modification (CFAE and/or linear ablation); Modified from Refer-
ence 31
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ports published from 1999 to 2009)26 evaluated the 
success rate of ablation procedures, mainly by 
strategies (upper panel of Figure 3). The results of 
this review can be summarized as follows:

1) The success rate was higher with multi-proce-
dures than with a single procedure, where the dif-
ference was especially marked in the case of PV
isolation (PVI). When electrical isolation of both
the PV and left atrium is performed, temporary
conduction block of the heart muscle adjacent to
the ablation site may occur, followed by the re-
sumption of conduction over time (so-called myo-
cardial stun). This may be considered the achieve-
ment of complete electrical isolation. Due to this
phenomenon, AF recurrence is an unpreventable
event when a single procedure is employed. The
difference between single and multiple proce-
dures was also large with CFAE ablation. CFAE
ablation is a topic currently drawing wide atten-
tion; however, many aspects of CFAE remain un-
clear, for example, CFAE itself may be changed by
pharmacological denervation, CFAE can also be
recorded when AF is intentionally induced in pa-
tients with no clinical AF, and whether all CFAEs
can be ablated. Hence, further studies are war-
ranted with regard to CFAE. Based on the above, a
single procedure without a scheduled multi-pro-
cedure is a potential predictor of AF recurrence.
2) In light of the mechanism of onset, atrial re-
modeling in phase 3 is already established in
persistent AF. Based on the mechanism of onset/
maintenance of persistent AF, an ablation strategy
employing PVI alone is considered a predictor of
AF recurrence.
3) Comparison PV antrum ablation (PVA)/PV an-
trum isolation (PVAI) alone and PVA/PVAI + lin-
ear ablation revealed that, despite additional use
of linear ablation, the success rate was similar in
single procedures and lower with PVA/PVAI +
linear ablation in multi-procedures. While some
reports have indicated the potential of concurrent
linear ablation to cause new onset of arrhythmia,
previous reports have stated that it may increase
the success rate.18–20 Further studies are warrant-
ed to better understand the impact of concurrent
linear ablation. Multi-procedures achieved better
results when box ablation, which includes linear
ablation, was performed. This suggests that the
target site and degree of linear ablation may affect
the success rate.

In the review above, maximum LA diameter was 

also recorded in patients with no history of AF in 
whom AF was induced by electrical stimulation. 
As described above, no methodology of RF abla-
tion for AF has yet been established, and ablation 
strategies may differ by institutions. Nonetheless, 
as RF ablation for AF is widely performed today, 
the differences in expertise and methodology be-
tween institutions appear to be reducing.

Investigation on Predictors of AF 
Recurrence

It is difficult to generally define the predictors of 
AF recurrence due to differences in the situation 
at the onset of AF, status of AF, and/or ablation 
strategy. Furthermore, not all reports on ablation 
for AF have evaluated the predictors of AF recur-
rence. Therefore, potential predictors of AF recur-
rence have to be figured out based on the situation 
at the onset of AF, status of AF, and success rate 
of each ablation strategy provided in previous 
reports. Because individual reports include dif-
ferent patient demographics, stages of AF, or ab-
lation strategies, pooling these data may compro-
mise the association between individual aspects 
of AF and the corresponding ablation strategies. 

In fact, multivariable analyses conducted in a 
previous review article25 showed that “nonpar-
oxysmal AF may be a clinically useful proxy for 
a combination of confounded variables, none of 
which alone is an independent predictor of AF 
recurrence.” This may be true to some extent. 
Accordingly, separate evaluations of each po-
tential predictor are required. What is the differ-
ence between paroxysmal and persistent AF in 
the context of determining the predictors of AF 
recurrence after ablation? Both the predictors of 
AF onset and the predictors of progression to per-
sistent AF as mentioned above underlie this con-
sideration. Most persistent AF episodes are the 
consequence of progression from PAF. The patho-
logical difference between these two forms of AF 
is progression of atrial remodeling. Progression of 
remodeling may differ by patient due to the com-
plex involvement of environmental and genetic 
factors. It is widely accepted that the potential 
indicators of remodeling include the duration of 
AF, LA diameter, and cardiac function.

Strategy

A review on ablation for persistent AF (of 32 re-



53 mm ± 6 mm, follow-up period was up to 36 
months, and no information was provided regard-
ing cardiac function. This review article discussed 
reports published by 2009 and the article itself 
was published in 2010. Today, many institutions 
use CFEA ablation or linear ablation concurrently 
rather than PVAI alone and the variability among 
institutions is less prominent than before.

There is a limitation that strategy-related predic-
tors of AF recurrence can only be assumed based 
on existing reports. Nonetheless, ablation strate-
gies employing PVI alone and single procedures 
are considered as strategy-related predictors of 
AF recurrence. No other strategies showed a clear 
difference; however, further studies are warranted 
for CFEA ablation and linear ablation. Although 
experience of the procedures may also affect re-
currence, no criteria are available to determine 
whether a physician is “experienced”. Since the 
development of a 3D-mapping system has enabled 
confirmation of successful completion of isolation, 
the differences between physicians are now less 
than before.

Cardiac Function

Limited studies have evaluated predictors of AF 
recurrence after ablation for persistent AF in pa-
tients with low cardiac function. Heart failure is 
one of the risk factors considered in the HATCH 
score, and Chen et al.27 stated that low cardiac 
function is a predictor of AF recurrence. In con-
trast, Nadamanee et al.28 and De Potter T et al.29 did 
not find this to be a predictor (see lower panel of 
Figure 3). The reason for not considering low car-
diac function as a predictor of AF recurrence was 
the assumption that AF patients with low cardiac 
function show improvement in cardiac function 
once they reverted to sinus rhythm, which may 
reduce the load on the atrium, thereby preventing 
the recurrence of AF.30  However, it is reported that 
cardiac function may not necessary improve after 
reversion to sinus rhythm, depending on the un-
derlying disease which led to low cardiac function 
(especially in the case of ischemic cardiac diseases). 
Furthermore, it is suggested that recurrence of AF 
may not affect cardiac function in some patients, 
although the reason is unknown.31 It appears that 
whether AF depresses cardiac function depends 
on the underlying disease which led to low cardiac 

function, although further studies are warranted 
to confirm this assumption. It is believed that low 
cardiac function is not a predictor of AF recurrence 
in persistent AF patients with low cardiac function 
who have reverted to sinus rhythm and shown 
improved cardiac function, because these patients 
no longer have low cardiac function. Meanwhile, 
low cardiac function may be a predictor of AF re-
currence in patients showing no improvement in 
cardiac function after reversion to sinus rhythm. 
With regard to cardiac function-related predictors 
of AF recurrence, new findings would probably be 
obtained by evaluating “no worsening/change in 
cardiac function after ablation” as a potential pre-
dictor of AF recurrence rather than “low cardiac 
function.” 

