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Abstract

Purpose: Atrial fibrillation remains the leading postoperative complication following cardiopulmonary 
bypass.  A randomized trial was undertaken to evaluate the effectiveness of leukocyte filtration and apro-
tinin, applied separately and in combination, on the incidence of post-operative atrial fibrillation.   A 
secondary component of the study was the impact of these adjunct interventions on post-surgical renal 
and neurological dysfunction.

Methods: A total of 1,220 patients undergoing primary isolated coronary artery bypass grafting were 
randomly assigned to one of four treatment groups.  The control group (305 patients) received standard 
cardiopulmonary bypass with moderately hypothermic (34ºC) cardioplegic arrest.  In the filtration group 
(310 patients) leukocyte reducing filters were incorporated into the bypass circuit and deployed strategi-
cally.  The aprotinin group (285 patients) received full Hammersmith dose aprotinin.  The combination 
therapy group (320 patients) received both aprotinin and leukocyte filtration.

Results: The incidences of atrial fibrillation were 25% in the control group, 16% in the filtration group, 
19% in the aprotinin group and 10% in the combination therapy group (P < 0.001).  Renal dysfunction was 
detected in 3% of the control group, 2% of the filtration group, 8% of the aprotinin group, and 5% of the 
combination group (P < 0.005). Neurological dysfunction occurred in 2% of the control group, 2% of the 
filtration group, 1% of the aprotinin group, and 2% of the combination group (P = n.s.).

Conclusions:Combination therapy with aprotinin and leukocyte filtration markedly reduced atrial fibril-
lation post-cardiopulmonary bypass, and was more effective than the individual treatments.  Aprotinin 
treatment increased the incidence of renal dysfunction, and the addition of leukocyte filtration partially 
mitigated this detrimental effect of aprotinin.  Thus, strategic leukocyte filtration augments aprotinin’s 
anti-arrhythmic effects while suppressing its nephrotoxic sequelae.
Key words: aprotinin, atrial fibrillation, cardiopulmonary bypass, encephalopathy, leukofiltration, renal 
failure
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Introduction

Atrial fibrillation ranks among the most frequent 
and potentially deleterious complications associ-
ated with cardiopulmonary bypass.  This arrhyth-
mia has been reported in up to 50% of cases, and its 
incidence remains high despite advances in surgi-
cal and anesthetic techniques.12  The arrhythmia 
occurs approximately 48-72 hours after surgery 
and can be manifested by persistent tachycardia, 
hypotension, and in many cases cardiac failure 
and cerebrovascular events.3   Different strategies 
have been advocated to prevent atrial fibrillation.  
Pharmacological agents such as anti-arrhythmics 
have been used in some studies with variable 
results.4Another approach is the use of leukocyte 
filters,5 as there seems to be a connection between 
atrial fibrillation and inflammation.6,7 Indeed, sys-
temic inflammation can elicit atrial fibrillation by 
activating the complement system and stimulat-
ing release of activated cytokines.8,9

To minimize the incidence of atrial fibrillation, 
we advocate therapy combining a pharmacologi-
cal strategy, in which the serine protease inhibitor 
aprotinin is included in the cardioplegia, with a 
mechanical approach involving the placement at 
multiple positions within the bypass circuit of fil-
ters to selectively remove activated leukocytes.10,11  
In a recent, randomized trial, this type of combi-
nation therapy produced a marked, 67% decrease 
in atrial fibrillation.12

In addition to atrial fibrillation, renal and neuro-
logical dysfunction rank among the leading co-
morbidities of cardiopulmonary bypass surgery.  
Cardiopulmonary bypass causes numerous com-
plex and interactive deleterious effects to the kid-
ney, including inflammatory injury to the organ 
inflicted by activated neutrophils.13 Cardiopul-
monary bypass also may induce neurological en-
cephalopathy;14 however, the precise mechanisms 
of encephalopathy are poorly understood,15 and 
its reported incidence is variable, criteria-depen-
dent and subject to clinical judgement.16

This study was undertaken to evaluate pharma-
cological (aprotinin) and mechanical (leukocyte 
filtration) anti-inflammatory measures, applied 
singly or in combination during cardiopulmonary 
bypass, as strategies to minimize the occurrence 

of atrial fibrillation, renal dysfunction and neuro-
logical impairment following coronary artery by-
pass grafting (CABG) on cardiopulmonary bypass.

Methods

This study was approved by the Institutional 
Review Board at the University of North Texas 
Health Science Center, and included two of the 
major teaching hospitals associated with the Sci-
ence  The study was constructed as a randomized 
comparative trial and was designated the Leuko-
cyte-Aprotinin Atrial Fibrillation Study (LAAFS).
Only patients undergoing primary CABG were 
included; all patients undergoing re-do or adjunct 
procedures, including valve repair/replacement, 
were excluded.  Echocardiograms were performed 
on all patients to measure pre-operative ejection 
fraction.

Surgical Preparation and Cardiopulmonary 
bypass Procedure

All patients were intravenously pre-medicated 
with 0.7 mg/kg of ranitidine, 2-4 mg/kg of glyco-
pyrrolate, 0.7 mg/kg of diphenhydramine, and 
20-40 mg/kg of midazolam.  Monitoring catheters
were placed in all patients including a radial arte-
rial catheter, a central venous jugular introducer
with a continuous cardiac output pulmonary ar-
tery catheter (Abbott Laboratories, Abbott Park,
IL), and one or two large bore peripheral intrave-
nous cannulae.  General anesthesia was induced by
1-2 mg/kg of propofol, 0.7-2.0 mg/kg of sufentanil,
and 0.1 mg/kg of vercuronium.  After endotracheal 
intubation, anesthesia was maintained with sevo-
flurane on supplemental O2. Additional narcotic 
and relaxants were administered to maintain seda-
tion throughout the surgery.

Patients were systemically heparinized to effect an 
ACT of > 700 s and were given protamine sulfate to 
restore clotting after separation from bypass.  All 
patients had direct ascending aorta and right atrial 
cannulation and were maintained on moderately 
hypothermic (34 C) cardiopulmonary bypass.  Cold 
blood-crystalloid potassium based cardioplegia (4 
vol. blood:1 vol. crystalloid solution) was adminis-
tered to produce cardiac arrest.  Initial induction of 
cardiac arrest was accomplished by administering 
500 ml cardioplegia antegrade via the aortic root, 
followed by retrograde infusion of an additional 



500 ml via the coronary sinus at a pressure of 45 
mmHg.  Supplemental cardioplegia was admin-
istered through the vein grafts at a pressure of 14 
mmHg, for 2 min per infusion, after completion 
of each distal anastomosis.

Treatment groups

From January 2004 - March 2006, a total of 1,220 
patients undergoing isolated coronary artery re-
vascularization were enrolled and assigned by a 
sealed envelope approach to one of the four treat-
ment groups described below.  There were no 
statistically significant differences between the 
groups regarding demographics, co-morbid con-
ditions, pre-operative laboratory data,durations 
of cardiopulmonary bypass and cross clamp, or 
number of grafts completed (Table 1).

Control Group

(n = 305): Standard cardiopulmonary bypass was 
instituted as described above and cold potas-
sium based cardioplegia was utilized for arrest.

Leukocyte Filtration Group

(n = 310): These patients received standard car-
dioplegia as in the control group; in addition, 
leukocyte depleting filters were incorporated 

into the bypass circuit, including a Pall LGB and 
a BC1B filter (Pall Biomedical Products, East Hills, 
NY, USA).  The circuit prime and configuration 
are described in a previous report.11 These patients 
were strategically leukodepleted by use of filtra-
tion instituted 30 min before crossclamp release, 
and all arterial, cardioplegia and cell saver blood 
was leukocyte filtered.

Aprotinin Group 

(n = 285): This group received standard cardiopul-
monary bypass with cold potassium based cardio-
plegia, and a standard extracorporeal circuit was 
employed.  In addition, full Hammersmith, regimen 
A dosing of aprotinin (Bayer Pharmaceuticals,West 
Haven,CT, USA) was utilized.12  After a test dose 
the pump was primed with 200 ml of aprotinin-
fortified priming solution, then aprotinin solution 
was infused at 50 ml/h.

Combination Group

(n = 320): This group received the combination of 
aprotinin and total leukocyte filtration.

Evaluation of Brain, renal and Electrocardio-
graphic Function

All subjects had pre-operative echocardiography 
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Table 1 Patient Demographics

CONTROL LEUKO-FIL-
TER APROTININ COMBINATION

N          305        285       310         320         ns
Mean age (years)           64         62        64          66          ns
Males            82          80         76           85         ns
Females            18          20         24           15         ns
Mean Wt. (kg)            83          83         81           84         ns
Diabetes            31          35         32           38         ns
COPD            60          58         61           61         ns
Pre-op            1.15          1.16         1.20           1.18      ns
Cr.(md/dl) LVEF 
(%)

            40%           37          39            42        ns

(Mean CPB min)             100          110         104          106        ns

Mean X Clamp 
(min)

            56           59           57            59        ns

Mean #grafts             2.9           3.0           3.0             3.0      ns

ns: No statistically significant differences were detected between the treatment groups.       



and carotid duplex scanning.  Patients exhibiting 
post-operative encephalopathy,defined as post-
operative confusion, agitation or delirium within 
24 h after bypass,17 or frank stroke were evalu-
ated by a neurologist and underwent cerebral 
CT scanning. Post-operative renal function was 
categorized by peak post-surgical serum creati-
nine concentration according to National Kidney 
Foundation guidelines [normal: creatinine < 1.6 
mg/dl; renal dysfunction: creatinine 1.6-2.5 mg/
dl; acute renal failure: creatinine > 2.5 mg/dl].[18]  
All patients exhibiting renal dysfunction or frank 
renal failure were evaluated by a nephrologist, 
who determined the need for hemodialysis.  All 
patients had continuous ECG monitoring through-
out the hospital stay.  Arrhythmias were detected 
by Hewlett-Packard 78220 arrhythmia monitoring 
system (Hewlett-Packard, Palo Alto CA, USA) and 
validated by the cardiology service.>

Statistical Analysis

Values for continuous variables, e.g. ejection frac-

tion or serum creatinine, are expressed as mean 
± standard deviation.  Between-group compari-
sons of these variables were accomplished by 
single-factor analyses of variance (ANOVA), with 
treatment as the factor. None of these ANOVAs 
revealed statistically significant differences, so 
post-hoc tests to identify specific differences 
were not employed.  Incidences of discrete events 
among the treatment groups were compared by 
chi-square tests.19 Yates correction for continuity 
was applied to chi-square comparisons of two 
groups.19  P values < 0.05 were taken to indicate 
statistically significant treatment effects.

Results

Table 1 summarizes the demographic character-
istics of the four treatment groups.  Age, gender, 
and body mass were typical for patients requiring 
CABG.  Occurrences of comorbidities, including 
diabetes mellitus and hypertension, were also as 
expected.  There were no statistically significant 
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Figure 1: Impact of aprotinin and leukocyte filtration, applied separately and in combination, on incidence of atrial fibrillation 
after cardiopulmonary bypass surgery
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differences among the treatment groups for any 
of these characteristics.  Moreover, operative car-
diopulmonary bypass and cross clamp times, and 
number of grafts did not differ among the groups.

Atrial fibrillation (Figure 1) occurred in 76 (25%) 
of the 305 control patients, 49 (16%) of the 310 leu-
kocyte filtered patients, 55 (19%) of the 285 apro-
tinin patients and 32 (10%) of the 320 combined 
treatment patients (P < 0.001). Leukofiltration (P 
< 0.01) and the leukofiltration:aprotinin combina-
tion (P < 0.001) lowered incidence of atrial fibrilla-
tion vs. control.  The combination treatment also 

decreased atrial fibrillation incidence vs. aprotinin 
(P < 0.005) and leukofiltration (P < 0.05) alone.

line-height:200%’>The combination group and, 
especially, the aprotinin group had higher inci-
dences of renal insufficiency (Figure 2A) and re-
nal failure requiring hemodialysis (Figure 2B).  
Renal insufficiency occurred in 9 (3%) of control 
patients, 6 (2%) of leukocyte filtration patients, 22 
(8%) of the aprotinin group, and 16 (5%) of the 
combination group (P < 0.005).  Acute renal failure 
requiring hemodialysis (Figure 2B) was observed 
in 1 control patient, 3 leukocyte filtered patients, 

Figure 2: Incidence of post-surgical renal insufficiency (panel A) and acute renal failure requiring hemodialysis (panel B)
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In a retrospective review of off-pump CABG pa-
tients, Edgerton et al.22 reported an atrial fibrilla-
tion incidence between 10.6 and 18.5%, with the 
lower atrial fibrillation rate occurring in patients 
who were extubated immediately in the operat-
ing room.

Previously we reported incidence of atrial fibril-
lation in patients undergoing isolated elective 
CABG.11 We also observed a tendency of atrial 
fibrillation to occur within 48-72 hours after sur-
gery.  This non-blinded, randomized study en-
rolled 120 patients (55 control, 65 treatment), with 
the treatment arm receiving strategic total leu-
kocyte filtration and full Hammersmith dose of 
aprotinin.  The atrial fibrillation rate was lowered 
from 27% in the control group to 7.6% in the apro-
tinin group, a reduction of 72%.11  A follow-up 
study compared rates of atrial fibrillation in on-
pump vs. off-pump procedures.12  In that study 
the incidence of atrial fibrillation in the on-pump 
leukocyte filtered-aprotinin group was 7.8% com-
pared to 23.3% in the non-treatment group.  In the 
off-pump cohort of 90 patients, atrial fibrillation 
rate was 17.8%.12 

11 aprotinin patients and 6 combined therapy pa-
tients (P < 0.01).  Aprotinin increased incidences of 
renal insufficiency (P < 0.02) and acute renal failure 
(P < 0.01) vs. the respective control rates. These det-
rimental effects of aprotinin were partially, albeit 
not significantly (P ~ 0.10) mitigated by additional 
leukocyte filtration.

Encephalopathy (Figure 3) was documented in 6 
(2%) of the control patients, 6 (2%) of the leukocyte 
filtered patients, 3 (1%) of the aprotinin patients 
and 6 (2%) of the combined therapy patients (P = 
n.s.).  Acute cerebral vascular events evidenced by
focal neurological signs and CT findings were not
detected in the leukocyte filtered and aprotinin
groups.  Three (1%) of the control patients and one
(0.3%) combined treatment patient had neurologi-
cally significant findings.

Discussion

Atrial fibrillation remains a very common compli-
cation post cardiopulmonary bypass with a report-
ed incidence of 25-60%.1,20  Peak incidence of the 
arrhythmia occurs between 48-72 post bypass.21  

Figure 3: Incidence of encephalopathy post-cardiopulmonary bypass
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The current LAFFS trial also demonstrated a re-
duction in atrial fibrillation by the combination of 
aprotinin and leukocyte filtration.  Atrial fibrilla-
tion occurred in 10% of the combination treatment 
group, as compared to 25% in the control group.  
The combined application of aprotinin and leuko-
cyte filtration appears to produce a synergistic an-
ti-inflammatory effect in the clinical setting, by im-
pacting both complimentary and distinct pathways 
of the inflammatory cascade.23  Indeed, Lamm et al 
24 reported a strong correlation between elevated 
post-operative white blood cell counts and atrial fi-
brillation.  In their study of 253 patients, consisting 
of both primary CABG and valve cases, the atrial 
fibrillation rate was 39.1%.24 Collectively, these re-
sults are concordant with the concept that reduc-
tion in activated neutrophils either by mechanical 
(filtration) or pharmacologic (aprotinin) means, 
could directly impact the development of atrial fi-
brillation post cardiopulmonary bypass.

In the present study, the aprotinin group experi-
enced increased incidence of renal insufficiency 
and acute renal failure requiring hemodialysis.  
Interestingly, the leukocyte-filtered group was ob-
served to have a slightly reduced incidence (2%) of 
renal insufficiency and acute renal failure vs. re-
spective control values, although these trends did 
not reach statistical significance.   Mangano et al.,25 
utilizing a propensity-adjusted, multivariate logis-
tic regression analysis of an observational study 
of 4,474 patients, found a 5.5% vs. 1.8% (P < 0.001) 
incidence of renal dysfunction in aprotinin-treated 
vs. untreated patients, an apparent tripling of the 
risk of renal failure requiring dialysis.20  In con-
trast, the Bayer pharmaceutical aprotinin package 
insert from a pooled data base of 2,003 aprotinin 
and 1,084 control patients reported a 1% incidence 
of acute renal failure in the aprotinin treatment arm 
and 0.6% in the placebo arm.26  A meta-analysis 
by Sedrakyan et al.27 showed that the risk ratio of 
developing renal failure from aprotinin was 1.01 
(95% CI 0.55-1.83) vs. placebo.  Sedrakyan et al.’s 
analysis examined studies drawn from MEDLINE, 
EMBASE and PHARMLINE from 1988-2001, and 
included data from 35 CABG trials.27

Cardiopulmonary bypass has also been associated 
with a spectrum of neurological impairments14,15 
from transient encephalopathy to frank stroke 

(CVA).28 In a retrospective analysis of 1,524 pa-
tients undergoing CABG, Frumento et al.29 re-
ported a reduced incidence of cerebral events in 
aprotinin-treated patients.  The study consisted 
of control, half-dose and full dose aprotinin 
groups.  The overall incidence of CVA was 16% 
in the control versus 0% in the full dose aprotinin 
group; interestingly, the half-dose cohort had a 
CVA incidence of 22%.29  There were no acute 
strokes in either the filtration or aprotinin group, 
and the incidence of encephalopathy did not dif-
fer significantly among the groups.

Limitations

A limitation to the LAFFS study may be a bias 
in patient selection as only isolated primary 
CABG subjects were enrolled, as well as a lack 
of risk-stratification.  Nevertheless, the reduction 
in atrial fibrillation with leukocyte filtration and 
or aprotinin is striking.  In comparison Gunay-
din et al. also found a reduction in post-operative 
atrial fibrillation in patients who had leukocyte 
filtration.30 In their study patients were assigned 
to three distinct groups based on Euroscore risk 
stratification: low risk Euroscore 0-2, medium 
risk Euroscore 3-5, high risk Euroscore 6+.  These 
groups were further subdivided to convention-
al, non-filtered extracorporeal circuit (control), 
phosphorylcholine inert surface coated circuit, or 
leukocyte filtered.  Leukocyte filtration lowered 
incidence of atrial fibrillation in the medium and 
high Euroscore groups.   The non-coated, non-
filter group medium to high risk Euroscore had 
a 13% incidence of atrial fibrillation versus the 
leukodepleted medium to high risk Euroscore 
group, which had a 3% incidence of atrial fibril-
lation  (p<0.05).30

A second limitation of this trial is that other pre-
existing factors that could possibly affect the inci-
dence of post-operative atrial fibrillation, includ-
ing hypertension, valve disease, hyperlipidemia, 
pre-operative atrial fibrillation, medications or 
nutraceuticals, were not recorded.  However, the 
size and randomized design of the trial make it 
likely that these factors were evenly distributed 
among the four groups and therefore were not 
independent contributors to the different out-
comes.  In addition, post-operative factors, in-
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of Chest Physicians guidelines for the prevention and manage-
ment of postoperative atrial fibrillation after cardiac surgery. 
Chest 2005; 128 (suppl):39S-47S.CrossRef  PubMed
5.Sutton SW, Patel AN, Chase VA, Schmidt LA, Hunley EK,
Yancey LW, Hebeler RF, Cheung EH, Henry AC 3rd, Meyers
TP, Wood RE. Clinical benefits of continuous leukocyte filtra-
tion during cardiopulmonary bypass in patients undergoing
valvular repair or replacement. Perfusion 2005; 20:21-29.Cross-
Ref  PubMed
6.ML, Mathew JP, Rinder HM, Zelterman D, Smith BR, Rinder
CS; Multicenter Study of Perioperative Ischemia (McSPI) Re-
search Group. Atrial fibrillation after cardiac surgery/cardiopul-
monary bypass is associated with monocyte activation. Anesth
Analg 2005; 101:17-23.PubMed
7.Canbaz S, Erbas H, Huseyin S, Duran E. The role of inflamma-
tion in atrial fibrillation following open heart surgery. J Int Med
Res 2008; 36:1070-1076
8.Bruins P, te Velthuis H, Yazdanbakhsh AP, Jansen PG, van
Hardevelt FW, de Beaumont EM, Wildevuur CR, Eijsman L,
Trouwborst A, Hack CE. Activation of the complement system
during and after cardiopulmonary bypass surgery: postsurgery 
activation involves C-reactive protein and is associated with
postoperative arrhythmia. Circulation 1997; 96:3542-3548
9.Chung MK, Martin DO, Sprecher D, Wazni O, Kanderian A,
Carnes CA, Bauer JA, Tchou PJ, Niebauer MJ, Natale A, Van
Wagoner DR. C-reactive protein elevation in patients with
atrial arrhythmias: inflammatory mechanisms and persistence
of atrial fibrillation. Circulation 2001; 104:2886-2891.CrossRef
PubMed
10.Matheis G, Simon A, Scholz M. Strategic leukocyte filtration:
clinical and experimental experience. In: Matheis G, Moritz A,
Scholz M (eds): Leukocyte depletion in cardiac surgery and car-
diology. Karger, 2002, pp. 101-108
11.Olivencia-Yurvati AH, Wallace WE, Wallace N, Dimitrijevich 
D, Knust J, Haas L, Raven PB. Intraoperative treatment strategy
to reduce the incidence of postcardiopulmonary bypass atrial
fibrillation. Perfusion 2002; 17:35-39.CrossRef  PubMed
12.Olivencia-Yurvati AH, Wallace N, Ford S, Mallet RT. Leuko-
cyte filtration and aprotinin: synergistic anti-inflammatory pro-
tection. Perfusion 2004; 19:S13-S19.PubMed
13.Utley J. Renal effects of cardiopulmonary bypass. In: Utley
JR (ed.) Pathophysiology and techniques of cardiopulmonary
bypass. Baltimore: Williams and Wilkins, 1982, pp. 40-54
14.Selnes OA, McKhann GM, Borowicz LM Jr., Grega MA. Cog-
nitive and neurobehavioral dysfunction after cardiac bypass
procedures. Neurol Clin 2006; 24:133-145.CrossRef  PubMed
15.Selnes OA, McKhann GM. Neurocognitive complications
after coronary artery bypass surgery. Ann Neurol 2005; 57:615-
621.CrossRef  PubMed
16.Furlan AJ, Breuer AC. Central nervous system complications 
of open heart surgery. Stroke 1984; 15:912-915
17.McKhann GM, Grega MA, Borowicz LM Jr., Bechamps M,
Selnes OA, Baumgartner WA, Royall RM. Encephalopathy and
stroke after coronary artery bypass grafting: incidence, conse-
quences, and prediction. Arch Neurol 2002; 59:1422-1428.Cross-
Ref  PubMed
18.Chirumamilla AP, Wilson MF, Wilding GE, Chandrasekhar
R, Ashraf H. Outcome of renal insufficiency patients under-
going coronary artery bypass graft surgery. Cardiology 2008;
111:23-29.CrossRef  PubMed
19.Zar JH. Biostatistical Analysis (3[rd] Ed.).River, NJ: Prentice
Hall, 1996
20.Olshansky B. Management of atrial fibrillation after coro-
nary artery bypass graft. Am J Cardiol 1996; 78(suppl 8a):27-34.
CrossRef  PubMed

cluding post-pericardiotomy syndrome and the 
use of anti-inflammatory agents, were not docu-
mented.

