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Introduction

Metformin is an oral antidiabetic drug used for 
treatment of Type 2 diabetes mellitus (T2DM).1 
It acts by decreasing gluconeogenesis in the liver 
and absorption of glucose from the gastrointesti-
nal system, in addition to increasing the periph-
eral utilization of glucose.2 Metformin is excreted 
unchanged through the renal route. Severe side ef-
fects are noted in patients with renal and/or hepatic 
dysfunction. These may vary from severe lactic aci-
dosis which can be life threatening, to cardiac ar-
rhythmias.3 

We present a case of a patient who presented with 
recurrent atrial fibrillation with repeated adminis-
tration of metformin. He developed lactic acidosis 
in the absence of renal or hepatic dysfunction and 
developed the arrhythmia, which promptly re-
solved metformin withdrawal.

Presentation

A 68-year-old patient was seen in our clinic for 
atrial fibrillation (AF). His past medical history 
was pertinent for hypertension, T2DM, anxiety 
disorder, coronary heart disease and hyperlip-

idemia. Past surgical history was positive for 
coronary artery by-pass graft (CABG). Current 
medications include lisinopril, atorvastatin, gli-
mipride, sitagliptin, metoprolol, and warfarin.

At presentation, his BP was 120/74 mmgHg, 
Heart Rate 61 beats/min, and respiratory rate 
was 14 breaths/min. His physical examination 
was unremarkable. An electrocardiogram re-
vealed a normal sinus rhythm (NSR). The pa-
tient had a comprehensive metabolic panel which 
was essentially within normal limits (Table 1).

On his follow-up visit to his primary physician, 
his sitaglipitin was discontinued and metformin 
was initiated. After being on it for approximately 
seventy two hours, the patient reported irregular 
heartbeats and presented to the emergency room. 
He was noted to be in atrial fibrillation at the time. 
The patient reported a similar episode in the past 
when he was on metformin, which resolved when 
he discontinued the medication. During this epi-
sode, the patient was treated for atrial fibrilla-
tion and the metformin was stopped. The patient 
converted to NSR upon discontinuation of the 
medication after 48 hours. After the rhythm was 
normalized, he was rechallenged with metformin. 
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Table 1 Laboratory Values

Labs Pre Metformin During Metformin After stopping metformin

Na mmol/L 138 140 139

K mmol/L 4.1 4 3.9

Cr mg/dL 0.9 1 1

BUN mg/dL 24 30 32

Gluc mg/dL 120 118 124

Chloride mmol/L 105 106 102

CO2 mmol/L 24 19 25

LDH mcmol/L 220 320 184

After approximately 48 hours, he developed AF 
(Figure 1). Again, after withdrawal of metformin, 
the rhythm reverted to NSR (Figure 2).

Discussion

This present case illustrates how metformin in-
duced AF each time after repeated challenges to the 
patient. On lab data analysis, the renal and hepatic 
indices were within normal limits. Interestingly, 
the bicarbonate level was noted to be lower when 
challenged with metformin, and lactate levels were 
higher during the challenge. This suggested the 
patient had problems metabolizing metformin de-

spite normal hepatic and renal function and devel-
opedlactic acidosis during metformin administra-
tion, which might have led to the initiation of AF.

Metformin has been used as a first line agent for 
treatment of diabetes mellitus along with lifestyle
changes.4 It is not uncommon to see renal or hepat-
ic dysfunction in patients with diabetes, and this 
dysfunction may lead to more incidents of lactic 
acidosis. Lactic acidosis associated with metformin 
has been linked to various side effects, including 
cardiac arrhythmias.3, 5 Studies on animal models 
have shown that metformin can cause greater dis-
persion of the QT interval at higher concentrations 

Figure 1:  ECG of the patient in atrial fibrillation on metformin



and could be responsible for arrhythmogenesis.6 

This is the first reported human case of AF related 
to metformin use. We hypothesize that lactic acido-
sis related to metformin use could have potentially 
set the AF triggers in motion and have resulted in 
substrate changes that perpetuated the arrhythmia.

Conclusions

Our patient showed recurrence of atrial fibrillation 
when re-challenged with the same medication and 
resolution on withdrawal of the same medication. 
Lactic acidosis is amongst the most rare but signifi-
cant side effects of metformin and the acidic milieu 
as a result of lactic acidosis could make the heart, 
particularly the atria more prone to arrhythmias.
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Figure 1:  ECG of the patient in atrial fibrillation on metformin



Introduction

Lung transplantation is an accepted treatment mo-
dality for selected patients with end-stage lung dis-

ease 1. Each year in the U.S. 1.400-1.600 patients 
undergo single or double lung transplantation 
with an overall expected 5-year survival of 50% 2-3. 
Lung transplant recipients are at risk of developing 
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Abstract

Background
Little is known about the frequency of, risk factors predisposing to, and long-term impact 
of post-operative atrial fibrillation (AF) after lung transplantation.
Methods
A prospectively collected registry of 167 consecutive patients who underwent single or bi-
lateral lung transplantation at the University of Minnesota Medical Center from January 
1st, 2004 to December 30th, 2008 was reviewed. Post-operative AF was confirmed by review 
of electrocardiograms by two cardiologists. Kaplan-Meier survival curves were constructed 
to determine the impact of new onset AF on long-term survival.
Results
The mean age (±SD) of the population was 55 ± 11 years and 52% were male. A total of 48 
patients (28%) developed AF in the postoperative period. Predictors of postoperative AF 
in multivariate analysis included: age (per decade) Odds Ratio (OR): 1.61, 95% confidence 
interval (CI) 1.10-2.34, p=0.01, postoperative thromboembolic disease OR: 9.73 (95% CI: 2.16-
43.81, p<0.01, and postoperative pericarditis OR: 3.57, (95% CI: 1.38-9.22, p < 0.01). Of the 48 
patients who developed post-operative AF, 41 were discharged in sinus rhythm (SR). Sur-
vival among patients who were discharged in AF was significantly lower when compared to 
patients discharged in SR (HR: 0.08; 0.01-0.43, p<0.05).
Conclusions
Postoperative AF is common after lung transplant. Increased age, postoperative thrombo-
embolic disease, and pericarditis are independent predictors of postoperative AF. Persis-
tence of AF at the time of discharge is an identifier of decreased survival.
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serious complications in the postoperative period 
including graft failure, pulmonary edema, infec-
tions, nerve injury and atrial tachyarrhythmias.4-8

Atrial fibrillation is among the most common com-
plications after lung transplantation with a report-
ed incidence of 20%-39%. Its occurrence has been 
associated with increased hospital stay and in-hos-
pital mortality in some series.9 The mechanisms 
leading to atrial fibrillation in this setting are likely 
to be multifactorial but remain poorly understood 
.9-11 Post-operative atrial fibrillation is generally 
transient and at hospital discharge normal sinus 
rhythm has been restored in the vast majority of 
patients. The long-term implications of persistent 
atrial fibrillation have never adequately been stud-
ied.

The purpose of this investigation was to assess the 
frequency of, risk factors predisposing to, manage-
ment strategies, and long-term impact of post-op-
erative atrial fibrillation after lung transplantation. 

Methods

The study cohort consisted of 167 consecutive 
patients with end-stage lung disease who un-
derwent lung transplantation at the Universi-
ty of Minnesota Fairview Medical Center from 
January 1st 2004 through December 30th 2008. 

A prospectively collected registry was re-
viewed for demographic and clinical informa-
tion. Unique patient identifiers were obtained 
and used to link the registry with electronic 
medical records and an electrocardiographic 
database. When appropriate the social security 
death index was used to ascertain vital status 
during long-term follow up. Two independent 
cardiologists reviewed all electrocardiograms. 

Univariate analysis was carried out to identify 
variables that were significantly associated with 
post-operative atrial fibrillation. The following 
variables were included in univariate analysis: De-
mographics: age, gender, weight; Co-morbid con-
ditions: diabetes mellitus, arterial hypertension, 
coronary artery disease, obstructive sleep apnea, 
chronic kidney disease, and prior atrial fibrillation; 
Post-operative complications: myocardial infarc-
tion, pericarditis, sepsis, ≥ 1 vasoactive drugs, thro-

moboembolic disease, allograft failure Echocardio-
graphic variables: left atria enlargement (>40 mm). 

Using univariate predictors that showed a possible 
association with the outcome of interest (p<0.1) a 
logistic regression model with backward elimina-
tion was developed. In this model variables with p 
> 0.1 were removed and variables with p <0.05 were
entered. Kaplan-Meier product-limit estimates
were used to generate survival curves and the log-
rank test was used to evaluate survival differences.

Continuous variables demonstrating a normal 
distribution are expressed as mean ± standard de-
viation (SD) and discrete variables are presented 
as frequencies and percentages. When appropri-
ate, continuous variables were compared between 
the two groups using the non-paired Student’s t 
test for normally distributed data and the Mann-
Whitney U test for non-normally distributed 
data. Proportions were compared with the Chi 
square test. Statistical significance was defined 
as a two-tailed p value less than 0.05. Medcalc 
® for Windows® version 11.3 (Mariakerke, Bel-
gium) was used to perform the statistical analysis. 

Definitions of co-morbid conditions were derived 
from the American College of Cardiology Task 
Force on clinical data standards when appropri-
ate .12 Post-operative complications were identi-
fied from the medical records and defined by the 
clinician treating the patient. Whenever possible, 
specific clinical diagnoses listed in the medical re-
cord (i.e. pulmonary embolism) were confirmed 
with objective data (i.e. CT angiography) by the 
investigator abstracting the data. All cases of myo-
cardial infarction were confirmed by an elevated 
troponin T above the 99th percentile with isch-
emic electrocardiographic changes. The Institu-
tional Review Board of the University of Minne-
sota approved the study (Number: 0805E33181).

Results

Of the 167 patients who underwent lung trans-
plantation during the study period, 62 (36.5%) 
received a bilateral and 104 (61%) a single lung 
transplant. One patient received a combined 
heart/lung transplant and one a partial lobe.

The mean age (±SD) of the recipients was 51 years 



(±11) and 52% were male. The mean age of the do-
nors was 34±15 years.

The four most common indications for lung trans-
plantation included: idiopathic pulmonary fibro-
sis (28%), emphysema/chronic obstructive pul-
monary disease (26%), cystic fibrosis (18%), and 
alpha-1 antitrypsin deficiency (8%). Other baseline 
characteristics of the cohort are described in Table 
1.

In the post-operative period (within 30 days), 
59 patients developed supraventricular 
tachyarrhythmias (35%). The most common 
arrhythmias were atrial fibrillation (n=48) and 
atrial flutter (n=10). The overall incidence of 
new post-operative atrial fibrillation was 29%. 
Atrial fibrillation developed at a mean of 4 ± 
3 days after the index surgical intervention.

Uni- and multivariate predictors of post-oper-
ative atrial fibrillation are presented in Table 
2. Univariate predictors included age, prior
atrial fibrilla tion, post-operative pericarditis
and post-operative thromboembolic disease.
When these four variables were entered in a
logistic regression model with backward elim-
ination only three remained significant pre-
dictors of post-operative atrial fibrillation: age
(for incremental increases in age expressed in
decades) odds ratio (OR): 1.61, 95% confidence
interval (95% CI) 1.10-2.34, p=0.01, post-oper-
ative pericarditis OR: 3.57 (95% CI: 1.38-9.22),
p< 0.01, and post-operative thromboembolic
complications OR: 9.73 (95% CI: 2.16-43.81),
p < 0.01. The incidence of post-operative peri-
carditis and thromboembolic complications
were 13% (n=22) and 6% (n=10), respectively.

The management of post-operative atrial fi-
brillation involved medical therapy or elec-
trical cardioversion in the vast majority of 
patients prior to discharge (44/48). Utilized 
therapies included: amiodarone (n=27, 61%), 
calcium-antagonists (n=4, 9%), beta-blockers 
(n=7, 16%), and electrical cardioversion (n=5, 
11%). Anticoagulation was initiated in the hos-
pital in 19 patients (43%), 13 patients received 
no antithrombotic therapy (29%), and 12 pa-
tients received aspirin monotherapy (27%).
Short- and long-term survival was unaffected 
by the presence of post-operative atrial fibril-
lation (Hazard ratio (HR): 1.10, 95 % CI: 0.52-
2.29, p=0.78) (Figure 1). Of the 48 patients who 
developed post-operative atrial fibrillation, 41 

were discharged in sinus rhythm. When com-
pared to patients who were discharged in atri-
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Characteristic Value
Recipient age ±SD (years) 51 ± 11
Donor age ± SD (years) 34 ± 15

Weight ± SD (Kg) 74 ± 20

Height ± SD (cm) 170 ± 9

Male Gender (%) 52%

Primary Diagnosis:

Alpha-1 antitrypsin defi-
ciency (%) 8%

Cystic fibrosis (%) 18%

Emphysema/chronic ob-
structive pulmonary disease 
(%)

26%

Idiopathic pulmonary fibro-
sis (%) 28%

Others (%) 20%

Co-morbid conditions:

Arterial hypertension (%) 45/168 (27%)

Diabetes mellitus (%) 28/168 (17%)

Coronary artery disease (%) 12/168 (7%)

Stroke (%) 1/168 (1%)

History of atrial fibrillation 
(%) 8/168 (5%)

Obstructive sleep apnea (%) 4/168 (2%)

Chronic kidney disease (%) 13/168 (8%)

        Echocardiographic variables (n=116):

Left atrial size (mm) -mean 
± SD 35±8

Right ventricular systolic 
pressure (mmHg) - mean 
± SD

41± 19

Ejection fraction (%) ± SD 57± 7

Table 1 Baseline characteristics of the study cohort 
(n=168)
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 Figure 1: Kaplan-Meier survival curve for lung-transplant patients with and without post-operative atrial fibrillation

 Figure 2: Kaplan-Meier survival curve for lung-transplant patients according to heart rhythm at discharge



with age, 3) the development of post-operative 
pericarditis and thromboembolic complications 
(DVT/PE) are strongly associated with post-op-
erative atrial fibrillation, 4) persistence of atrial 
fibrillation beyond the post-operative period, al-
though rare, is associated with decreased survival.