Left Atrium Diameter

Although LA diameter is not a risk factor consid-
ered in the HATCH score, Suzuki et al. 32 reported 
that the frequency of progression to persistent AF 
increases by 1.84-fold for each 10-mm enlargement 
of LA diameter. McCready et al.33 indicated that 
LA diameter is a predictor of whether ablation for 
persistent AF will succeed with a single attempt 
and specified the criterion for successful ablation 
as <43 mm. O’Neill et al.34 reported that both LA 
diameter and duration of AF are predictors of AF 
recurrence (mean LA diameter of patients 47 mm 
± 9 mm). In contrast, Takahashi et al.35 (mean LA 
diameter of patients 44 mm ± 5 mm) and Tilz et al. 
36 (mean LA diameter of patients 49 mm ± 6 mm) 
reported that duration of AF alone is a predictor 
of AF recurrence and that LA diameter is not. It 
is doubtful whether a few millimeters of differ-
ence in LA diameter impact AF recurrence. Echo-
cardiography is used to determine LA diameter. 
Because the accuracy of measurement depends on 
the experience of surgeons, an error of a few milli-
meters is most likely to be observed no matter how 
experienced the surgeon. In addition, although LA 
diameter of <40 mm is currently considered nor-
mal, heart size naturally varies according to body 
size. Left atrial diameter of 40 mm in small and 
large individuals may not have the same implica-
tions. Taking these matters into consideration, it 
cannot be stated, for example, that LA diameter of 
≥45 mm is a predictor and <45 mm is not. Brooks et 
al.26 defined, probably based on their experience, 
the cut-off value for LA diameter as 55 mm; how-
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Discussion

Our interest is focused on the diagnostic criteria 
to determine patients with persistent AF in whom 
ablation can be performed with minimum risk and 
achieve the most benefit; however, no definitions 
have been established regarding how many years 
sinus rhythm should be maintained after ablation 
to be considered as “no recurrence.” Complications 
of ablation, which are not uncommon, and cost ef-
fectiveness39 should also be considered. Per Euro-
pean guidelines, RF ablation for persistent AF pa-
tients with low cardiac function complicated with 
cardiac failure is not categorized as Class I treat-
ment. The reason for this classification is likely to 
be the difficulty associated with RF ablation in AF 
patients with low cardiac function and the high oc-
currence of complications due to RF ablation. Fur-
thermore, the cost of two ablations for persistent 
AF is equivalent to 45.3 years of the most expensive 
drug treatment and 63.9 years of the most inexpen-
sive drug treatment.

In this article, the most probable potential predic-
tors of AF recurrence, namely, ablation strategy, LA 
diameter, low cardiac function, and AF duration 
have been assessed in the context of a discussion 
on the predictors of AF recurrence after ablation for 
persistent AF. None of these might be an indepen-
dent predictor. These potential predictors do not 
serve as independent predictors even in the case of 
PAF, except for those caused by factors which can 
be eliminated with PVI and can be radically cured. 
In many reports, excessively enlarged LA diameter 
and persistent AF lasting several decades are ex-
cluded from the concept of atrial remodeling. Only 
in the hope of improving cardiac function through 
reversion to sinus rhythm, is ablation performed in 
persistent AF patients with low cardiac function. It 
can be stated now, however, that 1) persistent AF 
patients with some degree (although this “some 
degree” has not been clearly defined) of enlarged 
LA diameter, prolonged AF duration, or decreased 
cardiac function may also revert to sinus rhythm 
with RF ablation; 2) more efficient treatment may 
be developed in the future; and 3) reversion to si-
nus rhythm may increase the benefit to patients. 
In summary, RF ablation for persistent AF is cur-
rently required; thus, evaluation of predictors of 
AF recurrence after RF ablation for persistent AF 

ever, there are few reports on excessively enlarged 
LA diameters. Heist et al.37 reported LA diameter 
as a predictor of successful ablation for persistent 
AF (p = 0.002) although no numerical evaluation 
was provided (mean LA diameter of patients 45 
mm ± 7.7 mm). At this time, the result of Heist et 
al. appears to be true, and LA diameter may be a 
potential predictor of AF recurrence. No numeri-
cal criteria, however, can be provided at present. 
A method to accurately indicate the actual prog-
ress of LA remodeling has not been established. 
Left atrial diameter is only a factor representing 
LA remodeling and is not a definite methodology. 
Indicators for LA remodeling need to be devel-
oped in the future. Whether LA diameter shows a 
decrease, no change, or an increase after ablation 
may predict the recurrence of AF to some extent. 
Note that predictors of ablation failure and pre-
dictors of AF recurrence were considered as syn-
onyms based on a report 37 indicating the correla-
tion between the success rate of ablation and the 
recurrence rate of AF.

Duration of Atrial Fibrillation

Many studies have reported the duration of AF 
as a predictor of AF recurrence,28,34,35,36 while some 
other studies reported that it was not.29,33  Duration 
of AF varied among the studies, ranging from one 
to ten years. It is theoretically considered that the 
longer the AF duration, the more atrial remodel-
ing progresses; however, the degree of progres-
sion varies from patient to patient due to the in-
volvement of genetic factors. The controversy 
regarding AF duration as a predictor may be par-
tially attributable to the fact that AF duration is 
not proportional to the degree of progression. Ini-
tially after the onset of AF, P-wave peaks are high 
and the AF cycle is long. As AF progresses to the 
persistent form, P-wave peaks decrease, AF cycle 
shortens, and eventually even detection of the P-
wave is often difficult. Heist et al.37 reported the 
AF cycle as a predictor of AF recurrence (p <0.001) 
based on the measurement of AF cycle length, al-
though no numerical results were provided and 
no correlation with AF duration was assessed. 
Although the duration of AF may be one of the 
predictors of atrial remodeling, there may be too 
many confounding factors to consider this as an 
independent indicator. 
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has great significance. 