Summary

Leukocyte filtration and aprotinin were both effec-
tive in reducing the incidence of atrial fibrillation 
after cardiopulmonary bypass surgery for coro-
nary revascularization.  The synergistic combina-
tion of both treatment modalities was the most 
effective.  However, aprotinin treatment was as-
sociated with increased post-surgical incidence of 
renal insufficiency and acute renal failure.  The ad-
dition of leukocyte filtration lessened the incidence 
of renal dysfunction in aprotinin-treated patients.  
There are two important components to leuko-
cyte filtration: leukocyte filters must be deployed 
strategically (30 minutes prior to cross-clamp re-
lease), and total leukocyte filtration must also be 
employed.  Further research is necessary to define 
the mechanisms and pathophysiology involved in 
the generation of atrial fibrillation post-cardiopul-
monary bypass, and to develop newer molecular 
strategies to address this major complication of 
cardiopulmonary bypass surgery. With the recent 
withdrawal of aprotinin from the U.S. market, 
implementation and refinement of strategic leuko-
cyte filtration, including the use of novel absorp-
tive materials and carbon-based nanotechnology, 
seem warranted.
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Introduction

The prevalence of atrial fibrillation (AF) is high 
and increases exponentially with age, from 0.7% in 
the age group 55-60 years, to 17.8% in those aged 
85 years and older.1 The number of AF patients is 

estimated to increase 2.5 fold during the next 50 
years.2;3 The hospitalization rate for AF is increas-
ing4 and AF patients have an excess mortality.5

To plan health services for old people with AF, 
data are needed not only on the prevalence of AF, 
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Abstract

Background: The impact of atrial fibrillation (AF) on quality of life (QoL) differs with the AF population 
studied and is influenced by comorbidity. In hospital-based studies younger and highly symptomatic 
patients may be overrepresented. We performed an observational cross sectional study in two munici-
palities, comparing 75 year-old patients with and without permanent atrial fibrillation, with respect to 
health-related QoL and exercise capacity, with adjustment for the effects of confounders.

Methods: Maximal treadmill exercise testing provided peak oxygen uptake (VO2 peak). Health-related 
QoL was assessed by self-completed SF-36 questionnaires. The lowest quartile identified poor outcomes. 
Results: 27 subjects with permanent AF and 71 subjects in sinus rhythm participated. AF patients had 
higher prevalence of compensated chronic heart failure (p < 0.001), valvular heart disease (p < 0.001), 
lower mean VO2 peak (22.7 ± 5.5 vs. 28.6 ± 6.3 ml/kg/min; p < 0.001), and more often poor VO2 peak; crude 
OR 5.3 (95%CI 1.8, 15.3), adjusted OR 7.5 (2.0, 28.3). Median Physical Component Summary score (with 
25th and 75th percentile) was 41 (31, 51) in AF vs. 52 (45, 55) in controls (p < 0.001). Furthermore, the AF 
group had higher odds for poor physical QoL scores; crude OR 5.0 (1.8, 13.7), adjusted OR 4.3 (1.5, 12.4). 
Median Mental Component Summary score was 56 (42, 61) in the AF group vs. 57 (51, 60) in controls 
(p=0.565). The AF group had non-significantly increased odds for poor mental QoL scores; crude OR 2.3 
(0.8, 6.2), adjusted OR 2.8 (1.0, 8.4). 

Conclusion: Also after adjustment for confounders, older patients with permanent AF had higher odds 
for poor exercise capacity and poor physical QoL compared to subjects in sinus rhythm. 
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but also on the impact of AF on their QoL. Neither 
hospital-based studies nor randomized studies, 
for instance on drug treatment or on rate versus 
rhythm control, are suitable for assessing the quan-
titative dimension of the health service programs 
for old patients with AF. In hospital-based studies 
younger and highly symptomatic patients may be 
overrepresented. Since cardiovascular and other 
diseases predispose to AF, epidemiologic data on 
AF should be adjusted for the confounding effects 
of comorbidity. The aim of the present study was 
to investigate the impact of AF on exercise capacity 
and QoL in a 75 year-old out-of-hospital popula-
tion. 

Material and Methods

The study was approved by the Regional Ethics 
Committee in Health Region East Norway. All 
patients provided written informed consent in ac-
cordance with the revised Declaration of Helsinki 
before enrolment. 

Study Design

The design of the study was cross sectional with 
exposed (atrial fibrillation, AF+) and non-exposed 
(sinus rhythm, AF-) subjects. The endpoints were 
peak oxygen uptake (VO2 peak), and physical and 
mental QoL. Patients with AF+ and controls with 
AF- were recruited from the same source popula-
tion. The lowest quartiles of the total study popula-
tion identified poor outcomes. This report follows 
the epidemiologic guidelines for reporting obser-
vational studies.6 

Participants

The source population comprised all citizens born 
in 1930 in two Norwegian municipalities, who 
were invited to ECG screening in the Asker and 
Bærum Atrial Fibrillation study, ABAF.7 Subjects 
with permanent AF and a control group in sinus 
rhythm were invited to perform cardiopulmonary 
exercise testing (CPET), a 24h ECG, and to fill in 
self-assessed health-related QoL questionnaires. 
Exclusion criteria were paroxysmal AF, atrial flut-
ter, AF in a patient with a pacemaker that stimu-
lated >30% of the time, or mental inadequacy. The 
data were collected from June to October 2005 at 
Ullevål University Hospital.

Cardiopulmonary Exercise Testing 

The participants performed a maximal treadmill 
exercise test, measuring peak oxygen uptake 
(VO2 peak). A warm-up phase was followed by a 
progressive one-minute step protocol with equal 
energy steps. The test aimed at achieving near 
maximum exhaustion corresponding to the Borg 
scale818-19 (range 6-20).

The Medical Outcomes Study Short Form-
36 (SF-36)

The standard (four weeks recall) Norwegian ver-
sion of Medical Outcomes Study Short Form-36 
(SF-36)9was mailed to the participants. The US 
general population means, standard deviations 
and factor score coefficients were used in the 
norm based aggregation of the eight scales into 
two components: The Physical Component Sum-
mary score (PCS) and the Mental Component 
Summary score (MCS).10 The SF -36 Norwegian 
normative data11 were similarly transformed into 
PCS and MCS scores. Quality control of the data 
was performed according to the SF 36 manual.12 

Definition of Terms. 

A clinical diagnosis was either reported by the 
participants or revealed by test results during the 
study. Hypertension was defined as a history of 
treated hypertension or BP ≥ 160/100. Coronary 
artery disease (CAD) was defined as a history of 
CAD or a positive coronary angiography. Val-
vular heart disease was defined as mitral and/or 
aortic valve pathology ≥ grade 2 on echocardiog-
raphy.  A history of chronic pulmonary disease or 
FEV1/FVC<65% defined chronic pulmonary dis-
ease.13 Charlson Comorbidity Index was scored.14 

Statistical Methods

Comparisons between groups were performed 
by the Students t-test, Mann-Whitney test or Chi 
square test where appropriate. We performed a 
stratification analysis using the Mantel-Haenszel 
method to pinpoint effect modification by the 
Breslow-Day test of homogeneity and to quantify 
confounders.15;16 Adjustment for multi-confound-
ers was performed by the logistic model; a back-



ward elimination procedure was used taking 
in consideration the concept validity and preci-
sion.15 The data were analyzed using the SPSS 
version 15.0 (SPSS Inc., Chicago, Illinois USA). 

Results

Participants

The main features of the Asker and Bærum Atrial 
Fibrillation study have been reported elsewhere.7 

Briefly, 916 out of all subjects (n=1117) aged 75 
in two municipalities in Eastern Norway partici-

pated in a prevalence study of AF. 55 patients had 
permanent AF, and 27 AF patients and 71 controls 
participated in the present study (Figure 1]).

Clinical Characteristics

Median AF duration was 5 years (range 0.6-25 
years). AF patients had a higher prevalence of 
compensated chronic heart failure (p < 0.001) and 
valvular heart disease (p < 0.001) compared to 
controls without AF (Table 1). Furthermore, AF 
patients had a higher number of medications com-
pared to controls (p < 0.001). 
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Figure 1:Flowchart of inclusion of study participants. 

AF = atrial fibrillation, CPET = cardiopulmonary exercise testing, QoL = quality of life. 



Definition of Poor Outcome

The lowest quartiles of the study population had 
VO2 peak less than 22 ml/kg/min, PCS less than 41 
for physical QoL, and MCS less than 49 for mental 
QoL.

Exercise Capacity

No adverse events were seen during or after the 
exercise testing. AF patients had lower mean VO2 
peak than the controls; 22.7±5.5 vs. 28.6 ± 6.3 ml/
kg/min; p < 0.001 (Table 2). The VO2 results in-
clude maximal as well as submaximal tests, and 
reflect the average exercise capacity in this out-of-
hospital population. A history of stroke was found 
to be an effect modifier, and for this reason two AF 
patients and two controls with a history of stroke 
were left out of the analysis for poor VO2 peak. AF 

patients more often had poor VO2 peak; OR 7.5 
(2.0, 28.3) after adjustment for the effects of CAD, 
diabetes and gender (Table 3). 

Short Form -36

Median physical QoL score PCS (25th, 75th per-
centile) was 41 31, 51 in the AF group vs. 52 45, 55 in 
controls (p < 0.001) (Table 2). The AF group had 
higher odds for poor PCS; OR 4.3 (1.5, 12.4) after 
adjustment for CAD and diabetes (Table 3). Gen-
der was found to be an effect modifier for the re-
lation between AF and poor PCS. There were too 
few females to permit separate analysis for both 
genders. We therefore performed separate analy-
ses for the males. However, the odds for poor PCS 
in AF males compared to male controls (adjusted 
OR 2.7 (0.7, 10.4) ) was weaker than the odds for 
poor PCS in AF found for both genders combined. 
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Table 1 Clinical characteristics, n (%). 

Atrial fibrillation p-values
Yes
n 27

No
n 71

Female gender 7 (26) 20 (28) 0.824
Body mass index (kg/m²)* 25.3 ± 3.5 25.8 ± 3.1 0.495
Systolic blood pressure (mmHg)* 151 ± 26 158 ± 24 0.206
Resting heart rate (beats/min)** 68 (60, 84) 65 (60, 72) 0.052
Mean 24 hour heart rate** 73 (63, 77) 68 (64, 74) 0.099
Coronary artery disease 10 (37.0) 13 (18.3) 0.051
Chronic heart failure 7 (26) 0 (0) <0.001
Valvular disease 7 (26) 1 (1) <0.001
Hypertension grade II 17 (63) 30 (42) 0.067
Stroke 2 (7) 2 (3) 0.649
Pulmonary disease 7 (26) 14 (19.7) 0.503
Diabetes 3 (11) 4 (6) 0.616
Anxiety/depression 5 (19) 4 (6) 0.121
Number of medications** 5 (4, 8) 2 (1, 4) <0.001
Charlson Comorbidity Index* 1.0 ± 1.1 0.6 ± 0.8 0.079
Education after primary school 
(years)*

6.2 ± 3.6 6.4 ± 3.5 0.803

Still employed 3 (11) 9 (13) 0.998
Physically very active (bicycling, 
swimming, running, skiing)

6 (22) 20 (28) 0.551

Receiving help from housekeeper 
funded from the municipality

1 (4) 2 (3) 1.000

*Mean ± SD. ** Median (25th, 75th percentile).
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There was little difference in median mental QoL 
score between the groups; MCS 56 42, 61 in the AF 
group versus 57 51, 60 in controls (p=0.565) (Table 
2). However, the AF group had a trend towards 
higher odds for poor MCS; adjusted OR 2.8 (1.0, 
8.4) adjusting for diabetes, pulmonary disease 
and gender (Table 3). The distribution of MCS in 
the AF patients was bimodal; a subgroup with 
low MCS probably accounting for the increased 
OR for poor MCS in AF patients. The larger AF 
subgroup with higher MCS explains the similar 
median MCS for AF patients vs. controls. 

As for the normative Norwegian data for SF-36, 
the study females scored lower than the males. 
The controls scored equally or higher for MCS 
and PCS than their corresponding age group in 
the Norwegian normative population.11 The AF 
patients scored equally or somewhat lower than 
their corresponding normative age group, except 
for the MCS score where the AF males scored 
higher than their corresponding normative data. 

Confounding Factors

The confounders CAD and diabetes weakened 

Table 2 Exercise capacity, mental QoL and physical QoL in patients with and without atrial fibrillation. 

Atrial fibrillation Control p-value
VO₂* 22.7 ± 5.5 28.6 ± 6.3 <0.001

PCS** 41 (31,51) 52 (45, 55) <0.001

MCS** 56 (42, 61) 57 (51, 60) 0.565

 VO₂ peak = peak oxygen uptake, PCS = SF-36 Physical Component Summary score, MCS = SF-36 Mental Component Summary 
score. Higher score indicates better QoL (quality of life). *Mean ± SD. **Median (25th, 75th percentile). 

Table 3 Effect of atrial fibrillation on poor exercise capacity, poor physical QoL and poor mental QoL, n (%). 

Atrial fibrillation ORCrude 
(95% CI)

ORAdj (95% 
CI) Confounders

Yes No
Poor VO₂ 
peak*

Yes 11 (48) 10 (15) 5.3 (1.8, 
15.3)

7.5 (2.0, 28.3) Gender

No 12 (52) 58 (85) p=0.001 p=0.003 Coronary artery disease
Diabetes

Poor PCS Yes 12 (48) 11 (16) 5.0 (1.8, 
13.7)

4.3 (1.5, 12.4) Coronary artery disease

No 13 (52) 59 (84) p=0.001 p=0.007 Diabetes
Poor MCS Yes 9 (36) 14 (20) 2.3 (0.8, 

6.1)
2.8(1.0, 8.3) Gender

No 16 (64) 56 (80) p=0.109 p=0.059 Chronic pulmonary 
disease
Diabetes

 VO2 peak = peak oxygen uptake. MCS = SF-36 Mental Component Summary score. PCS = SF-36 Physical Component Sum-
mary score. Higher score indicates better QoL (quality of life). Poor outcome represents the lower quartile vs. the three higher 
quartiles of the total study population. ORCrude = the OR without adjustment for confounders. ORAdj = the OR adjusted for 
confounding effect. 
*The patients with stroke are excluded from the analyses of poor VO2.
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Community data are mandatory to assess the need 
for therapeutic measures. Highly symptomatic 
elderly patients with permanent AF are occasion-
ally offered palliation through AV-node ablation 
and pacemaker implantation. Their exercise capac-
ity and QoL then improve dramatically,18 but this 
population is highly selected. Several studies com-
pare the strategies of rate versus rhythm control.19-

22and report little difference in QoL between the 
two strategies. These studies, however, suffer from 
several limitations with respect to exercise capacity 
and QoL. The groups are not compared to a control 
group without AF. The patients recruited to such 
studies are the ones who were willing to accept 
randomization to a rate-control group, and there-
fore the patients with more troublesome symptoms 
might not participate. Patients who were unable to 
achieve sinus rhythm before randomization, were 
excluded, selecting a more healthy study popula-
tion. Furthermore, the rate-control group in AF was 
compared with AF patients kept in sinus rhythm 
by drugs that often are accompanied by side effects 
that reduce QoL. Some observational studies on 
QoL in outpatients with paroxysmal or newly di-
agnosed AF report impaired QoL in AF compared 
to controls without AF.23-25 Paroxysmal or newly 
diagnosed AF is probably more symptomatic than 
permanent AF,26 thus the results are not applicable 
for patients with permanent AF. 

The populations in the municipalities of Asker and 
Bærum have a high socio-economic level. They 
rank among the top three municipalities as regards 
education for Norwegians born in 1930.27 Nearly 
one fourth of these 75 year-olds were bicycling, 
running, swimming or skiing, reflecting a very ac-
tive old population. Our results, however, must be 
interpreted as observations from a best-case popu-
lation, both nationally and internationally. 

CPET in older subjects

The AF patients had a significantly lower VO2 peak 
than the controls in sinus rhythm. The difference in 
VO2 peak is probably of clinical significance; the 
magnitude corresponds to the difference in mean 
VO2 peak between 55-59 year-olds and 75-79 year-
olds in a Canadian normative population,28 and 
another study comparing AF patients to a normal 
control group showed similar results.29 

the relation between AF and poor PCS by 13%. 
The relation between AF and poor VO2 peak was 
strengthened by 41% after adjusting for gender, 
CAD and diabetes. Adjusting for gender, diabe-
tes and chronic pulmonary disease strengthened 
the relation between AF and poor MCS by 26%. 
A history of compensated chronic heart failure 
and of valvular heart disease was not considered 
as potential confounders because of their close 
association to AF. Still, for validity reasons we 
forced the two diagnoses into the multivariate re-
gression model, and found that whereas the odds 
estimates were strengthened, the confidence in-
tervals widened (data not shown).

Discussion

In this population-based study on 75 year-old 
subjects, patients with permanent AF had lower 
exercise capacity as well as higher odds for poor 
physical QoL than subjects in sinus rhythm.Also 
after adjustment for confounders and consid-
eration of effect modifiers, the AF patients had 
higher adjusted odds for poor exercise capacity 
and poor physical QoL compared to controls. 
Thus, AF itself, and not the associated comor-
bidity, seems to be responsible for the impaired 
physical QoL and exercise capacity in these old 
patients. To the best of our knowledge, the pres-
ent study is the first controlled community-based 
study to investigate maximal CPET, QoL and 
comorbidity in old patients with permanent AF 
compared to controls in sinus rhythm. Albeit the 
small size of the study, the results appear consis-
tent, presumably due to the homogenous out-of-
hospital patient groups, the thorough examina-
tion and the use of a control group from the same 
source population. 