Our findings are in agreement with two previously 
reported observational studies .9,13 Nielsen et al. re-
ported on the outcomes of 200 consecutive patients 
undergoing lung transplantation at Duke Univer-
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al fibrillation, patients discharged in normal 
sinus rhythm showed better long-term sur-
vival (HR: 0.08; 0.01-0.43, p<0.05) (Figure 2).

Discussion

The main findings of this observational study 
may be summarized as follows: 1) atrial fibril-
lation affects one third of patients undergoing 
lung transplantation, 2) the incidence of post-
operative atrial fibrillation tends to increase 

Univariate Predictors Multivariate Predictors
Variable B coefficient P value B coefficient P value OR (95% CI)

Demographics
Age (each 
increase of 
1 decade)

0.14 0.06 0.46 0.01 1.61 (1.10-2.34)

Male gen-
der 0.08 0.28 -- -- --

Weight (≥ 
mean) 0.03 0.82 -- -- --

Co-morbid conditions

Diabetes 
mellitus 0.07 0.34 -- -- --

Arterial 
hyperten-
sion

-0.07 0.92 -- -- --

CAD -0.74 0.34 -- -- --

OSA 0.07 0.34 -- -- --

CKD 0.01 0.86 -- -- --

Prior atrial 
fibrillation 0.17 0.02 0.12 NS --

Post-operative complications

Myocardial 
infarction 0.09 0.21 -- -- --

Pericarditis 0.22 <0.01 1.27 < 0.01 3.57 (1.38-9.22)

Sepsis 0.01 1.00 -- -- --

≥ 1vasoac-
tive drugs 0.10 0.19 -- -- --

Thrombo-
embolic 
disease 
(DVT/PE)

0.17 0.02 2.27 < 0.01 9.73 (2.16-43.81)

Graft fail-
ure -0.03 0.66 -- -- --

Echocardiographic Variables

LA enlarge-
ment (> 40 
mm)

0.01 0.94 -- -- --

Table 2 Univariate and multivariate predictors of post-operative atrial fibrillation.
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Similarly to our study, older age was an indepen-
dent predictor of post-operative atrial fibrillation 
along with primary pulmonary hypertension and 
extreme weight. However, in our Researchcohort 
neither weight nor primary pulmonary hyper-
tension was an independent predictor of atrial 
fibrillation. Potential explanation for these differ-
ences are the relative low frequency of primary 
pulmonary hypertension as an indication for lung 
transplantation in our cohort (2%) and the loss of 
statistical significance of a relatively weak predic-
tor such as weight when other variables, not in-
cluded in the former analysis, 13 were entered in 
the model such as post-operative pericarditis and 
thromboembolic complications. 

Post-operative pericaridits has been linked to atri-
al fibrillation after cardiac surgery .14 Pericarditis 
may cause atrial epicardial inflammatory injury 
and serve as a substrate for atrial fibrillation. For 
example, epicardial implantable cardioverter-
defibrillator (ICD) implantation results in signifi-
cantly more cases (9%) of post-operative atrial 
fibrillation than does transvenous ICD implanta-
tion (1%). 15Additionally, the risk of post-opera-
tive pericarditis during non-cardiac thoracic sur-
gery appears to increase when the pericardium is 
manipulated surgically .16 In some series, howev-
er, pericarditis was not found to be predictive of 
post-operative atrial fibrillation .17 The association 

sity Medical Center from from June 2002 to Au-
gust 2008. In this series, 39% of patients developed 
atrial fibrillation, with a mean onset of 3.8 days. In 
addition to older age (> 50 years), coronary artery 
disease, idiopathic pulmonary fibrosis, left atrial 
enlargement, and number of postoperative vaso-
pressors were found to be independent predictors 
of post-operative atrial fibrillation. Unlike our 
study, atrial fibrillation significantly increased 
the risk of in-hospital (OR=5.7, p<0.01) as well as 
long-term mortality in this cohort. It should be 
noted that Nilesen’s study did not distinguish 
between the majority of patients who converted 
to sinus rhythm during the index hospital admis-
sion and the small fraction of patients who were 
discharged in atrial fibrillation. In our cohort only 
patients with persistent atrial fibrillation at the 
time of hospital discharge had increased long-
term mortality. 

Additionally, in a more contemporary cohort of 
patients followed at The Cleveland Clinic after 
lung transplantation, post-operative atrial fibrilla-
tion did not have an effect on short- or long-term 
survival .13 Mason et al. 13 analyzed risk factors, 
management strategies, and outcomes of 333 con-
secutive patients who developed atrial fibrilla-
tion after lung transplantation. The incidence of 
post-operative atrial fibrillation in this series was 
20%, with a peak incidence 2 days after operation. 

Table 3 Comorbidities and causes of death among patients with persistent atrial fibrillation at discharge who died dur-
ing follow up.

Patient Age Gender Indication for lung 
transplant LA size (mm)

Previous 
heart dis-
ease

Cause of death

#1 62 Male Pulmonary fibrosis 41 No Myocardial 
infarction

#2 44 Male Cystic fibrosis 39
-Prior atrial
fibrillation
-Diabetes

Bacterial infec-
tion

#3 50 Female Obliterative bronchi-
olitis 46

- Prior
atrial fibril-
lation
-Hyperten-
sion

Unspecified 
heart disease

#4 63 Female Pulmonary fibrosis 45 - Hyper-
tension

Alveolar hem-
orrhage

#5 59 Male Cystic fibrosis 37 No Infection

#6 43 Male Cystic fibrosis 37 No Bacterial infec-
tion

#7 52 Male ASD with Eissen-
menger physiology 55 - Shunt Stroke



of atrial fibrillation and pulmonary embolism has 
been well recognized .18 Atrial fibrillation not only 
can be a sign of pulmonary embolism but it may 
also lead to pulmonary or systemic embolization 
when accompanied by intracavitary thrombus .19-20 
When atrial fibrillation develops in the context of 
pulmonary embolism it is thought to be second-
ary to acute right-sided pressure overload with 
stretching of the right atrium, which is usually ac-
companied and aggravated by tricuspid regurgita-
tion. 21-22

The finding of increased mortality among patients 
who leave the hospital in atrial fibrillation vs. nor-
mal sinus rhythm is hypothesis generating and de-
serves further study. It is plausible that this subset 
of patients in whom therapies failed, or were not 
considered, has a different substrate to develop 
and maintain atrial fibrillation such as subclinical 
cardiac dysfunction, infection or allograft rejec-
tion. 

A detailed analysis of the causes of death (Table 
3) shows that approximately 50% of patients died
from infectious causes. This would suggest that
the association between atrial fibrillation and mor-
tality might be spurious and not causal. Given the
lack of a demonstrable survival benefit in random-
ized clinical trials with a rhythm-control strategy
,23 it is conceivable that unmeasured confounders
could account for the observed mortality differ-
ences rather than being a direct effect of a rhythm-
control strategy.

The introduction of catheter-based pulmonary 
Researchvein (PV) isolation procedures to termi-
nate atrial fibrillation has sparked renewed inter-
est in lung transplant recipients, as they constitute 
a “surgical model” of pulmonary vein isolation.11 
Single and double lung transplant surgery in-
volves a ‘cut and sew’ PV antral isolation analo-
gous to a catheter-based approach. Despite these 
theoretical considerations, atrial fibrillation occurs 
with equal frequency after lung transplantation 
and open-heart surgery (20-39%), and at a much 
higher frequency than heart transplantation (4%) 
.10 This observation suggests a more prominent role 
of cardiac denervation in the pathogenesis of atrial 
fibrillation after thoracic transplant surgery and a 
less prominent role of pulmonary vein isolation, 
which is also performed during heart transplant.

Limitations

The study has intrinsic limitations owing to 
the type of design (i.e. single center, retrospec-
tive) and limited power due to small sample 
size in statistical terms. Therefore, the find-
ings of this study should be considered hy-
pothesis generating rather than confirmatory.

Conclusions

After lung transplantation atrial fibrillation is a com-
mon post-operative complication affecting about 
one third of patients. Increased age, postoperative 
thromboembolic disease, and pericarditis are inde-
pendent predictors of post-operative atrial fibril-
lation. Persistence of atrial fibrillation at the time 
of discharge is an identifier of decreased survival.
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Abstract

Background
Early recurrence of atrial fibrillation (ERAF) occurs in up to 40% of patients after radiofrequency catheter 
ablation for atrial fibrillation (RFCA), increasing hospital stay, need for anti-arrhythmic medications 
(AADs) and cardioversion, and, possibly, the risk of future AF. It has been postulated that inflammation 
plays a key role in developing ERAF. Short term postoperative use of corticosteroids to reduce ERAF 
post-RFCA has not been vigorously studied.
Methods
This was a case-control study of consecutive patients undergoing RFCA for the management of AF at 
a single-institution. RFCA was performed by a single operator from October 2005 through July 2009. 
Patients receiving intravenous corticosteroids immediately following the ablation and for 48 hours (6 
doses) constituted the treatment group. Controls received no intravenous corticosteroids during their 
hospitalization. All other management strategies were similar between the 2 groups, including the ad-
ministration of AADs post- operatively. All patients had continuous electrocardiographic monitoring 
throughout their hospitalization. Multivariable logistic regression analysis was used to determine the 
impact of intravenous corticosteroids on ERAF defined as any AF>10 minutes during hospitalization.
Results
A total of 68 patients undergoing RFCA for the management of AF were included in this analysis. The 
overall ERAF rate, irrespective of intravenous corticosteroid use, was 23.5%. The administration of in-
travenous corticosteroids (n=37; mean±SD dexamethasone mean dose 11.9±4.6 mg/day; range 4-16 mg/
day) was associated with an 82% reduction in patients’ odds of ERAF (adjusted odds ratio; 0.18, 95% 
confidence interval [CI] 0.04 to 0.78) compared with those who did not receive corticosteroids (n=31). A 
dose-response effect was also observed, with a 17% reduction in ERAF odds for each dexamethasone mg-
equivalent administered (adjusted odds ratio; 0.83, 95%CI 0.73 to 0.96).
Conclusions
The use of intravenous corticosteroids was associated with a dose-dependent reduction in the odds of 
developing ERAF after RFCA for the management of AF.
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Introduction

Radiofrequency catheter ablation (RFCA) for 
symptomatic patients with atrial fibrillation (AF) 
not responding to conventional pharmacological 
management has become an effective treatment 
strategy in many centers. 1,2 Early recurrence of 
atrial fibrillation (ERAF) has been found to oc-
cur in up to 40% of patients following RFCA for 
the management of AF. Some investigators have 
found a 2-3 fold increased risk for future AF de-
velopment .3-5At our center ERAF is responsible 
for more intensive care, including additional 
medications and cardioversion for many inpa-
tients. ERAF also constitutes a significant source 
of consternation and stress for many patients.

Corticosteroids are potent anti-inflammatory 
agents that affect numerous components of the 
inflammatory response. 6 Studies have indicated 
that the release of pro-inflammatory markers such 
as C-reactive protein (CRP), white blood cells 
(WBCs), interleukin (IL)-6 and 8 and tumor necro-
sis factor (TNF)-alpha may play a significant role 
in the initiation, maintenance and perpetua tion of 
various types of AF, 6-7 including ERAF following 
RFCA for AF. 3-5, 8-11 Corticosteroids have also been 
shown to reduce the development of post-cardiac 
surgery AF. 12 The present study sought to deter-
mine the association between short-term, immedi-
ate post-RFCA intravenous corticosteroid use and 
the development of ERAF.

Methods

This was a retrospective case-control evaluation of 
a cohort of consecutive patients who underwent 
RFCA at a single institution by a single operator 
between October 2005 and July 2009. All patients 
underwent RFCA for paroxysmal or persistent AF 
per the institution’s standard protocol. Data was 
gathered from the medical, pharmacy and billing 
records of all eligible patients.

The primary aim of this evaluation was to deter-
mine whether intravenous corticosteroids (at any 
dose) reduce ERAF following successful RFCA. 
ERAF was defined as occurrence of AF lasting 
at least 10 minutes (as documented by a rhythm 
strip or ECG) any time prior to hospital discharge. 
Length-of-stay (LOS) and safety endpoints were 

also evaluated. 

Preablation Management:

All patients had a multi-slice CT or MRA per-
formed within 1 month of admission for a 3D 
reconstruction of the left atrium and pulmonary 
veins. Patients who had paroxysmal atrial fibril-
lation had an electrocardiogram within 48 hours 
of their admission to be sure that they were in 
normal rhythm and that warfarin could be dis-
continued without performing transesophageal 
echocardiography (TEE) or cardioversion. For 
patients in persistent atrial fibrillation, an outpa-
tient or inpatient TEE was done within 48 hours of 
their planned admission for ablation. They were 
bridged from warfarin to procedure with subcu-
taneous enoxaparin or dalteparin therapy. If a clot 
was detected, atrial fibrillation ablation was de-
ferred. Anti-arrhythmic drug therapy was discon-
tinued for 5 half lives prior to admission. Amioda-
rone was discontinued for 2 weeks preoperatively. 
All patients had an admission electrocardiogram 
(ECG) and were consented for the procedure.

