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World Atrial Fibrillation Awareness Day – It’s 
About Time!
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Atrial Fibrillation (AF) is the most common cardi-
ac arrhythmia with approximately 2-3 million cas-
es in US and an additional 25 million plus world-
wide. The prevalence of AF is probably under 
estimated due to under diagnosis. AF is relatively 
uncommon before the age of 60 years, but affects 
10% of population over the age of 80 years. There 
are a multitude of causes for AF and there are ever 
emerging Risk Factors that are being studied. The 
future estimate of prevalence of this condition is 
increasing drastically, thus the need to spread the 
awareness among people. Despite the advances in 
recent times, the efforts that are going on to edu-
cate and diagnose people with this condition in 
early stages are not adequate enough. This war-
rants an action now than ever before to coordinate 
such efforts worldwide and this where GAFA is 
striving to spread the awareness of the condition 

in general population, so that people are aware of 
AF and is also acting as a proactive tool in involv-
ing patients in their health care decisions regard-
ing treatment of AF. 

The challenges that we face today in dealing with 
AF are similar to the ones we faced years back in 
dealing with Coronary Artery Disease. In fact AF 
can be characterized as the electrical equivalent 
of Coronary Artery Disease, which occurs due to 
mechanical obstruction or functional stenosis of 
coronary arteries. With the impact AF has on a 
global scale it is high time for us to fold the sleeves 
and get to work towards better awareness, early 
diagnosis and treatment. Thousands of debilitat-
ing strokes can be saved by empowering people 
with the knowledge to recognize the condition 
and provide them opportunities for timely and 



appropriate care. Billions of dollars in lost reve-
nue, outpatient and inpatient care related to every 
step of managing AF can be saved through better 
education. It’s high time that the stakeholders in 
this fight against AF got ready with a new weapon 
– Awareness of the disease.

The efforts of Global Atrial Fibrillation Alliance 
(GAFA), a non-profit organization which brought 
patients, physicians and industry together in the 
unified campaign against AF.  GAFA strives to 
promote AF awareness globally and brings inter-
national collaboration of great minds to contribute 
to meaningful research and successful treatment 
methods. GAFA is proud to have as members, 
leading Electrophysiologists, Researchers and 
other healthcare providers from across the globe 
working with patients to provide people and fam-
ilies who have been affected by AF with adequate 
knowledge through the most current news and 
developments in research, information on preven-
tion, management, and their treatment of AF, and 
explore alternate forms of AF management.

As the first step forward, World Atrial Fibrilla-
tion Awareness Day has been observed on the 
2nd Saturday of September each year all over the 

Journal of Atrial Fibrillation Editorial 

 www.jafib.com 5 Oct-Nov, 2012 | Vol 5 | Issue 3                          

world. It is observed to create global momentum 
for better education and treatment. 

In its inaugural year, World Atrial Fibrillation Day 
was observed on September 8th of 2012, where a 
community awareness Yoga and 5K Run event 
was successfully organized in two cities in US at 
Kansas city, Kansas and Glendale, Arizona.  This 
event was organized by the Global Atrial Fibrilla-
tion Alliance (GAFA), a not for profit physician-
patient-industry partnership working towards 
improving Atrial Fibrillation awareness around 
the world.

World Atrial Fibrillation Day is an opportunity 
for people to learn the facts about AF and use this 
knowledge to make educated healthcare choices 
for themselves and their loved ones affected with 
AF and raise awareness in your community on 
a global front.  My hearty congratulations to the 
organizers of the event. I welcome others to join 
this movement to see a world free of Atrial Fibril-
lation.

Dhanunjaya Lakkireddy MD, FACC, FHRS
Associate Editor 
Journal of Atrial Fibrillation (JAFIB)



Introduction

Radiation exposure related to percutaneous cath-
eter based procedures for cardiac arrhythmias is 
a problem that is being increasingly recognized in 
clinical practice. We have previously shown that 
concerted effort through operator education, mini-
mizing source intensifier distance and collimation 
helps in minimizing radiation exposure. However, 
these adaptations still fail to accomplish the ambi-
tious reductions we hope for as fluoroscopy con-
tinues to be the gold standard for reaffirmation of 
stable catheter location in the heart.1 Three dimen-
sional mapping systems have proven to be vital in 
catheter navigation, arrhythmia mapping and for 
reducing radiation exposure but patient motion 
continues to be a problem. A novel electromagnetic 
technology capable of integrating 3D non-fluoro-
scopic catheter tracking on a prerecorded fluoro-
scopic background has been shown to further re-

duce radiation exposure during EP procedures.2 
We describe the use of this technology for the ab-
lation of a typical right atrial flutter.  