Howes et al.17compared QoL and exercise tol-
erance in elderly men with permanent AF to a 
control group without AF. At variance from our 
observation, they found no significant differenc-
es in SF-36 scores or exercise tolerance between 
the AF and the non-AF groups after adjusting for 
comorbidity.17 This study, however, differs from 
ours in several aspects. Females were almost not 
represented, recruitment was done at an outpa-
tient clinic (hence it was a referred population), 
and third, the exercise tolerance test did not in-
clude VO2 measurement. 
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The recommended reference values  for VO2 peak 
are based on studies including patients up to 74 
years,30 and only one study provides normative 
data for the older Canadian population based on an 
incremental maximal exercise test.28 This illustrates 
that maximal exercise testing in older patients may 
be controversial. No adverse events occurred dur-
ing the present exercise testing, and we have found 
no evidence documenting that age or AF are con-
traindications to maximal exercise testing.31 

SF 36 

The distribution of the mental QoL within the 
AF group was bimodal, identifying two different 
AF subgroups. This suggests also a psychologi-
cal approach to the AF patients with most com-
plaints. There were significantly increased odds 
for poor physical QoL in AF patients compared 
to the controls without AF. The median physical 
QoL score was 11.5 points lower in AF patients 
compared to controls, and this corresponds to the 
gender-matched difference in mean PCS between 
Norwegian 30-39 year olds and 70-80 year olds.11 
This illustrates the clinical relevance of the lower 
physical QoL score in AF patients, even though the 
comparison within normative age groups is con-
founded by the different expectations various age 
groups have to their physical QoL. When stratify-
ing PCS into males versus both genders combined, 
the odds changed markedly, reflecting that female 
AF patients report much poorer physical QoL than 
their controls, compatible with previous reports of 
impaired QoL in women with AF[32;33]. 

Comorbidity

The AF patients used more medication than the con-
trols, even when assuming that AF per se justified 
one anticoagulant and one rate-controlling drug. A 
history of compensated chronic heart failure and/
or valvular heart disease was found almost exclu-
sively in AF patients. The poorer physical QoL and 
VO2 peak in AF patients could be partly explained 
by their increased comorbidity. However, taking 
into consideration the substantial confounding ef-
fects, the adjusted odds for poor outcomes for the 
AF patients compared to non-AF controls were con-
siderably increased. Even when adjusting for the 
diagnoses closely associated with AF; a history of 

chronic heart failure and valvular heart disease, 
the adjusted odds estimates were strengthened, 
emphasizing that AF is responsible for impaired 
physical QoL and reduced exercise capacity.

Study Limitations

The main limitation of the present study is the 
low number of patients. This is in part compen-
sated for by the fairly high participation rate from 
the eligible subjects and the homogeneity of the 
population addressed. We have no indication of 
non-responder bias, neither in the AF, nor in the 
control group. However, the conclusions may be 
valid only for well-situated 75 year-old citizens 
in a society offering good health care services. AF 
patients living under poorer conditions presum-
ably fare worse.

Conclusions

In this out-of hospital-population patients with 
permanent AF had lower exercise capacity and 
higher odds for poor physical QoL compared to 
controls without AF, also after adjusting for con-
founders. The AF per se, and not comorbidity, 
seems to be responsible for this.  The majority of 
the AF patients had a fair score for mental QoL. 
The bimodal distribution of mental QoL in AF 
patients, however, suggests that a minority of the 
AF population have considerably reduced men-
tal QoL. 
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Introduction

The term “lone atrial fibrillation” (LAF) was intro-
duced over 50 years ago to characterize afflicted 
patients who were younger and without typical 
comorbidity.1 It is, by some, conceptualized as a 
“primary” electrophysiologic disorder.2-4 Although 
rather unusual, LAF has been represented promi-
nently in many catheter ablation cohorts, including 
ours.5

Computed tomographic imaging is used routine-
ly for cardiac imaging prior to catheter ablation of 
atrial fibrillation.5,6 Despite a strong bias toward 
selecting patients for this procedure who were 
“well,” we have observed in these images a high 
incidence of vascular calcification, indicating sub-
stantial atherosclerosis.7 This surprised us, par-
ticularly in LAF patients given their youth and 
absent comorbidity, and prompted consideration 
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Abstract

Aims: Lone atrial fibrillation (LAF) is considered by some to be a primary atrial electrophysiologic dis-
order. However, we have frequently observed evidence of “extraatrial” diseases - atherosclerosis and 
associated metabolic disorders - in our LAF patients. We sought to characterize and quantify extraatrial 
disease burden in LAF patients, and to correlate this burden with features of the arrhythmia including 
pattern (paroxysmal versus persistent) and response to catheter ablation.
Methods and Results: Forty-six consecutive patients with non-familial LAF underwent assessment for 
evidence of atherosclerosis (computed tomographic vascular calcification and elevated arterial pulse 
wave velocity) and associated metabolic diseases (dyslipidemia, insulin resistance and inflammation), 
and then catheter ablation.  
The cohort had a significant incidence of atherosclerosis (57%) and metabolic (70%) diseases. Patients 
with persistent AF tended to have a greater extraatrial disease burden than those with paroxysmal AF. A 
significant inverse relationship between the rate of ablation success and extraatrial disease burden was 
demonstrated.
Conclusions: Extraatrial disease was common in this LAF cohort. Correlations between extraatrial dis-
ease burden and features of the arrhythmia would, if verified, challenge the notion that LAF is a “pri-
mary” electrophysiologic disorder. 

Key words: atrial, atrial fibrillation, atherosclerosis, dyslipidemia, ablation, metabolic syndrome, diabe-
tes mellitus  
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as to whether in these patients the arrhythmia 
could be linked to the atherosclerosis or entities 
which were likely associated with atherosclerosis. 
In the present report, we summarize the results of 
a prospective, single-center examination of con-
secutive LAF patients for evidence of atheroscle-
rosis as well as for metabolic diseases known to 
be associated with atherosclerosis, including dys-
lipidemia, insulin resistance, and inflammation. 
We hypothesized that these “extraatrial” diseases 
would be correlated with features of the arrhyth-
mia, including the presenting AF syndrome (par-
oxysmal versus persistent) and the response to 
catheter ablation. 

Methods

This study was approved by the Institutional Re-
view Board of the University of Pittsburgh Medi-
cal Center.

Patients

During  the 5 year period in which the study co-
hort, detailed below, was accumulated, 567 pa-
tients were referred to our center for consultation 
regarding candidacy for catheter ablation of AF. 
Of these, 181 patients were considered suitable. 
We did not offer the procedure to 386 patients for 
reasons which we have detailed previously, pri-
marily age and known comorbidity.5 From among 
the 181 patients who were considered suitable, 
163 agreed to the procedure. From among these 
patients, we culled the 46 patients with LAF, who 
comprise the study cohort. We defined LAF us-
ing the current American College of Cardiol-
ogy/American Heart Association criteria, which 
include: 1. age <60; 2. no hypertension by his-
tory nor a blood pressure measurement of  >130 
mmHg systolic or 85 mmHg at the initial consul-
tation; and 3. no echocardiographic evidence of 
significant ventricular or valvular disease; 4. no 
infection, endocrinopathy, or recent surgery3,4 The 
remaining 117 patients who underwent the abla-
tion procedure were excluded from this study be-
cause they did not meet these criteria, due (non-
exclusively) to: 1. age >60 (n=107); 2. hypertension 
(n=93); and/or 3. echocardiographic abnormalities 
(n=41).  

Evaluation

The following data were collected:
1.Height and weight.
2.Serology: patients were asked to refrain from
tobacco or alcohol consumption for at least one
week prior to the evaluation, and were fasted for
12 hours prior to blood accession for the following
commercial assays:
A.high-sensitivity C-reactive protein (CRP).
B.glucose, fasting and at 2 hours after oral glucose
challenge.
C.total, LDL and HDL cholesterol
D.triglycerides.
3.Computed tomography of heart and thoracic
aorta:  imaging was performed using a commer-
cial 64-detector scanner (VCT, General Electric
Healthcare, Milwaukee, WI, USA), as previously
described.[8] Images were examined by radiolo-
gists who were highly experienced in CT angiog-
raphy, and who were not aware of the identity of
the study patients from among the broader cohort
of patients undergoing routine pre-ablation imag-
ing.5 For assay of vascular calcification, the mul-
tidetector technique has been shown to correlate
well with the more commonly reported electron
beam technique.9 The burden of coronary calcifica-
tion was defined using the method of Agatston.7,10 

Aortic calcification, defined in this cohort as either
present or absent, was always discrete and punc-
tuate, consistent with an intimal location and in-
volvement in an atherosclerotic plaque.11

4.Pulse Wave Velocity: elevated arterial stiffness
is mechanistically related to atherosclerosis in the
age range of the study cohort, and given the lim-
ited imaging window of computed tomorgraphy
(thorax only), we included an assay for stiffness as
a means to enhance sensitivity for atherosclerosis
detection.12 Stiffness was measured using brachial-
ankle pulse wave velocity (baPWV), primarily an
assay of large conduit arteries, via a commercial
device (VP-1000, Colin Medical Inc., San Antonio,
TX, USA).13 This device recorded electrocardio-
gram, phonocardiogram and pulse volume data si-
multaneously, and calculates the time delay of the
pulse to obtain the pulse wave transmit time (PTT).
The device can measure pulse wave velocity in the
right brachium (La) and right/left lower limbs (Lb,
Lc). Calculation of baPWV was performed using
the following formula: baPWV (right) = (Lb-La)/
PTT; baPWV (left) = (Lc-La)/PTT.  In individual pa-



tients, we defined arterial stiffness to be elevated 
when the baPWV value (average of right and left 
side values) was >2 standard deviations above 
community-derived values similar age and gen-
der.13,14

Catheter Ablation

Each patient underwent this procedure, which 
has been characterized in detail previously.5 In the 
present study, a “successful” outcome was defined 
at 1 year after a single ablation procedure by the 
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Table 1 Comparison of Patients with BB Prophylaxis Versus without Prophylaxis

N 46
Male gender (% of pts) 78
Age (years) 51±6 (36-60)
Presenting with paroxysmal AF (% of pts) 67
Left atrial volume/m2 of body surface area 29±8
BMI (kg/m2) 29.7±6.2 (20.6-44.6)
Obesity (% of pts) 39
Fasting glucose (mg/dL) 99±11 (86-143)
Stimulated (2 hour) glucose (mg/dL) 126±41 (58-226)
Insulin resistance (% of pts) 48
Total cholesterol (mg/dL) 193±38 (121-303)
LDL cholesterol (mg/dL) 118±33 (71-219)
HDL cholesterol(mg/dL) 47±14 (25-81)
Triglycerides (mg/dL) 172±179 (38-1129)
Dyslipidemia (% of pts) 43
Presence of metabolopathy (% of pts) 70
Metabolic Syndrome (% of pts) 9
Coronary calcium score (Agatston units) 61±152 (0-694)
Coronary calcification present (% of pts) 33
Aortic calcification present (% of pts) 26
Coronary or aortic calcification present (% of pts) 41
Brachial-ankle pulse wave velocity (cm/sec) ♂1499±255 (952-2016)

♂1510±250 (1208-1888)
Elevated pulse wave velocity (% of pts) 39
Presence of atherosclerosis (% of pts) 57
FRS (%) 5.7±5.3 (0-30)
Elevated FRS (% of pts) 37
CRP (mg/dL) 0.71±1.1 (0.1-6.4)
Inflammatory phenotype (% of pts) 2
Ablation success (% of pts) 76

•BMI = body mass index; Obesity was defined as a BMI >30.
•CRP = c-reactive protein; inflammatory phenotype defined as CRP>3.
•Insulin resistance defined as a fasting glucose of >100 mg/dL or a stimulated glucose of >140 mg/dL.
•Dyslipidemia defined as currently receiving hypolipidemic pharmacotherapy and/or at least 2 of the following: LDL > 130 mg/
dL; HDL <40 mg/dL (men) or <50 mg/dL (women); TG >150 mg/dL.
•FRS = Framingham risk score. Elevated FRS was defined as a score >5%.
•Atherosclerosis defined as presence (Agatston score >0) of vascular (coronary and/or thoracic aortic) calcium and/or an el-
evated pulse wave velocity reading.
•Metabolopathy defined as dyslipidemia and/or insulin resistance. Metabolic Syndrome was defined more strictly by BMI ♂30
+ insulin resistance + dyslipidemia.



absence of electrocardiographic or symptomatic 
atrial fibrillation, as well as type I/III antiarrhyth-
mic agents for at least 6 months.5

Calculations and Definitions

Using the foregoing data, we performed the fol-
lowing calculations and assayed individual pa-
tients for each of the following definitions (shown 
in bold):

1.Body mass index (BMI) was calculated as the
weight in kilograms divided by the square of the
height in meters. Obesity was defined by a BMI ≥
30 kg/m2.
2.Inflammatory Phenotype was defined as a CRP
>3 mg/dL.15

3.Insulin Resistance was defined as a fasting glu-
cose of  >100 mg/dL or a stimulated glucose of >140
mg/dL.16

4.Dyslipidemia was defined as currently receiving
hypolipidemic pharmacotherapy and/or at least 2
of the following: LDL > 130 mg/dL; HDL <40 mg/
dL (men) or <50 mg/dL (women); TG >150 mg/dL.17

5.Metabolopathy was defined as evidencing dys-
lipidemia and/or insulin resistance. Metabolic Syn-
drome was defined as BMI ≥ 30 + insulin resistance
+ dyslipidemia.18,19

6.Atherosclerosis was defined as vascular (coro-
nary and/or thoracic aorta) calcification and/or el-
evated arterial stiffness.
7.Framingham Risk Score (FRS): in that this score
has been widely applied to estimate 10-year risk of
“hard” coronary events (myocardial infarction and
coronary death) in middle-aged patients without
known heart disease, we thought that its inclusion
in this report would provide useful context.20 The
FRS was calculated using patient age, gender, to-

tal and HDL cholesterol values, cigarette smoking 
within the past month, and systolic blood pres-
sure recorded at the initial consultation. In the 
present study, a score of <1 was recorded as 0, and 
an “elevated FRS” was defined as >520

Analytical Methods

Continuous data were compared using a Mann-
Whitney rank sum test or a Kruskal-Wallis analy-
sis of variance on ranks, as appropriate. Categori-
cal data were compared using a chi-square test or 
Fisher Exact test, as appropriate. Multivariable 
analysis was performed using stepwise logistic 
regression. For each test, significant differences 
were assumed if the p value was <0.05. Data are 
reported as mean ± standard deviation, unless 
otherwise noted.  

Results

Characteristics of the study cohort are summa-
rized in Table 1. All patients resided in western 
Pennsylvania or contiguous West Virginia, and all 
but 1 patient was Caucasian. No patient reported 
a primary relative with AF. Each patient had an 
established syndrome of paroxysmal (all symp-
tomatic episodes terminate spontaneously within 
2 days; n=31) or persistent (at least 1 episode ex-
ceeding 1 month in duration and requiring direct-
current cardioversion; n=15) AF, defined within 1 
year of ablation in the antiarrhythmic drug-free 
state. Twenty-eight patients described a histori-
cal “vagal” preponderance to AF triggering, 9 
patients an “adrenergic” preponderance, and 9 
a “mixed” pattern.21 Each patient had undergone 
prior treatment with at least 1 (mean 1.9) type I/
III antiarrhythmic drugs, which had failed due 
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Table 2 Cohort parsed by presenting AF syndrome

Paroxysmal Persistent P
N 31 15 NS
Male gender (% of patients) 74 87 NS
Age (years) 50±5 52±7 NS
Obesity (% of patients) 39 47 NS
Atherosclerosis (% of patients) 58 67 NS
Metabolopathy (% of patients) 65 80 NS
Elevated FRS (% of patients) 32 47 NS
Ablation success (% of patients) 84 60 NS

Abbreviations and definitions as per Table 1. 
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to inefficacy and/or intolerance. Blood pressure 
averaged 119/77 mmHg, and no patient had a re-
corded pressure in excess of 130/85 mmHg. A sig-
nificant minority of patients were obese. Eight of 
the 10 women were post-menopausal at the time 
of evaluation, by a mean of 4 (range 2-12) years. 
Seven patients had smoked cigarettes within a 
month prior to evaluation, and an additional 16 
patients had smoked in the past. A previous di-
agnosis of diabetes mellitus had been made in 3 
patients, none of whom were receiving hypogly-
cemic pharmacotherapy, and of dyslipidemia in 
13 patients, 11 of whom were receiving hypolip-
idemic pharmacotherapy. Each patient had pro-
duced normal resting and stress-nuclear cardiac 
images within 6 months of the ablation procedure. 
Each patient had produced normal transthoracic 
echocardiographic images, with the exception of 
LA enlargement (defined as an LA volume >30 
cc/m2 body surface area and observed in 25 pa-
tients) within 3 months of the ablation procedure. 
Although dyslipidemia and insulin resistance 
were common, few patients met criteria for the 
metabolic syndrome and the Framingham Risk 
Score was generally low. Also common were cor-
onary artery calcification, aortic calcification, and 
elevated arterial stiffness. Only 1 patient demon-
strated an inflammatory phenotype. 

A description of patients parsed by presenting AF 
syndrome is summarized in Table 2. Although pa-
tients with persistent AF tended more commonly 
to atherosclerosis and metabolopathy, these rela-

tionships were not statistically significant. A de-
scription of patients parsed by extraatrial disease 
burden is summarized in Table 3. Despite similar 
ages, patients with neither vascular nor metabolic 
diseases were more likely to experience a success-
ful ablation outcome, and success diminished as 
burden increased; this relationship was statisti-
cally significant. The following variables were en-
tered into a multivariable analysis of associates of 
a successful ablation outcome: age, gender, obe-
sity, presenting AF syndrome, LA enlargement, 
dyslipidemia, insulin resistance, metabolopathy, 
elevated Framingham Risk Score, vascular cal-
cification, and atherosclerosis. Atherosclerosis 
(P=.015) and persistent AF (P=.049) were each 
significantly (inversely) associated with ablation 
success. 

Data regarding the presence and nature of the 
discovered extraatrial diseases were routinely 
communicated to referring physicians, and their 
subsequent treatment decisions were not con-
trolled for this study. A post-hoc assessment did 
not suggest that pharmacotherapies (including 
hypoglycemic, hypolipidemic, and renin-angio-
tensin system inhibition) initiated subsequent to 
the ablation procedure interacted significantly 
with its outcome.

Discussion

Key observations in this study included: 1. despite 
a diagnosis of lone AF, these patients commonly 

Table 3 Cohort parsed by extraatrial disease burden

Atherosclerosis 
NOR Metabo-
lopathy

Atherosclerosis           OR
Metabolopathy Atherosclerosis AND 

Metabolopathy P

N 8 18 20 -
Male gender (% 
pts)

63 72 90 NS

Age (years) 48±5 51±5 51±7 NS
Paroxysmal AF 
(% pts)

75 72 60 NS

Obesity (% pts) 38 39 40 NS
Elevated FRS (% 
pts)

13 28 55 NS

Ablation success 
(% pts)

100 83 60 .053

Abbreviations and definitions as per Table 1. 
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fluence of other factors including gender, race, 
geography/nationality, cardiac and neural phe-
notypes, proteomics, and genomics. It is also ap-
parent that persistent AF responds less well to 
catheter ablation than paroxysmal AF, possibly 
due to a greater amount of atrial pathology in the 
former, but if true to what extent this pathology 
precedes and/or is attributable to the AF is un-
clear. Second, referral and/or selection bias may 
have rendered this cohort not reflective of LAF 
in the community. For example, we note a high 
incidence of obesity. More broadly, although the 
extraatrial entities demonstrated here clearly de-
marcate “disease,” the absence of a contempora-
neous non-AF cohort derived from the same com-
munity limits our ability to place them in context. 
Third, our data are limited to LAF patients, and 
as such are not representative of the community 
problem of AF, which exists in an older popula-
tion with more comorbidity.3 How the extraatri-
al diseases demonstrated here interact with the 
aging process, hypertension and/or abnormali-
ties in cardiac structure/function is unclear. Our 
data would support the contention that the term 
“lone” may have limited utility or, given its pres-
ently disarming connotation, may even be coun-
terproductive.26 Fourth, our data should not be 
viewed as representing an exhaustive search for 
extraatrial disease. For example, atherosclerosis, 
although a diffuse process, is underdetected by 
calcium scoring and is regionally heterogenous; 
a search of additional vascular beds may have in-
creased the incidence. Similarly, our definitions of 
“dyslipidemia” oversimplify a field in rapid evo-
lution, both in terms of mechanisms by which lip-
ids associate with atherosclerosis and as to which 
lipid elements are sinister or beneficial. Fifth, we 
provide no data as to the incidence of obstructive 
sleep apnea (OSA), the relevance of which to AF 
incidence and response to catheter ablation has 
been demonstrated.28,29 We did not systematically 
perform sleep evaluations. Finally, although we 
chose what we felt was a conservative tack by di-
chotomizing at clearly pathologic cutpoints, some 
would view our definitions of atherosclerosis or 
metabolic diseases with suspicion. Similarly, our 
observations are limited to the regionally limited 
ablation procedure which we performed, and our 
definition of ablation “success” is relatively short-
term (1 year).     

manifested extraatrial diseases, including athero-
sclerosis, insulin resistance, and dyslipidemia; 2. 
disease burden tended to be greater in patients 
with persistent AF; and 3. there was a significant 
inverse relationship between disease burden and 
ablation success. To our knowledge, this is the first 
attempt to link extraatrial disease burden to char-
acteristics of the atrial arrhythmia. These data sug-
gest that the atrial disease from which AF emerges 
does not occur in isolation: this is not a new no-
tion.3,4,2 A correlation between extraatrial disease 
burden and characteristics of the arrhythmia might 
suggest an etiologic relationship. 