Conclusions

Predictors of AF onset and progression to persis-
tent AF are the basis of predictors of AF recurrence 
after RF ablation for persistent AF.

The difference between paroxysmal and persis-
tent AFs includes the ablation strategy and pro-
gression of atrial remodeling. Left atrial diameter, 
low cardiac function, and AF duration are indica-
tors of remodeling.

As for the ablation strategy, although CFAE ab-
lation and linear ablation remain to be studied, 
treatment approaches have been established to a 
certain degree and inter-institutional variations in 
experience and/or expertise appear to be less than 
before. Currently available reports show that a 
high recurrence rate is associated with PVI-alone 
ablation and single procedures.

Left atrial diameter, low cardiac function, and AF 
duration are indicators of atrial remodeling that 
do not serve as independent predictors of AF re-
currence; however, they can be used as relative 
predictors. A combination of these predictors may 
be established as a predictive index of AF recur-
rence. Future studies are awaited to establish diag-
nostic criteria for using ablation for persistent AF.
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Introduction

Atrial fibrillation (AF) is the most common clinical 
arrhythmia and represents a major social and eco-
nomical problem.1,2 The number of subjects with 
AF is constantly increasing as a result of aging 
and improved survival in cardiac and non-cardiac 
diseases. Patients with AF are often symptomatic, 
have a reduced physical capacity and are at high 
risk for thromboembolic events. AF is associated 

with increased mortality and remains to be de-
fined if a management based on rhythm control 
is better than a rate control strategy.2,3 To main-
tain sinus rhythm and to prevent recurrences, an-
tiarrhythmic drugs are commonly used in spite 
of their limited efficacy and frequent adverse 
effects. 4 Alternative strategies based on a direct 
targeting on arrhythmia mechanisms such as 
radiofrequency ablation or upstream therapies 
have provided contrasting results. The former 
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Abstract 

Atrial fibrillation (AF) is the most common clinical arrhythmia and represents a major social and economic 
problem. The number of subjects with AF is constantly increasing as a result of aging and improved 
survival in several cardiac and non-cardiac diseases. Patients with AF are often symptomatic, have a re-
duced physical capacity and are at high risk for thromboembolic events. Moreover, AF is associated with 
increased mortality and independent of the management, based either on rhythm or rate control strategy, 
The safety and efficacy of most anti-arrhythmic drugs are questionable. Increasing attention has therefore 
been addressed to evaluate the possible therapeutic and/or preventive effects of forms of treatment coming 
from ancient medical traditions of Far East, like acupuncture and yoga. In traditional Chinese medicine, 
acupuncture has been found effective in managing patients with paroxysmal supraventricular tachycardia. 
Recently, also in the Western literature, reports have been published supporting the clinical efficacy of 
acupuncture to treat arterial hypertension and to reduce chest pain. Other studies have evaluated the ef-
fects of acupuncture and other methods of Eastern Medicine, i.e., Qigong, Tai Chi Chuan and Yoga, in the 
treatment of cardiac illnesses associated with supraventricular arrhythmias. 

Two reports on the effects of acupuncture in preventing or reducing the rate of AF recurrences in patients 
with persistent or paroxysmal AF have been recently reported . Another ancient traditional eastern form 
of therapy and prevention, i.e., yoga, has been recently shown to reduce episodes of atrial fibrillation and 
improve the symptoms of anxiety and depression often associated with this arrhythmia. Growing evi-
dence indicates that acupuncture and yoga are safe, without any pro-arrhythmic effect and with limited 
cost. All these factors should be considered when evaluating the efficacy of therapeutic intervention for an 
epidemic disease such as AF.
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approach may be properly used only in limited 
and selected groups of patients particularly when 
symptoms are invalidating.5 The antiarrhythmic 
efficacy of ACE inhibitors, statins, and fish oil has 
been disappointing when tested in randomized 
prospective studies.6-8

In the GISSIA AF, valsartan administration was 
unable to reduce the recurrence rate of AF in pa-
tients with paroxysmal or persistent AF.9 In the 
OPERA study, Omega-3 fatty acid supplementa-
tion did not prevent post-operative AF after car-
diac surgery .10 Thus available evidence7-13  seems 
to be insufficient to drive changes in therapy 
management, and prompts the development of 
new therapeutical approaches.

Traditional Chinese Medicine

In traditional Chinese medicine, acupuncture has 
been found effective in managing patients with 
paroxysmal supraventricular tachycardia.14 Re-
cently, also in the Western literature, reports have 
been published supporting the clinical efficacy 
of acupuncture to treat arterial hypertension 15 
and to reduce chest pain.16,17  Several other stud-
ies have evaluated the effects of acupuncture and 
other methods of Eastern Medicine, i.e., Qigong, 
Tai Chi Chuan and Yoga, on hemodynamic pa-
rameters or symptoms related to different cardio-
vascular diseases.18-28

In the Traditional Chinese Medical Doctrine29 AF, 
like most supraventricular arrhythmias, is related 
to Heart Yin deficiency in the absence of struc-
tural disorders or to Heart Yang deficiency in the 
presence of a cardiac disease. The Neiguan spot is 
located in the portion of the heart meridian situ-
ated in the forearm and is responsible for blood 
flow and pulse rate control. Its malfunction has 
been associated with anxiety and restlessness and 
cardiac pain.