Case Description

A 62 year old female with a history of lung cancer, 
hypertension, and diabetes mellitus was evaluat-
ed for symptomatic atrial flutter due to failed rate 
and rhythm control on a large dose of AV nodal 
blockers and Amiodarone. She also had new on-
set severe Left Ventricular dysfunction likely due 
to tachycardia induced cardiomyopathy. ECG re-
vealed typical atrial flutter with flutter waves at 
240 bpm and ventricular rate ranging from 120-
180 bpm. 

She underwent an electrophysiological study us-
ing the novel MediGuideTM navigation system. Be-
fore catheter introduction, two fluoroscopic cine 
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Abstract

We describe the first case of cardiac arrhythmia ablation with the novel MediGuideTM non-fluoroscopic 
catheter tracking system in North America. This new technology uses electromagnetic field to track sen-
sor integrated intracardiac electrophysiology catheters which are projected on pre-recorded fluoroscopy 
cine loops.  This new technology permits catheter tracking in virtual biplane fluoroscopy and enhances 
spatial resolution of conventional 3D mapping systems while drastically reducing radiation exposure. 
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loops of 3 cardiac cycles are acquired in standard 
right anterior oblique (RAO 20°, Figure 1) and left 
anterior oblique (LAO 30°, Figure 2) projections. 
The two cine loops are run side by side to see the 
catheters simultaneously in both projections like 
conventional biplane fluoroscopy. Two steerable 
decapolar diagnostic catheters with sensor tech-
nology (Livewire®, St. Jude Medical, Minneapo-
lis, MN) are used for the procedure. The catheters 
tips are tracked on the background of the pre-re-
corded fluoroscopic cine loops.  The catheters are 
initially used to map and mark the anatomic loca-
tion of the superior and inferior venacava, coro-
nary sinus (CS) ostium and tricuspid annulus. 
One of the catheters is then positioned in the CS. 

Journal of Atrial Fibrillation Case report 
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Figure 1:  LAO frames from pre-recorded cine loops showing two Mediguide enabled livewires one in the coronary sinus and 
the other at the superior vena cava. 1A shows the live fluoroscopic image with visualization of all the bipoles along with the 
sensor at the tip. 1B is the virtual image of the same with just the sensors visualized non-fluoroscopically

An activation map of the flutter was created using 
the Livewire on the EnSite Velocity Cardiac Map-
ping System (St. Jude Medical, Minneapolis, MN).

Mapping showed a macro reentrant circuit involv-
ing the right atrium with the zone of slow con-
duction seen as “early meets late” in the region 

Figure 2:  Shows RAO view of the same with an RV catheter 
and an ablation catheter with landmarks of SVC and parked 
location of the sensor enabled catheter in CS

Figure 3:  EnSite Velocity Cardiac Mapping System showing 
ablation line along the cavo-tricuspid isthmus

of the cavo-tricuspid isthmus. An ablation line 
(maximum temperature:45°C, maximum energy: 
41 Watt) on the cavo-tricuspid isthmus (Fig 3) us-
ing a DuoFlair (St. Jude Medical, Minneapolis, 
MN) open irrigated ablation catheter  successfully 
terminated the arrhythmia(Fig 4). Bidirectional 
block was confirmed using pacing maneuvers 
to and from the proximal CS. Total fluoroscopy 



time was 3 minutes. Patient tolerated the proce-
dure well and was discharged home the next day.

MediGuideTM Medical Positioning System

This system uses electromagnetic technology to 
track sub-millimeter sized sensors in a magnetic 
field created by a unique field generator.3,4 An 
electromagnetic sensor (Fig 5) is integrated into 
the tip of conventional electrophysiology catheter. 
A magnetic field reference sensor attached to the 
patient’s chest provides information on the spa-
tial orientation in the electromagnetic field and 
can compensate for respiratory and patient move-
ment.  The electromagnetic field generator is inte-
grated into a conventional fluoroscopy detector of 
X –ray imaging system which aligns the 3D elec-
tromagnetic sensor field with the fluoroscopy field 
(Figure-6). The sensor tipped catheter is tracked 

non-fluoroscopically in the electromagnetic field 
and projected onto pre-recorded fluoroscopy cine 
loops. The speed of the cine loop is matched to the 
real time ECG cycle length to adjust for cardiac 
cycle dependant changes in catheter position. The 
catheter tracking on the pre-recorded cine loops 
in two orthogonal planes gives the added advan-
tage similar to working on a biplane fluoroscopy.