The young age of AF occurrence in these patients 
could, hypothetically, be due to an atrial substrate 
predisposition, either intrinsic (eg. electroanatomi-
cal) or extrinsic (eg. neurological). The notion that 
vascular or metabolic diseases could encourage 
such a predisposition is well supported.3,4,12,13,22-24 
The absence of an important inflammatory compo-
nent, reported elsewhere in similar cohorts, may be 
further testimony of predisposition.25 If these find-
ings can be verified, characterization of extraatrial 
disease burden may prove a useful tool for refining 
the process of patient selection for atrial fibrillation 
therapies, including catheter ablation.

The extraatrial disease burden which we character-
ize here are worrisome. Although LAF is historical-
ly associated with a benign prognosis, given evolu-
tion of culture, diet and environment it should not 
be assumed that present-day LAF is necessarily the 
same entity.3,26,27 Although apparently at low risk 
for near-term vascular morbidity/mortality, these 
were young patients for whom multiple decades 
of life may be expected.27 Whether the presence of 
AF betrays the need for a more aggressive or modi-
fied extraatrial disease management regimen than 
dictated by current guidelines is unknown. Also 
unknown is whether/how ablation outcome might 
predict or influence the course of the extraatrial 
disease.    

We note several limitations to this work. First, the 
small cohort size render our observations prelimi-
nary. Optimally, characterization of extraatrial 
disease burden would be integrated into large ar-
rhythmia intervention trials involving multiple 
centers, which will permit better insight into the 
robustness of their interaction, as well as the in-
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In summary, among patients with non-familial 
LAF, evidence for atherosclerosis and associated 
metabolic diseases was common, and their pres-
ence could be correlated with AF pattern and re-
sponse to attempted catheter ablation. If verified, 
these data would challenge the notion of LAF as a 
“primary” electrophysiologic disorder.     
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Introduction

Catheter ablation of atrial fibrillation (AF) has be-
come an increasingly prominent treatment option 
for patients refractory to antiarrhythmic therapy.  
As the population of patients referred for AF abla-
tion has grown, so necessarily has the number of 
invasive assessments of narrow-complex tachycar-
dias.  We present a patient referred for AF ablation 
who was found instead to have a rare tachycardia 
due to sinus rhythm with simultaneous dual an-
terograde atrioventricular node (AVN) conduction.

Case

A 64-year-old woman with a history of hyperten-

sion and systemic lupus erythematosus presented 
with several months of intermittent palpitations. 
Physical exam and electrolytes were unremark-
able, and echocardiography revealed normal left 
ventricular systolic function.  A 24-hour Holter 
monitor revealed frequent premature atrial con-
tractions (PAC’s) with right bundle branch block 
(RBBB) aberrancy, correlated with symptoms of 
palpitations.  There were also runs of presumed 
atrial fibrillation (AF), for which the patient was 
started on warfarin (Fig. 1).  Given her frequent, 
distressing symptoms and lack of response to 
medical therapy, she was eventually referred for 
electrophysiology study (EPS) and possible abla-
tion of AF.
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Abstract

Case:A 64-year-old woman presented with palpitations.  Her 24-hour Holter monitor revealed runs of 
presumed atrial fibrillation (AF).  The patient was referred for EP study and AF ablation.

EPS:At EPS, an anterograde A-H jump was noted.  Spontaneous bursts of tachycardia were seen, con-
sisting of sinus atrial beats with dual ventricular responses, each preceded by a His deflection.  There 
was no atrial fibrillation during the study.  Radiofrequency ablation of the slow AV node pathway was 
performed. There were no inducible tachycardias and no A-H jump following the ablation. The patient 
had no recurrence post-procedure.

Discussion:This case presents a rare example of simultaneous dual anterograde AV-nodal conduction.  
The conditions leading to this phenomenon include dual AVN pathways, markedly slowed conduction 
in the slow pathway, and lack of retrograde conduction up either pathway such that reentry was impos-
sible.  An irregular, narrow-complex tachycardia resulted, initially interpreted as AF. Slow-pathway ab-
lation was curative.
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EPS

At EPS, an anterograde A-H jump was noted, sug-
gestive of dual AVN physiology (Fig. 2).  No V-A 
conduction or echo beats were seen.  There were 
spontaneous bursts of tachycardia, consisting of 
sinus atrial beats with dual ventricular responses, 
each preceded by a His deflection (Fig. 3).  The 
H-V interval was stable at 57 msec, and ventricu-
lar refractory period (VERP) was 230 msec.  There
was no evidence of atrial fibrillation during the
study.  RBBB aberrancy was noted with PAC,
rapid atrial pacing, and with simultaneous dual-
pathway complexes.  No additional arrhythmias
were induced with IV isoproterenol.  Radiofre-
quency ablation of the slow AVN pathway was
then performed.  There were no inducible tachy-
cardias and no A-H jump following the ablation.
The patient tolerated the procedure well, and was
discharged home the next day.  She had no recur-
rent symptoms during several months of follow-
up.

Discussion

This case presents a rare example of dual simul-
taneous anterograde AVN conduction causing 
symptomatic non-reentrant tachycardia, with suc-
cessful radiofrequency ablation of the slow path-
way leading to resolution of the tachycardia and 
symptoms.  Dr. Kenneth Rosen and colleagues at 
the University of Illinois at Chicago first reported 
dual-AVN physiology in patients with paroxysmal 
supraventricular tachycardia (SVT) in 1973 .1  The 
common clinical pathophysiology arising from 
dual AVN conduction is atrioventricular nodal re-
entrant tachycardia (AVNRT), for which definitive 
treatment is catheter ablation of the slow pathway 
or pathways. 

In this case, the patient’s symptomatic SVT was the 
result of sinus beats with anterograde conduction 
down both AVN pathways without reentry, lead-
ing to tachycardia via ventricular rates double the 
sinus rate.  Conditions necessary for this phenom-

Figure 1: Representative consecutive telemetry strips from 24-hour Holter monitoring. Paroxysms of irregular tachycardia, oc-
casionally with RBBB aberration, are noted. Asterisks ( * ) indicate likely retrograde p-waves. Arrows (   ) denote sinus p-waves.
Initial interpretations are noted at the top of each strip (SVPB: Supraventricular Premature Beat)



enon include dual AVN physiology, markedly 
slowed conduction in the slow pathway (A-H2 
exceeding A-V1 + VERP), and lack of retrograde 
conduction up either pathway, such that reentry 
is not possible. While dual responses can also be 
seen with accessory pathways, the H-V interval 
was stable in this case, and preexcitation was not 
suspected.

Radiofrequency ablation of the slow pathway 
abrogated dual anterograde conduction and our 
patient’s symptoms, and no further tachycardia 
was inducible.  Besides tachycardia from dual 
anterograde AVN conduction, other possible di-
agnoses include automatic junctional tachycar-
dia (AJT), nodofascicular tachycardia, or AVNRT 
with proximal common pathway block. 2  In AJT, 
inducibility with PAC would not be expected, 
and response to slow-pathway ablation is less 
likely.  Nodofascicular tachycardia can present 
with an initial dual-AVN response, but is often 
preexcited and unresponsive to slow-pathway 
ablation.  AVNRT with proximal block would be 
a regular tachycardia, and ventricular echo beats 
should be elicited.  While our case had possible 
atrial echo beats on ambulatory monitoring (Fig. 

1), no reentry was seen on EPS, and her tachycar-
dia was irregular. 

Slow-pathway conduction in our case exhibited 
marked variability in A-H interval (Fig. 3), leading 
to irregular ventricular responses interpreted as 
AF on the surface EKG.  This likely represents con-
cealed conduction between the fast and slow path-
ways.  In particular, distal slow-pathway refracto-
riness concomitant with a refractory proximal fast 
pathway likely contributed to the slower popula-
tion of responses at A1-A2 coupling intervals less 
than 300 msec shown in Fig. 2. Exclusive slow-
pathway conduction without concealment into the 
fast pathway, giving A-H intervals in the 400-600 
msec range, was only seen with H2-V2 beats in the 
setting of dual anterograde responses.  The vari-
able nature of the crosstalk between the fast and 
slow pathways reflects a complex interaction be-
tween the two pathways’ conduction properties, 
as influenced by autonomic tone and decremental 
conduction due to slight variations in the preced-
ing A-A intervals.  The complexity of these rela-
tionships may in part explain the lack of response 
to pharmacologic therapies seen in our patient and 
elsewhere, as a drug may alter conduction in fast 
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Figure 2: Anterograde A-H Jump. A-H intervals are plotted against preceding A-A intervals. Two populations of responses are 
seen. The blue triangles indicate likely slow-pathway responses and red squares denote fast-pathway conduction. Slow-pathway
conduction predominates below A-A of 370 msec, the refractory period of the fast pathway. Note the rare slow pathway re-
sponse at the longer cycle length of 600 msec. The slow responses seen likely represent a degree of concealed conduction from 
slow pathway into fast. Not depicted are the very slow A-H encountered only with dual anterograde responses (see text)



pathway, slow pathway, and between the two, 
without alleviating the tachycardia or even wors-
ening it by increasing the frequency of dual antero-
grade responses.

Conclusions

Tachycardia due to dual anterograde AVN conduc-
tion has been reported rarely since the first account 
of dual anterograde responses by Rosen in 1975.3 
Sequelae of this condition have ranged from palpi-
tations to tachycardia-induced cardiomyopathy.4-9  
As in this case, patients can be misdiagnosed with 
atrial fibrillation due to irregularity in the respons-
es.7,8  The tachycardia is also often resistant to or 
worsened by pharmacologic therapy, as it was 
with our patient.  Treatment with ablation of the 
slow pathway is curative. 6  This case demonstrates 
a rare consequence of dual AVN physiology and 
offers some insight into the nature of AVN path-
ways.
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Figure 3: Dual Anterograde AVN Responses. Intracardiac electrograms are shown. Sinus atrial impulses (A) proceed at basic cy-
cle length, with two consecutive instances of dual ventricular response (V) to a single A, followed by two singly conducted beats.
Each V is preceded by a His recording. Note the marked variability of the A-H2 intervals leading to irregularity of the ventricular 
responses. Rate-related RBBB is seen. (I, II, aVF, V1, V3, V6: surface EKG. HIS: His-bundle recordings. RVAp: Right Ventricular
apex. CS 11-20: Right atrium. CS 1-10: Coronary sinus. STIM: Pacing stimulus, inactive in present panel. Intervals listed are in 
msec)
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Summary

With the aging of the population, the incidence 
of both prostate carcinoma (PCa) and atrial fibril-
lation (AF) has increased.  Options for “curative 
therapy” PCa now include surgery, external beam 
radiation (EBT), and radioactive seed implantation 
(RSI).  The latter two approaches, especially EBT, 
can produce radiation proctitis (RP) with rectal 
bleeding (RB).  This poses an issue for anticoagulat-
ing the elderly AF patient who develops PCa.  The 
attached case report of a 77 year old male who was 
treated with a combination of RSI and “low dose” 
EBT followed by recurrent severe rectal bleeding 
demonstrates the significance of this problem.  In 
the AF patient with a CHADS2 score of 2 or more, 
and hence an indication for chronic warfarin ther-
apy, the therapy of subsequently detected PCa re-
quires careful consideration of the risks associated 
with its therapeutic options.

With the aging of the population, the incidence of 
both prostatic carcinoma (PCa) and atrial fibril-
lation (AF) has increased.  Options for “curative 
therapy”of PCa have also increased, now includ-
ing surgery, external beam radiation (EBT), and 
radioactive seed implantation (RSI).  The latter two 
approaches, especially EBT, in our experience, can 
produce radiation proctitis with rectal bleeding (as 
well, less often, as bladder and urethral alterations 

with urinary bleeding).  This poses an issue for 
anticoagulating patients suffering from both PCa 
and AF with a high-risk thromboembolic profile 
(e.g., a CHADS2 score of two or more, many of 
whom are elderly and in the same age range as 
those patients who develop PCa).  The following 
case illustrates this difficulty now being encoun-
tered with increasing frequency.

The patient is a 77 year old male with rate-con-
trolled paroxysmal and intermittently persistent 
AF, now s/p two DC cardioversions, whose epi-
sodes have been satisfactorily reduced on antiar-
rhythmic drug therapy.  He also has a history of 
drug-treated hypertension, hyperlipidemia, and 
hyperglycemia; one prior acute coronary syn-
drome treated five years ago with drug eluting 
stents and aspirin and clopidogrel; and ACE-in-
hibitor/beta blocker treated LV dysfunction.  His 
most recent LVEF on therapy was 38%.  He has 
been anticoagulated with warfarin.  He visited a 
urologist a year ago for PCa and was subsequent-
ly treated with RSI and “low dose” EBT following 
consultation with his internist but not his cardi-
ologist.  Since then the patient has suffered mul-
tiple episodes of rectal bleeding from confirmed 
radiation proctitis; so far, three have required 
multiple (up to 4) transfusions.  Warfarin, aspi-
rin, and clopidogrel have been discontinued for 
up to three weeks five times because of his rectal 

Corresponding Address :James A. Reiffel,M.D. 161 Fort Washington Ave,New York, NY 10032.

The Anticoagulated Atrial Fibrillation Patient 
Who Requires “Curative” Therapy for Prostate 

Carcinoma: a Bleeding Conundrum
James A.Reiffel, M.D.

The Department of Medicine, Division of Cardiology, Section of Electrophysiology,Columbia University Col-
lege of Physicians and Surgeons and, the New York Presbyterian Hospital 

 www.jafib.com 34 Dec 2008 - Jan 2009 | Vol 1 | Issue 4                             



Journal of Atrial Fibrillation Featured Review     

 www.jafib.com 35 Dec 2008 - Jan 2009 | Vol 1 | Issue 4          

bleeding. 

This patient, by CHADS2 score is at high risk for 
AF-associated emboli in warfarin’s absence (age, 
hypertension, hyperglycemia, LV dysfunction) 
but is unable to remain on it due to the radiation-
chosen therapy for his PCa.  The patient may 
also be at risk for occlusion of his drug-eluting 
stents in association with the holding of his as-
pirin and clopidogrel during his periods of rectal 
bleeding.  Radical prostatectomy with or without 
drug therapy would have been preferable for this 
anticoagulation-requiring AF patient.  While sur-
gery would have meant temporary interruption 
of his warfarin and platelet-inhibiting regimen, 
this would have been transient (days) and could 
have been bridged with heparin.  In contrast, the 
radiation therapy chosen in lieu of a surgical ap-
proach has left him with both recurrent transfu-

sion-requiring rectal bleeding and at risk for both 
AF-associated thromboembolism and occlusion of 
his coronary artery stents.  

This patient represents a now common coesixtance 
of diseases (AF and PCa) and the risk imposed by 
their concomitant therapeutic options. Insufficient 
awareness of the possible consequences of the ra-
diation therapies for PCa by cardiologists and the 
anticoagulant requirements of the elderly AF pa-
tient by urologists and radiotherapists led to the 
adverse outcome in this patient, and, by extrapo-
lation, likely in many others as well.  Education 
of our colleagues such that these issues are recog-
nized and considered in advance of any applied 
therapeutic intervention is clearly needed.  Over 
the long-term, surgical therapy for PCa would ap-
pear to have a safer profile for the anticoagulant-
requiring AF patient than does RSI or EBT.



Introduction

Atrial fibrillation (AF) is the most common sus-
tained arrhythmia disturbance and is associated 
with significant morbidity and mortality. In recent 
years, the pulmonary veins (PVs) and posterior left 
atrium (PLA) have been shown to play a significant 
role in the genesis of AF. 

These regions have been shown to possess unique 
structural, electrophysiological and calcium (Ca2+) 
handling characteristics, all of which appear to 
contribute to substrate for AF.

The pathophysiology of AF is complex, and sev-
eral mechanisms have been thought to contribute 
to the electrophysiologic and structural substrate 
for this arrhythmia. These mechanisms include fi-
brosis, stretch, inflammation and oxidative stress. 
In addition, neurohumoral factors have also been 
invoked for their possible contribution to the cre-
ation of electrophysiologic substrate for AF .3,4 An 
important neurohumoral factor that has been stud-
ied fairly extensively for its involvement in AF is 
the autonomic nervous system.

We have recently shown that the PLA is more 
densely innervated than the rest of the left atrium 
in normal hearts, and has a unique autonomic 
profile that appears to contribute to AF substrate. 
5, 6 Recent studies also suggest a role for the auto-
nomic nervous system in the creation of substrate 

for AF in the setting of heart disease, with animal 
studies demonstrating an increase in sympathet-
ic as well as vagal nerve firing prior to the onset 
of atrial arrhythmias in the setting of congestive 
heart failure.7

In this review, we examine the contribution of 
both clinical as well as animal studies to our un-
derstanding of the role of the autonomic nervous 
system in AF. Animal models-specifically canine 
models-have proved invaluable in studies that re-
quire pharmacological or surgical manipulation 
of the autonomic nervous system to better un-
derstand the relative role of the sympathetic and/
or parasympathetic nervous system in AF. For 
example, much of our understanding of the con-
tribution of collections of autonomic neurons i.e. 
ganglionated plexi (GPs) to AF substrate comes 
from canine studies that ablated these GPs in a 
systematic fashion [8-14]. Animal models also al-
low the performance of correlative studies that 
compare electrophysiologic responses with the 
expression and/or distribution of key signaling 
molecules in the underlying myocardium.

Potential role of the Autonomic Nervous 
System in the Creation of Substrate for 
Atrial Fibrillation.

Despite the heterogeneity of substrate that may 
contribute to clinical AF, clinical studies suggest 
that at least in some patients, the sympathetic 
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and/or the parasympathetic nervous system play 
a role in the genesis of AF.15, 16 Autonomic fluctua-
tions before the onset of AF have been recognized 
in several studies.  Although most studies are ob-
servational and do not show a clear association 
between cause and effect, more recent studies 
suggest that surgical or ablative destruction of 
neuronal/autonomic fat pads in and around the 
heart can indeed modify substrate for AF, thereby 
indicating a more direct role of for the autonomic 
nervous system in the genesis of AF.11, 12

Earlier studies suggested that exercise-induced 
AF may be sympathetically driven (i.e. Sympa-
thetic AF); in contrast, the parasympathetic ner-
vous system may be contributing to the genesis 
of AF in young patients ages 30–50 years, who 
have no structural heart disease, with arrhythmic 
episodes occurring during rest or night time (i.e. 
Vagal AF).15, 16 Vagal nerve stimulation appears 
to contribute to AF substrate by non-uniform 
shortening of atrial effective refractory periods, 
creating conditions conducive to reentry.17,18 Va-
gal nerve stimulation can also create conditions 
for the emergence of focal triggers in the atrium, 
as suggested by studies conducted by Sharifov et 
al. 19  More recently, both limbs of the autonomic 
nervous system have been shown to play a role in 
AF in at least some patients. Amar et al showed 
that onset of AF was preceded by a primary in-
crease in sympathetic drive followed by marked 
modulation toward vagal predominance 20 Shari-
fov et al showed that although acetylcholine alone 
could induced AF in all the dogs that were stud-
ied, acetylcholine-induced AF was facilitated by 
isoproterenol, which decreased the concentration 
of acetylcholine required for AF induction and 
maintenance.21 The physiology studies conducted 
by Patterson et al 22-24further suggest that adren-
ergic influences may be playing an important 
modulatory role in creating adequate substrate 
for AF, helping provide a necessary ‘catalyst’ for 
the emergence of focal drivers in the presence of 
an increased vagal tone.