In the Western world, puncturing of the Neiguan 
spot has been used to treat chest pain, sickness 
and vomiting during chemo-embolization pro-
cedures30 and to limit the symptoms related to 
fullness-tension in the chest and palpitations.31 

Reductions in the electrocardiographic signs of 
myocardial ischemia and plasma levels of endo-
thelin have also been reported .31,32

Electroacupuncture of the Neiguan spot has also 
been associated with an effect on the autonomic 
nervous system and, in particular on the sympa-
tho-vagal interaction .33,34 In one of the first studies, 
Kong et al 35was able to restore a more physiologi-
cal sympatho-vagal balance after acupuncture by 
measuring heart rate variability. More recently, 
however, in a systematic review36 in which the ef-
fects of acupuncture on heart rate variability were 
studied in different patient populations and ex-
perimental conditions, contrasting results were 
observed. For example in healthy subjects, acu-
puncture determined a significant attenuation of 
signs of sympathetic activation and reduced va-
gal modulation induced by a stress state in com-
parison to sham acupuncture.37 Other studies, 
however, failed to detect similar changes in heart 
rate variability parameters when subjects were ex-
posed to mental stress testing or other stressors.36 
On the other hand, Flachskampf et al,15 reported 
that 6 weeks of acupuncture significantly lowered 
median 24-h ambulatory blood pressure and that 
the effect was no longer present after cessation of 
acupuncture treatment.

The possibility that acupuncture may exert its anti 
arrhythmic effect through an action on the auto-
nomic nervous system is therefore a plausible 
hypothesis although not tested in our studies. 
Indeed, several clinical and experimental reports 
have indicated that an imbalance of autonomic 
control mechanisms due to either an increase in 
vagal or sympathetic neural activity directed to the 
heart may favour the initiation and maintenance of 
AF episodes.1,2 In patients who developed AF dur-
ing Holter recordings,38,39,39,40 signs of either an in-
creased vagal or sympathetic modulation of the si-
nus node were commonly detected in the minutes 
preceding AF initiation: a finding that in our opin-
ion, suggests that an imbalance between the two 
branches of the autonomic nervous system rather 
than a specific predominance of one component is 
the most important pro-arrhythmic factor.

The possibility that the antiarrhythmic effect of 
acupuncture might be related to a stabilization of 
sym-pathetic and vagal control mechanisms rath-
er than to a direct antiadrenergic or vagomimetic 
effect is therefore appealing and is substantiated 
by recent experimental findings. In fact, whereas 
direct high threshold cardiac vagal ganglia stimu-
lation has been associated with a pro-fibrillatory 



effect 40,41 bilateral low-level vago-sympathetic 
nerve stimulation has been found to suppress 
effectively high-frequency stimulation-induced 
focal AF at atrial and pulmonary vein sites.42-44 

Whether acupuncture of Neiguan spot might ex-
ert similar effects on cardiac autonomic ganglia 
remains to be determined and at the moment it 
is an interesting hypothesis. 

Our  Experience

We have published two studies which evalu-
ate the effects of acupuncture in preventing or 
reducing the rate of AF recurrences in patients 
with persistent AF and in those with paroxysmal 
AF. In the first study,45 the antiarrhythmic effi-
cacy of acupuncture (figure 1) was similar to that 
of amiodarone, the most effective antiarrhythmic 
drug used in the Western world to treat AF pa-
tients. Patients who responded to acupuncture 
were characterized by the traditional risk factors 
such as LVEF, hypertension, and LA diameter 
that are associated with AF recurrence1-4,46 thus 
confirming that our population was represen-
tative of that commonly encountered in clinical 
practice. Moreover, sham operated patients had 
an AF recurrence rate similar to patients with no 
antiarrhythmic therapy. Thus, specific site of acu-
puncture treatment rather than simple needling 
was the mechanism responsible for the observed 
antiarrhythmic effects. Unfortunately, we have 

been unable to identify the mechanisms responsi-
ble of the effectiveness of acupunctural treatments. 
In addition to a modulatory action on autonomic 
control mechanisms, we cannot exclude that bio-
chemical, psychological or placebo effects might 
have played a major role through endorphins or 
other chemical mediator releases reduced pain 
perception, improved sleep quality, anxiety seda-
tion or acceptance of the presence of a disease.32,47 
We have also observed that acupuncture showed 
its antiarrhythmic action preferably in the first 
months after electrical CV, the time frame that cor-
responds to the highest recurrence rate4,48 where 
autonomic mechanisms are likely to play a major 
role.38,39,49 Regarding this it is of interest to note that 
our patients were treated with acupuncture for a 
10-week period, but the antiarrhythmic effect per-
sisted throughout the whole study period.

The major limitations of our study was that it 
was conducted in a small number of patients and 
the amiodarone group consisted of patients who 
were not randomized but were on amiodarone 
treatment according to physician indication Nev-
ertheless, there was adequate power to detect dif-
ferences among the study groups. AF recurrences 
were determined by the presence of the arrhyth-
mia during scheduled control visits or during ex-
ams requested by patients after the occurrence of 
symptoms. There was no trans-telephonic moni-
toring system to detect also asymptomatic or brief 
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Figure 1: Cumulative  Percetage of AF Recurrence in the Different Groups            



self-terminating AF episode. In spite of the above 
limitation, this was the first randomized study that 
showed that acupunctural treatment was safe and 
could prevent AF recurrences in patients with per-
sistent AF.

Unfortunately, our study does not allow us to infer 
the possibility that, in patients with early AF recur-
rence but already on antiarrhythmic drugs, acu-
puncture might exert an additive antiarrhythmic 
action. This possibility, however, was suggested 
by the results obtained in a more recent study in 
patients with paroxysmal AF.50 Most of these pa-
tients were on propaphenon, flecainide or amioda-
rone. Puncturing of the Neiguan spot resulted in a 
significant reduction of the arrhythmic burden that 
persisted during the whole follow-period. Even 
taking into account the small number of patients 
treated with acupuncture and the fact that only 
symptomatic episodes were measured, one could 
hypothesize that acupuncture could enhance the 
antiarrhythmic efficacy of these drugs by a com-
bination effect on atrial electrical properties and 
autonomic mechanisms.

The possibility that acupuncture can be used in pa-
tients resistant to antiarrhythmic drugs to improve 
AF control requires, however, an adequate testing.