Ablation Procedure:

All patients were under the care of an anesthesi-
ologist. All had a 4-French arterial blood pressure 
monitoring line placed in the right femoral or left 
femoral artery. Sheaths and catheters were placed 
through both femoral veins, and occasionally 
through the right internal jugular vein. Left atrial/
pulmonary vein access was achieved through a 
trans-septal puncture using the Brockenbrough 
technique. Anticoagulation with intravenous hep-
arin was started to achieve an ACT 350-400 sec. 

Electroanatomic mapping with the ESI - NAVX 
contact mapping system (St. Jude Medical, St. 
Paul, MN) was employed for all patients. Images 
from the preoperative 3D CT or MRA were fused 
with the 3D electroanatomic map when possible. 
A Boston Scientific 5 mm tipped, extended large-
curve (Boston Scientific, Natick, MA) or Daig large 
curve 5 mm tipped (St. Jude Medical, St. Paul,. MN) 
radiofrequency catheter was used in all patients to 
isolate the pulmonary veins, and create linear roof 
and mitral valve lesion sets, when appropriate. 
Radiofrequency was temperature controlled at 
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50-60 degrees centigrade with a maximum energy
up to 50 watts. Each lesion was delivered for 10-20
seconds at ≥50 degrees and then moved to an ad-
jacent site. An esophageal temperature probe was
used to monitor esophageal lumen temperatures.

All patients undergoing ablation for paroxysmal 

AF underwent a full electrophysiologic evalua-
tion with pacing from the right ventricular sep-
tum and both right and left atria. Identification of 
triggering arrhythmias, concomitant flutter, and 
characterization of right and left atrial vulner-
ability was considered important information. In 
the paroxysmal atrial fibrillation patient in nor-
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Variable ERAF (N=16)
n (%)

No ERAF
(N=52)
n (%)

P-value*

Peri-Operative Corticosteroid Use 5 (31.3) 32 (61.5) 0.03

Dexamethasone 4 (25.0) 32 (61.5) 0.02
Hydrocorticosone 1 (6.3) 0 (0) 0.24
Daily Dose of Peri-Operative Cortico-
steroids (mean±SD in dexamethasone 
equivalents, milligrams)

2.23±3.85 7.77±7.06 <0.01

Age >50 years 13 (81.3) 33 (63.5) 0.23
Age (mean±SD, years) 62.13±10.66 53.21±9.13 0.02
Male Gender 13 (81.3) 38 (73.1) 0.74
Paroxysmal Atrial Fibrillation 11 (68.8) 27 (51.9) 0.24
Prior Myocardial Infarction 2 (12.5) 4 (7.7) 0.62
Prior Cerebrovascular Disease 2 (12.5) 3 (5.8) 0.58

LVEF (mean±SD) 55.67±8.63 55.19±9.18 0.86

Heart Failure 0 (0) 8 (15.4) 0.18

Diabetes Mellitus 3 (18.8) 5 (9.6) 0.38

Hypertension 8 (53.3) 29 (55.8) 0.87

Chronic Obstructive Pulmonary 
Disease 2 (12.5) 1 (1.9) 0.14

History of Tobacco Use 2 (13.3) 10 (19.2) 0.72

Mitral Regurgitation 2 (13.3) 6 (11.5) >0.99

Medication Use:

Beta-Blockers 9 (56.3) 29 (55.8) 0.93

ACE inhibitors or ARBs 6 (40.0) 18 (36.0) 0.78

Calcium Channel Blockers 3 (20.0) 16 (32.0) 0.52

Statins 8 (53.3) 18 (36.0) 0.23

Digoxin 4 (25.0) 3 (5.8) 0.05

Anti-Arrhythmics 7 (43.8) 35 (67.3) 0.09

Anticoagulants 15 (93.8) 41 (78.8) 0.27

Table 1 Patient Characteristics

ACE=angiotensin-converting enzyme; ARB=angiotensin receptor blocker; ERAF=early recurrence of atrial fibrillation; LVEF=left 
ventricular ejection fraction; SD=standard deviation; TIA=transient ischemic attack
*All variables with a p-value <0.2 were included in the multivariable logistic regression model



mal rhythm, identification of left atrial, and pul-
monary vein potentials in pulmonary veins was 
performed using either circular (Lasso, Spiral)or 
standard multi-polar catheters (entrance). 

Pacing was performed from inside the ostia of all 
pulmonary veins to document exit of electrical 
activity to the left atrium (exit). These areas were 
tagged using the NAVX system for localization. 
Pulmonary vein isolation was performed by en-
circling the pulmonary veins and documenting 
absence of pulmonary vein signals within each 
vein (entrance block), and absence of left atrium 
stimulation while pacing from within the veins at 
5 mA (exit block) from the same multiple pacing 
sites marked prior to the ablation. Roof lines and 
mitral valve lines were not typically performed 
Patients in persistent atrial fibrillation did not 
have a pre-ablation electrophysiologic study. 

Baseline intervals including AF mean cycle length 
(10 beats), H-V interval, presence or absence of 
delta activity, and QT intervals were recorded. 
The left atrium including all pulmonary veins, ap-
pendage, and mitral annular area were carefully 
mapped with multi-polar (10-20 poles) catheters. 
Catheters were left in place in regions around 
the pulmonary vein ganglionic sites and around 
areas known to be frequent rotor or driver sites 
(pulmonary vein ostia, posterior septum) for 5-10 
seconds. In each case, areas where there was con-
sistent continuous fractionated electrogram were 
so marked as “rotors or drivers.” The complete 
ablation procedure involved pulmonary vein 
isolation and was performed anatomically us-
ing a wide circumferential isolation procedure, a 

roof and anterior mitral valve line (eradication of 
electrograms >0.5 mV at the radiofrequency ap-
plication sites were considered endpoint for each 
burn; bidirectional block was not confirmed). CFEs 
which were stable (rotors) were marked and ab-
lated (eradicated). 

In patients who converted from atrial fibrillation to 
atrial flutter or an atrial tachycardia which could 
not be terminated, a cardioversion was performed 
to restore normal rhythm. The endpoint was ter-
mination of AF with entrance and exit block at all 
pulmonary veins. 

There were no changes in the ablation methods or 
endpoints over the duration of this study.

Post-Ablation Management and Follow-Up:

All patients (both arms) were continuously moni-
tored during their hospitalization and received 
anti-arrhythmic drugs as well as anti-thrombotic 
therapy with IV heparin and were transitioned to 
adjusted dose warfarin. Patients who had recur-
rent atrial arrhythmias were cardioverted prior to 
discharge once they were properly loaded with 
anti-arrhythmic drugs. Patients were discharged 
in NSR when the INR was >= 2.

Statistical Analysis:

Continuous variables are presented as means with 
standard deviations and are compared between 
groups using a Student’s t-test or Mann- Whitney 
test (when appropriate). Dichotomous variable are 
presented as percentages and compared between 
groups using chi-squared analysis or Fischer’s ex-
act test (where appropriate). 

Given the observational study design, important 
differences in observed demographic and pre-pro-
cedure variables were likely to occur which could 
bias the treatment effect. Therefore, we conducted 
multivariable logistic regression to control for po-
tential confounders in our evaluation. 

We first conducted univariate analysis to examine 
the association of the endpoint of interest (ERAF 
as the dependant variable) with several variables 
in our pre-procedure demographic (independent 
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Variable P-value AOR 95%CI

Peri-Operative 
Corticosteroid 
Use

0.02 0.18 0.04-0.78

Mean Dose of 
Corticosteroid 
(per mg)

0.01 0.83 0.73-0.96

Age (per year) 0.01 1.13 1.04-1.23
Digoxin Use 0.04 7.84 1.16-53.1

Table 2 Independent Predictors of ERAF Identified in 
the Multivariable Model

AOR=adjusted odds ratio; CI=confidence interval; 
mg=milligram
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variables). All the variables with a p-value of <0.20 
in the univariate analysis were entered into the 
multivariate logistic regression model. In the mul-
tivariate model, a p-value of <0.05 was considered 
significant. Adjusted odds ratios (AORs) and 95% 
confidence intervals (CIs) were calculated for all in-
dependent predictors. Statistical analysis was per-
formed with SPSS version 17.0 (SPSS, Chicago, IL, 
USA).

Results

A total of 68 patients who underwent RFCA for 
the management of AF were included in our analy-
sis. Patient characteristics are detailed in Table 1. 
Thirty-seven patients received intravenous cor-
ticosteroids and 31 did not. The average dose of 
corticosteroids in dexamethasone equivalents was 
11.9±4.6 mg/day, with a range of 4-16 mg/day. All 
68 patients received post-ablation anti-arrhythmic 
medications (AADs). There was no significant dif-
ference in the types of AADs used between the 2 
groups. 

Overall, ERAF occurred in 16 (23.5%) patients ir-
respective of intravenous corticosteroid use. Upon 
multivariable logistic regression analysis (Table 2), 
the administration of intravenous corticosteroids 
was associated with an 82% reduction in patients’ 
odds of ERAF compared with those who did not 
receive corticosteroids. The effect of intravenous 
corticosteroids on ERAF was not statistically dif-
ferent in those undergoing RFCA for treatment of 
paroxysmal (AOR 0.14, 95%CI 0.02 to 1.28) or per-
sistent AF (AOR 0.10, 95%CI 0.01 to 1.03, p-value 
for interaction=0.83). For each milligram of dexa-
methasone equivalents administered, a 17% re-
duction in the odds of ERAF occurred. Patient age 
and digoxin use were also found to be indepen-
dent positive predictors of ERAF. Anti-arrhythmic 
drugs use even though a univariate predictor was 
not found to be a significant independent predictor 
in reducing ERAF. 

Median LOS was 3.0 days in both the intrave-
nous corticosteroid and no corticosteroid groups 
(p=0.59). Only one patient had an infectious com-
plication (urinary tract infection in the corticoste-
roid group) during the hospital admission. There 
were no bleeding episodes. No patient required a 
change in their glycemic control.

Discussion

RFCA has become an important option in treating 
patients with symptomatic atrial fibrillation who 
are not responding to conventional drug therapy 
.1 However, despite improvements in technical ap-
proach ,2 ERAF following RFCA remains a concern. 
ERAF has been found to occur in nearly 40% of pa-
tients undergoing RFCA for management of atrial 
fibrillation ,3,11,14 often necessitating extended LOS, 
additional cardioversions, and increased health-
care expenditures. 

While this study did not address the affect of ERAF 
on long term outcomes, a case-control study con-
ducted by Richter et al. showed that recurrence of 
atrial fibrillation in the first 48 hours post-ablation 
was a statistically significant predictor of long-term 
(median follow up of 12.7 months) ablation failure 
(hazard ratio 2.17, 95%CI 1.45 to 3.25). Richter et 
al. proposed that reduced atrial fibrillation burden 
post-RFCA allowed for earlier initiation of reverse 
remodeling, leading to favorable anatomic, electri-
cal and functional changes in the atrium, which in 
the end translated into better long-term ablation 
outcomes. 3 

The precise pathophysiology of atrial fibrillation 
post-RFCA is not entirely understood. Incomplete 
pulmonary vein isolation ablation lines, focal areas 
of rapid firing in the left atrium, and recovery of 
conduction in previously ablated muscle fascicles 
all may explain its reoccurrence. 15 There is also 
evidence that inflammation may be an important 
cause of ERAF. 4,14 Histopathologic examination of 
the myocardium after RFCA in the acute phase has 
demonstrated the presence of coagulation necrosis, 
interstitial hemorrhage and edema, followed by in-
filtration of inflammatory cells. 16,17 

Corticosteroids are potent anti-inflammatory 
agents that affect numerous components of the 
inflammatory response and therefore may have 
utility in preventing post-procedural atrial fibril-
lation. 13 In a study conducted by McCabe et al. 
evaluating inflammation as a predictor of the post-
ablation ERAF, patients with early recurrence were 
found to be 21-fold more likely to have increased 
C-reactive protein levels (OR 21, 95%CI 1.1 to 417,
p=0.045) .4In yet another study, pre-ablation white
blood cell count was found to be a multivariate pre-
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dictor of atrial fibrillation recurrence in patients 
undergoing RFCA for atrial fibrillation .6,9 

Perhaps the most compelling data supporting the 
antifibrillatory effect of corticosteroids is in area of 
prevention of post-cardiac surgery atrial fibrilla-
tion. A meta-analysis of 9 randomized controlled 
trials (n=990 participants) conducted by Baker 
et al. demonstrated that corticosteroids could 
significantly lower patients’ risk of developing 
post-coronary artery bypass grafting and/or valve 
surgery atrial fibrillation by 45% (OR 0.55; 95%CI 
0.40 to 0.78). 12 

A recent randomized control trial showed that 
corticosteroids decreased the incidence of both 
early (7% vs. 31%) and 14 month recurrence (29% 
vs. 15%) of atrial fibrillation compared to pla-
cebo following RFCA. The authors also showed 
statistically significant decreases in CRP levels 
and body temperature in the corticosteroid arm 
supporting the direct anti-inflammatory effect of 
corticosteroids in the post-RFCA patient. 18 Our 
study results, although restricted to the recur-
rence of atrial fibrillation immediately after RFCA 
are in agreement with this study.

Limitations

This is a single center observational study. We 
can only say there is an association between in-
travenous corticosteroid administration and the 
decrease in post-RFCA ERAF. We cannot prove 
causality. 

Left atrial size, which is shown to be an important 
determinant of atrial fibrillation, was not available 
for all the patients. This could have potentially in-
fluenced our results. But in the 70% patients that 
it was available, it was not found to be statistically 
different. 