In view of the recently discovered role of the PVs 
and PLA in the genesis of AF, recent studies have 
also begun to explore the role of the autonomic 
nervous system in focal AF. Clinical and in vivo 
animal data also suggest that these PV foci appear 
to be at least partially modulated by the autonom-
ic nervous system, with sympathetic stimulation 

(e.g. with isoproterenol) being frequently utilized 
to “bring out” these triggers in clinical studies. 
Clinical studies have demonstrated a change in 
sympathetic-parasympathetic balance-measured 
by heart rate variability-after ablation of PV trig-
gers.25 Several investigators have also noted signif-
icant Bezold-Jarisch-like reflexes during radiofre-
quency ablation of the pulmonary vein tissues .26 
More recently, Pappone et al have suggested that 
altering vagal input to the left atrium and the pul-
monary veins-as measured by the elimination of 
vagal reflexes on pulmonary vein stimulation-may 
improve efficacy of ablation procedures for AF .27 
Vagal responsiveness also appears to decrease fol-
lowing ablation in the left atrium.28

Recent data from patients undergoing AF ablation 
suggests that areas in the atrium demonstrating 
complex fractionated atrial electrograms (CFAE) 
may represent a suitable target site for ablation; 
ablation at these sites appears to increase the ef-
ficacy of pulmonary vein isolation procedures.29-31 

One possible explanation for this improvement in 
ablation success is that atrial/pulmonary vein sites 
demonstrating CFAE anatomically overly fat pads 
containing ganglionated plexi (GP) 32; ablation in 
the vicinity of these GPs would therefore be ex-
pected to result in autonomic denervation of the 
surrounding atrium. In fact, vagal reflexes have 
frequently been noted in regions demonstrating 
CFAE, further suggesting that these complex elec-
trograms may indicate the presence of underlying 
GPs. Data from patients undergoing ablation for 
AF also indicates that the electrograms in the left 
atrium with CFAE become more organized follow-
ing ablation .33

Recent studies suggest that the autonomic nervous 
system may also be playing a role in the genesis 
of AF in diseased hearts. Jayachandran et al dem-
onstrated a heterogeneous increase in sympathetic 
innervation in the atria in dogs subjected to rapid 
atrial pacing for prolonged periods of time.34 There 
is also evidence of sympathetic hyperinnervation 
in patients with AF.35 More recently, Ogawa et al 
7 have shown increased sympathetic and vagal 
nerve discharge prior to the onset of atrial arrhyth-
mias in dogs with pacing-induced congestive heart 
failure. Studies from our own laboratory indicate 
increased sympathetic as well as parasympathetic 
nerve growth in the atria of dogs with pacing-in-
duced congestive heart failure .36 



Peculiar Autonomic Innervation of the Pul-
monary Veins and Posterior Left Atrium

Elegant studies by Armour and Randall several 
years ago demonstrated the presence of a in-
tricate pattern of autonomic innervation in the 
heart.37-39 An improvement in our understanding 
of atrial arrthyhmias in recent years-especially 
the discovery of the pulmonary veins as being an 
important contributor to AF-has led to a renewed 
interest in understanding the detailed anatomy 
of the cardiovascular nervous system. Armour 
et al 40 showed that autonomic nerves were con-
centrated in ‘ganglionated plexi’ around great 
vessels such as the PVs, with the atria being in-
nervated by at least 5 major atrial fad pads, most 
of which were located on the posterior surface of 
the atria. More recently, Hou et al 9, 10 have sug-

gested the presence of an intricate, interconnecting 
neural network in the left atrium  that may con-
tribute to substrate for focal AF. A recent human 
study described heterogeneity of nerve distribu-
tion in the region of the pulmonary veins and sur-
rounding left atrium 41 As both parasympathetic 
and sympathetic activation may have prominent 
effects on atrial conduction velocity and refractori-
ness, regional heterogeneities in nerve distribution 
could thereby be responsible for the heterogene-
ities in conduction velocity and refractoriness that 
are necessary for the initiation and perpetuation 
of AF. Thus, the distribution of autonomic nerves 
throughout the atrium could represent a substrate 
for AF, particularly in settings where there are no 
anatomic abnormalities.

In light of these prior studies, we compared the 
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Figure 1: Co-localization of sympathetic and parasympathetic nerves within a single nerve bundle in the PV. The figures to the 
left (A,C,E) show a single large nerve bundle stained only with hematoxylin, while the figures on the right (B,D,F) are double-
stained with for sympathetic and parasympathetic nerve elements (blue-sympathetic; brown-parasympathetic). A and B (both 
2.5x magnification) show that the nerve bundle (arrows) is located in the fibrofatty tissue on the epicardial aspect of the PV. C 
and D show that same bundle (arrows) at 10x magnification. E and F show the same bundle at 20x magnification. Sympathetic-
parasympathetic co-localization is clearly demonstrated in F. The bundle is predominantly composed of parasympathetic nerve 
fibers (stained brown) with occasional sympathetic nerve fibers (stained blue; see arrows). Panel G shows a bar-graph demon-
strating parasympathetic predominance within individual nerve bundles. The bar-graph shows that in each region, within in-
dividual nerve bundles that demonstrate sympathetic and parasympathetic co-localization, the proportion of parasympathetic 
fibers is much greater than the number of sympathetic fibers. Error bars represent the standard error (SE). S=sympathetic fibers, 
P=parasympathetic fibers. Modified with permission from Arora R, Ulphani J et al. Neural Substrate for Atrial Fibrillation: 
Implications for targeted Parasympathetic blockade in the Posterior Left Atrium Am J Physiol-Heart and Circ Physiol 2008; 
294(1):H134-44



distribution and physiology of sympathetic and 
parasympathetic nerves among the pulmonary 
veins, the posterior left atrium and left atrial ap-
pendage.6 We also attempted targeted parasympa-
thetic blockade in the posterior left atrium with a 
muscarinic receptor blocker and studied in detail 
the resulting electrophysiologic response of the 
left atrium. The posterior left atrium was the most 
richly innervated with nerve bundles containing 
parasympathetic and sympathetic fibers (see figure 
1); nerve bundles were located in fibrofatty tissue 
as well as in surrounding myocardium. Parasym-
pathetic predominated over sympathetic fibers 
within bundles (see figure 1). M2 receptor distribu-
tion was also most pronounced in the posterior left 
atrium. Following tropicaimide application locally 
to the posterior left atrium, vagal-induced ERP 
shortening was significantly attenuated not just 
in the posterior left atrium but also remotely from 
the site of application in the pulmonary veins and 
the left atrial appendage. AF induciblity decreased 
significantly after application of tropocamide. 
In a related study, we discovered a particularly 
high concentration of parasympathetic fibers in 
the ligament of Marshall 42(see figure 2). The liga-

ment of Marshall could be traced back to a major 
branch of the left cervical vagus nerve. Ablation 
of the ligament of Marshall led to an attenuation 
of vagal-induced ERP shortening in the left sides 
pulmonary veins and the rest of the posterior left 
atrium. The course of the ligament of Marshall 
along the posterior wall of the left atrium (see fig-
ure 2) further highlights the potential importance 
of this region (i.e. the posterior left atrium) in the 
creation of autonomic substrate for AF.

Our immunohistochemical studies are in agree-
ment with clinical studies where Tan et al 43 dem-
onstrated co-localization of sympathetic and 
parasympathetic nerve fibers in nerve trunks in 
the human left atrium. Although the authors in 
that study showed a relative predominance of 
sympathetic fibers (as compared to a prepon-
derance of parasympathetic fibers in our canine 
study), electrophysiologic studies were not per-
formed to assess the physiologic significance of 
this nerve distribution pattern. In addition, even 
though this study contributes significantly to our 
understanding of the distribution of parasympa-
thetic and sympathetic nerves at the venoatrial 
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Figure 2: The posterior surface of the left atrium stained for acetylcholinesterase. A. The cholinergic fibers of the vagus nerve are 
observed to enter the LOM along the left superior pulmonary vein (LSPV). A small nerve branch (N) originating in the LOM is 
seen to innervate the LSPV. B. White cholinergic fibers originating in the LOM are seen to innervate the LSPV and the left infe-
rior pulmonary vein (LIPV). C. Cholinergic fibers from the posterior left atrial fat pad (PFP) can be seen to innervate the LIPV. 
D. A small number of cholinergic nerve fibers from the posterior left atrial fat pad can be seen to innervate the right inferior
pulmonary vein. Modified with permission from Ulphani J et al. The Ligament of Marshall as a Parasympathetic Conduit. Am J
Physiol-Heart and Circ Physiol 2007;293(3):H1629-35
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junction, a relative comparison of nerve distribu-
tion was not performed between different regions 
of the left atrium; more specifically, the auto-
nomic innervation of the posterior left atrium and 
pulmonary veins was not compared with the rest 
of the left atrium. Regardless of the difference in 
parasympathetic/sympathetic ratio between the 
two studies (which may be accounted for by inter-
species differences in neural innervation between 
humans and dogs or by differences in sampling 
between the two studies) the parasympathetic 
nervous system appears to be a major player in 
both clinical as well as canine AF.

Contribution of Autonomic Nerves to Atrial 
Electrophysiology

Despite these initial studies, the complete au-
tonomic profile of the pulmonary veins and the 
precise role of the autonomic nervous system in 
the genesis of focal AF are just beginning to be 
systematically investigated in clinical and animal 
models. Recent data from our laboratory suggests 
a differential electrophysiologic response of the 
pulmonary veins/posterior left atrium from that 
in the rest of the left atrium in response to auto-
nomic maneuvers5. In that physiologic study, we 
demonstrated a greater decrease in refractory pe-
riods in the pulmonary veins and posterior left 
atrium as compared to the rest of the left atrium in 
response to vagal stimulation. The heterogeneity 
of vagal responses in the left atrium in this study 
was found to correlate with differences in the pat-
tern of distribution of IKAch in the pulmonary 
veins, posterior left atrium and left atrial append-
age. We also discovered that with vagal stimula-
tion and/or beta-blockade, there was evidence of 
regional conduction delay in the pulmonary veins 
with a significant change in activation direction. 
Similar activation changes were not seen in the 
posterior left atrium and left atrial appendage.

Moreover, as mentioned earlier, we have observed 
that topical cholinergic blockade in the posterior 
left atrium results in a significant change in vagal 
responsiveness in the left atrium, confirming the 
importance of the parasympathetic innervation of 
the posterior left atrium in the genesis of vagal-in-
duced AF. The diminution of vagal reflexes in the 
entire entire left atrium in response to topical cho-
linergic blockade in the posterior left atrium alone 

suggests that the majority of the parasympathetic 
fibers innervating the left atrium originate or at 
least pass through the posterior left atrium prior 
to innervating the rest of the left atrium. In fact, 
recent studies 9, 10 indicate the presence of inter-
connections between ganglionated plexi in the 
atria. It therefore appears likely that the remote 
effects of tropicamide noted in the rest of the left 
atrium are due to the functional disruption of an 
intricate and interactive neural network in the 
left atrium. This hypothesis is further supported 
by the following observations from our study 6: 
1) cardiac ganglia containing neuronal cell bod-
ies are present only in the posterior left atrium
and pulmonary veins but were completely ab-
sent in the rest of the atrium, 2) the majority of
nerve trunks in the left atrium are located in the
posterior left atrium and 3) nerve trunks in the
posterior left atrium are larger than in the rest of
the left atrium.  The remote effects of tropicamide
on vagal responsiveness in the pulmonary veins
and left atrial appendage can therefore be best
explained by a positive feedback mechanism that
involves muscarinic receptors present on cholin-
ergic neurons; 44,45 these receptors are known to
participate in negative as well as positive feed-
back mechanisms that modulate acetylcholine re-
lease from neuronal cells. 44, 45 We postulate that
tropicamide, by inhibiting muscarinic receptors
present on ganglion cells and nerve trunks in the
posterior left atrium, decreases acetylcholine re-
lease more distally from neuronal synapses in the
pulmonary veins and left atrial appendage.

Selective Parasympathetic Denervation of 
the Posterior Left Atrium—a new Therapeu-
tic Target for AF?

An ideal therapeutic strategy would be more pre-
cise in targeting the nerves involved in the gen-
esis of AF without causing any significant dam-
age to surrounding tissue. Development of such 
a targeted approach to focal AF hinges on a better 
understanding of the complexities of neural in-
nervation of the atria.

Elimination of vagal reflexes during ablation le-
sions has been shown in some studies to be cor-
related with improved PV ablation outcomes.27, 

46 However, other attempts at parasympathetic 
ablation for AF have been less successful.14, 47 Cur-
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rent endocardial ablation strategies that target the 
parasympathetic nervous system of the left atrium 
are largely empiric, being guided by non-specific 
electrophysiologic responses such as sinus bra-
dycardia and AV block.27,46 More ‘anatomic’ ap-
proaches that surgically target atrial fat pads have 
also met with somewhat mixed success.47, 48 Even 
though AF inducibility may decrease in the short 
term following epicardial fat pad ablation, long-
term surpression of AF may not be seen.13  An add-
ed disadvantage of an anatomic approach is that 
it inevitably causes transmural atrial tissue dam-
age.13 In addition, the left atrium is innervated by 
several fat pads, all of which may not be respon-
sible for the innervation of the posterior left atrium 
and pulmonary veins. Moreover, sympathetic and 
parasympathetic nerves in the left atrium are near-
ly always co-localized, 6, 43 making selective vagal 
denervation impossible without resulting in collat-
eral damage to neighbouring sympathetic fibres.

The studies discussed above 6,42 indicate that the 
posterior left atrium is the most richly innervated 
region of the left atrium, with parasympathetic fi-
bers comprising a majority of the nerves supplying 
this area. Importantly, even though a majority of 
nerve bundles are located within the fat/fibrofatty 
tissue itself, up to a third of nerve bundles in the 
posterior left atrium can be located away from the 
fat in adjoining/underlying myocardium .6 This 
finding suggests that ablation strategies directed 
at atrial fat pads would not be expected to result in 
complete denervation of the posterior left atrium. 
Since vagal nerve fibers and M2 receptors are pref-
erentially localized in the posterior left atrium, our 
experiments demonstrated that topical, pharma-
cological disruption of cholinergic function in the 
posterior left atrium alters vagal responsiveness 
in the entire left atrium. These results suggest that 
it is indeed feasible to attain selective cholinergic 
blockade in this region with a non-ablative, phar-
macological approach, with a resulting change in 
vagal-induced AF substrate.
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Introduction

TTypical atrial flutter and atrial fibrillation are fre-
quently observed to coexist.1  In the current con-
text of interventional electrophysiology, curative 
or at least definitive ablation is available for both 
arrhythmias. Despite their coexistence, it is not 
clear whether typical flutter ablation is necessary 
in all patients undergoing catheter ablation of atri-
al fibrillation. The following review explores the 
pathophysiology of both arrhythmias, their inter-
relationships and the available data pertaining to 
this theme.

Pathophysiology of Typical Atrial Flutter

Typical atrial flutter is a well known macroreen-
trant right atrial tachycardia. Although the under-
lying mechanism of this arrhythmia was inten-
sively debated in the 20th century, a combination 
of entrainment and activation mapping showed 
that the re-entrant circuit of typical atrial flut-
ter consisted of counter-clockwise or clockwise 
activation around the tricuspid annulus.2 The 
circuit is anteriorly constrained by the tricuspid 
valve annulus while internal short circuiting (and 
therefore termination of reentry) is prevented by 

Corresponding Address :Dipen Shah, Electrophysiology Unit,Cardiology Service,Hopital Cantonal Universitaire de 
Geneve, Switzerland

Typical Flutter Ablation as an Adjunct to 
Catheter Ablation of Atrial Fibrillation

Dipen Shah 

Electrophysiology Unit,Cardiology Service,Hopital Cantonal Universitaire de Geneve, Switzerland. Dipen.
shah@hcuge.ch Introduction

 www.jafib.com 44 Dec 2008 - Jan 2009 | Vol 1 | Issue 4                 

Abstract

During the past decades there has been a consistent evolution of both surgical and catheter-based tech-
niques for the treatment of stand-alone atrial fibrillation, as alternatives or in combination with anti-
arrhythmic drugs. Transcatheter ablation has significantly improved outcomes, despite often requiring 
multiple procedures and with limited success rates especially in presence of persistent atrial fibrillation. 
Surgical procedures have dramatically evolved from the original cut-and-sew Maze operation, allowing 
nowadays for closed-chest epicardial ablations on the beating heart. 

Recently, the concept of a close collaboration between the cardiac surgeon and the electrophysiologist 
has emerged as an intriguing option in order to overcome the drawbacks and suboptimal results of both 
techniques; therefore, the hybrid approach has been proposed as a potentially more successful strategy, 
allowing for a patient-tailored therapeutical approach. 

We reviewed the recent advancements either from the transcatheter and surgical standpoint, with a pe-
culiar focus on the current option to merge both techniques along with an up-to-date review of the 
preliminary clinical experiences with the hybrid, surgical-transcatheter treatment of stand-alone atrial 
fibrillation.
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a vertical zone of block extending from the supe-
rior vena cava to the inferior vena cava.3 Clinical 
studies of the artificial induction of typical atrial 
flutter concluded that aggressive programmed 
stimulation or burst stimulation was necessary 
but did not give consistent results and frequently 
induced atrial fibrillation.4 The initiation of typi-
cal atrial flutter requires the development of uni-
directional block in the cavo-tricuspid isthmus 
and the transformation of a frequently incomplete 
line of intercaval block (in sinus rhythm or dur-
ing pacing at slower rates) into a complete zone 
of block. 

The spontaneous initiation of typical atrial flut-
ter (like those of other arrhythmias) is clearly 
difficult to study. Based on the limited available 
data, Waldo et al suggested that typical atrial flut-
ter is necessarily preceded by atrial fibrillation.5 
Evidence from Tai et al6 and from our work in 
Bordeaux 7 suggest that in patients with clini-
cal evidence of both atrial fibrillation as well as 
flutter, a burst of rapid ectopic activity from the 
pulmonary veins initiates typical flutter(fig 1). 
Endocardial electrograms demonstrate a short 
period of rapid and frequently irregular activa-
tion, the most rapid rates being observed at the 
ostia of the pulmonary veins. The surface ECG as 
well as intracardiac activation are difficult to dis-
tinguish from atrial fibrillation, although careful 

examination can discern organised, similar look-
ing but very rapid atrial activity which is usually 
masked by overlying ventricular QRSTs. These 
features suggest a very rapid and irregular tachy-
cardia rather than atrial fibrillation. Whatever be 
the underlying mechanism, whether tachycar-
dia or fibrillation, close coupling intervals and/or 
rapid rates may be necessary to convert an often 
incomplete line of  intercaval block into one that 
is complete from the superior to the inferior vena 
cava. Once the intercaval line of block is rendered 
complete by rapid activation, the quiescence or 
slowing of competing rapid activation is necessary 
in order to allow the flutter to manifest.  In the EP 
lab, endocardial recordings in patients with both 
atrial flutter and fibrillation often show a sudden 
transition to regular, slower and passive activation 
of the pulmonary veins (fig 1).

Pathophysiology of Atrial Fibrillation

Atrial fibrillation is characterised by the diffuse 
biatrial occurrence of rapid and irregular activity, 
frequently at cycle lengths less than 200 ms. The 
defining characteristic is rapid activity with tem-
poral and spatial variation producing the charac-
teristic surface ECG appearance of the absence of 
organised P waves.

Two main hypotheses have been advanced to ex-

Figure 1: Surface ECG leads I, II, III ,V1 and 7 bipolar endocardial recordings from the left superior pulmonary vein showing the 
initiation of typical atrial flutter. The sinus beat is followed by a repetitive rapid discharge (*) originating from the left superior 
PV associated with the absence of clear P waves on the surface ECG. Typical atrial flutter is observed on the surface ECG coin-
cident with sudden slowing and regularisation in the left superior PV, suggesting quiescence of LSPV discharge. Note that each 
PV discharge (*) is preceded by a sharp spike whereas during sinus rhythm and typical flutter this spike forms the terminal part 
of the electrogram (arrows) indicating passive activation (from left atrium to PV myocardium)



plain this atrial activation pattern. Lewis and 
Scherf, invoked a locus of abnormally rapid im-
pulse formation, that attempts to drive both atria 
at very rapid rates but because of heterogeneous 
electrophysiologic properties results in irregular 
activation with temporal and spatial variation – 
so called fibrillatory conduction.8 In a contempo-
rary context, this tachyarrhythmic locus may be 
single or multiple, and may be active constantly 
or intermittently and in concert with others or 
non-synchronously. The underlying mechanism 
could be abnormal automaticity or triggered ac-
tivity or even a small reentry circuit. A localised 
treatment strategy e.g. limited ablation may be 
expected to eliminate the arrhythmia.

A variant of this theme is the mother wave hy-
pothesis wherein a macro-reentrant circuit or 
rotor, drives an atrial myocardial substrate and 
because of fibrillatory conduction results in tem-
porally and spatially variable activation.8 Abla-
tion limited to transection of a critical segment of 
the mother wave or ablation of the rotor should 
terminate and eliminate atrial fibrillation. Be-
cause of their association, it has often been sug-
gested that typical atrial flutter could be respon-
sible for some episodes of atrial fibrillation. 