Yoga and Atrial Fibrillation

Regarding another ancient traditional eastern 
form of therapy and prevention, i.e., yoga, it has 
been recently shown that rigorous practice of yoga 
can help reduce episodes of atrial fibrillation and 
improve the symptoms of anxiety and depression 
often associated with this arrhythmia. According 
to a study recently presented in abstract form at 
the American College of Cardiology’s 60th Annu-
al Scientific Session (April 2011)),51 intensive yoga 
training was capable of significantly reducing the 
episodes of atrial fibrillation. The study enrolled 49 
patients with atrial fibrillation who had no physi-
cal limitations. During the first three-month con-
trol phase, participants were permitted to engage 
in any type of physical activity they were previ-
ously accustomed to doing. This was followed by 
a three-month study phase where patients partic-
ipated in a supervised yoga program consisting 
of breathing exercises, yoga postures, meditation 
and relaxation. Forty-five minute yoga sessions 
were administered by a certified professional 
three times a week over the course of the study 
phase. Participants were also given an educational 
DVD and encouraged to practice the exercises at 
home on a daily basis depending on their comfort 
levels. All participants were new to the practice 
of yoga, and the program was designed to allow 
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Figure 2: Number of Total (left) and Phantom (right) AF Episodes Before and During Yoga Phase           



The “Five Elements Law” Of Traditional 
Chinese Medicine and Atrial Fibrillation 

The Five Elements Law of Traditional Chinese 
Medicine is the basic foundation of pathophysiol-
ogy and aetiology of illnesses in Far East medi-
cal doctrine.53 Very briefly, it states that our or-
gans and tissues are distributed in five “energetic 
fields”: Fire (heart), Earth (spleen, pancreas and 
stomach), Metal (Lung, Large Intestine), Water 
(Kidney, endocrine glands, nervous systems and 
urogenital organs) and Wood (Liver and Gall-
bladder) (Fig. 3)

The first rule of this Law says that an ener-
getic field is never damaged by a contiguous 
field: Fire, for example, never damages Earth, 
or, in other words, Heart never damages Pan-
creas or Spleen, like Lung never damages 
Kidney, and so on. The second rule of the 
Law states that any field is able to damage a 
non-contiguous field: so, Fire is able to dam-
age Metal (i.e., heart may cause a pulmonary 
edema and lung may provoke a chronic right-
sided heart failure), Liver is able to damage 
Spleen (splenomegaly consequent to hepatic 
illnesses), and so on. Consequently, also atri-
al fibrillation could be related to the opposite 
fields of energy, i.e., Metal (Lung) and Wa-
ter (Kidney, Endocrine organs and nervous 
system). And it is interesting a recent paper 
which considers atrial fibrillation caused by 
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beginners to progress safely from basic move-
ments to more advanced practice over the course 
of the study. Episodes of irregular heartbeat were 
measured throughout the entire six-month study 
period using portable heart monitors and patient 
symptom log books. Participants were also asked 
to complete short self-administered surveys to as-
sess anxiety, depression and quality of life scores 
during the control and study phases, and the dif-
ferences were examined. Data showed the yoga 
intervention significantly reduced the number 
of episodes of irregular heart beat among atrial 
fibrillation patients during the study phase com-
pared to the control phase where subjects were 
participating in the physical activity of their 
choice (3.8±3 vs. 2.1±2.6, p<0.001; Figure 2). Yoga 
also significantly reduced depression and anxiety 
scores and improved quality of life scores in the 
areas of physical functioning, general health, vi-
tality, social functioning, and mental health.

Incoming Studies

A randomized controlled study will soon start in 
Tuscany (Italy), and will take into consideration 
patients with non-valvular paroxysmal or persis-
tent AF who received pharmacological or electric 
successful CV: the patients will be divided into 
two groups: the first group will be treated with 
standard antiarrhythmic pharmacological thera-
py, and the second with acupuncture and yoga or 
qigong.52  Results will be available in a two year 
period.

Figure 3: The Law of Five Elements of ancient Traditional Chinese Medicine. A, first rule. B, second rule
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rhythm after cardioversion of atrial fibrillation. Arch Intern Med 
2006;166:719-728.
5. Cappato R, Calkins H, Chen SA, Davies W, Iesaka Y, Kalman J,
Kim YH, Klein G, Natale A, Packer D, Skanes A. Prevalence and
causes of fatal outcome in catheter ablation of atrial fibrillation. J
Am Coll Cardiol 2009;53:1798-1803.
6. Pisters R,Nieuwlaat R, deVos CB, CrijnsHJ. Comprehensive
upstream treatment for atrial fibrillation, when and how? Euro-
pace 2009;11:397-399.
7. Smit MD, Van Gelder IC. Upstream therapy of atrial fibrilla-
tion. Expert Rev Cardiovasc Ther 2009;7:763-778.
8. The GISSI-AF investigators: Valsartan for prevention of recur-
rent atrial fibrillation. N Engl J Med 2009;360:1606-1617. 
9. Dariush Mozaffarian D, Marchioli R, Macchia A, Silletta MG,
Ferrazzi P, Gardner TJ, Latini R, Libby P, Lombardi F, O’Gara
PT, Page RL, Tavazzi L, Tognoni G, for the OPERA Investiga-
tors. Fish Oil and Postoperative Atrial Fibrillation: The Omega-3
Fatty Acids for Prevention of Post-operative Atrial Fibrillation
(OPERA) Randomized Trial. JAMA 2012;308(19):doi:10.1001/
jama.2012.28733
10. Pratt CM, Reiffel JA, Ellenbogen KA, Naccarelli GV, Kowey
PR. Efficacy and safety of prescription omega-3-acid ethyl esters
for the prevention of recurrent symptomatic atrial fibrillation: A
prospective study. Am Heart J 2009;158:163-169.
11. Sakabe M, Shiroshita-Takeshita A, Maguy A, Dumesnil C, Ni-
gam A, Leung TK, Nattel S. Omega-3 polyunsaturated fatty ac-
ids prevent atrial fibrillation associated with heart failure but not
atrial tachycardia remodeling. Circulation 2007;116:2101–2109
12. Dorian P, Singh BN. Upstream therapies to prevent atrial fi-
brillation. Eur Heart J Suppl 2008;10: H11-H31
13. Bianconi L, Calò L, Mennuni M, Santini L, Morosetti P, Az-
zolini P. n-3 Polyunsaturated fatty acids for the prevention of 
arrhythmia recurrence after electrical cardioversion of chronic 
persistent atrial fibrillation: a randomized, double-blind, multi-
centre study. Europace 2011;13:174-81
14. Wu RD, Lin LF. Clinical observation on wrist-ankle acupunc-
ture for treatment of paroxysmal supraventricular tachycardia.
Zhongguo Zhen Jiu 2006;26:854-856.
15. Flachskampf FA, Gallasch J, Gefeller O, Gan J, Mao J, Pfahl-
berg AB, Wortmann A, Klinghammer L, Pflederer W, Daniel
WG. Randomized trial of acupuncture to lower blood pressure.
Circulation 2007;115:3121-3129.
16. Richter A, Herlitz J, Hjalmarson AA. Effect of acupuncture
in patients with angina pectoris. Europ Heart J 1991;12:175-178.
17. Kim W, Jeong MH, Ahn YK: Acupuncture for chest pain.
Heart 2004;90:1062-1066.
18. Wood S. Yoga works for BP lowering in cardiac rehab . . . just
don’t call it “yoga”. http://www.theheart.org/article/1077611.do
(accessed November 2012)
19. Wood S. Poetry, prayers, and pranayama: A low-tech therapy
for heart failure. http://www.theheart.org/article/741763.do (ac-
cessed November 2012)
20. O’ Riordan M. Tai chi movement therapy improves function-
al capacity and quality of life in patients with stable HF. http://
www.theheart.org/article/240039.do (accessed November 2012)
21. Nainggolan L. More than 70% of ACS patients use alternative