Discussion 

Our case demonstrates the safety of using this novel 
technology as well as its efficacy in reducing radia-
tion exposure. We were able to minimize the fluo-
roscopy exposure time to 3 minutes as compared 
to 11± 6 minutes reported for flutter ablations using 
3D mapping with conventional fluroscopy.5 Fluo-
roscopy-guided procedures are related to signifi-
cant radiation exposure to patients and physicians. 
The mean fluoroscopy times in complicated EP 
procedures can range from 20 to over 70 minutes.6 
According to the ALARA principle (As Low As 
Reasonably Achievable)7,8 there is no magnitude of 
radiation exposure that is known to be completely 
safe. This principle confers a responsibility on all 
physicians to minimize the radiation injury hazard 
to their patients, to their professional staff and to 
themselves. These concerns support the need for 
a navigation system that reduces procedural and 
fluoroscopy exposure times. Electromagnetic Nav-
igation System have been shown to further lower 
fluoroscopy exposure while maintaining visual ac-
curacy.9    The MediGuideTM Medical Positioning 
System (MPS) replaces fluoroscopy for an electro-

Journal of Atrial Fibrillation Case report 
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Figure 4: Termination of the flutter with resumption of sinus 
rhythm

Figure 5:  Demonstration of the size of the MediGuide TM sensor which is integrated into the catheter tip



magnetic field to track sensor integrated catheters 
but retains the fluoroscopic background and land-
marks which are vital for catheter manipulations. 
The lack of need for repeated fluoroscopy phenom-
enally reduces radiation exposure.   
 The Medical Positioning System also helps to en-
hance the spatial resolution of the conventional 
3D mapping systems. The EnSite Velocity system 
takes additional geometric data from the MPS 
sensor.Currently used 3D mapping techniques 
are independent of conventional 2D fluoroscopy 
and MediGuideTM is unique in being able to inte-
grate the two by being able to track the catheter 
on a fluoroscopic background as well as enhance 
the resolution of the 3D maps. We used only di-
agnostic catheters with MPS as MediGuideTM en-
abled ablation catheters are not currently available 
in the United States. Ablation catheters with MPS 
have been shown to further reduce fluoroscopy 
times in complex atrial and ventricular arrhythmia 
ablations. Cine loop acquisition during contrast 
fluoroscopy of cardiac chambers further aids the 
non-fluoroscopic tracking of catheters by better de-
fining the endocardial borders in the fluoroscop-
ic background.9 Sensor tipped sheaths and wires 
have also been used for cardiac resynchronization 
therapy device implants with considerable reduc-
tion in fluoroscopy times.

Journal of Atrial Fibrillation Case report
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Conclusions

The novel MediGuide non-fluoroscopic catheter 
tracking system for cardiac arrhythmia ablation is 
a promising innovation which can supplement our 
current electrophysiology tools to enhance cath-
eter tracking and 3D mapping techniques with a 
drastic reduction in radiation exposure.  

Disclosures

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

The left atrial appendage (LAA) has been recog-
nized as a potential source of arrhythmia in pa-
tients undergoing repeat ablation procedures for 
atrial fibrillation (AF).1 

Case

A 58 year-old man with a history of symptomatic 
persistent atrial fibrillation (AF) unresponsive to 
cardioversion and dronedarone therapy presented 
for his third catheter ablation procedure for atrial 
tachyarrhythmia. At his first procedure, performed 
14 months prior to the current one, he presented 
in AF and underwent circumferential pulmonary 
vein isolation with wide circles around the left- 
and right-sided veins in pairs. He remained in 
AF after pulmonary vein isolation was achieved, 
and further lesions were delivered in the form 
of a roof line and a posterior mitral isthmus line 

from the mitral annulus to the line that circled 
the left inferior pulmonary vein. During ibuti-
lide infusion, AF transformed into an organized 
atrial tachyarrhythmia and eventually converted 
to sinus rhythm. Further ablation was performed 
to achieve conduction block across both lines. A 
repeat procedure was performed 3 months later 
for atypical atrial flutter, during which recurrent 
conduction was noted across the mitral isthmus 
line. Repeat ablation along the prior posterior line 
resulted in conversion of flutter to sinus rhythm. 
However, during further ablation to achieve mi-
tral isthmus block, inadvertent electrical isolation 
of the left atrial appendage (LAA) was noted. Ca-
vo-tricuspid isthmus dependent atrial flutter was 
induced at that time and was also ablated. The pa-
tient was maintained on warfarin and remained 
clinically stable for 6 months, but then developed 
frequent symptomatic atrial premature complexes 
that were minimally responsive to beta blocker 
and to flecainide therapy. The week prior to this 
procedure, he developed acute palpitations and 