We did not attempt to answer the question of 
whether the use of IV corticosteroids post RFCA 
for AF would reduce long term recurrence of AF. 
A larger study population would have been need-
ed to adequately assess long term outcomes.
Conclusions

In our study, the use of intravenous corticoste-
roids was associated with a dose-dependent re-

duction in the adjusted odds of developing ERAF 
after RFCA for the management of AF. The group 
receiving corticosteroids had an independent and 
significantly reduced incidence of ERAF. Large 
randomized controlled trials should be conducted 
in order to confirm these results, assess the safety 
of corticosteroids in this setting, and to determine 
optimal administration and dosing.
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Introduction

The article “Neuropsychological decline after 
cath- eter ablation of atrial fibrillation” by Schwarz 
et al. is  the  first  publication  that  focused  on  
cognitive side  effects  of  elective  circumferential  
pulmonary vein  isolation  (PVI).1  Adverse  neu-
ropsychological changes after left atrial catheter 
ablation, as report- ed in this paper, were found 
in verbal memory and the  result,  conjoined  
with  ischemic  brain  lesions, might represent 
cerebral side-effects of the ablation procedure. 

Catheter ablation is recommended as a second-line 
therapy to treat recurrent symptomatic atrial fibril- 
lation  (AF)  in  patients  who  remain  refractory  
to conventional  antiarrhythmic  therapy.2  How-
ever, stroke,  transient  ischemic  attacks  (TIA)  and  
other embolic events due to thrombogenicity of the 
pro- cedure  are  recognized  side-effects  during  
and  af- ter  left atrial catheter ablation.3, 4  The  in-
cidence  of stroke  varies  between  less  than  1%  
and  7%.  5   Ac- cording  to  a  large  multi-centre  
study,  ischemic brain lesion (and myocardial dam-
age) was the third most frequent cause of death, 
after cardiac tampon- ade - including irrevers-
ible pump-failure and atrio- esophageal fistulas .6 

The  underlying pathophysiology of neurologi- cal  
side-effects  is  most  likely  related  to  embolism. 
Thrombus formation during and after catheter 

ab- lation  might  result  from  platelet  and  co-
agulation system activation either directly at the 
catheter ma- terial  or at the site of endothelial le-
sions that are caused  by the ablation procedure.7,  8  
Transcranial Doppler  monitoring  indicated  that  
several  thou- sand micro-embolic signals (MES) 
can be detected within  the  basal  cerebral  arter-
ies  during  the  abla- tion  process.9  The  micro-
embolic  load  of  patients undergoing AF ablation 
is therefore comparable to those subjected to ma-
jor cardiac surgery (i.e. bypass surgery  or  valve  
replacement).  Since  cardiac  sur gery  can cause 
long-lasting neuropsychological changes and ce-
rebral micro-embolism  has been shown to play 
an important role in this context 10, it is assumable 
that left atrial ablation might lead to neuropsycho-
logical deficits similarly to major cardiac surgery.

In the study of Schwarz et al1 . 23 patients with 
re- current AF who underwent elective PVI were 
en- rolled. The primary endpoint was the neu-
ropsy- chological outcome 3 months after in-
tervention in contrast to the results of non-AF 
controls (n =23) without  ablation  and  in  cova-
riance  of  baseline performance.  Cerebral  dif-
fusion-weighted  mag- netic resonance imaging 
(DWI) was performed in 21 AF-patients at base-
line, 2-4 days and 3 months after intervention. 

New ischemic brain lesions were detected in 3/21 
patients  (14.3%)  on  DWI  shortly  after  the  in-
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ter- vention. In one patient, a territorial middle 
cere- bral  artery  infarct  occurred  with  severe  
clinical symptoms. This patient was excluded 
from cog- nitive  follow-up  assessment.  The  
other  two  pa- tients presented small and clini-
cally silent brain lesions.  It  is  assumable  that  
the  small  ischemic brain  lesions,  detected  on  
DWI  might  represent the “tip of iceberg” only, 
and other micro-lesion were  undetectable  by  
state-of-the-art  magnetic resonance imaging. 

In  contrast  to  the  control  group  and  in  covari- 
ance of baseline performance, the ablation group 
showed  worse  neuropsychological  outcome  in 
verbal  memory  tests  (p<.001).  Overall  56.5%  of 
ablation  patients  deteriorated  (at  least  mildly) 
from  their  baseline  values  in  verbal  memo-
ry,  as compared  to  17.4%  of  controls.  Most  
controls, however, showed improved perfor-
mance in this memory test, due to practice effects. 

The  reported  data  are  important,  because  they 
support the risk apprehension of catheter abla- 
tion  of  atrial  fibrillation  and  identify  a  hitherto 
unknown neurological side-effect of this proce- 
dure.  Although  the  memory  deficits  reported 
were not severe and did not appear to affect the ac-
tivities of daily living in a significant manner, the 
adverse effect needs to be taken into account in the 
consideration of the pros and cons for PVI. Further  
studies  with  larger  sample  size,  longer observa-
tion  time  and  the  inclusion  of  cogni- tive assess-
ment, sensitive DWI and transcranial Doppler  so-
nography  (to  detect  cerebral  micro- embolism) 
are required to determine an overall risk-benefit  
analysis  of  ablation  and  to  better understand 
the underlying pathophysiology of side-effects. 
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Introduction

Therapeutic approaches to tachyarrhythmias have 
improved significantly during the past decade. 
In atrial fibrillation (AF), for example, treatment 
strategies have evolved into sophisticated inter-
ventional procedures that involve local applica-
tion of radio-frequency (RF) or other energies.1, 2 
These techniques, which hold an excellent safety 
record,3profoundly modify atrial substrate through 
scar formation with marked success in preventing 
AF recurrence.4

 Atrial coronary circulation plays an important role 
in the safety and efficacy of ablation procedures, as 

well as in the pathophysiology of atrial fibrillation 
itself. Atherosclerotic disease in atrial coronary 
branches serves as a mechanism for AF.5-7 Con-
sequent application of RF in close proximity to 
coronary branches may result in coronary vessel 
injury. This complication is rare, however, most 
likely due to the ‛heat sink′ effect. Blood flow 
within a coronary branch located near an RF elec-
trode provides a protective effect through convec-
tive cooling and thereby prevents RF energy from 
substantially heating the vascular endothelium.8 
However, while this ‛heat sink′ is protective to 
coronary arteries, it may also limit the success of 
ablation procedures by the phenomenon of the 
‛shadow effect′.9, 10 Flow through small intramyo-
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Abstract

Coronary anatomy has traditionally focused on ventricular circulation. This is largely due to the extent to 
which coronary artery disease contributes to ischemic heart disease through ventricular myocardial dam-
age. Atrial fibrillation and other tachyarrhythmias that involve the atria, however, remain a major cause 
of morbidity and mortality. In order to increase mechanistic research and therapeutic interventional pro-
cedures for diseases of the atria, an optimal knowledge of atrial anatomy is necessary. While substantial 
clarity exists regarding the distribution of nerve terminals and the organization of muscle bundles, the 
anatomy of coronary atrial circulation remains understudied. Historically, the high anatomical variabil-
ity of atrial coronary branches led to unstandardized nomenclature in the literature. In this review, we 
delineate the anatomic courses of key atrial coronary branches and their perfusion territories, clarify 
their nomenclature, and propose unifying anatomical concepts of atrial circulation that we believe to be 
critical to the success of modern electrophysiologic and surgical procedures.
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cardial vessels is known to disrupt transmural le-
sion formation, preserve conduction through an 
RF lesion, and thereby prevent complete conduc-
tion block.11 Atrial coronary perfusion, therefore, 
plays a significant role in AF pathophysiology, 
determines the extent of injury to nearby vessels 
through the ‛heat sink′ effect, and influences the 
success of lesion formation through the ‛shadow 
effect′. 

As the eminent Mount Sinai Hospital physi-
cian, M.A. Kugel, alluded to: “The blood supply 
to a tissue is often a key to the understanding of 
pathological processes which may occur in the 
tissue.”12Currently, scarce literature and unstan-
dardized nomenclature present challenges to un-
derstanding detailed atrial coronary anatomy and 
perfusion territories. In general, the sinus nodal 
artery (SNA) and the atrioventricular nodal artery 
(AVNA) have been described as major atrial coro-
nary branches. Although they play a significant 
role in the pathophysiology of atrial fibrillation 
and other tachyarrhythmias, no unanimous char-
acterization of atrial coronary arteries exists in the 
cardiology literature.13  In this light, we present an 
extensive literature review of atrial circulation for 
the purpose of clarifying the anatomy and nomen-
clature of major atrial coronary branches. In addi-
tion, we propose unifying principles of atrial coro-
nary arterial circulation relevant to interventional 
electrophysiologists.

Atrial coronary anatomy, nomenclature

In 1907, London Hospital Medical College anato-
mist, Arthur Keith, and physiologist, Martin Flack, 
well-known for their seminal description of the si-
nus node, were the first to describe atrial coronary 
branches.14, 15 SNA nomenclature fluctuated over 
the years. In 1921, the anatomist, Dr. Gross named it 
the ramus ostii cavae superioris.16  It was also known 
as the Keith-Flack artery, named after the British 
physicians who first described the vessel.17 Here 
we use the Baroldi and Scomazzoni nomenclature, 
which refers to the SNA as the “main atrial branch” 
emphasizing that it is the largest branch supplying 
the sinus node irrespective of its side of origin.18 

In 55% of the population, the SNA arises from the 
right coronary artery (RCA), usually from the ante-
rior branch. In the remaining 45% of cases, the SNA 

arises from the left coronary artery (LCA), also 
usually from the anterior branch. 19  In this review, 
for best clarity, we have mostly retained Spalte-
holz classification which is consistent with the ma-
jority of studies on atrial coronary anatomy, where 
branches of the RCA and left circumflex artery 
(LCX) are named by their site of origin as anterior, 
intermediate/marginal and posterior branches.13

Right atrial branches

Arteries supplying the right atrium (RA) are among 
the earliest branches of the RCA after the conus ar-
tery and originate along the right atrioventricular 
(AV) groove (Figure 1). They are usually classified 
into the right anterior, intermediate/marginal and 
posterior atrial branches. The right anterior atrial 
branch is the first branch arising on the anterior 
aspect of the RA and ascends posteriorly along 
the body of the RA to reach the anterior aspect of 
the interatrial groove. Angiographically, in a right 
anterior oblique (RAO) projection, the right an-
terior atrial branch is slender, arises at a variable 
distance from the conus artery, and courses to the 
left and superior aspect of the atrium.20  It gives off 
branches to both atria and the interatrial septum 
and terminates by encircling the lower portion of 
the superior vena cava (SVC). When it is the main 
atrial branch, it supplies the sinoatrial node (SAN).

The right intermediate atrial branch, also called 
the marginal branch, arises from the acute right 
margin of the heart, ascends over the anterolateral 
surface of the RA, and supplies surrounding atrial 
tissues (Figure 1). In only 13.3% of cases it is the 
main atrial branch that supplies the sinus node.21, 

22The origin of this branch is usually marked by the 
presence of a small fatty excrescence or by a small 
cardiac vein that drains into the RA wall.23 Angio-
graphically, the right intermediate atrial branch is 
uneasy to visualize due to its small size and vari-
ability. For the same reason, the right posterior 
atrial branch is difficult to locate. When present, 
the right posterior branch arises on the posterior 
aspect of the RA and supplies the right posterior 
atrial wall and left atrial (LA) posterior surface.

Notably, Busquet et al. proposed another classifi-
cation scheme in which right atrial branches are 
classified based on cross sectional diameter into 



two rather than three groups, the major and ac-
cessory branches. 23 Major branches are usually 
found in groups occupying anterior, lateral and 
posterior positions relative to the tricuspid orifice. 
Accessory branches arise from the RCA in the AV 
groove and have an average diameter of less than 
0.5 mm and a length not exceeding 10 mm. They 
are covered by fatty tissue in the AV groove and 
supply the lower atrial wall and the adjacent right 

ventricle.

Left atrial branches

Arteries supplying the LA are among the earliest 
branches of the LCA, usually from the LCX, and 
originate along the AV groove. Similar to right atri-
al circulation, left atrial branches are usually clas-
sified into the left anterior, intermediate/marginal, 
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Figure 1:  Atrial arterial branches.

Dark brown dotted line represents the outline of the atrial walls.
1. Right coronary artery, 2. Right anterior atrial branch (main atrial branch in this fig), 3. Right intermediate branch, 4. Right
posterior branch, 5. Kugel arterial anastomosis, 6. Left circumflex artery, 7. Left anterior atrial branch, 8. Left intermediate
atrial branch, 9. Left posterior branch, 10. Left atrial circumflex, 11. Atrioventricular nodal artery.

Figure 2:  Schematic representation of the heart shows the three anatomic variations of the arteria anastomotica auricularis 
magna, superior view.