On the other hand, as suggested by Moe, simulta-
neously coexisting multiple wandering wavelets 

may be responsible for rapid and irregular activa-
tion. Because of the absence of strict impulse recir-
culation over the same pathway and the absence 
of an excitable gap, this form of activation cannot 
be termed re-entrant in the traditional sense.9 Dif-
fuse participation of wide regions of the atria is 
integral to this concept and in keeping with this, 
in experimental studies, it becomes impossible to 
induce atrial fibrillation in progressively smaller 
pieces of atrial tissue, thus suggesting the necessity 
for a critical quantum of anatomical space or tissue 
mass. However, in the presence of sufficiently slow 
conduction and/or shortened refractory periods, 
tissue mass may no longer be a limiting factor. It 
follows therefore that ablation treatment of a lim-
ited amount of atrial tissue is unlikely to suppress 
the inducibility of this form of atrial fibrillation. 

These two mechanisms may not be mutually ex-
clusive. In the absence of diffuse abnormalities, a 
driving locus would have to be constantly active 
in order to maintain fibrillation and therefore pe-
riods of driver quiescence result in termination 
and reversion to sinus rhythm. On the other hand, 
in the presence of diffuse substrate abnormalities 
such as fibrosis, a driving locus could induce a self 
sustaining form of multiple wavelet activation. Al-
ternatively, additional drivers may play a role in 
sustaining rapid irregular activation independent 
of the influence of the original initiating driver. 
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Figure 2: Surface ECG leads I, II, III ,V1 and 3 bipolar endocardial recordings from the left superior pulmonary vein showing the 
transformation of typical atrial flutter to atrial fibrillation. During typical flutter, active left superior PV discharge (sharp spike 
preceding farfield atrial activation, *) alternates with passive activation till the middle of the tracing, where a sustained LSPV 
discharge begins and transforms flutter into fibrillation, clearly evident on the surface ECG



Direct support for the above hypotheses remains 
difficult to obtain in human subjects – given that 
current technology has significant limitations 
when applied to activation mapping of irregularly 
irregular rhythms over the complex terrain of the 
right and left atrium. Sequential point by point 
mapping allows coverage of most parts of both 
atria but cannot be used with any degree of accu-
racy in atrial fibrillation because of temporal varia-
tions in activation patterns. Multi-electrode arrays 
while providing simultaneous recordings over a 
larger segment of the endocardium, cannot assure 
contact with key areas in the atria. Nevertheless, 
the clinical relevance of pulmonary vein drivers is 
clear beyond doubt. Intra-cardiac recordings have 
documented the initiating role of abnormal dis-
charges from pulmonary venous myocardium .10 

When PV isolation is performed in patients with 
paroxysmal atrial fibrillation during atrial fibrilla-
tion, sinus rhythm is restored with successful iso-
lation of 1, 2, 3 or all pulmonary veins in most if 
not all patients. On the other hand, in patients with 
long-standing persistent or permanent atrial fibril-
lation, the efficacy of PV isolation is much lower. 11

In patients with frequent spontaneous onset atrial 
flutter and fibrillation, we can clearly demonstrate 
the role of pulmonary vein discharges during elec-
trophysiologic procedures in the EP lab. Bursts of 
PV discharges initiate a very rapid tachycardia, 
frequently conducted only I ntermittently to the 
atria. The subsequent appearance of atrial flutter 
on the surface ECG is clearly preceded by with a 
slowing and organisation of activity in the pulmo-
nary vein which initiated the arrhythmia (fig 1). 
Conversely, sustained rapid and often fractionated 
activity in a pulmonary vein, during sinus rhythm 
or even during ongoing flutter (fig 2), heralds the 
transformation of typical atrial flutter into fibril-
lation. In some cases, termination of atrial flutter 
may also be associated with a burst of activity from 
the pulmonary veins. 

In experimental models of pericardial inflamma-
tion, the transition from atrial flutter to fibrilla-
tion has been studied with multielectrode plaque 
mapping. In this model, the gradual coalescence 
of short lines of block in the right atrial free wall 
into a longer continuous one is responsible for the 
transformation from fibrillation to a flutter involv-

ing a macroreentrant circuit on the right atrial free 
wall. 2 The epicardial location of the inflamma-
tion, correlates well with the right atrial free wall 
circuit but may not be representative of human 
atrial fibrillation which typically occurs in the ab-
sence of epicardial inflammation. 

On the basis of the above considerations, in the 
patient undergoing catheter ablation for atrial fi-
brillation, one may opt to 1) ignore the presence 
of typical atrial flutter and elect to target only 
the atrial fibrillation or 2) perform cavotricuspid 
isthmus ablation as an adjunct in all patients un-
dergoing AF ablation or 3) perform adjunctive ca-
votricuspid isthmus ablation in selected patients 
undergoing AF ablation. Adjunctive cavotricus-
pid isthmus ablation may have no clinical salu-
tary effect or may be helpful by preventing the de 
novo appearance of atrial flutter or by reducing 
the recurrence of atrial fibrillation itself.

The Clinical Evidence

Wazni et al 12 randomised consecutive patients 
with documented atrial fibrillation and typical 
atrial flutter to undergo PV-LA junction discon-
nection combined with cavotricuspid isthmus 
(CTI) ablation vs PV-LA junction disconnection 
alone. They observed that those patients who 
did not undergo CTI ablation frequently devel-
oped typical atrial flutter, but only during the 
first 8 weeks. Thereafter, either with electrical 
cardioversion alone or with supplementary anti-
arrhythmic drug therapy (for 8 weeks), they were 
able to show that no more recurrences of typical 
flutter occurred. Three patients however did re-
quire CTI ablation in this group within this initial 
period. The mean follow up for this study was 
around 13 months, and it is possible that a longer 
follow-up could have shown more recurrence of 
typical atrial flutter. Equally, asymptomatic atrial 
flutter may have been missed as would have as-
ymptomatic atrial fibrillation. The core of the hy-
pothesis tested in this study was clearly that PV-
LA junction isolation could eliminate all initiating 
triggers of atrial flutter in this group of patients 
with co-existing atrial fibrillation. But typical flut-
ter is frequently observed in isolation (without 
atrial fibrillation) and even the patient with clear 
cut elimination of atrial fibrillation by catheter 
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ablation has residual supraventricular ectopy, a 
potential if not actual trigger. Moreover, there are 
electrophysiologically proven non-PV triggers of 
atrial fibrillation and these may well induce atrial 
flutter after elimination of a PV substrate of atrial 
fibrillation.13 Interestingly, while Wazni et al seem 
to have shown the disappearance of typical atrial 
flutter after antiarrhythmic drug use,  other studies 
have shown that the use of IC antiarrhythmic drugs 
actually favours the appearance or stabilisation of 
typical atrial flutter in patients with atrial fibrilla-
tion .14 Certainly, PV isolation plays an important 
therapeutic role by reducing if not eliminating the 
most common and the most rapid triggers. The first 
few weeks to months after PV isolation are often 
characterised by residual ectopy, and our mapping 
studies have shown that while conduction recov-
ery within isolated PVs plays a role, many ectopics 
originate from the atrial edges of the PV isolation 
lesion. These may be very sensitive to antiarrhyth-
mic drug therapy, perhaps because of their origin 
from partially ablated tissue. Based on the findings 
of Wazni et al, it may be argued that performing 
CTI ablation in these patients with both atrial fi-
brillation and atrial flutter may reduce  the re-hos-
pitalisation and drug administration and cardio-
version that was necessary in their study during 
the initial post-ablation period. In our experience, 
typical atrial flutter can manifest well after the ini-
tial 8 weeks, and as detailed below, we therefore 
advocate an individualised strategy.

Scharf et al 15 described their experience with 133 
consecutive patients undergoing catheter ablation 
for atrial fibrillation, specifically for evaluating 
the clinical significance of inducible atrial flutter 
during the atrial fibrillation ablation procedure. 
In their study, rapid burst atrial pacing was per-
formed from the coronary sinus at cycle lengths of 
200 to 180 ms for 10 to 20 seconds at least 5 times. 
Despite the stated aim of evaluating the signifi-
cance of inducible atrial flutter,  21% of their pa-
tients with either a history of or inducible typical 
atrial flutter underwent cavotricuspid isthmus ab-
lation during the procedure so that it is difficult 
to derive systematic insights from the subsequent 
clinical development of typical atrial flutter. They 
did observe however that the occurrence of typi-
cal atrial flutter during the procedure is predictive 
of symptomatic atrial flutter during follow up, and 
that the elimination of (symptomatic) AF by cath-

eter ablation is not associated with freedom from 
atrial flutter. Unlike the experience of Wazni et al, 
symptomatic typical atrial flutter occurred during 
follow-up in 21% of patients free of recurrent AF. 
Moreover 29% of those with recurrent AF also de-
veloped typical atrial flutter (p= ns). Conversely, 
there was a trend towards a lower recurrence rate 
of AF in the group of patients who had undergone 
cavotricuspid isthmus ablation (p=0.07) leading the 
authors to suggest that atrial flutter may have been 
responsible for some episodes of AF. It could be 
speculated that the additional cavotricuspid abla-
tion allowed more time to monitor  the pulmonary 
venous isolation for conduction recovery.  The au-
thors nevertheless concluded that catheter ablation 
of the cavo-tricuspid isthmus should be considered 
in conjunction with PV isolation to avoid the need 
for a second catheter ablation procedure. 

We chose to prospectively evaluate an individual-
ised strategy of performing adjunctive cavotricus-
pid isthmus ablation only for those AF ablation pa-
tients with a documented history of typical atrial 
flutter or those in whom typical atrial flutter was 
observed during the procedure i.e. spontaneous 
onset or spontaneous conversion of AF to atrial 
flutter or triggered during catheter manipulation 
[16]. We chose not to perform rapid burst stimu-
lation or programmed stimulation because typical 
flutter is known to be difficult to induce even in 
patients with a previous history of this arrhythmia 
(6.2% of attempts in one study, (4), is equally likely 
to induce AF and eliminating the induction pro-
tocol helped shorten and simplify the procedure. 
Additionally, the occurrence of typical flutter with-
out an induction protocol probably demonstrates a 
greater susceptibility to this arrhythmia. 75 of 188 
patients underwent CTI ablation and AF ablation; 
the remaining AF ablation alone. Of the 75, 47 had 
previously documented typical flutter, 13 devel-
oped typical flutter for the first time during the 
procedure and 15 had had a previous typical flut-
ter ablation. Over a mean follow –up of 30 months, 
AF and typical flutter recurrences were similar in 
both groups: AF recurrence 25% in the group with 
CTI ablation vs. 28% in the group without CTI ab-
lation; typical flutter 1.3 vs 2.6% respectively, p=ns 
for both comparisons. Therefore withholding CTI 
ablation in patients undergoing AF ablation with-
out prior or intraprocedural documentation of typ-
ical flutter does not result in higher rates of typical 
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flutter occurrence during follow-up. Further, re-
currence of AF is also not any lower in the patients 
undergoing adjunctive right atrial ablation.

Clinical Implications

The reason for the frequent coexistence of typical 
atrial flutter and atrial fibrillation is not known, 
however, the two arrhythmias have substrates in 
contralateral atria. The interplay between the two 
arrhythmias might be explained by their sharing 
of common triggers – ectopy of pulmonary vein 
origin - as well as the requirement for rapid close 
coupled activation to potentiate and complete the 
intercaval zone of block in order to create the typi-
cal flutter circuit. 

The lack of significant effect of typical flutter ab-
lation on the recurrence of atrial fibrillation after 
catheter ablation emphasises the independence of 
the two arrhythmias. Despite the fact that typical 
flutter ablation is one of the safest and and among 
the simplest of ablations, there is no justification 
for routinely performing it as an adjunct to atrial 
fibrillation ablation. Typical flutter ablation can 
be difficult in a minority of patients, and the ad-
ditional procedure times and indwelling catheter 
times may increase procedural risks, particularly 
thromboembolic risks. 

On the other hand, patients with previously docu-
mented typical atrial flutter should undergo this 
adjunctive ablation because of the high likelihood 
of recurrence, whether early or late. For those pa-
tients without any previous documentation of 
flutter, the occurrence of typical flutter during the 
procedure should also prompt consideration of ad-
junctive ablation. The duration of flutter, whether 
sustained or non-sustained, and the mechanism of 
its induction are both indicators of an individual’s 
propensity to develop typical atrial flutter. On the 
basis of the available evidence, the adjunctive ab-
lation of sustained typical flutter observed during 
the procedure without programmed or burst stim-
ulation is advisable as it results in similar flutter 
occurrence rates in follow-up compared to those 
without any previous flutter.
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Introduction

Atrial fibrillation (AF) is the most common sus-
tained tachyarrhythmia encountered by physi-
cians.  The prevalence of AF in patients over the age 
of 65 is approximately 6%, and approaches 10% in 
patients over the age of 85.1  As the median age of 
the population in the United States becomes older, 
the epidemiologic burden of AF in this country 
will likely increase.  Currently approximately 2.2 
million people in the United States have AF.1  AF, 
while typically not a life-threatening arrhythmia 
per se, is associated with increased risk of stroke,2 
heart failure, and increased mortality.  The stroke 
risk in patients with AF, for instance, is increased 
between 5- and 7-fold compared to similar patients 
without AF. 3, 4

Therapy for AF can be divided into two major 
paradigms – rate control and rhythm control.  Rate 
control, as the name implies, focuses exclusively 
on preventing an uncontrolled, rapid ventricular 
response rate in the setting of AF. Strategies to 
achieve rate control typically include either phar-
macological agents to slow conduction through 
the atrio-ventricular (AV) node (i.e. beta-blockers 
or calcium-channel blockers), or ablation of the AV 
junction and implantation of a permanent pace-
maker.  Large prospective randomized trials have 
validated rate control as a reasonable option in 

patients with AF, particularly in terms of overall 
mortality.5, 6  However, such a strategy does noth-
ing to reduce the stroke risk and loss of AV syn-
chrony seen in patients with AF, and as such, rep-
resents a suboptimal strategy in many patients.

The second paradigm, rhythm control, has histor-
ically involved the use of antiarrhythmic medica-
tions and/or DC cardioversion from AF into sinus 
rhythm. Antiarrhythmic medications used for the 
maintenance of sinus rhythm include class I and 
class III agents.  Randomized prospective data 
has demonstrated that amiodarone, compared to 
other class III and to class I medications, is the 
most effective antiarrhythmic drug to prevent 
AF.7,8  Long-term therapy with amiodarone is 
imperfect, however, due both to limited efficacy 
and to attendant end-organ toxicities. Recurrence 
rates in patients treated with amiodarone are ap-
proximately 35%. 7  As importantly, amiodarone 
has dose-dependent effects on thyroid, liver, and 
pulmonary function.  In patients treated with DC 
cardioversion alone (i.e. without the suppressive 
effects of anti-arrhythmic medications) AF recur-
rence is predictably high, with nearly 66% of car-
dioverted patients developing recurrent AF with-
in 15 months.9 In part because of the limitations of 
effective and safe pharmacological therapy for AF 
suppression, clinicians have sought non-pharma-
cological interventions to achieve rhythm control.  
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Over the past 15 years, techniques for catheter-
based ablation of atrial fibrillation have evolved, 
and now provide a widely accepted therapeutic 
option for the treatment and potential cure of AF. 
This chapter reviews that evolution, summarizes 
current trends in practice, and speculates on the 
future directions of AF ablation.

Catheter-based Treatment For Atrial Fibril-
lation   

In 1959, Moe hypothesized that AF was due to 
multiple randomly propagating reentrant waves 
in the atrium, suggesting that functional reentry 
was the mechanism underlying fibrillation.10-12 In 
subsequent work by Allessie and others,13-15 Moe’s 
hypothesis was confirmed.  AF was demonstrat-
ed to require at least 6 to 8 circulating reentrant 
wavefronts.  Maintenance of AF depended both 
on a critical atrial mass and on conduction veloc-
ity and refractory periods in the atrial tissue to 
support functional reentry.

Catheter ablation for atrial tachyarrhythmias is a 
relatively recent phenomenon.16-20  The propaga-
tion of electrical activation from atria to ventricles 
over myocardial fibers was originally described in 
1883.21  Nearly a century later, Scheinman and col-
leagues described the first catheter-based ablation 
procedure – His bundle interruption for the con-
trol of ventricular response rates to refractory su-
praventricular tachycardias.22 Over the last twen-
ty-five years, catheter ablation techniques have 
become standard, curative therapy for AVNRT ,17 
accessory pathway ablation,18, 20 and ablation of 
macro-reentrant atrial flutter.19  While ablation of 
the AV junction has long been accepted as a pal-
liative treatment for AF, curative catheter-based 
therapy has evolved rapidly since the early 1990s.  
Initial work focused on linear and MAZE-like le-
sions sets in the right,23, 24 right and left,25 and left 
atria.26  More recently, the importance of AF trig-
gers (particularly those located in the PVs) has 
been recognized and targeted. 27

The Past

Initial ablation attempts to cure atrial fibrillation 
focused on linear lesions confined to the right 
atrium.  Between 1994 and 1996, Haissaguerre 
and colleagues investigated the effects of linear 
lesion sets in patients with symptomatic, drug-

refractory AF.25  45 initial patients were studied 
and followed over the long term.  Patients initially 
underwent right atrial ablation only, with either a 
single ablation line from SVC to IVC over the atrial 
septum, or multiple lines (longitudinal and trans-
verse) to compartmentalize the right atrium.  The 
procedure led to stable sinus rhythm in 18 of 45 
patients (40%) during the procedure.  Sustained 
AF was inducible in 40 of 45 patients, however, 
and 19 patients underwent repeat ablation of left 
or right sided atrial flutter or focal atrial tachycar-
dia.  After a follow-up period of 11 ± 4 months, 
only 6 patients were free of AF off anti-arrhythmic 
drugs, with another 9 patients free of AF on a pre-
viously ineffective medication (overall success of 
33%).  9 of 45 patients had significant improvement 
of their symptom burden with the aid of an anti-
arrhythmic medication, while the remaining 21 of 
45 patients had no appreciable effect from RA-only 
ablation.  After 26 ± 5 months of follow-up,24 there 
was a further reduction in therapeutic benefit, with 
7 previous responders (either cure or significant 
reduction in AF burden) reverting to frequent AF.  
Successful results with RA-only lesions were seen 
in only 17 of 45 patients.

Other investigators have prospectively attempted 
curative lesion sets confined to the right atrium.  
Natale and colleagues studied 18 patients with 
symptomatic, drug-refractory AF.28  While the le-
sion sets varied somewhat among the patients 
(seven with two intercaval lesions, ablation of the 
cavo-tricuspid isthmus, and an anterior RA line; 
eleven with a single intercaval line, a septal line, 
and cavo-tricuspid isthmus ablation), the results 
were generally poor.  After a follow-up period of 
22 ± 11 months, only 5 of 18 patients remained free 
from atrial arrhythmia recurrence.  Most of the 13 
recurrences occurred within two months of the 
procedure.  The particular lesion set did not pre-
dict procedure efficacy.  Thus, while linear abla-
tion confined to the right atrium to cure AF is at-
tractive from a technical and safety standpoint, 
multiple trials with intermediate and long-term 
follow-up have shown it to be a largely ineffective 
procedure.24, 29

Recognizing the limited efficacy of RA-only abla-
tion for AF, several groups began prospective in-
vestigations of bi-atrial and left-atrial linear abla-
tion.  Haissaguerre performed left atrial ablation 
in 10 of their 45 patients described above .25 Linear 



ablation in this group terminated AF during the 
procedure in 8 of 10 patients. In 5 of 10 patients, 
sustained AF could not be induced after the pro-
cedure. Intermediate follow-up demonstrated 
success in 6 of 10 patients (with two patients re-
quiring ongoing anti-arrhythmic medications).

Between 1996 and 1998, the same group system-
atically studied bi-atrial linear ablation to cure 
AF.26  44 patients were enrolled prospectively, 
the majority of whom suffered from paroxysmal, 
drug-refractory AF (n=40).  4 patients had persis-
tent AF.  All patients underwent a similar abla-
tive procedure.  In the right atrium, an interca-
val septal line and ablation of the cavo-tricuspid 
isthmus were made.  In the left atrium, linear le-
sions were applied from the superior PVs to the 
posterior MV annulus, including the inferior PV 
ostia.  A roof line connecting the two superior 
PVs was performed in all patients; a septal left-
sided line from the right superior PV to the fossa 
ovalis was performed in 23 of 44 patients.