Abstract

The left atrial appendage (LAA) has recently been recognized as a potential source of arrhythmia in pa-
tients undergoing repeat ablation procedures for atrial fibrillation (AF). In this case report we describe 
sustained fibrillation contained entirely within the LAA, that continued even after electrical isolation of 
the LAA was performed. This case supports the concept that in selected patients with AF, catheter abla-
tion strategies may need to incorporate LAA isolation to minimize recurrence
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was found to be in atrial tachycardia/atrial flut-
ter with variable AV conduction and ventricular 
rate 140 beats per minute. The 12-lead electrocar-
diogram (ECG) after rate control was achieved re-
vealed negative p waves in leads I/L and bifid p 
waves in leads III and aVF (Figure 1). Burst pacing 
from the high right atrium and from the coronary 
sinus down to cycle length 180 milliseconds re-
sulted in no inducible arrhythmia, before and dur-
ing isoproterenol infusion. However, during rapid 
pacing from a 20-pole Lasso catheter in the LAA, 
re-entrant tachycardia within the appendage was 
induced, with cycle length 230 milliseconds and 
with variable conduction to the remainder of the 
left atrium. Ablation at an area of fractionated elec-
trograms at the superior ridge between the LAA 
and the left superior pulmonary vein resulted in 
conversion to sinus rhythm.

Repeat burst pacing from the LAA resulted in sus-
tained fibrillatory activity within the LAA, with 
variable conduction to the remainder of the atrium 
that manifested on the surface ECG as an irregular 
atrial rhythm with varying p wave morphology 
(Figure 3a).

Two ablation lesions within the atrial appendage 
at areas of fractionated electrograms failed to ter-
minate fibrillation. Finally we performed further 
ablation at the base of the appendage in order 
to isolate the LAA, resulting in sustained sinus 
rhythm without atrial ectopy on the surface ECG 
(Figure 3b). Journal of Atrial Fibrillation Case Re-
port www.jafib.com 12 Oct-Nov, 2012 | Vol 5 | Is-
sue 3 Fluoroscopic images of the site of LAA isola-
tion are shown in Figure 4.

Journal of Atrial Fibrillation Case Report                        
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Cardioversion was performed to terminate the 
LAA rhythm. The patient has remained arrhyth-
mia free for 7 months while on low-dose beta 
blocker, and has been anticoagulated with thera-
peutic warfarin

Discussion

To our knowledge this is the first description of 
sustained fibrillation contained entirely within the 
LAA. Recently, Di Biase and colleagues observed 
that the LAA may be a source of atrial arrhythmia 
in as many as 27 percent of patients presenting for 
repeat ablation procedures for AF.1 This case il-
lustrates the potential importance of the LAA not 
only in triggering, but in the longer-term mainte-
nance of AF. Our patient’s LAA by preoperative 
CT scan measured 28 by 22 by 44 mm, and we 
speculate that a critical mass of LAA tissue was 
the primary contributor to the possibility of sus-
tained fibrillatory activity.

Of note, at the outset of the current procedure, 
pulmonary vein isolation was present, and block 
was intact across each of the prior ablation lines 
(roof, mitral isthmus, cavo-tricuspid isthmus). 
Sustained arrhythmia was inducible only with 
rapid pacing from the anterior left atrium at the 
LAA, in the setting of prolonged conduction time 
between the posterior and anterior left atrium. The 
anterior left atrium may be a useful site at which 
to test for inducibility of arrhythmia after roof and 
mitral isthmus lines are intact, particularly when 
stimulation at other sites such as the right atrium 
and coronary sinus does not result in arrhythmia.

Figure 1: Twelve-lead ECG during recurrent atrial tachycar-
dia/atrial flutter.  P waves are marked with arrows

Figure 2: Prolonged conduction time from p wave onset to a 
circular mapping catheter (Lasso) in the left atrial appendage