 A. Artery arises from LCX or its branches meet with the vessels at crux, B. Vessel arises from LCX or its branches and takes an
abrupt turn to meet the vessels at the RA anterior wall; C. Vessel arises from LCX and fans out to meet with vessels from RCA.
1. Aorta, 2. Pulmonary trunk, 3. Mitral valve, 4. Tricuspid leaflet, 5. AV nodal artery, 6. right coronary artery, 7. Left circumflex
artery, 8. Anastomotica auricularis magna.



and posterior atrial branches. The left anterior 
atrial branch arises on the anterior aspect of the 
LA (Figure 1). When it is the main atrial branch, it 
courses upwards along the LA via the anterior in-
teratrial groove to reach the SAN. In RAO projec-
tion, it is an early branch which ascends leftwards 
and upwards. 20  The remaining left atrial branches 
are variable and feed adjacent atrial tissues along 
their course over the LA. Another variant is the 
left atrial circumflex artery (LACX), which may 
branch early from either the LCX or its main atrial 
branch (Figure 1).20, 21   Early in its course, the LACX 
ascends through the LA and travels along its low-
er margin parallel to the left AV groove. It extends 
around the left heart margin and terminates in the 

posterior wall of the LA. Sometimes, the LACX ex-
tends farther, crossing the crux of the heart along 
the right AV groove to give off right posterior 
atrial branches. Rarely, the LACX may supply the 
SNA itself as the main atrial branch, which in a 
study of 118 patients, occurred 11% of the time. 21

Right and left atrial anastomoses and Kugel’s 
artery

Several anastomoses between atrial coronary ar-
terial systems have been described. Generally, 
these anastomoses exist as either small intra-atrial 
or atrioventricular branches, or as a single vessel. 
Kugel’s artery is the major transatrial pathway 
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 A. Artery arises from LCX or its branches meet with the vessels at crux, B. Vessel arises from LCX or its branches and takes an
abrupt turn to meet the vessels at the RA anterior wall; C. Vessel arises from LCX and fans out to meet with vessels from RCA.
1. Aorta, 2. Pulmonary trunk, 3. Mitral valve, 4. Tricuspid leaflet, 5. AV nodal artery, 6. right coronary artery, 7. Left circumflex
artery, 8. Anastomotica auricularis magna.

Figure 3:  Three dimensional reconstruction shows the sinus nodal arteries (superior view).



missures, and aortic base, implying its role in the 
pathogenesis of lesions within these structures.12 

Interestingly, in several hearts with atherosclerotic 
disease, the vessel was notable for its unusually 
large caliber, evidencing its contribution to collat-
eral circulation in ischemic territories.

Sinus nodal artery: origin, course, termina-
tion

PWhile atrial branches vary substantially in their 
distributions, the SNA is the most preserved artery 
within the atrial circulation. 19It arises either from 
the RCA or LCX. In 55% of human hearts, the RCA 
supplies the SNA within 2 cm of the coronary os-
tium and corresponds to the right anterior atrial 
branch.16, 25  In 45% of cases, it originates within the 
first few mm of the LCA and usually corresponds 
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that bridges the right and left coronary systems 
(Figure 2). The SNA can also serve as a major 
anastomotic channel. It is the largest atrial artery 
and can connect right and left coronary systems 
throughout its course; it forms a vascular loop 
around the base of the SVC where it sends tribu-
taries to small branches of the left and right inter-
mediate arteries.19, 24 In other variants, the poste-
rior termination of the LACX can also anastomose 
with the distal RCA or AVNA.20

In 1927, Dr. Kugel described a free anastomo-
sis between the right and left coronary arteries 
formed by a conspicuous vessel that runs in the 
interatrial septum.12 He coined the name, arteria 
anastomotica auricularis magna, acknowledging 
its relative large size and role in anastomosis. As 
the major anastomotic channel between left and 
right atrial coronary systems, Kugel’s artery sup-
plies both the SA and AV nodes. It can therefore 
function as a backup for collateral flow in the set-
ting of procedural damage to vessels supplying 
the SA or AV nodes.

Anatomically, Kugel described that the posterior 
portion of the interatrial septum divides anterior-
ly forming a “Y” shape where the stem represents 
the interatrial septum posteriorly and wings to 
form the anterior walls of both atria. Kugel’s ar-
tery lies along the anterior atrial walls and travels 
into the interatrial septum. 12 In a study of 50 nor-
mal hearts, three major variations of Kugel’s ar-
tery were proposed (Figure 2). The most common, 
found in 66% of cases, is an artery that originates 
from either the LCX or its early branches. It passes 
posteriorly into the LA wall and terminates near 
the crux of the heart where it connects with either 
the posterior branches of the distal RCA, poste-
rior descending artery (PDA), or AVNA. Kugel’s 
artery can therefore serve as an AV anastomotic 
pathway in addition to a transatrial pathway. In 
26% of cases, a branch originates from the LCX, 
penetrates the interatrial septum, abruptly turns 
on itself, retraces its entire course though the in-
teratrial septum and terminates in the RA anterior 
wall. In 8% of cases, the artery diverges from the 
LCX early, divides into smaller branches and fans 
out over the LA anterior wall to connect with fine 
vessels from the proximal RCA in the anterior RA 
wall.Kugel’s artery also supplies the aortic cusp 
of the mitral valve (MV), aortic valve (AOV), com-

Figure 4:  Courses of the right sinus nodal artery.

A) sinus nodal artery does not reach the anterior inter atrial
groove, B) sinus nodal artery reaches the anterior inter atrial
groove but not beyond, C) sinus nodal artery crosses the
anterior inter atrial groove, D) left sinus nodal artery crosses
the anterior inter atrial groove. 1. Superior vena cava, 2.
Anterior interatrial groove, 3. Aortic sinus, 4. Right coronary
artery, 5. Appendage of the right atrium, 6. Right sinus nodal
artery, 7. Left sinus nodal artery, 8 Left circumflex artery.
(Concept adapted from Sow M L et al. The artery of the sinu-
atrial node: anatomic considerations based on 45 injection-
dissections of the heart. Surg Radiol Anat 1996;18:103-9 with
permission of Springer Science+Business Media)
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to the left anterior atrial branch.19The SNA arises 
from the proximal LCX in 95% of these left-sided 
cases, from the left main coronary trunk in 3% 
of cases, and from the distal portion of the cir-
cumflex branch in the remaining 2% of cases.26  
Importantly, several authors suggest that the si-
nus node region could also be fed by two arteries 
rather one.21, 25-27

When the SNA corresponds to the right anterior 
atrial branch, it arises 0.2–2.2 cm from the right 
coronary ostium with a cross-sectional diameter 
of 1–3 mm.28 When it corresponds to the right in-
termediate atrial branch, the SNA arises about 
3.0-7.5 cm from the right coronary ostium with 
a diameter of 0.8-2.1 mm.23 The right SNA trav-
els along the body of the adjacent atrium from 
the left side to the anterior interatrial myocar-
dial band (Bachmann’s Reviewbundle) to reach 
the base of the SVC.28 At the SVC base, the artery 
circles clockwise or counterclockwise before pen-
etrating the sinus node at the auriculocaval junc-
tion. Busquet et al. highlighted the variability in 
the termination of the SNA relative to the au-
riculocaval junction as precaval (58%), retrocaval 
(36%), and pericaval (6%) (Figure 3).23 This varia-
tion is also supported by Saremi et al.29

Relevant to ablationists, the right phrenic nerve 
is situated anterolateral and in close proximity 
to the SVC base, around which the SNA circles. 
This anatomic relationship is not influenced by 
whether the SNA courses clockwise or counter-
clockwise at the SVC base. However, during pro-
cedures that target areas neighboring the sinus 
node region, both the phrenic nerve and the SNA 
may be susceptible to injury. The mean distance 
from the right phrenic nerve and the SVC-right 
atrial junction is 5.8-7.8 mm and its mean distance 
to the anterolateral wall of the SVC ranges 0.3-
1.3 mm.30 Therefore, ablation procedures which 
have the potential to endanger the phrenic nerve 
in the area of the superior venoatrial junction or 
the anterolateral wall of the SVC may also impact 
the SNA.

The sinus node capillary network

An appreciation of the microvascular blood sup-
ply within the SAN is also essential to under-
standing the perfusion of this vital structure. In 
70% of postmortem angiographic and histologi-

cal studies of SAN’s, Verhaeghe et al. showed a 
fairly uniform arterial distribution pattern.31The 
SNA enters from one pole of the spindle shaped 
SAN, traverses the central part, sends off several 
parallel branches, and exits at the opposite pole. 
The arterial density of the SAN is approximately 
eight times greater than that of the adjacent free 
atrial wall, which highlights its teleological signifi-
cance.31

In addition to AF, atrial arterial anatomy is clini-
cally relevant, for example, to SAN dysfunction 
and sick sinus syndrome (SSS). We now know that 
the pathobiology of SAN dysfunction involves ath-
erosclerotic disease of the SNA.32 Initial studies of 
depressed sinus node function, however, did not 
find a relationship between SNA atherosclerotic 
lesions and markers of SAN dysfunction such as 
prolonged sinus node recovery time (SNRT), heart 
rate, or advanced age.32It was not until

Jordan et al. that sinus-to-atrium conduction time 
(SACT) was proposed as the electrophysiologic pa-

Figure 5:  S-shaped sinus nodal artery.

Three-dimensional CT shows S-shaped sinus nodal artery. 
LAA – left atrial appendage, LSPV – left superior pulmonary 
vein (arrow), LCX – left circumflex artery, AAo – ascending 
aorta, LAD – left anterior descending artery, RAA – right 
atrial appendage, SVC – superior vena cava, LA – left atrium, 
LAD – left anterior descending artery, Orientation: A - ante-
rior, L- left, P - posterior, R - right. (Adapted from Saremi B 
et al. Arterial supply to sinuatrial and atrioventricular nodes: 
Radiology 2008;246:99-107 with permission from RSNA)



rameter that correlated with SNA atherosclerotic 
disease.33 SACT was found to be significantly lon-
ger in patients with severe SNA stenosis,34 which 
established it as a more sensitive early indicator 
of SAN dysfunction than SNRT or basal heart 
rate.33The role of SNA atherosclerotic disease in 
SAN dysfunction and SSS was therefore estab-
lished and highlighted the need for a greater un-
derstanding of atrial coronary circulation.

Procedural importance of the SNA

The course of the right and left SNA has important 
procedural significance. In a study of 50 patients 
by Berdajs et al. found that the SNA crosses the 
interatrial septum in all left-sided SNA patients. 
In right-sided SNA patients, the SNA crosses the 
interatrial septum when the vessel originates from 
the anterior atrial branch (Figure 4). Consequent-
ly, 54% of all SNA arteries in this study crossed the 
interatrial septum, which is used in the superior

Reviewtransseptal approach to the MV. 35 There-
fore, inadvertent damage to the SNA may occur 
during procedures involving the interatrial sep-
tum as well as other regions throughout the SNA 
course.23, 27, 36Injury to the terminal SNA may oc-
cur during RA appendage cannulation or if a liga-
ture is placed too low at the base of the SVC. Right 
atriotomy may also predispose the SNA to injury, 
particularly at the anterior and lateral RA wall op-
posite the proximal RCA. The Fontan procedure 
often involves the atrial roof, which may also be a 

site for SNA exposure. Finally, the transseptal ap-
proach of Dubost’s procedure, Mustard’s proce-
dure, and Dacron plaque suture, may all threaten 
the SNA as it courses through the interatrial sep-
tum.

S-Shaped Sinus Nodal Artery

In left-sided SNA patients, Nerantzis and Av-
goustakis reported the existence of an artery that 
originates from the LCX below the LA appendage 
and supplies the SNA (Figure 5). This was named 
the S-shaped sinus nodal artery (SSNA).37 The 
SSNA was present in 21.5% of 111 patients stud-
ied and appeared either as a branch of the LCX 
(13.5%), as an upper part of a divided LCX (5.4%), 
or as a main continuation of the LCX (2.7%). It is 
larger than the normal SNA and follows the same 
course to the SAN. This is consistent with findings 
by Kyriakidis et al. and Saremi et al.29, 38In addition 
to feeding the SAN region, the SSNA feeds the LA, 
a large part of interatrial septum, RA, and part of 
the AV nodal area. The likelihood of SSNA occlu-
sion is low as atherosclerotic disease often occurs 
within the first few centimeters of the LCX. 37

Territories of atrial perfusion

While we have focused on the origin, course and 
termination of the SNA, we also aim to describe 
the territories it supplies. A precise anatomic de-
lineation of atrial coronary perfusion
territories does not exist in the literature. Perfu-
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Figure 6:  Atrial coronary perfusion territories in sheep.

(left) triple vessel PLA perfusion, (middle) LSNA dominant PLA perfusion, (right) Balanced double vessel PLA perfusion. 
Black solid line delineates regional perfusion territories. RSNA; right sinus node artery, LSNA; left sinus node artery, RSPV; 
right superior pulmonary vein, RIPV; right inferior pulmonary vein, LSPV; left superior pulmonary vein, LIPV; left inferior 
pulmonary vein. (Adapted from Yamazaki M et al. Left atrial coronary perfusion territories in isolated sheep hearts Heart 
Rhythm 2010;7:1501-1508 with permission from Elsevier)
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sion of the posterior LA wall (PLA) and pul-
monary veins (PVs), is especially relevant as 
these are crucial regions for AF maintenance. 
Recently, our group conducted an investigation 
in isolated ovine hearts to address this question. 
Concordant with human descriptions, 39we re-
ported that in sheep hearts, three atrial coronary 
branches, left SNA (LSNA), right SNA (RSNA), 
and atrial branches of the LCX perfuse the PLA 
including PV regions. We also delineated atrial 
coronary perfusion territories by selective per-
fusion of Congo red into the RSNA and Evan’s 
blue into the LCX (figure 6 left and middle pan-
els) or the LSNA (right panel). Both atria, includ-
ing the PLA and PVs were then dissected for ac-
quisition of photographic snapshots. As shown 
in figure 6, each atrial branch (RSNA, LSNA, and 
LCX branches) supplied a well-defined territory 
it the PLA. 