lung surgery (Metal) related to elevation of 
the natriuretic peptide (Water).Moreover, an 
imbalance of vagal-sympathetic equilibrium 
(Water, because autonomic system is based 
on nervous tissue) may cause atrial fibrilla-
tion, both in case of elevation and reduction 
of vagal tone.

Conclusions

Recent reports suggest that acupuncture and 
yoga are safe, without any pro-arrhythmic effect 
and with limited cost. All these factors should be 
considered when evaluating the efficacy of thera-
peutic intervention for an epidemic disease as AF. 
Moreover, the practice of yoga is known to exert 
favourable effects on several risk factors for heart 
disease including high blood pressure, high cho-
lesterol, hardening of the arteries, and stress and 
inflammation in the body. There are currently no 
proven complementary and non-invasive thera-
pies that are known to decrease the symptoms 
of atrial fibrillation with minimal side effects and 
reasonable safety and efficacy.
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Introduction

A recent comprehensive review of atrial fibrillation 
(AF) has proposed new clinical concepts.1 How-
ever, early intervention with ablation techniques 
was not considered.  We believe that there is now 
sufficient evidence to offer ablation therapy very 
soon after the first clinical presentations of parox-
ysmal AF as first line treatment. We present a sim-
ple argument which we believe is convincing. AF 
is currently classified as “paroxysmal” or sponta-
neously terminating within 7 days, or “persistent” 
lasting for over 7 days or requiring cardioversion 
to restore sinus rhythm; or “longstanding persis-
tent” meaning present without pause for over one 
year; or lastly, “permanent” AF when it is accepted 
by the physician and the patient that no attempts 
should be made to convert the AF back to sinus 
rhythm.

It is well known that that duration of uninter-
rupted AF has important complex biochemical and 
physiological effects on the myocardium of the left 
atrium, otherwise known as negative electrical re-
modelling. This has been succinctly described as 

“atrial fibrillation begets atrial fibrillation”.2 In es-
sence the “health” of the left atrium deteriorates 
the longer the duration of the AF. The evidence 
strongly suggests that patients with paroxysmal 
AF may, if untreated, develop more frequent and 
more prolonged episodes such that they develop 
“persistent atrial fibrillation” either as a result of 
duration in excess of 7 days or by requiring car-
dioversion. Once reclassified there is no reverting 
to a lesser category. The six new categories pro-
posed,1 reflect the progressive severity of atrial 
negative remodelling. The evidence indicates that 
each category from “pre” to “permanent” is in-
crementally more difficult to treat whether using 
drugs for suppression in paroxysmal atrial fibril-
lation (PAF), rate control in permanent atrial fi-
brillation or increasingly complex modes of left 
atrial ablation in attempts to eliminate the sub-
strate (the left atrial myocardium). 

Atrial electrical remodelling is a complex bio-
chemical and physiological process which has 
been well studied in animals3 and humans.4 It is 
manifest by changes in the microstructure of the 
atrium with increase in fibrosis, electrical changes 
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Abstract

Recurrent episodes of atrial fibrillation are associated with progressive left atrial substrate remodelling 
over time. We present an argument for early ablation in the treatment of recurrent paroxysmal atrial fi-
brillation prior to such deleterious changes in “left atrial electrical health”
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including shortening of action potential duration 
and refractory period, slowing of conduction as a 
result of alterations in sodium, calcium and potas-
sium channel functions and many other effects.3 
Here we will refer collectively to these process-
es as deleterious changes in “left atrial electrical 
health”.

For paroxysmal AF there is little doubt that pul-
monary vein isolation (PVI) by any technique is 
successful in the majority of patients.5 It is also 
the simplest approach and is central to almost all 
methods of ablation of AF. A variety of adjunc-
tive strategies have been described for paroxys-
mal and persistent AF. Pappone et al,6 developed 
wide circumferential atrial ablation which aims to 
both isolate the veins and modify the atrial myo-
cardium. Haïssaguerre et al,7 have devised a step-
wise approach by adding linear ablation to con-
ventional electrophysiological PVI. Nademanee’s 
group,8  targeted so-called “continuous fraction-
ated atrial electrograms” or CFAEs. Others such 
as Pokushalov et al,9 have advocated specific tar-
geting of autonomic ganglia located in clusters on 
the posterior left atrial wall. None of these tech-
niques has proved superior to another and none 
is as effective as simple PVI for the treatment of 
paroxysmal AF.9,10  The success rate of ablation for 
persistent AF is much less than for paroxysmal 
AF even with several procedures.7 The implica-
tion of these observations is clear: interventional 
treatment with ablation should be offered as first 

line treatment in those patients who present with 
more than one episode of paroxysmal AF. 