Inadvertent isolation of the LAA during catheter 
ablation has been described during ablation at 
sites other than at the LAA, such as at the Bach-
mann bundle or during creation of mitral isthmus 
lines,3 as occurred in our patient during his previ-
ous procedure. During the current procedure, after 
sustained fibrillation was induced in the LAA we 
weighed the risks and benefits of intentional LAA 
isolation. We decided to pursue LAA isolation due 
to the clinical circumstance and in light of the op-
tion for subsequent LAA closure by minimally in-
vasive methods. It is important to note that we can-
not prove that electrical isolation of the LAA cured 
our patient’s clinical arrhythmia, since the ablation 
was performed in response to an induced tachy-
cardia. However, his clinical stability during the 
7 months since his last procedure argues in favor 
of LAA isolation having been necessary to achieve 
sustained benefit from catheter ablation.
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Although the thromboembolic risk associated 
with LAA isolation in general has not been estab-
lished, clearly there is potential for sustained fi-
brillation to occur within the LAA of our patient, 
without ability to detect it by surface ECG. This 
case offers proof of concept that anticoagulation 
may need to be con LAAtinued in certain patients 
after intentional isolation even if mechanical 
function of the LAA is initially intact. LAA clo-
sure may be particularly useful for patients who 
require electrical LAA isolation.
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Figure 3a: Sustained fibrillatory activity on a circular map-
ping catheter (Lasso) in the LAA, with variable conduction to 
the left atrium manifesting on the surface ECG as an irregular 
atrial rhythm with variable p wave morphology

Figure 4: Anterior-posterior (left) and left lateral (right) fluoro-
scopic views of the site of LAA isolation.  A circular mapping 
catheter sits in the LAA

Figure 3b: Atrial rhythm after isolation of the LAA from the 
left atrium



Introduction

Left atrial appendage (LAA) occlusion with the 
Watchman® device (Boston Scientific, Natick, MA, 
USA) has demonstrated efficacy in long term stroke 
prevention for patients with non-valvular atrial fi-
brillation (AF).1 Catheter ablation therapy for atrial 
fibrillation is an efficacious rhythm control strate-
gy for patients with symptomatic, drug-refractory 
AF2,3 but its role in stroke prevention remains un-
proven.  Patients with symptomatic AF may be in-
terested in undergoing concomitant intervention of 
left atrial catheter ablation and device occlusion of 

the LAA.We report on the feasibility and outcome of 
combined procedures in a single centre case series.

 Materials and Methods

Following commercial availability and Therapeu-
tic Goods Administration approval of the Watch-
man® left atrial appendage occlusion device 
in Australia in December 2009, patients with a 
CHADS2 score of 1 or greater seeking to undergo 
left atrial catheter ablation for symptomatic, drug-
refractory non-valvular AF at a single centre were 
offered concomitant implant.
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Abstract

Background :  Patients with atrial fibrillation (AF) may be interested in undergoing concomitant inter-
ventions of left atrial catheter ablation and device occlusion of the left atrial appendage (LAA).  We re-
port on the feasibility and outcome of combined procedures in a single centre case series

Methods: Twenty-six patients underwent either first time or redo pulmonary vein isolation (PVI) proce-
dures followed by successful implant of a Watchman® device.  

Results: All procedures were uncomplicated with a mean case time of 233 ± 38 minutes.  Maximal LAA 
orifice dimension was smaller in 3 of 26 patients post PVI (range 1mm) than on the pre-procedural tran-
soesophageal echocardiogram (TOE).  A new peri-device leak of maximum 3mm was noted in 5 of 26 
patients at 6 week follow-up TOE, but resolved in 4 by the 6 month follow-up.

Conclusion:  Combined procedures for catheter ablation for AF and Watchman® LAA implant appear to 
be feasible and safe with satisfactory occlusion of the LAA maintained at follow-up.
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Procedural Planning

Patients underwent screening transoesophageal 
echocardiography (TOE) and a contrast 64-slice 
cardiac CT scan within 7 days of the planned 
procedure. Three-dimensional reconstruction of 
the left atrium and pulmonary veins and LAA 
was performed from the CT scan using Ens-
ite Verismo software (St Jude Medical, St Paul, 
MN, USA) to assist with planning of the abla-
tion lesion set and anatomical analysis of the 
LAA takeoff and morphology.4  Pre-procedural 
TOE was utilised to exclude LAA thrombus 
and to assess suitability of the LAA ostial di-
mensions for percutaneous closure with the 
Watchman® device as previously described.5  

Procedure

Antiarrhythmic drug therapy was ceased 3 days 
prior.  Therapeutic warfarin therapy was con-
tinued uninterrupted. Dabigatran therapy was 
omitted for 2 doses and recommenced 4 hours 
post-procedureProcedures were performed un-
der general anaesthesia using a bifemoral ve-
nous approach.  Intracardiac echocardiography 
was utilised to guide double transeptal puncture 
and during left atrial electro-anatomic 3D map-
ping and during the ablation phase of the pro-
cedure.  IV heparin was administered prior to 
the first transseptal puncture with a target ACT 
of ≥ 350 seconds.  An oesophageal thermistor 
probe was positioned for monitoring of oesoph-
ageal temperatures during the ablation phase. 