Interestingly, the contribution of individual ar-
teries to the perfusion of the PLA-PV myocardi-
um varied between specimens. Three anatomical 
variants were observed with equal frequency: 
triple vessel PLA perfusion (figure 6 left, 29.5%), 

double vessel PLA perfusion (middle, 23.5%) 
and single vessel PLA perfusion (right, 29.5%). 
These data suggest that the complexity of atrial 
vessel origin and course may translate into in-
tricate perfusion and collateral flow to territo-
ries well-known to harbor electrical sources of 
AF initiation and maintenance. Implications in 
patients with adFigure vanced coronary artery 
disease remain to be elucidated, as the severity 
of atherosclerotic burden associated with atrial 
infarctions may relate to the type of atrial coro-
nary perfusion to the PLA-PV.

Factors of variability: dominance, race, and 
gender

The origin of the SNA has not been associated 
with coronary dominance.In regard to race, 
some authors proposed a higher incidence of 
right-sided SNA origin in African Americans 
and Caucasians,25 but others have shown no as-
sociation between race and SNA origin.40 Gender 
has not been correlated with SNA origin either,29, 

40 though some investigators describe a high-

Figure 7:  Atrial coronary perfusion territories in sheep.

(left) triple vessel PLA perfusion, (middle) LSNA dominant PLA perfusion, (right) Balanced double vessel PLA perfusion. 
Black solid line delineates regional perfusion territories. RSNA; right sinus node artery, LSNA; left sinus node artery, RSPV; 
right superior pulmonary vein, RIPV; right inferior pulmonary vein, LSPV; left superior pulmonary vein, LIPV; left inferior 
pulmonary vein. (Adapted from Yamazaki M et al. Left atrial coronary perfusion territories in isolated sheep hearts Heart 
Rhythm 2010;7:1501-1508 with permission from Elsevier)
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er incidence of right-sided SNA origin in men.25, 

27Given that preliminary studies show conflicting 
associations between SNA origin and coronary 
dominance, race, and gender, larger and more het-
erogeneous patient populations are needed to de-
finitively answer this question.

AV Nodal Artery: origin, course, termination

The AVNA is well known under this name, but has 
also been referred to in the literature as the ramus 
septi fibrosi, which acknowledges that its source 
also supplies the membranous part of the inter-
ventricular septum. This concept was supported 
by Spirina and Soskin, who named the AVNA, 
the arteria septi fibrosi.41Its mean length is 0.5-3 
cm and mean external diameter at the beginning 
of its course is 1-3.5 mm.28 Usually, the artery that 
crosses the crux of the heart is the artery that feeds 
the AV node. In 90% of the population, this artery 
is the RCA and in the remaining 10%, it is the LCX.
(19) The AVNA is associated with coronary domi-
nance, where the vessel that gives rise to the PDA
also gives rise to the AVNA.

The main vessel that reaches the crux of the heart, 
be it the RCA or LCX, makes a sharp U-turn un-
der the middle cardiac vein before giving rise to 
the PDA. This is often used as a landmark during 
angiogram interpretation.42 The ‛U′ or ‛V′ shape of 
this arterial segment has an embryologic origin. 
In the embryo, the AV node is located in the epi-
cardium, which is retracted into the heart when 
the myocardium invaginates during the forma-
tion of the interatrial septum.43 The AVNA arises 
at the apex of this abrupt turn19, 21 and merges into 
the cardiac wall towards the right fibrous trigone 
passing closer to the MV ring before entering the 
AV node.28 Once it enters the AV node, it usually 
bends at a right angle beneath the aortic valve and 
ramifies into the interventricular septum to sup-
ply the posterior portion of the left branch of the 
bundle of His. Three final courses are proposed for 
the AVNA (Figure 7).44 It may follow close to the 
tricuspid valve (TV), between the TV and MV, or 
closer to the MV. The right superior descending ar-
tery and Kugel’s artery supply collateral blood to 
the AV node.45 

Any ablation procedure involving the AV node, 
mainly those for drug-resistant atrial tachyar-

rhythmias and AV nodal reentrant tachycardias, 
carry a risk of damaging the AVNA.46 Specific 
sites of unintended injury to the AVNA include 
the crux of the heart, the sinus venosus orifice, 
or the base of the septal cusp of the TV.36 Compli-
cations can be avoided by setting angiographic 
landmarks prior to ablation. The distal end of 
the AVNA serves as a useful landmark to depict 
the location of the AV node. It also serves as an 
anatomical landmark within Koch’s triangle to 
predict the risk of AV block during RFA of AV 
nodal re-entrant tachycardia. When the distance 
between the distal end of the AVNA and the ab-
lation target site exceeds 2 mm, AV block rarely 
occurs.47

Atrial venous system

As with the arterial system, atrial venous drain-
age is understudied and variable but here we 
describe its anatomy and elucidate overarching 
concepts. The majority of the venous drainage 
from the atria, similar to that of the ventricles,
occurs through the epicardial venous system, 
which joins progressively larger vessels that ulti-
mately flow into the RA via the coronary sinus.48 
The remainder of the venous drainage occurs 
through the Thebesian venous system, where 
veins drain directly into the cardiac chambers. 
The left atrial veins are divided into three dis-
tinct groups: the posterolateral veins, the pos-
terosuperior veins, and the septal veins.49, 50The 
right atrial veins are divided into small, large, 
short, or long intramyocardial tunnels and small 
intramural veins. 

A prominent vessel of the atrial epicardial ve-
nous system is the oblique vein of the left atri-
um, which is commonly described as the Vein 
of Marshall. It has an average diameter of 1 
mm and rarely exceeds 2-3 cm in length.51 It de-
scends along the lateral and inferior wall of the 
LA, passing between the left pulmonary veins 
and the left atrial appendage. It then joins the 
great cardiac vein at which point the coronary 
sinus begins. Clinically, this region is implicated 
as a substrate for left atrial arrhythmias. Specifi-
cally, the ligament of Marshall, which consists of 
fibrous and muscular bands, nerves and small 
blood vessels, including the Vein of Marshall, 
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is thought to function as a left atrial arrhythmo-
genic focus.52-54Finally, it should be noted that the 
vein of Marshall has been suggested to be a con-
duit by which retrograde ethanol infusion might 
achieve regional atrial ablation. 55, 56

Future research directions

Our understanding of atrial coronary anatomy 
is growing, but several research directions are 
needed to investigate its application to disease
pathophysiology. For example, atrial circula-
tion, unlike ventricular circulation, courses up-
ward against gravity and coronary flow occurs 
only during diastole. Whether this mode of cir-
culation has implications for atrial arrhythmias 
needs further study. In addition, radiofrequency 
induced coronary arterial injury though rare, is 
a well-documented phenomenon with serious 
complications. 10New ablation strategies that 
take atrial coronary anatomy of the posterior 
atrial wall and SAN into consideration need fur-
ther elaboration to mitigate this problem. Finally, 
our understanding of coronary anatomy is lim-
ited by our technology, which calls for continued 
development of smaller catheter tips capable of 
accessing narrower arteries.
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Abbreviations

AF = atrial fibrillation
AOV = aortic valve
AV = atrioventricular
AVNA = atrioventricular nodal artery
LA = left atrium
LACX = left atrial circumflex artery
LCA = left coronary artery
LCX = left circumflex artery

LSNA = left SNA
MV = mitral valve
PDA = posterior descending artery
PLA = posterior wall of LA
RSNA = right SNA
PVs = pulmonary veins
RA = right atrium
RAO = right anterior oblique
RCA = right coronary artery
SACT = sinus to atrium conduction time
SAN = sinoatrial node
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Introduction

Radiofrequency catheter ablation (RFA) has 
evolved as an effective treatment modality in pa-
tients with atrial fibrillation (AF). Despite advances 
in RFA techniques and technology, and attempts 
to increase awareness and optimize management 
of procedural complications, there has not been a 
substantial decrease in complication rates over the 
last decade. A recent survey conducted by Cappato 
et al that included 20,000 atrial fibrillation ablation 
procedures performed between 2003 and 2006 iden-
tified major complications in 4.5% of procedures; 1 

this is not significantly decreased from the compli-
cation rate of 4.0% reported on a survey conducted 
by the same group between 1995 and 2002.2 This 
lack of significant improvement is at least partly 
due to the higher proportion of older patients and 
those with significant comorbidities such as car-
diomyopathy.1 Overall, complication rates associ-
ated with RFA of AF have been cited in the range of 
3.5 – 5%.3,1,4 The distribution of complications has 
also remained similar over the last decade, with the 
majority consisting of cardiac tamponade, vascular 

complications, and thromboembolic phenome-
na.3,1,4 In this report, the incidences and outcomes 
of major complications associated with catheter 
ablation of AF as well as potential strategies for 
their management will be reviewed.

Cardiac Tamponade

Perhaps the most significant of the bleeding 
complications associated with catheter ablation 
of AF in terms of frequency and morbidity is 
pericardial tamponade. This major complica-
tion has been reported in 0.5-2.4%3,5,6 of cases. 
Although outcomes associated with pericar-
dial tamponade when recognized and treated 
promptly are generally favorable, it remains the 
leading cause of mortality during catheter abla-
tion of AF.7,3 Predictors of cardiac tamponade 
are not clear; however, prior left atrial catheter 
ablation may be an independent risk factor.3

With a recent shift in periprocedural anticoagu-

Corresponding Address : Florian Rader, MD, MSc, Heart Institute, Cedars Sinai Medical Center, 8700 Beverly Blvd., 141 RBT, 
Suite 210, Los Angeles, CA 90048.

Complications of Radiofrequency Catheter 
Ablation for Atrial Fibrillation 

Timir Baman, MD, Rakesh Latchamsetty, MD, Hakan Oral, MD.

Cardiovascular Medicine, University of Michigan, Ann Arbor, MI.

Abstract

Radiofrequency catheter ablation (RFA) has evolved as an effective treatment modality in patients with 
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lation strategy toward performing procedures 
with a therapeutic INR, there has been a growing 
concern for a potential increase in rates of tampon-
ade. However, the incidence of tamponade has not 
been shown to be elevated with this anticoagula-
tion strategy.8,9 Preliminary data also suggests that 
the severity of this complication and outcomes 
when it does manifest are also not heightened 
in the presence of therapeutic anticoagulation.10

The hallmarks to management of tamponade are 
prompt recognition and treatment. Hypotension 
is often the initial finding suggesting a possible 
significant perforation. This can be quickly veri-
fied looking at the lack of excursion of the cardiac

silhouette in the left anterior oblique view fluoro-
scopically. An echocardiogram is helpful to con-
firm the effusion and guide emergent pericardio-
centesis. Once a significant effusion is recognized, 
heparin is usually reversed using protamine. Pa-
tients therapeutic on warfarin may be considered 
for reversal with fresh frozen plasma or Factor VII 
complex, although it is not clear whether reversal of 
warfarin is associated with an improvement in clin-
ical outcome. The majority of patients are success-
fully treated with percutaneous drainage and close 
inpatient monitoring. Patients with persistent accu-
mulation of effusion or hemodynamic compromise 
not responding to initial drainage may require sur-
gery.5 Blood transfusion may also be required and 
autotransfusion has been reported as a safe option.6

A pericardial drain is usually left to dependent 
drainage with the patient monitored in an intensive 
care setting until drain output has decreased <30 cc 
in 24 hours. Repeat echocardiographic evaluation 
is often performed after temporarily occluding the 
drain for 6-12 hours. Due to the unpredictable level 
of anticoagulation, LMWH may not be preferable 
during reinitiation of anticoagulation in these pa-
tients. One approach is restarting warfarin prior to 
discharge. Since late recurrence of tamponade can 
occur, clinical follow-up with a repeat echocardio-
gram in 1-2 weeks may be appropriate.

Peripheral Vascular Complications

The most common peripheral vascular com-
plications associated with catheter ablation are 

hematomas, pseudoaneurysms, and arteriove-
nous fistulas which are cumulatively reported 
in about 1-2% of cases.3,11,1,4 Several studies have 
revealed that risk of vascular complications may 
be increased with female patients, older age, 
use of clopidogrel, and less experienced opera-
tors.3,11,8,4 About half of pseudoaneurysms and 
fistulas ultimately require surgical intervention.3

Recent changes in anticoagulation protocols to 
perform RFA with a therapeutic INR have shown 
no increase in overall vascular complication in-
cidence. In fact, minor bleeding complications 
may actually be decreased when the need for 
bridging with heparin or LMWH are avoided.8

Cerebrovascular Events

Recent studies have shown an overall incidence of 
cerebrovascular events including stroke and tran-
sient ischemic attack (TIA) ranging from 0.20% to 
0.94%.3,11,1,12 Several factors including chronicity of 
AF, left atrial size ≥ 4.5 cm, dislodgment of exist-
ing thrombus, and ablation-related char formation 
and tissue destruction can promote thrombogenic-
ity.13,14 Patients with CHADS2 scores ≥ 2 are five 
times more likely to experience a thromboembolic 
event when compared to those with a score of 0.13

Prior to the ablation procedure, patients should be 
maintained on anticoagulation if indicated by the 
American College of Cardiology/ American Heart 
Association/ European Society of Cardiology 
2006 guidelines.15 It is imperative that all patients 
receive anticoagulation for at least a period of 8 
weeks post procedure regardless of their CHADS2 
score due to the increased risk of thrombogenic-
ity secondary to disruption of endothelial integrity 
during RF ablation and periprocedural cardiover-
sion if performed.