This complex lesion set was technically difficult, 
requiring multiple procedures (2.7 ± 1.3) and 
prolonged fluoroscopy (171 ± 94 min).26 After a 
follow-up period of 19 ± 7 months, 25 of the 44 
patients were successfully treated, 12 patients 
were significantly improved, and 7 were without 
improvement.  Success rates increased to 37 of 
44 patients with the use of antiarrhythmic medi-
cations.  However, there were clearly important 
caveats to the study.  Only 7 of the patients were 
treated with a single procedure, while the rest 
were treated with multiple procedures for AF 
recurrence, ablation of AF triggers, and/or the 
ablation of iatrogenic left atrial flutters.  Perhaps 
most importantly, triggers of AF arising from 
the PVs were identified and ablated in 26 of the 
44 patients studied.  Given the clear importance 
of trigger elimination in catheter-based cures of 
AF (discussed below), these results undoubt-
edly confounded an analysis of left atrial linear 
lesions alone as a curative approach to AF.  In-
deed, ablation of triggering foci and the creation 
of at least one successful line of block were the 
two sole predictors of success in the 37 patients 
with a favorable outcome.

Other linear left atrial lesion sets have been in-
vestigated.  Swartz and colleagues pursued a 
catheter-based recreation of the Cox MAZE le-

sion set; technical difficulty and complication rates 
limited the widespread application of the proce-
dure, however.30  A much simpler left atrial lesion 
pattern was investigated prospectively by Pappone 
and colleagues.31  27 patients with highly symp-
tomatic, drug-refractory, paroxysmal AF under-
went biatrial lesion application using a novel (at 
the time) mapping system.  14 patients underwent 
biatrial ablation, with three linear lesions in the 
RA (posterior intercaval; cavo-tricuspid isthmus; 
septal) and a single, long linear lesion surround-
ing the PV ostia and connecting to the MV annulus 
in the left atrium.  The left atrial lesion alone was 
performed in isolation in 5 patients, while the RA 
lesion set alone was performed in 8 patients.  The 
success and complication rates reported by Pap-
pone and colleagues were relatively good, with 16 
of 27 patients entirely asymptomatic from AF (4 on 
antiarrhythmic medications), and another 4 with 
markedly reduced symptoms.  No acute complica-
tions were reported.  Success appeared to be pre-
dicted by biatrial ablation (85% success v. 50-60% 
with single-chamber ablation).

The Present

In part because of the limited efficacy of linear 
ablation alone for AF, and in part because of criti-
cally important observations by Haisaguerre of 
the triggered nature of AF (discussed below), lin-
ear ablation alone for AF is currently not widely 
performed.  However, observations made by the 
groups that pursued linear ablation – unmasked 
triggering foci in patients undergoing linear ab-
lation, and the development of simple lesion sets 
around the PV ostia, in particular – continue to in-
form current catheter-based ablation strategies for 
AF.

A seminal event in the catheter-based treatment 
of AF was the observation by Haissaguerre and 
colleagues that fibrillation could be triggered by 
rapidly firing ectopic atrial foci.27,32,33 In a series of 
publications in the mid- and late-1990s, Haissa-
guerre’s group reported the successful ablation of 
AF through radiofrequency ablation of focal trig-
ger points.  In 1994, they described three patients 
with atrial tachyarrhythmias.32  In the first patient, 
a focal, rapidly firing atrial tachycardia mimicked 
AF on ECG, and was successfully ablated.  The sec-
ond patient had AT-induced AF, again with suc-
cessful ablative therapy targeting the ectopic trig-
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ger.  In the final patient of the series, a focal right 
atrial septal trigger was found and ablated, with 
marked dimunition of AF burden.  These initial 
results were expanded upon by a larger series of 
patients (n=9), in whom paroxysmal AF was found 
to be triggered from ectopic atrial foci.33 In three 
patients, these foci were located in the RA; in the 
other six patients, triggers were at the ostium of 
the right (n=5) or left (n=1) PVs. All patients under-
went successful ablation, with a mean of 4 ± 4 RF 
applications.  One patient suffered an early recur-
rence of AF and underwent re-ablation.  After 10 
± 10 months of follow-up, there were no observed 
recurrences of AT or AF.

In a larger, landmark study of 45 patients with 
symptomatic, drug-refractory paroxysmal AF, 
Haissaguerre et al reported that all 45 had demon-
strable focal atrial triggers.27  Most patients (n=29) 
had a single triggering site, although as many as 
four triggering sites were observed.  A total of 69 
triggering foci were found, the majority of which 
(31/69) were located in the left superior PV (LSPV).  
Other frequent sites included the right superior PV 
(RSPV; 17/69), left inferior PV (LIPV; 11/69), and 
right inferior PV (RIPV; 6/69).  Three ectopic foci 
were located in the RA.  AF induction was spon-
taneously observed in 36 patients, and was char-
acterized by short bursts of two or more repetitive 
focal firings (40/45 patients).  Ablation of ectopic 
foci was successfully achieved in 38/45 patients.  
Short-term recurrence of AF was seen in 2 of the 
38 ablated patients.  After 8 ± 6 months, 28 of the 
45 patients remained free of AF (62%), without the 
use of anti-arrhythmic medications; 17 patients, 
including the early failures, had recurrence of AF.

The observation that AF is frequently triggered 
by ectopic, rapidly firing atrial foci amounted to 
a paradigm shift in ablative treatment.  Surgical 
and catheter-based strategies to date had focused 
principally on substrate modification, in an effort 
to disrupt the maintenance of AF.  Many of these 
strategies involved surgical or ablative isolation 
of the PV ostia from the body of the left atrium, 
which may in part explain their effectiveness. 
Current ablation strategies are focused more on 
the elimination and/or isolation of AF triggers, 
although many strategies combine both trigger 
isolation and substrate modification.  Ablation of 
PV-located triggers has evolved rapidly, from fo-
cal to segmental and ultimately to linear ablation 
lesions.

With the initial observation that AF triggers are 
predominantly located in the PVs, focal trigger ab-
lation within the veins became more widespread 
.27,33-40  Quickly, though, the limitations and dan-
gers of this strategy were discovered.  The recur-
rence rates of AF in patients undergoing focal PV 
trigger ablation was high, due primarily to other 
PV triggers unrecognized at the time of initial 
ablation, or to recovery of identified and ablated 
PV triggers.  As importantly, ablation within the 
PVs led to an unacceptably high rate of PV steno-
sis.41,42  This complication has serious downstream 
sequella, including pulmonary hypertension, he-
moptysis, dyspnea, and (rarely) death.43 Accord-
ingly, strategies to isolate the PVs, either through 
segmental or circumferential lesion sets, were 
developed in an effort to avoid injury to the PVs 
themselves.
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Segmental PV isolation refers to the application 
of lesion arcs immediately outside the ostia of the 
PVs, and is based on the observation that discrete 
strands of myocardial tissue are found in PV ostia 
and represent attractive ablation targets.  Segmen-
tal isolation is typically guided by a lasso catheter 
inserted into the PV, allowing for identification of 
the earliest activated region.  A second ablation 
catheter is then used for lesion application.  Abla-
tion is performed at the region of earliest activa-
tion, with lesions placed outside the PV ostium.

 Segmental ablation has been carefully studied in 
a number of prospective clinical trials (see Table 
1]), 44 and remains a preferred method of some 
operators.  Oral and colleagues investigated the 
efficacy of segmental ablation for patients with 
paroxysmal (n = 58) or persistent (n = 12) AF.45  In 
all patients, at least three PVs were targeted (with 
variable inclusion of the RIPV), with 94% success 
in acute isolation.  Patients were followed for 150 ± 
85 days.  There was a 70% cure rate (freedom from 
AF) and 83% clinical improvement rate (freedom 
from or marked reduction of symptomatic AF) in 
patients with paroxysmal AF.  Those patients with 
persistent AF had markedly worse results, with 
only 22% of patients cured of AF.  Subsequent 
data from this group demonstrated inferiority 
of their segmental approach to circumferential 
PV isolation (discussed below).  A review of the 
compiled data evaluating segmental PV isolation 
demonstrates a combined efficacy that reflects the 
disparities in success rates seen between patients 
with paroxysmal and persistent AF described by 

Oral et al.44 Intermediate-term success with seg-
mental ablation was seen in 196 of 280 patients 
(70%) with paroxysmal AF, contrasted with 21 of 
70 patients (30%) with persistent or permanent 
AF.  PV stenosis remained a significant complica-
tion in these collected studies (incidence of 4.3%).  
Long term data in this group is limited.

Pappone and colleagues have championed an al-
ternative strategy for PV isolation, in which large 
circumferential lesions are placed around the 
ostia of the PVs .31,46-48  Several variations of the 
procedure are practiced: a single long lesion en-
compassing the ostia of all four PVs; twin lesions 
around the left and right PV ostia; or four lesions, 
each targeting a single PV.  In each case, lesions 
are made empirically, rather than targeting par-
ticular regions of early PV activation. Success 
rates using wide, circumferential lesions have 
been favorable, typically ranging between 56 to 
95%.44

Pappone and colleagues studied 251 patients con-
secutively between 1998 and 200049, employing 
the circumferential approach.  The majority of 
their patients had symptomatic, drug-refractory 
paroxysmal AF (n = 179), though some patients 
had permanent AF (n = 72).  In most cases, each 
PV was isolated individually, with circumferen-
tial lesions applied > 5mm outside the PV ostium.  
Some patients with closely paired or common PV 
ostia had larger lesions incorporating both ipsilat-
eral PVs.  The study reported follow-up data after 
10 ± 4.5 months.  In 179 patients with paroxysmal 
AF, 85% were free of AF; in 49 patients with per-
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toms to elimination of the rhythm per se).  Using 
the segmental approach to ablation in a series51 of 
75 patients with paroxysmal (n = 42), persistent 
(n = 21), or permanent (n = 12) AF, acute isolation 
of electrically active PVs was achieved in 100% of 
cases.  42 of 75 patients required isolation of all 
four PVs.  After 10.5 ± 7.5 months following a sin-
gle (n = 75) or second (n = 11) procedure, 39 of the 
75 patients were free from AF, 10 of 75 patients 
were markedly improved, and 26 had no benefit 
from the procedure(s). 

We prospectively investigated the circumferen-
tial approach in a series of 64 consecutive patients 
with paroxysmal (n = 29), or persistent/perma-
nent (n = 35) AF.  Patients were followed for a 
mean of 13 ± 1 months.52 After a single procedure, 
long term success (freedom from AF) was found 
in 45% of patients.  19 patients with initial proce-
dure failure elected to undergo a second proce-
dure.  The results including patients undergoing 
two procedures improved to an overall cure rate 
of 62%, with an additional 9% of patients signifi-
cantly improved.

Based in part on these imperfect results, AF abla-
tion techniques have continued to evolve at Johns 
Hopkins.  Currently we perform a hybrid proce-
dure that combines wide, circumferential abla-
tion and limited segmental PV isolation.  During 
this procedure, a double transseptal puncture is 
performed.  PV electrical activity is monitored by 
lasso catheter.  The right and left PVs are initially 
isolated in twin circumferential lesions.  Follow-
ing circumferential ablation, each vein is electri-
cally isolated using a segmental approach, with 
care taken to avoid ablation in the PV itself.  Long-
term results from this procedure are forthcoming, 
and appear to be promising.

Finally, it is important to note that other centers 
have investigated extra-PV foci as targets for ab-
lation, and have reported encouraging results.  
Nadamanee, for instance, has described ablation 
of atrial foci in which high-frequency atrial elec-
trograms are recorded.56  He found that these sites 
are typically located in 9 regions of the atria.  Ab-
lation during spontaneous or induced AF resulted 
in termination of fibrillation in 91% of cases, with 
a single-procedure success rate (freedom from AF 
off anti-arrhythmic medications) after 12 month 

sistent or permanent AF, 68% were free of AF.  Im-
portantly, the procedure appeared to markedly re-
duce the incidence of PV stenosis (none), and was 
generally well tolerated (tamponade in 2 patients). 

Oral and colleagues have directly compared the 
segmental and circumferential approaches in a 
randomized, prospective trial.50 80 patients, all 
with symptomatic paroxysmal AF, were evenly 
assigned to segmental or circumferential ablation.  
Ipsilateral veins were isolated in a single lesion 
with the circumferential technique.  Procedure 
and fluoroscopy times did not vary significantly 
between the two groups.  Success after 6 months, 
however, favored the circumferential (88% free-
dom from symptomatic AF) over the segmental 
approach (67% freedom from symptomatic AF).   
Complications did not vary meaningfully between 
the two groups, and were minimal (single iatro-
genic LA flutter).

A recent review summarized the recent clinical 
trials investigating circumferential PV isolation ef-
ficacy (Table 2).44  Long-term success was seen in 
290 of 393 patients (74%) with paroxysmal AF.  In 
patients with persistent or permanent AF, success 
rates were predictably lower (73 of 149 patients; 
49%).  Also predictably, the incidence of PV ste-
nosis was markedly reduced compared to focal or 
segmental ablation (0.4%).  Other complications, 
including tamponade, stroke, and death, were all 
under 1%.  Based in large part on these trials, and 
on the aforementioned limitations of focal and 
segmental PV isolation, circumferential ablation 
around the PVs remains a commonly used tech-
nique, either alone or in conjunction with alterna-
tive approaches, in the catheter-based treatment of 
AF.

The Present - Johns Hopkin Hospital

At Johns Hopkins, we have prospectively inves-
tigated both segmental and circumferential tech-
niques for AF ablation, publishing both interme-
diate- and long-term results.51-55 We have chosen 
a stringent definition for success following AF 
ablation, defined as freedom from AF off all anti-
arrhythmic drugs.  An important consideration in 
evaluating clinical trials describing success rates in 
AF ablation is the often protean and changing defi-
nition of success (ranging from reduction of symp-
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follow-up of 70%.  Success increased to 83% after a 
re-do procedure.

The Future

There are several promising developments that 
may impact the near future of atrial fibrillation ab-
lation.  These principally include new technologies 
for lesion set delivery to the pulmonary vein ostia, 
consistent with current strategies targeting PV trig-
gers.  Focused ultrasound, cryoablation, and RF 
ablation catheters with customized lesion patterns 
for PV ostia are only some of the emerging tech-
nologies that may make PV isolation easier, faster, 
and safer. Other types of new therapies include the 
use of robotic ablation systems (Hansen Medical) 
and Stereotaxis.

It is difficult now to predict the future. However 
there are three possible strategies that will likely 
gain significant market share. One of these strate-
gies involves the use of a balloon based ablation 
system (Focused Ultrasound, Cryoablation, or La-
ser). If one of these ablation systems gains market 
release and is shown to shorten procedure time 
and improve outcomes of AF ablation it is likely 
that many patients will initially undergo a balloon 
based ablation procedure. The obvious advantage 
of this approach is that expensive mapping systems 
are not required, making this therapy one that can 
be offered at virtually all hospitals that have based 
EP equipment. If an initial balloon based ablation 
procedure fails, or if a patient has long standing 
persistent AF they would be referred into a larger 
center with more sophisticated mapping equip-
ment. A second strategy is the more widespread 
use of robotic or stereotactic ablation systems. If 
these systems are shown to improve outcomes 
and shorten procedure time it is possible that they 
would gain a very significant market share. The 
obvious advantage of these systems is that they 
provide the opportunity to automate much of the 
ablation procedure. And the third strategy that 
may remain dominant is the continued use of ra-
diofrequency based ablation systems that heavily 
relay on electroanatomic mapping. At the present 
time, this latter approach is clear dominant. 

It is clear that electrophysiologists are striving to 
find an ablation system or strategy that will de-
liver the best outcomes for their patients. At the 

present time all of the futuristic ablation systems 
described above are no more than promising pos-
sibilities. In order for these new ablation systems 
to gain widespread acceptance clinical trials will 
need to be performed which demonstrate in-
creased efficacy, improved safety, and hopefully 
both shorter procedure times and reduced cost. 
Even if the first three are achieved, at an increased 
overall cost, this ablation system / approach will 
likely gain widespread acceptance. 

In addition, there are ongoing trials looking at 
ablation versus anti-arrhythmic drug therapy for 
atrial fibrillation.  While catheter ablation for AF 
is currently restricted primarily to patients with 
drug-refractory, highly symptomatic AF, a num-
ber of studies have investigated or are investigat-
ing ablation as a first-line therapy.  The results of 
these trials may impact referral patterns for abla-
tion in the near future.

Conclusions

Catheter-based therapies for AF have evolved 
rapidly over the last 15 years.  One of the striking 
aspects of that evolutionary process has been the 
discovery of fundamental mechanisms underly-
ing AF, often revealed during the course of clini-
cal investigation.  Triggering of AF from ectopic 
foci, atrial electrophysiological properties permit-
ting arrhythmia maintenance, and the physical 
and electrophysiological remodeling that occurs 
in the setting of AF all have been elucidated, in 
large part, through clinical investigations.

As importantly, the efficacy and risk: benefit ratio 
of non-pharmacological interventions for AF con-
tinues to improve.  New modalities of ablation, 
including ultrasound, laser, microwave, and cryo-
ablation are all subjects of ongoing investigation.  
Given the rate of progress in AF therapy over the 
last quarter century, safer and more effective tech-
niques seem certain to emerge over the next 25 
years.  Given the aging of the population, and the 
likely attendant flood of patients with AF at our 
doorstep, such advances are certainly worthy of 
aggressive pursuit.
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Introduction

Atrial fibrillation (AF) is a common arrhythmia as-
sociated with significant morbidity and mortality.1 

Catheter ablation is indicated in patients with AF 
who are refractory or intolerant to antiarrhythmic 
medication.2,3

Electrical isolation of the pulmonary veins is the 
cornerstone of any ablation approach. The goals of 
catheter ablation are to prevent AF by eliminating 
the initiating triggers and altering the arrhythmo-
genic substrate. 2,4 This kind of treatment is gen-
erally safe and effective, but does pose some risk 
of thromboembolic complications due to the use 
of long intravascular sheaths, prolonged left atrial 
instrumentation and the lesions caused by RF de-
livery.

Stroke is the most feared complication associated 
with AF ablation, with reported rates of up to 6% in 

patients undergoing to this procedure. 4-7 Resto-
ration of sinus rhythm per se also imposes some 
risk of embolism, but ablation adds substantial 
areas of damaged left atrial endothelium that 
may predispose to thrombus formation.3

The intensity and timing of anticoagulation are 
important issues when considering prevention of 
thromboembolic complications during AF abla-
tion.

Soft Thrombus Formation

Soft thrombus is a mobile clot or fibrin formation 
that occurs during ablation probably by denatur-
ation and aggregation of plasma proteins which 
may occur at blood temperatures between 50º 
and 80ºC (Video 1). It usually occurs at the site 
with the highest temperature (the surface of the 
heated tissue) and has poor adherence to the ab-
lation electrode and transeptal sheaths.8 Such a 
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Abstract

Atrial fibrillation is associated with thromboembolic events that may cause important impairment on 
quality of life. Pulmonary vein isolation is the treatment of choice in cases that are refractory to medical 
therapy. Once sheaths and catheters are manipulated inside the left atrium, anticoagulation with hepa-
rin must be used during the procedure to protect patients from thromboembolic phenomena. Different 
strategies of anticoagulation are used at different centers. This review summarizes the pathophysiology 
of thrombus formation in the left atrium, defines which patients are under high risk and describes the 
main strategies used for anticoagulation.
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formation may only be noticeable with intracar-
diac echocardiography (ICE), because it may not 
be associated with impedance rises9, and occurs 
even in patients submitted to increased intensity 
anticoagulation protocols. 10-12

Some studies have shown that more aggressive 
heparinization strategies during the procedure 
results in a reduction of embolic complications. 
11,12 Wazni et al12 compared different regimens of 
anticoagulation during AF ablation. The majority 
of patients in this study received a bolus of 10.000 
U and the ACT was maintained around 350-400 
seconds. In 180 patients ACT was maintained be-
tween 300-350 seconds in addition to an infusion 
of eptifibatide at a dose of 135 mcg/kg followed 
by 0,5 mcg/kg/min infusion adjusted to achieve 
greater than 85-90% suppression of platelet ag-
gregation. At the end of the procedure, a single 
dose of Aspirin was administered and warfarin 
was restarted in all patients in the same day. In 
patients with persistent AF, bridging to warfarin 
was performed with enoxaparin 0,5mg/kg twice 
daily. There was a uniform reduction of peripro-
cedural embolic events, but none of the antico-
agulation protocol abolished catheter-associated 
char formation. There was a higher incidence 
of pericardial effusion without any reduction of 
stroke in the group receiving eptifibatide.

Char Formation

Char is the formation of hard coagulum due to 
tissue overheating during RF delivery and is gen-
erally observed at the end of the procedure, at-
tached to the catheter tip12 (Figure 1). 

Kongsgaard et al observed that, in vitro, tissue 
overheating may occur despite low catheter tem-
peratures.13 Without flow, the tip temperature 
initially exceeded the tissue temperature, but the 
tissue temperature exceeded the tip temperature 
after 18 seconds. With flow around the ablation 
site, the tissue temperature exceeded the tip tem-
perature during the entire energy delivery, but in 
this case temperature curves were oscillating in 
the presence of flow around the ablation site.