Ensite NavX 3-D cardiac navigational system 
(St Jude Medical, St Paul, MN, USA) with image 
integration of the segmented cardiac CT scan 
was utilised.  A decapolar diagnostic catheter 
was positioned in the coronary sinus. A 20mm 
decapolar circular mapping catheter and an ir-
rigated tip ablation catheter were utilised for 
mapping and radiofrequency ablation. Left and 
right-sided pulmonary vein antral ring electri-
cal isolation was performed in all patients to an 
endpoint of complete pulmonary vein entrance 
and exit conduction block.  Additional complex 
fragmented atrial electrogram (CFAE) guided or 
linear left or right atrial ablation was individu-
alised according to requirements for persistent 
forms of AF or for redo ablation procedures.  Pa-

tients undergoing ablation for persistent AF were 
cardioverted back to sinus rhythm following pul-
monary vein isolation ± CFAE or linear ablation.
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Figure 1: CT- integrated NavX model of left atrium showing 
typical first-time pulmonary vein antral ring isolation abla-
tion. Ablation lesions shown as brown dots.  Panel (A) shows 
superior view, (B) shows left lateral view and (C) posterior 
view

After completion of the ablation phase, intracardi-
ac echocardiography equipment was removed and 
TOE imaging by a skilled EchoCardiologist com-
menced.The more favourable transeptal sheath 
location was retained (typically more posterior 
puncture site) and the second sheath withdrawn 
to the venous circulation.Repeat TOE assessment 
was performed of LAA ostial dimensions once a 
mean LAA pressure measurement of ≥ 10mmHg 
was obtained.Implant of a Watchman® LAA oc-
cluder device was then performed as previously 
described.5  Post-procedure IV heparin was re-
versed with Protamine and Aspirin 100mg daily 
commenced.Antiarrhythmic drug therapy was 
recommenced.Patients were observed overnight 
in a Coronary Care Unit and generally discharged 
within 24 hours of the procedure.

Patient Follow-up

Consecutive Persistent early tachyarrhythmias 
lasting ≥ 48 hours were treated with electrical car-
dioversion. Follow-up TOE was performed at 6 
weeks to reassess the Watchman® appearances, 
efficacy of LAA ostial occlusion, exclude pulmo-
nary venous stenosis and the persistence of any 



interatrial septal shunt. At 3 months if satisfactory 
TOE follow-up study had been confirmed and no 
further cardioversion or catheter ablation therapy 
was planned then anticoagulation with warfarin 
or dabigatran was discontinued and clopidogrel 
therapy commenced for a further 3 months.Fur-
ther TOE assessment was performed at 6 and then 
12 months if any peri-device leak into the LAA was 
noted at the 6 week study.Clinical follow-up for 
arrhythmia recurrence was performed at 3, 6 and 
12 months guided by patient symptom reporting, 
12 lead ECG and implanted cardiac rhythm device 
interrogation where applicable.Holter monitoring 
was performed at 12 months or as required to as-
sess symptom recurrence.Antiarrhythmic drug 
therapy was ceased at or after 3 months according 
to physician and patient discretion.

Results 

Patient  Demographics

Twenty-six patients underwent combined left atri-
al catheter ablation and implant of a Watchman® 
LAA occlusion device between February 2010 and 
June 2012. An additional 4 patients were screened 
and excluded – 2 patients had LAA ostium dimen-
sions >31mm and proceeded with catheter abla-
tion therapy alone; 2 patients were found to have 
persistent LAA thrombus despite appropriate an-
ticoagulation regimen of whom 1 subsequently 
proceeded to open surgical excision and oversew 
of the LAA.Twenty males and six females were 
included with a mean age of 63 ± 7 years (range 
43-73).The group included 14 patients with parox-
ysmal, 8 with persistent and 4 with longstanding
persistent forms of AF. The mean duration of AF
prior to the procedure was 10 ± 9 years (range 1 –
40).The mean Symptom Score for AF (CCS-SAF)6 

was 3.7 ± 0.4. Twenty patients were undergoing
a first time ablation procedure for AF and 6 pa-
tients were undergoing a redo (2nd procedure).
The  mean CHADS2 score was 1.9 ± 0.7 (range 1
– 3) and mean CHADS2VASc score was 2.6 ± 0.8
(range 1 – 4).All patients had been on established
anticoagulation prior to the procedure with 21 pa-
tients on warfarin and 5 on dabigatran.