During the ablation procedure, patients must be 
periodically assessed for evidence of neurologic 
abnormalities including asymmetric facial expres-
sion, slurred speech, and an inability to move ex-
tremities upon command. Asymptomatic “silent” 
cerebral embolism has been reported in >10% of 
patients after left atrial catheter ablation using 
diffusion-weighted magnetic resonance imaging 
despite rigorous periprocedural anticoagulation 
regimens.16,17,18 The mechanism and clinical signifi-



cance of these silent emboli and how best to pre-
vent them remain to be determined. Maintenance 
of ACT > 300 seconds and continuous infusion 
through the sheaths during the procedure have 
been suggested to reduce the incidence of throm-
boembolic events.19

Di Biase et al. performed a prospective trial to 
evaluate whether anticoagulation strategy had 
an effect on the overall rate of cerebrovascular 
events.8 Patients who had a therapeutic INR dur-
ing the ablation procedure had a lower rate of 
periprocedural stroke compared to patients who 
had discontinued warfarin prior to the procedure 
(0.9% vs 0.0%) despite having a higher proportion 
of chronic AF and increased CHADS2 scores. No 
increase in pericardial effusions or other bleeding 
complications were noted.

Those patients who show evidence of cerebrovas-
cular complications should immediately be evalu-
ated to determine if tissue plasminogen activator 
(TPA) is appropriate. If TPA is administered, cli-
nicians should be aware that the risk of vascular 
complications is significantly increased.

Although the overall risk of cerebrovascular events 
is low, additional modification of ablation strate-

gies is necessary to further reduce this complica-
tion rate. Strict maintenance of ACT >300 seconds, 
careful sheath management, minimizing char for-
mation by discontinuing radiofrequency energy in 
the setting of abrupt impedance rises, and possibly 
performing RFA on anticoagulation may further 
decrease the risk of embolic events.14

Pulmonary Vein Stenosis

The incidence of pulmonary vein (PV) stenosis 
has significantly decreased in recent years due 
to improvements in ablation technique. With an-
tral PV isolation, current studies cite an incidence 
of PV stenosis <0.01% to 0.04%3,1,12as compared 
to 5% when ostial PV isolation was routinely 
utilized.20Inflammation and smooth muscle con-
striction secondary to RFA are thought to be me-
diators of post procedure PV stenosis.21 Location 
of ablation lesions in the PV ostia and increasing 
size of lesions are the primary risk factors in the 
development of PV stenosis.14

Late diagnosis of PV stenosis can be especially 
challenging as most primary care physicians are 
unaware of this complication. Patients may pres-
ent with nonspecific symptoms such as dyspnea, 
chest pain, wheezing, and hemoptysis. Patients are 
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Table Potential Causes of Mortality Associated with Radiofrequency Atrial Fibrillation Ablation

Cardiac tamponade
Atrioesophageal fistula
Peripheral embolism
Stroke
Massive pneumonia
Myocardial Infarction
Intractable torsades de pointes
Septicemia
Sudden respiratory arrest
Extrapericardial pulmonary vein perforation
Occlusion of bilateral pulmonary veins
Hemothorax
Anaphylaxis
Asphyxia from tracheal compression secondary to subclavian hematoma
Intracranial bleeding
Acute respiratory distress syndrome
Esophageal perforation from intraoperative transesophageal echocardiography



often subjected to a multitude of unnecessary tests 
leading to misdiagnosis including pulmonary 
embolism, pneumonia, and lung carcinoma.22 If a 
clinician suspects PV stenosis post ablation, mul-
tidetector computed tomography and magnetic 
resonance imaging are often used to establish a 
diagnosis. If patients are found to have severe ste-
nosis with symptoms, most centers recommend 
angioplasty with or without stenting.

Total PV occlusion can be the result of a slow 
and insidious progression from a previous insig-
nificant narrowing; therefore balloon angioplasty 
with or without stenting should be considered for 
any vein with a cumulative stenosis index (CSI) ≥ 
75% regardless of symptomology (CSI = sum of 
percent stenosis of the unilateral veins divided by 
the total number of ipsilateral veins).[23] Because 
dilation of total PV occlusion is less successful, cli-
nicians may consider angioplasty of severely ste-
nosed PV regardless of symptomology in order to 
avoid progression to vein occlusion.23

Changes in ablation strategy have significantly re-
duced the incidence of PV stenosis in recent years. 
However, PV stenosis is a debilitating complica-
tion that must always be considered during the 
ablation procedure. Electrophysiologists must 
ensure that ablation lesions are delivered on the 
atrial side of the pulmonary veins avoiding the 
PV ostia. If severe flow limitations are noted in 
the setting of symptoms, balloon angioplasty with 
or without stenting should be performed to alle-
viate symptoms. Currently, there is no consensus 
regarding treatment of severe PV stenosis with-
out symptoms; although stenting should be con-
sidered in order to avoid total occlusion. Many 
patients with single PV occlusion are asymptom-
atic and should undergo surveillance; however, 
patients with concomitant ipsilateral stenosis and 
a CSI ≥75% require intervention to restore flow in 
order to prevent associated lung disease.

Phrenic Nerve Injury

Phrenic nerve (PN) injury is a rare complication 
(<0.01%) of RFA due to its close proximity to com-
mon ablation sites.3,11 The right PN courses later-
ally and slightly posteriorly to the superior vena 

cava and right atrium and descends anteriorly 
to the right superior PV, while the left PN tracks 
closely to the left atrial appendage.24 The right PN 
has an especially close relationship to the right 
superior PV and is the most commonly injured 
phrenic nerve during RFA.25

High output pacing and monitoring of fluoros-
copy during RFA are imperative to avoid perma-
nent PN injury. However, PN injury secondary 
to RFA appears to have a benign prognosis and 
patients

usually experience improvement in function over 
time (1-2 years).26Phrenic nerve injury is uncom-
mon when ablation is performed outside the PV.
Atrio-Esophageal Fistula

Atrio-esophageal fistula (AEF) is an infrequent 
(<0.3%) however often fatal complication of 
RFA.3,1,27 Due to the associated devastating conse-
quences and mortality rate >80%, great care must 
be taken to avoid this catastrophic complication.27 

The esophagus is a mobile structure with fixed 
points in the pharynx and gastroesophageal 
junction. As a result, movement within the tho-
rax is dynamic, especially with peristalsis.28 Sev-
eral approaches have been suggested to prevent 
esophageal injury. One approach is real-time 
imaging of the esophagus with barium swallow 
or an esophageal probe and avoidance of RF 
applications in the immediate proximity of the 
esophagus.29Monitoring of intraesophageal tem-
perature and termination of RF application after a 
critical rise in intraluminal temperature increase 
has also been suggested. However, with this ap-
proach intramural temperatures cannot be mea-
sured, and the sensor probe may not be close to 
the ablation site. Therefore, lack of a temperature 
rise may give a false sense of security and fistula 
has been reported after RFA using an intraesoph-
ageal temperature monitoring system.30 Others 
have suggested limiting power and duration of 
RF applications in the posterior left atrium. How-
ever, it is not clear whether critical power settings 
ensure safety. Despite these safeguards, >25% of 
patients will exhibit structural changes in the me-
diastinum via endoscopy.31Patients with persis-
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strokes, gastrointestinal bleeding, and circulatory 
collapse due to the intense inflammatory response 
resulting from atrial and esophageal tissue necro-
sis.14 Any patient presenting with a swallowing 
difficulty, fever, neurological deficit, or sepsis after 
ter RFA must immediately undergo evaluation for 
AEF. Imaging of the mediastinum with CT or MRI 
with or without barium swallow with specific at-
tention to the presence of air in the mediastinum, 
and integrity of the atrioesophageal wall is very 
helpful for establishing the diagnosis (Figure). 
Esophageal instrumentation with TEE or endosco-
py is often considered contraindicated due to the 
risk of introduction of air and potential for embo-
lization. Treatment often involves surgical repair; 
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tent AF, increased left atrial size, and ablation of 
the roof, coronary sinus, and mitral isthmus are 
more likely to develop esophageal ulceration.32 
The risk of atrioesophageal fistula may be higher 
during general anesthesia likely due to esopha-
geal immobility.33 Although acid reflux may de-
velop after RFA 34, the role of prophylactic proton 
pump inhibitors in prevention of fistula is un-
known. A simple measure may be to administer a 
proton pump inhibitor prior to and for 2-4 weeks 
after ablation. 

Nonspecific symptoms may result in delayed 
diagnosis of AEF. Patients may present with 
acute pericarditis, pneumonitis, sepsis, seizures, 

Figure :  Magnetic resonance imaging of a 66 year old woman presenting with atrio-esophageal fistula four weeks after atrial 
fibrillation ablation.

Thick arrow indicated classical finding of posterior wall irregularity/indentation near the junction of the left superior pulmo-
nary vein. Arrowhead demonstrates mediastinal air.



however, cases of stenting of the esophagus and 
keeping the patient NPO with appropriate antibi-
otic coverage have also been reported.35 Surgical 
consultation must be obtained immediately.

Death 

Death is an infrequent complication of RFA for 
AF occurring in 1 of 1,000 patients.7 Operators 
must be aware of the causes of death (Table) and 
clinical decision making must be performed in or-
der to decrease this risk whenever possible. The 
most common causes of mortality are tamponade 
with cardiac arrest (22%), atrioesophageal fistula 
(16%), stroke (9%), and massive pneumonia (6%).
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Introduction

Atrial fibrillation (AF) frequently coexists with 
heart failure (HF); the two conditions have been 
described as the twin epidemic of modern medi-
cine.1 The prevalence of AF is closely related to 
the New York Heart Association (NYHA) class. 
In approximate terms, the prevalence is 5% for 
NYHA functional class I, 10% to 25% for class 
II to III, and as high as 50% for class IV.2, 3 The 
presence of AF in patients with HF often heralds 
a much worse prognosis. As seen in the Fram-
ingham study, the risk of death approximately 
doubled in HF patients who experienced AF.4

Cardiac resynchronization therapy (CRT) is an im-
portant device-based therapeutic modality for pa-
tients with advanced drug-refractory HF.5, 6Current 
guidelines recommend CRT therapy for patients 

with NYHA Class III to IV HF with ejection frac-
tion (EF) ≤ 35% and presence of ventricular dyssyn-
chrony (QRS duration ≥ 120 msec). This is based 
on several clinical trials that have consistently 
demonstrated the efficacy of CRT in patients with 
clinical trials. These trials have essentially exclu-
sively included patients in sinus rhythm. Whereas 
the prevalence of AF in patients with HF ranges 
from 25-50%, the percentage of patients with AF 
in clinical trials is very low (<1%).7 Thus the data 
for efficacy of CRT in AF patients has been large-
ly.obtained from nonrandomized studies that 
have included small number of AF patients.6, 8-9

Several observational studies have provided data 
on the efficacy of CRT in this patient cohort. Leon 
et al. studied 20 patients with HF (EF≤ 35%, NYHA 
Class III /IV), prior atrioventricular junction (AVJ) 
ablation and RV pacing performed for permanent 
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Abstract

Cardiac resynchronization therapy (CRT) is an important advance for the treatment of end--stage heart 
failure (HF). About 15–50% of HF is complicated by atrial fibrillation (AF) and associated with worsened 
outcomes. Meta-analyses from observational studies suggest that patients with AF derive similar ben-
efits to CRT as patients in sinus rhythm (SR). The presence of AF, however, may interfere with optimal 
delivery of CRT due to competition with biventricular (BiV) capture by conducted beats. Atrioventricu-
lar junction (AVJ) ablation with permanent pacing eliminates interference by conducted beats and pro-
vides complete BiV capture. Catheter ablation of AF is an alternative to antiarrhythmic drugs to maintain 
sinus rhythm in patients with AF and HF. Randomized trial comparing catheter ablation, AVJ ablation 
and pharmacologic therapy are needed.

 www.jafib.com 42 Sep-Nov, 2011 | Vol 4 | Issue 3                         



Class III HF patients following CRT whether they 
were in sinus rhythm or in AF. Of the 64 AF pa-
tients, only 37 patients completed both crossover 
phases greatly limiting the impact of the results. 
An important criterion was that all patients in AF 
had a slow ventricular rate due to either spontane-
ous or induced AV block. This likely distinguished 
a subset of patients with AF that benefited from 
CRT due to consistent high degree of BiV cap-
ture. More recently, Khadjooi et al. presented 
results from a prospective observational study 
of 295 patients with HF and AF (permanent and 
paroxysmal) who were treated with CRT with-
out AVJ ablation.13 The primary endpoint was a 
composite of cardiovascular death and hospital-
ization for HF. Patients were followed up for al-
most 7 years. Overall, patients in AF and sinus 
rhythm derived similar benefits. There was im-
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AF. There was significant improvement in NYHA 
class and EF, decrease in the number of hospitaliza-
tions and improved quality of life scores .10 Molhoek 
et al. evaluated the clinical response and long-term 
survival of CRT in 60 patients with NYHA Class 
III/IV HF and decreased EF (< 35%), of whom 30 
were in sinus rhythm and 30 had chronic AF.11 The 
study showed that improvement in clinical param-
eters (NYHA class, exercise capacity, and quality of 
life score) was comparable between patients who 
had sinus rhythm and those who had AF. Of the 
30 patients with AF, 17 patients had AVJ ablation.

The MUSTIC (MUltisite STimulation in Cardio-
myopathies) trial was a randomized cross-over 
study of 131 patients including 67 who were in si-
nus rhythm and 64 in AF.12 The trial demonstrated 
similar improvement in the 6 minute walk test in 

Figure 1:  Kaplan-Meier estimates of the time to the various clinical end-points in patients with atrial fibrillation (AF) and 
patients in sinus rhythm (SR). HF, Heart failure; MCE, major cardiovascular events. No significant group differences emerged 
with respect to any of the end-points.
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provement in NYHA Class, 6-min walk test and 
quality of life scores in both groups and evidence 
of echocardiographic remodeling (Figure 1).