Since char results from heated denatured fibrino-
gen, it is independent of thrombin; as such hepa-
rin cannot prevent its formation. The major strat-
egy to avoid char formation is power titration, 

which is possible using ICE. Direct visualization 
of the electrode surface and the detection of mi-
crobubbles are helpful in embolic prevention and 
allow early interruption of instrumentation for 
suction and removal once clot is detected. Bubble 
monitoring permits downward power titration 
before impedance rise and coagulum formation. 
12,14 (Video 2).That strategy is not usually appli-
cable when open irrigation tip catheters are used, 
once the agitated saline droplets that leave the tiny 
catheter orifices at high velocity causes echogenic 
microbubble formation (Video 3), which may com-
promise the use of ICE for monitoring tissue over-
heating15. However, irrigated tip ablation limits 
the temperature at the catheter tip-tissue surface, 
reducing the risk of charring and thrombus forma-
tion. 9,16 

Timing and Targets of Anticoagulation

Once vascular access has been obtained, before 
transseptal puncture, anticoagulation should 
ideally be initiated with unfractioned heparin, 
delivered based on body weight or time-based 
nomograms and monitored by regular ACT mea-
surements. This strategy avoids LA instrumenta-
tion without therapeutic ACT levels, which may 
allow rapid thrombus formation17

Another strategy shown to prevent thrombus for-
mation is continuous flushing of intravascular 
sheaths with heparinized solution.7 Cauchemez et 
al reported their experience with left atrial ablation 
using high-flow rate perfusion of long sheaths. In 
153 procedures in 86 patients, they used two dif-
ferent protocols: the sheaths were continuously 
flushed with heparinized saline (1000U/L) at a flow 
rate of 3 ml/h (“low-flow”), or 180 ml/h (“high-
flow”). They reported a strong relation between 
sheath perfusion rate and stroke, with a 17-fold 
higher risk using low flow perfusion than high 
perfusion sheaths.7

ICE also allows performance of transeptal punc-
tures with ongoing anticoagulation, as it provides 
improved anatomic definition, direct visualization 
of sheaths and needle, and immediate identifica-
tion of pericardial effusions.4,10,12,18(Video 4)

Several studies have shown that more aggressive 
anticoagulation, maintaining ACT between 350 
to 400 seconds, reduces periprocedural embolic 



events, without increasing serious bleeding 
complications.10,12,19  Ren et al described differ-
ent protocols of anticoagulation and analyzed 
the effects of increased intensity of anticoagula-
tion during the procedure. They studied 511 pa-
tients divided in two groups: Group I – ACT 250-
300 seconds and Group II – 300 – 410 seconds. 
Thrombus formation in the LA was monitored 
continuously with ICE imaging. Although there 
was a higher incidence of SEC in Group II (59,9% 
versus 16,7% in Group I), LA thrombus forma-
tion was observed in 11.2% patients of group I 
and only in 2,8% in group 2 (p<0,05). When con-
sidering only patients with SEC, an incidence of 
45% of thrombus formation in the LA was ob-
served in the low ACT group, as compared with 
4,6% in group II (p<0,0001). There was no differ-
ence in procedural complications related to in-
creased intensity of heparin anticoagulation.10

Prevention of Thromboembolic Events 
during and after AF Ablation

Oral et al described the prevalence and predic-
tors of thromboembolism in patients with and 
without other risk factors for stroke who under-
went to AF ablation. The procedure was realized 
in 755 consecutive patients with paroxysmal 
and chronic AF. The majority (56%) had at least 
1 risk factor for stroke. The highest incidence of 
thromboembolic events was recorded within the 
first 2 weeks post procedure (0,9%) [20].Warfarin 
was suspended after AF ablation in 79% of the 
patients with no risk factors, and in 68% in the 
patients with more than 1 risk factor. They re-
ported also an incidence of up to 0,2% of stoke 6 
to 10 months after ablation, 1 of whom still had 
AF, despite therapeutic INR.20

In that regard, in a recent study, Wazni et al 
evaluated strategies of periablation anticoagu-
lation to minimize the risk of thromboembolic 
events in periprocedural period. They compared 
outcomes in 355 consecutive patients undergo-
ing pulmonary vein antrum isolation of persis-
tent atrial fibrillation. Patients were divided in 
three groups: group I (105 pts) received enoxa-
parin 1 mg/kg twice daily for bridging after abla-
tion; group II (100 pts) received 0,5 mg/kg twice 
daily and group III (150 pts) were given their 
usual warfarin dose without interruption. All 
of the groups were comparable with respect to 

age, gender and structural heart disease. Warfarin 
therapy was interrupted in groups I and II 3 days 
before (INR approximately 1,1 during the proce-
dure). In group III, warfarin therapy wasn’t inter-
rupted and INR was [2,7+0,5. The maximum ACT 
during the procedure was comparable in both 
groups (>450msec). More patients had spontane-
ous echo contrast in groups I and II. There were 
no thromboembolic events in group 3 patients. 
Symptomatic large pericardial effusion requir-
ing pericardiocentesis occurred in two patients of 
group II. One patient in each groups I and III de-
veloped mild pericardial effusion that required no 
intervention. Hematomas were considered minor 
bleeding and occurred in 23 patients of group I and 
in 19 patients of group II. Nine patients of group 
III had hematomas.21 They concluded that main-
tenance of anticoagulation with warfarin to main-
tain therapeutic INRs is safe and that strategy may 
be an acceptable alternative to bridging strategies 
that use enoxaparin or heparin in the periproce-
dural period. This strategy is currently being used 
by several centers performing a high volume of AF 
ablation procedures.

Another important risk factor is the presence of 
spontaneous echo contrast (SEC), defined as slow 
swirling nonhomogenous amorphous echoes, 
visualized with intracardiac or transesophageal 
ultrasound (Video 5). It is a marker of a hyperco-
agulable state, since it results from red cell aggre-
gation, which arises from an interaction between 
red cells and plasma proteins such as fibrinogen, at 
low shear rates. SEC is also associated with low left 
atrial appendage (LAA) velocities (< 20 cm/sec), 
commonly found in patients with AF.22 In these 
cases, more aggressive anticoagulation may help 
avoiding thrombus formation during the ablation 
procedure[10]. Wazni et al demonstrated that the 
maintenance of warfarin throughout AF ablation 
reduces dramatically the formation of SEC.14,21  

Conclusions

Pulmonary vein isolation is becoming the treat-
ment of choice for symptomatic atrial fibrillation. 
The increasing number of procedures allowed 
electrophysiologists to become aware of the pecu-
liarities and potential complications of this treat-
ment. Thrombus formation is a feared complica-
tion related to this procedure, so many alternatives 
of anticoagulation are being tried to try to avoid it. 
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More aggressive anticoagulation with heparin dur-
ing the procedure, maintaining ACTs in the range 
between 300-350 sec, reduces periprocedural em-
bolic events without increasing hemorrhagic com-
plications.  

Continuation of warfarin throughout AF ablation 
without enoxaparin bridging is safe and efficacious 
and should be considered an alternative strategy 
to avoid embolic phenomena.
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Hypothesis

Pulmonary-vein isolation is increasingly being 
used to treat atrial fibrillation in patients with heart 
failure. Is Pulmonary vein isolation better than AV 
nodal ablation with bi-ventricular pacing in pa-
tients with heart failure?         

Methods & Materials

This was a prospective, multicenter clinical trial in 
which 81 patients with symptomatic, drug-resis-
tant atrial fibrillation, an ejection fraction of 40% or 
less, and New York Heart Association class II or III 
heart failure  were randomized to undergo either 
catheter ablation for AF (n= 41) or atrioventricular-
node ablation with biventricular pacing (n=40). 
Catheter ablation for AF primarily consisted of pul-
monary vein isolation with or without additional 
atrial substrate modification. The primary end 
points  were change in ejection fraction, 6-minute 
walk test and quality of life questionnaire in HF. 
All patients completed the Minnesota Living with 
Heart Failure questionnaire (scores range from 0 to 
105, with a higher score indicating a worse qual-
ity of life) and underwent echocardiography and 
a 6-minute walk test (the composite primary end 
point). Over a 6-month period, patients were moni-
tored for both symptomatic and asymptomatic epi-
sodes of atrial fibrillation. 

Results

At 6 months, freedom from AF in the catheter 
ablation group was 88% with or without antiar-
rhythmic drugs and 71% without antiarrhythmic 
drugs. The composite primary end point favored 
the group that underwent catheter ablation, with 
an improved questionnaire score at 6 months (60, 
vs. 82 in the group that underwent atrioventric-
ular-node ablation with biventricular pacing; 
P<0.001), a longer 6-minute-walk distance (340 
m vs. 297 m, P<0.001), and a higher ejection frac-
tion (35% vs. 28%, P<0.001). Non-fatal complica-
tions were slightly higher in the catheter ablation 
group (10%) compared to the AV nodal ablation 
group. Progression of AF was higher in patients 
with AV nodal ablation than those in catheter ab-
lation group (30% vs 0%). There was also slight 
reduction in the left atrial size in the catheter ab-
lation group than in the AV nodal ablation group. 

Conclusions

In patients with known heart failure, catheter 
ablation results in greater rhythm control off an-
tiarrhythmic drugs, halts of progression of AF, 
reduction of LA size, improvement in ejection 
fraction and QoL score than AV nodal ablation 
and biventricular pacing. 
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Commentary

Rate vs rhythm control is a much contested de-
bate in the treatment of atrial fibrillation. Criti-
cal trials like AFFIRM, SAVE and AF-CHF have 
not shown any significant difference in primary 
outcomes of mortality, QoL and stroke. However, 
most of these trials had used rhythm control strat-
egy with the help of antiarrhythmic drugs, which 
often times are associated with significant side ef-
fects and less than perfect for rhythm control with 
poor success rates. So PABA-CHF tries to answer 
the everlasting question if rhythm control using 
a non pharmacologic strategy like catheter abla-
tion that has superior success rates and lower side 
effects is superior to rate control. In most of the 
prior pharmacologic rate vs rhythm control tri-
als, the rate control arm often times were in sinus 
rhythm and no clear data on effective rate control 
was known. The current trial nicely addresses that 
by potentially allowing for 100% rate control with 
biventricular pacing. The strengths of this study 
are its prospective randomized controlled nature, 
multicenter participation, use of techniques that 
are proven to have superior results with minimal 

sideffects or complications in accomplishing their 
respective end results. This study has answered 
the question that was much debated very effective-
ly. Few more details would have provided better 
insights into this trial. It is not clear if the patients 
in the AV nodal ablation group had an atrial lead 
or not; what percentage of patients had failed AV 
nodal ablation; what percentage of patients had V-
sensing above the lower rate limits of the pacemak-
er or defibrillator. Were all patients in the AV nodal 
ablation group taken off of the Amiodarone after 
the procedure? Could some of the sinus rhythm 
in this group be attributed to the rhythm control-
ling properties of the antiarrhythmic drugs? The 
sample of patients described in this study seems 
to have a only mild to moderate left atrial enlarge-
ment. It would have been helpful to see if there was 
a difference in outcomes between ischemic and di-
lated cardiomyopathic groups in the catheter abla-
tion group. The current study is a critical piece that 
connects the puzzle in several ways. It provides 
strong evidence that rhythm control using non-
pharmacologic strategy that effectively eliminates 
atrial fibrillation is definitely superior to the true 
rate control strategy with AV nodal ablation.



Hypothesis 

Atrial Fibrillation could be secondary to inflamma-
tion of atrial tissue. Since statins have known anti-
inflammatory properties, can they affect prevent 
episodes of arrhythmias in patients with known 
paroxysmal atrial fibrillation?

Methods & Materials 

This was a prospective randomized trial of 106 pa-
tients who had an atrial based pacemaker therapy 
initiated for significant bradycardia. Fifty-two pa-
tients (23 males, 70 +/- 13 years old) were random-
ized to the statin group (atorvastatin 20 mg/d) and 
54 (25 males, 72 +/- 13 years old) to the non-statin 
group. The effect of atorvastatin on time to the first 
attack of AF or AHE (> or =180 per minute and > or 
=1 or 10 minutes), which was accurately detected 
by pacemaker interrogation at 1,3,6 and 12 months 
of follow-up. 

Results

Event-free survivals from AHE > or =1 minute were 
not significantly different between the statin and 

non-statin groups (55% vs 60%, p = ns). AHE  ≥ 
10 minutes were significantly lower in the statin 
group (n= 3 (5.8%)) compared to the non-statin 
group (n=10 (19.2%))  after 1 year of follow-up (p = 
0.041).  Mean monthly AHEs lasting > 10 minutes 
was significantly lower in the statin group com-
pared to the control group (0.06 vs 0.25, p=0.028). 
The mean left atrial volume of the statin group 
was significantly lower than that of the nonstatin 
group at the end of follow-up (39.7 +/- 1.7 vs 43.7 
+/- 1.9 cc, p < .0001). 

Conclusions 

Atorvastatin is effective in preventing significant 
AF (> or =10 minutes) and left atrial enlargement 
in patients with bradyarrhythmias and implanta-
tion of a pacemaker.

Commentary

This prospective study by Tsai CT et al is a good 
effort studying the effects statins on the arrhyth-
mia burden in patients with atrial fibrillation. 
Statins have been shown the promise of decreas-
ing AF in previous observational studies. If atrial 
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high rate episodes (AHE) can be equated to true 
paroxysms of AF, the data from the pacemak-
ers can accurately quantify the true arrhythmia 
burden in patients with AF. The strengths of this 
study are its prospective randomized control de-
sign and accurate quantification of arrhythmia 
burden. Some of the limitations are the lack of pre 
study arrhythmia burden assessment and rela-
tively small number of patients. There were no 
details regarding the type of antiarrhythmic drug 
therapy prior to the initiation of statins. This is 
limited to a subset of patients who mostly have 
tachybrady syndrome and those with bradycar-
dia without known AF. Although, they are an 

important subgroup of patients with AF, they may 
not represent all AF patients across the board.  It is 
unclear how statins affect the atrial substrate and 
arrhythmia burden in those more prolonged per-
sistent forms of the arrhythmia. Additional details 
on changes in inflammatory markers between the 
two groups would have been helpful. Despite the 
low incidence of AHE/AF episodes interestingly 
resulted in significant reduction of LA volume in 
patients treated with statins. The results are prom-
ising and a large well designed prospective study 
is required to meaningfully validate the results of 
this study. 



Introduction

Atrial Fibrillation (AF) as defined by the Ameri-
can Heart Association is an irregular heart beat 
(rhythm) where the small upper chambers of the 
heart (atria) beat ineffectively.  The atria cannot 
pump all of the blood out of the chambers, result-
ing in pooling of the blood or clot formation.  Un-
fortunately, if a part of the clot leaves the atria, it 
can become lodged in an artery in the brain result-
ing in an ischemic stroke.1

Atrial Fibrillation (AF) is the most common clini-
cally significant heart rhythm problem and affects 
more than 5% of the population greater than 65 
years of age.2,3  Risk factors which predispose pa-
tients to a stroke include congestive heart failure 
(CHF), high blood pressure (hypertension), age > 
75 years old, diabetes, and previous stroke/tran-
sient ischemic attack (TIA).  Patients with AF and 
a significant risk factor account for about 15% of 
ischemic strokes nationally.  According to the 2006 
Atrial Fibrillation guidelines, patients should be 
treated with aspirin or warfarin to prevent isch-
emic strokes.  Aspirin and warfarin help to prevent 
the formation of a clot thus decreasing the likeli-
hood of having a stroke.  The decision for which 
preventive drug to use depends on the number of 
risk factors a patient has.4

This paper will review two common treatment 
options for AF: 1) heart rate control and 2) heart 

rhythm control with medications.  Multiple clini-
cal trials have studied the effects of rhythm con-
trol versus rate control.5,6,7,8,9  Most of these studies 
have included elderly patients with high blood 
pressure or another risk factor for stroke.  In each 
study, the primary outcome which was studied 
did not differ between the two treatment groups 
(rate control vs. rhythm control).  As a result of 
these studies, deciding which treatment to use 
has centered on whether a patient is symptomatic 
with AF or asymptomatic.9  This discussion will 
focus on what medications are commonly used to 
control heart rate and which medications control 
heart rhythm.

Heart rate control refers to the heart rate of the 
ventricles (lower chambers of heart).  The goal 
heart rate is 60-80 beats per minute at rest and 90-
115 beats per minute with exercise.3  An impor-
tant point to remember is that if using medica-
tions to control heart rate, patients are still in AF, 
meaning the upper chambers of the heart are still 
beating irregularly.  This implies that if the rate 
control option is chosen, patients with significant 
risk factors will need to be on therapy for stroke 
prevention (aspirin or warfarin).  There are mul-
tiple classes of medications to control the heart 
rate.  They include β (beta) blocking agents, cal-
cium channel blockers (CCBs), and digoxin.  

Examples of β blockers include metoprolol and 
atenolol.  These medications work directly on the 
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heart to decrease the heart rate.  β blockers are 
well tolerated with few significant side effects al-
though there are a few to monitor.4,10  Some pa-
tients may experience fatigue due to the low heart 
rate associated with β blockers and patients with 
a history of asthma may experience an exacerba-
tion but this has mainly been associated with high 
doses.  β blockers may also lower blood pressure 
which would be beneficial in patients with hyper-
tension.  

Calcium channel blockers (CCBs) used for heart 
rate control include diltiazem and verapamil.  
These medications work by decreasing the electri-
cal stimulation to the ventricles (lower chambers 
in the heart).  This results in a lower heart rate.  
The most common gastrointestinal side effect is 
constipation which occurs more often in elderly 
patients.  Diltiazem and verapamil may also low-
er blood pressure which would be beneficial in 
patients with hypertension.  β blockers and CCBs 
have very similar effects on heart rate control; 
they are also comparable for onset of action and 
cost.  The main difference lies in the other benefi-
cial effects from β blockers.  For example, medica-
tions such as metoprolol and atenolol have been 
shown to improve outcomes after a heart attack.  
Therefore, it a patient has AF and a history of a 
heart attack, choosing a β blocker would help con-
trol the heart rate but also help improve outcomes 
after the heart attack.  Many of these factors are 
taken into consideration when choosing the best 
agent for rate control.  

The last medication we will discuss for rate con-
trol is digoxin.  Digoxin is derived from a digitalis 
plant and helps to control the heart rate by de-
creasing electrical conduction into the ventricles.  
Digoxin has a delayed onset of action compared 
to β blockers and CCBs and should be used if one 
of these medications is not successful in control-
ling the heart rate.  Digoxin may have beneficial 
effects for patients with congestive heart failure 
(CHF) and should be considered for patients with 
CHF who require rate control for their AF.4,10 

In summary, treating AF with rate control medi-
cations requires warfarin or aspirin therapy for 
patients with risk factors for a stroke.  The medi-
cations used for rate control are relatively safe, 
and patients experience few intolerable side ef-

fects from β blockers, CCBs and digoxin.  For pa-
tients with asymptomatic AF and no contraindica-
tions to aspirin or warfarin therapy, rate control 
is a feasible option to decrease incidence of stroke 
and improve symptoms of elevated heart rate.  

Medications which would control the heart rhythm 
are known as antiarrhythmic medications.  These 
medications would theoretically prevent the atria 
from beating irregularly and return the patient to 
a regular, normal heart rhythm.  There are many 
medications which can be used to convert a patient 
with AF back to a regular heart rhythm.  Unfor-
tunately, most of these medications can also cause 
other heart rhythm problems so clinicians are care-
ful to prescribe these medications in patients who 
are least likely to experience heart rhythm prob-
lems.  Examples of antiarrhythmic medications 
used to treat AF are amiodarone, dofetilide, so-
talol, flecainide, propafenone, procainamide, and 
quinidine.  Through various mechanisms, these 
medications help to restore a normal rhythm to 
the heart.  The effectiveness of each medication has 
been established but certain conditions predispose 
patients to the successful conversion to a regular 
heart rhythm.4  For example, in patients with CHF, 
amiodarone has been shown to be the most suc-
cessful with the least effect on causing another 
heart rhythm problem.  Although this sounds like 
a great option for CHF patients, amiodarone has 
been associated with significant side effects and 
clinicians are careful to choose this medication for 
patients who are least likely to experience these 
long term side effects.  There are specific situations 
where each of the antiarrhythmic medications 
would be an optimal choice in patients with AF.4,5,8

In conclusion, the choice between heart rate control 
and heart rhythm control depends first on symp-
toms with AF in a patient.  If a patient experiences 
significant symptoms with AF, it is prudent to try 
rhythm control management to improve quality of 
life.4, 5, 7  If  however a patient is relatively symptom 
free and at high risk for experiencing side effects 
with antiarrhythmic medications, it would be wise 
to choose a medication to control the heart rate.  
The decision to choose heart rate control or heart 
rhythm control in patients with AF is complicated 
and involves balancing the benefits gained with 
therapy with the side effects associated with the 
medications to treat AF.
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