Acute Procedural Success

Successful acute ablation endpoints were achieved 
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Figure 2: Serial TOE images at 0° for an individual patient 
who underwent combined first-time ablation procedure and 
implant of Watchman® device. Dashed arrow shows ap-
proximate level of expected device occlusion. Panel (A) pre-
procedure screening; (B) post-ablation – note proximal oede-
matous ridge (arrow) shared with left superior pulmonary 
vein (LSPV); (C) following deployment of Watchman® device 
(arrow). LAA = left atrial appendage
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in all patients, including complete pulmonary 
vein electrical isolation and return to stable sinus 
rhythm.Successful Watchman® LAA implantation 
was achieved in all patients with a small peri-de-
vice leak of 4mm accepted in 1 patient at implant.  
The mean total procedure time was 233 ± 38 min-
utes (range 160 – 330).  The mean fluoroscopic time 
was 38 ± 8 minutes (range 20 – 63) and radiation 
dose area product (DAP) 21 ±17 Gycm2 (range 4 – 
77).There were no acute procedural complications.  
All patients were discharged within 24 hours of 
the procedure.

LAA Ostial Assessment

In patients undergoing first time ablation (ie. with 
an acute left pulmonary vein antral ring ablation) 
significant oedema of the proximal ridge or limbus 
between the left pulmonary veins and LAA open-
ing was typically noted. (Fig 2.)Ostial dimensions 
at the planned approximate level of LAA device 
occlusion differed in 15 of 26 patients from the 
pre-procedure to post-ablation TOE.In 3 of the 
15 patients the maximal LAA ostial dimension 
was smaller post-ablation (range 1mm), and in 12 
patients the dimension was larger post-ablation 
(range 1 – 3mm).



TOE Follow-up

All patients had satisfactory Watchman® appear-
ances and occlusion of the LAA at 6 week follow-
up.No device thrombus was detected.The case 
of peri-device leak from implant reduced from 
4mm at implant to 2mm at 6weeks, then 1mm at 6 
months.Five new peri-device leaks were detected 
at the 6  week TOE (range 1 – 3mm) with 4 of the 
leaks resolving again by the 6 month follow-up 
(Fig 3.) and one 2mm leak persisting. No pulmo-
nary venous stenosis was detected.

Clinical Follow-up

 25 of 26 patients were in sinus rhythm at 3 month 
follow-up and oral anticoagulation was discon-
tinued and substituted with Aspirin/Clopidogrel 
in all. Twenty patients remain free of detectable 
arrhythmia at follow-up to date (mean 360 ± 256 
days) based on symptom reporting, 12 month 
Holter monitor and implanted cardiac device in-
terrogation.The mean CCS-SAF score at follow-up 
was 0.6 ± 0.8. Arrhythmia recurrence was noted 
in 6 patients (3 paroxysmal, 2 persistent, 1 long-
standing persistent).Two patients subsequently 
underwent redo catheter ablation procedures for 
atrial tachyarrhythmia recurrence, (recommenc-
ing oral anticoagulation peri-procedure) with 
subsequent freedom from arrhythmia.Antiar-
rhythmic drug therapy was ceased post-proce-
dure in 18 patients (14 paroxysmal at 3 months,4 
persistent at 6 months) .No clinical neurological 
events were detected based on patient symptom 
reporting during follow-up to date (mean 360 ± 
256 days).  Routine neuro-radiological evalua-
tion was not performed to examine for sub-clin-
ical events. One patient (longstanding persistent) 
was deceased at 5 months post-procedure from 
suicide.The coronial report did not implicate the 
procedure in the cause or circumstances of the 
death.The post-mortem cardiac findings showed 
no cardiac thrombus, with almost complete endo-
thelialization of the device surface.

Discussion

To our knowledge this is the first reported ex-
perience of concomitant percutaneous left atrial 
appendage device closure with catheter ablation 
procedures for patients with atrial fibrillation.

The results demonstrate the feasibility and safety 
of a combined procedure with either complete or 
satisfactory left atrial appendage occlusion main-
tained at follow-up.While there is the potential for 
ablation – induced tissue injury at the ostium of the 
LAA following left pulmonary vein isolation, in 
practice the level of occlusion with the Watchman® 
device is typically distal to any observed oedema-
tous change.Variation in the maximal measured 
LAA ostial dimension between the pre-procedure 
TOE and the post-ablation TOE was observed in 
more than half of the patients.  The discrepancy, 
however, was most frequently an underestimation 
of the ostial size and is probably explained by ad-
ditional fluid loading during the procedure associ-
ated with irrigated ablation, or given specifically to 
achieve a mean left atrial pressure ≥10 mmHg, as 
compared with a relatively hypovolaemic, fasted 
state during the screening TOE.