Upadhyay et al. performed a meta-analysis of 5 
prospective studies of1164 subjects comparing pa-
tients in SR and AF treated with CRT.14 Both AF 
and SR patients benefited significantly from CRT. 
Mortality was not significantly different at 1 year. 
NYHA class improved similarly for both SR and AF 
patients; however SR patients showed greater rel-
ative improvement in the 6-min walk test. In addi-
tion, AF patients achieved a statistically significant 
improvement in EF. Thus patients with AF derived 
largely similar benefits from CRT as patients in SR.

Importance of AF in Patients Who Undergo 
CRT

The benefit of CRT is predicated on complete and 
consistent biventricular (BiV) capture. Several im-
portant concerns arise in patients with HF that re-
ceive CRT in the setting of AF that may prevent 
optimum delivery of CRT. There is lack of AV 
synchrony, and thus the inability to establish co-
ordinated AV pacing; BiV capture is difficult to as-
sure. Even at physiologic normal rates, consistent 
pacing and capture is difficult to achieve .15 Fusion 
and pseudo-fusion beats resulting from an inter-
action between intrinsically conducted and paced 
beats may be responsible for ineffective pacing de-
spite apparent delivery of CRT. 16, 17 This is further 
exacerbated when patients with AF have intermit-
tent or consistently accelerated ventricular rates.

CRT: Atrial Pacing Prevention Algorithms

A vicious cycle exists between AF and HF; thus 
interruption or prevention may be a worthwhile 
therapeutic strategy. CRT combined with a re-
fined atrial tachyarrhythmia prevention pacing 
algorithm would appear to be an important addi-
tion in the management of AF. However, results 
from MASCOT (The Management of Atrial fibril-
lation Suppression in AF-HF COmorbidity Thera-
py) trial that randomized 394 patients with NYHA 
Class III/IV HF to the addition of atrial overdrive 
pacing to CRT did not show any benefit in the in-
cidence of AF. It is likely that the advanced atrial 
remodeling in the setting of HF and AF may pre-
clude benefit from atrial pacing algorithms .18

CRT: Ventricular Capture Pacing Algorithms

Irregular heart rate itself is associated with wors-
ened cardiac function in patients with AF and HF 
[16]. Ventricular rate control has been considered 
to be an important component to optimal CRT 
delivery during rapid ventricular rates. Mod-
ern CRT devices employ algorithms designed to 
maximize ventricular pacing during potentially 
disruptive events such as rapidly conducted atrial 
arrhythmias. For Medtronic devices, the Ventric-
ular Sense Response™ feature triggers pacing in 
one or both ventricles after each RV-sensed event. 
Medtronic’s Conducted AF Response™ resyn-
chronizes conducted beats in AF up to a minimum 
R-R interval without increasing ventricular rate.
Boston-Scientific’s Ventricular Rate Regulariza-
tion™ algorithm is intended to restore resynchro-
nization and ventricular regularity by pacing the
ventricle during irregular conduction of AF. 19 It is
unclear if these interventions provide any benefit.

It is important to emphasize that the percentage of 
BiV pacing alone as recorded by the CRT device may 
be an ineffective surrogate of complete and consis-
tent BiV capture. The presence of fusion and pseu-
do-fusion beats may be the cause for non-response 
to CRT therapy. This is true even if the pacing algo-
rithms described above are deployed. To demon-
strate this, we studied 19 patients with permanent 
AF who underwent CRT. 20 All patients received
medical therapy with digoxin, β-blockers, and 
amiodarone for rate control, and device inter-
rogation showed >90% BiV pacing. At a median 
of 12 months after device implant, patients were 
instructed to wear an ambulatory 12-Lead Holt-
er for 24 hours. Effective pacing was defined by 
the presence of more than 90% fully paced beats 
with complete ventricular capture as confirmed 
in all 12 leads. In all CRT devices, device-spe-
cific special pacing algorithms were activated.

Despite advanced pacing algorithms and CRT 
device counters showing >90% pacing, in real-
ity, only 47 % patients had effective pacing (>90% 
fully paced beats/24hrs). More than half of the 
remaining patients (56%) met criteria for ineffec-
tive pacing; in these patients, nearly 40% of pac-
ing was accounted by fusion and pseudo-fusion 
(Figure 2). Only patients with effective pacing 
demonstrated response to CRT (≥ 1 NYHA im-
provement) and had evidence of reverse remod-



patients with permanent AF. Compared with RV 
pacing, LV pacing had greater improvement in 
EF and mitral regurgitation scores.22 The Post AV 
Nodal Ablation evaluation (PAVE) study random-
ized 184 patients with chronic AF undergoing AV 
node ablation to BiV (n = 103) or a RV pacing sys-
tem (n = 81). At 6 months post-ablation, patients 
treated with BiV pacing had significant improve-
ment in 6-minute walk distance in comparison 
to patients receiving right ventricular pacing. 
There was decrease in EF in the RV paced group 
while EF remained stable in the BiV group.23

Gasparini et al. presented long-term data on 1285 
consecutive patients with HF who underwent 
CRT device therapy. Of these, 1042 patients were 
in sinus rhythm and 243 patients had AF. All pa-
tients had close clinical follow-up. All-cause mor-
tality and cardiac mortality was similar between 
the 2 groups .24 When the cohort of patients with 
AF that underwent CRT was examined separate-
ly, it was the group that underwent AVJ-ablation 
that achieved maximum benefit (Figures 3 and 
4). The group that underwent AVJ ablation had a 
74% relative risk reduction in all-cause mortality 
and 85% for HF mortality when compared to the 
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eling. These results indicate that despite the fact 
that CRT counters show a high degree of BiV pac-
ing, complete BiV capture may still be less than 
optimal. Home Monitoring TM (Biotronik, Berlin, 
Germany) is a long distance telemetry system that 
provides automatic transmission of data stored in 
the pacemaker memory on daily basis. A study 
of 161 patients by Santini et al., employing this 
technology in patients with implanted devices, 
allowed early detection of AF in paced patients 
and allowed early intervention and optimization 
of medical treatment.21 Thus in all patients with 
AF who receive CRT, close follow-up is essential 
to identify any episodes of atrial tachyarrhythmia 
that may elicit less that complete CRT delivery.

Atrioventricular Junction Ablation 

Destruction of the AVJ and placement of perma-
nent pacemaker has been used in patients with AF 
with uncontrolled ventricular rates. However, in 
patients with AF who undergo CRT therapy, AVJ 
ablation is increasingly being viewed as a neces-
sary adjunct to ensure adequate CRT delivery. The 
OPSITE trial compared 44 patients with right ven-
tricle (RV) versus LV pacing after AVJ ablation in 

Figure 2:  Responders had a higher percentage of fully paced beats than nonresponders (p = 0.03). Nonresponders had a 
significantly higher percentage of ineffective pacing because of a combination of fusion (p = 0.04) and pseudo-fusion (p = 0.02) 
beats [Adapted from Kamath et al. J Am Coll Cardiol. 2009; 53: 1050-1055]
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group treated with AAD therapy. Ferreira et al. 
also conducted a retrospective analysis of 131 con-
secutive HF patients who underwent CRT implan-
tation.25 The patients in three groups were consid-
ered: sinus rhythm (n = 78), AF with AVJ ablation 
(n= 26), and AF without AVJ ablation (n = 27).

The primary outcomes were occurrence of cardiac 
death, hospitalization for HF, and improvement 
in NYHA class. There was a significant improve-
ment in the NYHA class in all 3 groups. However, 
the proportion of responders was significantly 
lower in AF patients without AVJ ablation (52 vs. 
79% in SR and 85% in AF with AVJ ablation). AF 
without AVJ ablation was independently associ-
ated with five-fold increase in mortality and six-
fold risk of hospitalization for HF during the first 
12 months. The outcomes of AF with AVJ ablation 
patients were similar to the outcomes of patients 
in sinus rhythm. The authors concluded that AF 
patients display similar survival as sinus rhythm 
patients provided that AVJ ablation is performed.

Although these data suggest that patients with 
AF and HF may do better with the ‛ablate and 
pace’ strategy, the concern of making patients 
pacemaker dependent is ever present. In addi-
tion, our recent data suggests that in patients with 
permanent AF and CRT, there may be spontane-
ous conversion to sinus rhythm during follow-up 
.26 Gasparini et al. studied 330 HF patients with 

permanent AF that underwent CRT and were 
followed for up to 8 years.27 A total of 10.3% of 
patients experienced spontaneous resumption 
of sinus rhythm (SRR) at median 4 months after 
CRT. End-diastolic diameter <65 mm [hazard ra-
tios (HR) 4.03, p=0.008], post-CRT QRS <150 ms 
(HR 2.63, p=0.05), left atrial (LA) diameter <50 
mm (HR 4.76, p=0.002), and AVJ ablation (HR 
4.27, p=0.02) were independent predictors of SRR. 
Data from larger and randomized clinical trials 
will be needed before utilizing AVJ ablation as a 
standard practice since this would create a large 
number of pacemaker-dependent HF patients.

Catheter Ablation of AF

In patients with permanent AF who undergo CRT 
comwithout AVJ ablation, a few studies have sug-
gested that cardioversion and aggressive rhythm 
control result in better clinical outcomes .28, 29How-
ever, currently available antiarrhythmic drugs 
(AAD) are only partially effective in maintain-
ing sinus rhythm and this is achieved at the cost 
of potential risk. In the AFFIRM trial, the use of 
AAD was associated with an almost 50% increase 
in mortality which offset the potential benefit of 
maintaining sinus rhythm.30 Catheter ablation may 
offer another approach for achieving sinus rhythm 
in these patients.31, 32 Several clinical trials have 
demonstrated catheter ablation as a promising al-
ternative. Chen et al. studied 94 patients with de-

Figure 3:  Kaplan–Meier estimates of overall (A), cardiac (B), and heart failure (C) survival between AF pts who underwent 
atrio-ventricular junction ablation (AVJ-abl) and AF patients treated only with negative dromotropic drugs (AF-Drugs)
[Adapted from Gasparini et al. Eur Heart J 2008: 29; 1644–1652]with respect to any of the end-points.
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creased ejection fraction (LVEF=36%) who under-
went catheter ablation.33 The control group was 
283 patients who had normal EF. At 14 months 
of follow-up, there was a 5% improvement in EF 
and 73% of patients were free from AF recurrence 
in the decreased EF group. Hsu et al. studied 58 
consecutive patients with HF and LVEF<45% 
who underwent catheter ablation for AF and com 
pared their outcomes to a matched control group 
without HF.34 Sinus rhythm was achieved in 78% 
of patients with HF and in 84% of controls. In ad-
dition, patients with HF had significant improve-
ments in EF, LV dimensions, exercise capacity 
and quality of life. Tondo et al. evaluated 40 pa-
tients with LV dysfunction with EF <40% and 
compared them to the 65 patients with normal 
ventricular function.35 After a mean follow-up 
of 14 months, 87% of patients with impaired LV 
function and 92% of patients with normal ventric-
ular function were in sinus rhythm, with or with-
out AAD therapy. A significant improvement in 
LVEF was seen in patients with HF (33% to 47%).

More recently, we evaluated 15 pts with AF 
and symptomatic LV dysfunction (EF <= 45%) 

referred for ablation.36 These pts were compared 
to a matched cohort treated medically for AF with 
LV dysfunction. Baseline EF in the study group 
was 37% and for the controls was 34%. The groups 
were similar in all respects. During 16 months fol-
lowing ablation, EF improved to 50%±13% along 
with significant improvement in the NYHA class. 
In the medically treated group, no improvement 
in EF (36 ± 12%) or NYHA class was seen. Thus, 
compared to pharmacologic therapy, ablation sig-
nificantly improved LV function and NYHA class 
in pts with AF and symptomatic LV dysfunction.

The PABA-CHF study was a prospective, multi-
center clinical trial in which investigators randomly 
assigned 81 patients with symptomatic AF, LVEF 
<40% and NYHA Class II or III HF to either PVI or 
AVJ ablation.37 At 6 months of follow-up, the com-
posite end-point favored PVI. There was an im-
provement in Minnesota Living with Heart Failure 
questionnaire scores, 6 min hall walk test and EF 
(Figure 5). As an added benefit, nearly 70% of pa-
tients were free of AF off antiarrhythmic drugs at 
6 months. Although a small study, the results sug-
gest that PVI may offer another option in patients 

Figure 4:  Hazard ratio estimates stratified according to cause of death between atrial fibrillation patients who underwent 
atrio-ventricular junction ablation (AVJ-abl) and patients treated with negative dromotropicdrugs (AF-Drugs)
[Adapted from Gasparini et al. Eur Heart J 2008: 29; 1644–1652]



without making them pacemaker dependent.

The results of these published series provide a 
potent rationale for a randomized clinical tri-
al comparing the 3 modalities: ablation versus 
AVJ ablation versus pharmacologic therapy.

Conclusions

CRT offers substantial symptomatic and mortal-
ity benefit in patients with severe HF. Evolving 
data suggest that patients with AF derive similar 
benefits as patients in sinus rhythm. However, re-

sponse to CRT depends upon achieving complete 
BiV capture. In patients with AF and HF, it is 
imperative to assure that this is consistently and 
completely achieved to confer benefits to these 
patients. AVJ ablation and catheter ablation of AF 
offer promising approaches towards achieving 
this goal.

Abbreviations

AF: Atrial Fibrillation NYHA: New York Heart 
Association
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Figure 5:  Improvement in left ventricular (LV) function and dimensions after ablation in patients with congestive heart fail-
ure
[Adapted from Khan et al. N Engl J Med 2004; 359: 1778-1785]



CRT: Cardiac Resynchronization Therapy
EF: Ejection Fraction
AVJ: Atrio Ventricular Junction
BiV: Biventricular
RV: Right Ventricle
LA: Left Atrial
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