A Graphical Representation of Left Atrial 
Health

We recognise that AF is a heterogeneous disease, 
with a spectrum of left atrial substrates dependent 
upon underlying aetiologies. Nonetheless we pres-
ent a hypothetical graph of the natural history of 
AF in a single patient (figure 1). Immediately after 
the first onset of AF (red line at point a) negative 
atrial remodelling or deterioration in “left atrial 
electrical health” begins (y axis) and continues 
as long as AF is present (arbitrary time scale on x 
axis).  When sinus rhythm is resumed either spon-
taneously (point b) or by cardioversion (points c 
and e) positive remodelling or an improvement of 
left atrial health occurs as a result of gradual rever-
sal of the adverse effects of negative remodelling 
(point f). The longer the duration of preceding AF 
the longer the recovery time (blue lines). This may 
be interrupted by a further recurrence of AF (point 
d).

If it is accepted that the diagram fairly reflects the 
natural history of atrial fibrillation and “left atrial 
health” the implications are clear: atrial fibrillation 
should be treated as early as possible in its natu-
ral history. There is unanimity in the international 
atrial fibrillation/electrophysiology community 
that a single attack of AF may be just that – a one off 

Figure 1: Hypothetical Natural History of Atrial Fibrillation  Over Time         



episode that requires simple investigation (for ex-
ample an echo, an ECG monitor) but no treatment 
other than perhaps avoidance of precipitating fac-
tors. For patients who have recurrent AF defined 
as 2 or more spontaneously terminating episodes 
PVI should be considered at an early stage, possi-
bly as first line treatment.10 New techniques such 
as cryoballoon PVI are very promising.11 

There are financial implications in providing ear-
ly intervention in the course of atrial fibrillation, 
with the cost associated with increased numbers 
of ablation procedures. However, the initial cost 
of the ablation procedure may be less than that 
of medical management of AF in the long-term, 
which includes the costs of anti-arrhythmic medi-
cation, out-patient clinic attendances and most 
importantly hospital admissions.12  Furthermore, 
the prevention of persistent AF by intervention 
early in the course of the disease may reduce the 
costs associated with the treatment of strokes and 
exacerbations of heart failure.  

The electrophysiology community may not be 
currently ready to provide the number of pro-
cedures required for an early interventional ap-
proach to the treatment of AF. However our inter-
ventional colleagues overcame a similar challenge 
in delivering wide-spread and early percutaneous 
coronary intervention in the treatment of coro-
nary artery disease.

Conclusions

We present an argument for early ablation in the 
treatment of recurrent paroxysmal atrial fibril-
lation so to prevent negative left atrial substrate 
remodelling in the natural history of this progres-
sive disease. 
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Heart Rhythm - 2013
The Heart Rhythm Society’s 34th Annual Scientif-
ic Sessions will be held May 8-11, 2013 in Denver, 
Colorado. This meeting will showcase the latest 
science, discovery and innovation that are es-
sential to quality care for our patients. Attendees 
explored state-of-the-art diagnosis and treatment 

Denver  USA
08 May 2013 - 11 May 2013

options from internationally recognized leaders 
The Heart Rhythm Society’s Annual Scientific Ses-
sions is the premier event for anyone involved in 
research or delivery of arrhythmia care or services, 
bringing together leading experts from around the 
world.



President Bill Clinton will present the keynote 
address at the Opening Plenary Session at Heart 
Rhythm 2013 in Denver, CO  on Wednesday, 
May 8, 2013 | 5 p.m. President Clinton remains 
an influential international figure. His passion 
for improving lives through innovation and ac-
tivism positions him as the perfect complement 
to the program- President Bill Clinton is the 
Founder of the William J. Clinton Founda-
tion and 42nd President of the United States. 

Highlights 

● More than 250 sessions available

● Meet 900 world-renowned heart rhythm ex-

perts

● More than 130 exhibitors showcasing the latest
arrhythmia products and services

● Network with thousands of physicians,scien
tists, allied professionals, and industry leaders
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President Bill Clinton

Opening Plenary Keynote Speaker

Symposium Sessions
▪ Welcome Session

▪ Featured Symposium Sessions

▪ AF Summit

▪ Allied Professionals Forums

▪ Abstract Session Information

▪ Basic/Translational Science Forum

▪ Peds/Adult Congenital Programming

▪ Rapid Fire Cases

▪ Battle of the Titans

▪ Pioneers Unplugged

▪ Ideas On Trial

▪ Joint Sessions

▪ Lead Management Forum

▪ Live Case Presentations

▪ Mini Board Review Sessions

▪ Opening Plenary

▪ VT/VF Summit

▪ Session Types & Specialty Tracks

Registration Details

Online: Visit our Online Registration Site

By Fax: Fax completed Heart Rhythm 2013 Reg-
istration Form with credit card information to 
508-743-9636

By Mail: Mail completed Registration Form with 
full payment to the following address:
Heart Rhythm 2013
c/o Convention Data Service
107 Waterhouse Roa
Bourne, MA 02532

By Phone: 800-748-5052 or 508-743-0529

The Heart Rhythm Society’s 34th Annual Scientific 
Sessions will celebrate the history of the cardiac ar-
rhythmia field and how the science, discovery, and 
innovation of the past and present are shaping our 
future.
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Dear Heart Rhythm Professional,

On behalf of the Scientific Sessions Program Committee and its leadership, 
welcome to Denver and Heart Rhythm 2013! We are excited to offer you three 
and a half days of education and networking opportunities aimed at advancing 
your knowledge and improving patient care.

This year, we will be celebrating our Society’s evolution, focusing on “Honor-
ing Our Past. Shaping Our Future.” Special presentations will highlight how 
the groundbreaking events of our rich past have led to the science and technol-
ogy that continue to advance our dynamic field today.

Welcome letter to Heart Rhythm - 2013

Richard I. Fogel, MD, FHRS

Our 34th Annual Scientific Sessions will open with President Bill Clinton delivering the keynote address 
at the Opening Plenary Session. President Clinton’s remarks will be followed by the Featured Poster Ses-
sion and Reception in the Exhibit Hall.

Over the following days, more than 900 of the world’s most noted experts in cardiac rhythm manage-
ment will present more than 250 educational sessions showcasing the latest science, discovery, and in-
novation. These sessions will represent all aspects of pacing, defibrillation, clinical arrhythmia manage-
ment, ablation, pharmacology, genetics, basic science, and health policy.

While in Denver, make sure to experience this year’s new additions to the program — Pioneers Un-
plugged, Battle of the Titans debate sessions, Rapid Fire Sessions, and the Lead Management Forum and 
VT/VF Summit. More than 130 exhibitors will be displaying and demonstrating the latest arrhythmia 
products and services in the Exhibit Hall, where a multitude of additional learning and networking op-
portunities will also be available.

Continuing our tradition of collaborating with our international colleagues, we will offer 18 Joint Ses-
sions this year — a record number. These sessions not only enhance the clinical and scientific excellence 
of our meeting, but also reinforce our commitment to the global exchange of ideas and best practices to 
promote optimal patient care worldwide.

We hope you will take advantage of all of the education and networking opportunities that Heart Rhythm 
2013 has to offer.

Welcome to Denver!

Richard I. Fogel, MD, FHRS, CCDS
Chair, Scientific Sessions Program Committee
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KANSAS CITY HEART RHYTHM SYMPOSIUM 2013

Annual Kansas City Heart Rhythm Symposium
Saturday–Sunday • August 17–18, 2013

InterContinental Kansas City at the Plaza, Kansas City, Mo.

Hear the latest updates in heart rhythm manage-
ment by world class faculty. 2012’s list of speakers 
included: 

• Douglas Packer, MD, Mayo Clinic
• Francis Marchlinski, MD, Hospital of the Uni-
versity of Pennsylvania
• Sumeet Chugh, MD, Cedars-Sinai Medical
Center
• Hakan Oral, MD, University of Michigan Health
System
• Rachel Lampert, MD, Yale School of Medicine
• Larry Chinitz, MD, New York University Lan-
gone Medical Center
• Moussa Mansour, MD, Massachusetts General
Hospital
• Srinivas Dukkipati, MD, Mt. Sinai Hospital

• Sanjeev Narayan, MD, University of California–
San Diego Medical Center
• Loren Berenbom, MD, University of Kansas
Hospital
• Martin Emert, MD, University of Kansas Hos-
pital
• Rhea Pimentel, MD, University of Kansas Hos-
pital
• Buddhadeb Dawn, MD, University of Kansas
Hospital
• Raghuveer Dendi, MD, University of Kansas
Hospital
• And others

Course Director: Dhanunjaya Lakkireddy, MD, 
University of Kansas Hospital, Kansas City, Kan..
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Call for Submissions

We are pleased to announce the Fourth Annual Dr. Manohar Sai Gowda Memo-
rial Young Investigator Cardiovascular Research Award, to be presented at the 
2013 Kansas City Heart Rhythm Symposium. This award has been established in 
appreciation of the late Dr. Gowda’s contributions to cardiovascular research as 
both an investigator and a mentor to young investigators. Cardiovascular fellows, 
electrophysiology fellows, and research fellows are eligible to submit their work 
for consideration. Submissions must meet the following criteria:

Fourth Annual Dr. Manohar Sai Gowda Memorial Young Investigator 
Cardiovascular Research Award

Submission and Selection Process

Cardiovascular fellows, electrophysiology fel-
lows, and research fellows are eligible to submit 
their work for consideration. Submissions must 
meet the following criteria:

1.riginal cardiovascular research (basic science or
clinical trials)

2.Work may not have been published at the time
of award presentation (prior presentation is per-
mitted as long as the work has not yet been pub-
lished)

3.Maximum of 2500 characters, not including
spaces. Graphics or tables will count as 500 char-
acters each.

The top three submissions will be invited to at-
tend the 2012 Kansas City Heart Rhythm Sym-
posium, expenses paid (conference registration, 
transportation, hotel accommodations), present 
their research, and display their work as a post-
er. The winner will be selected from the top three 
submissions; the winner will be presented with a 
$2,500.00 award and plaque on the final day of the 
conference.

Submissions should include all contact informa-
tion for notification purposes. Applicants will be 
asked to select a category for their submission 
from the following:

Submissions must be submitted electronically via email to:

Caroline Murray CCRC
KU Cardiovascular Research Institute
cmurray1@kumc.edu

The deadline for submission is July 1, 2013 at 11:59 p.m. CDT. Applicants will be notified of 
acceptance or rejection via email after July 30, 2013.

Cardiac arrhythmias Interventional cardiology
Cardiac imaging Basic research
Preventive cardiology Miscellaneous topics
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23rd Annual Congress of the Association of Thoracic and 
Cardiovascular Surgeons of Asia

10 - 13 October 2013 Raffles City Convention Centre SINGAPORE



Journal of Atrial Fibrillation Upcoming Events                        

The 13th International Workshop on Cardiac Arrhythmias - Venice Arrhythmias 2013 will be 
held in Venice, Italy on October 27-29, 2013, under the auspices of the most important Inter-
national Scientific Societies, with an expected attendance of over 3,000 delegates.  Following 
the VA’s tradition, this edition will feature a prestigious, worldwide-renowned Faculty and an 
outstanding Scientific Program, including e-learning sessions, live-cases presentations and the 
recently enhanced Geographical Area Corners, featuring the most relevant experts from all over 
the world.

SEND YOUR ABSTRACT NOW  via our on-line Abstract Submission System - REGISTER 
NOW.

VeniceArrhythmias 2013 - The BREAKTHTOUGH Cardiology 
Event of the Year!
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