The development of “new” small peri-device leak 
at the initial follow-up TOE has also been observed 
by the authors in standalone Watchman® implan-
tation (without concomitant ablation). It is pre-
sumed to be related to a minor mismatch between 
the circular device and typical elliptical orifice of 
the LAA that is partially masked by an injury / oe-
dema response at the time of implant.  Reassuring-
ly the majority of these new leaks, although small, 
were observed to resolve with remodelling at sub-
sequent follow up.  Evidence suggests that small 
residual peri-device leaks are unlikely to compro-
mise the efficacy of left atrial appendage occlusion 
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Figure 3: Serial TOE images at 130-135° for an individual pa-
tient who developed a new peri-device leak (arrowed) at the 6 
week follow-up shown in panel A, with subsequent resolution 
at the 6 month study as shown in Panel B. LSPV = left superior 
pulmonary vein
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The majority of the procedures were performed on 
patients taking warfarin with a therapeutic INR 
at the time of the intervention. The safety of this 
approach is well documented for patients under-
going catheter ablation procedures for AF.8 This 
series suggests that this is also a safe approach for 
patients undergoing percutaneous LAA device 
occlusion

It might be argued that left atrial appendage de-
vice occlusion would preclude subsequent access 
to the left atrial appendage for the ablation of fo-
cal tachycardias which may be responsible for 
recurrent atrial tachyarrhythmias in this popula-
tion9  The position of the Watchman® device, in 
contrast to other commercially available left atrial 
appendage device occlusion systems,  is however 
sufficiently distal to still permit electrical isolation 
of the left atrial appendage ostium.
Finally, the results from catheter ablation therapy 
in this cohort have been comparable to outcomes 
for other patients at our centre, although follow-
up times remain relatively short. The majority of 
patients with persistent or longstanding persistent 
AF, however, did not discontinue antiarrhythmic 
drug therapy post-procedure.

Table 1 . Demographic and Clinical Variables for 
Patient Group

n= 26

Age (yrs) 63 (± 7)

Females (n) 6 (23%)
Paroxysmal AF (n) 14 (54%)
Duration of AF (yrs) 10 (± 9)
Diabetes (n) 5 (19%) 
Hypertension (n) 20 (77%)
IHD (n) 4 (15%)
CHF (n) 2 (8%) 
CVA (n) 11 (42%) 

EF (%) 62 (± 5) 

Echo LA area (cm2) 27 (± 6)

AF: Atrial Fibrillation, IHD: Ischaemic Heart Disease, CHF: 
Congestive Heart Failure, CVA: prior stroke / TIA, EF: Ejec-
tion Fraction, Echo LA area: transthoracic apical 4 chamber 
left atrial area ARB, angiotensin II receptor antagonist.

Conclusions

Combined procedures of catheter ablation for 
atrial fibrillation and percutaneous closure of the 
left atrial appendage with the Watchman® device 
were efficacious and safe in our single centre ex-
perience.
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Introduction

Atrial fibrillation (AF) after cardiac surgery is a 
common marker of increased complication rate, 
mortality and costs.1, 2 Diastolic dysfunction (DD) 
is strongly associated with AF in the commu-

nity3-6 and recently diastolic dysfunction on echo 
has been associated with postoperative AF after 
cardiac surgery7 and lung resection.8 We hypoth-
esized that greater E/e’ and shorter DT, both vali-
dated measures of left ventricular filling pressure 
and wall stiffness, are associated with occurrence 
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Abstract

Objective: Diastolic dysfunction has been associated with the development of atrial fibrillation (AF) in 
the community and recently in the postoperative setting. We hypothesized that abnormal left ventricular 
filling predicts AF after cardiac surgery, a common marker of poor outcomes. 

Methods: Cohort study of 233 consecutive patients, who underwent coronary artery bypass grafting 
(CABG) and/or valve surgery. Early and late mitral inflow velocity (E, A) and deceleration time (DT) and 
early mitral annular velocity (e’) were obtained from echo within 6 months prior to cardiac surgery. As-
sociations with postoperative AF were studied with multivariable logistic regression. 

Results: Postoperative AF occurred in 65 (28%) of patients, who were on average older, more likely to 
have had prior episodes of AF, had larger inferior vena cava diameter and shorter DT (189 ± 62ms vs. 
214 ± 63ms, p=0.007).  Multivariable adjusted analyses demonstrated only DT (odds ratio [OR] 0.65 (95% 
confidence interval [CI] 0.40-0.97), older age (OR 2.62 (95% CI 1.68 - 4.10) and prior episodes of atrial 
fibrillation (OR 7.20, CI 1.41-36.8) to be independent predictors of postoperative AF. Patients with a DT 
≤ 200ms (n=117) had a significantly longer length of hospital stay compared with those who had DT > 
200ms (n=116) (median 7 days (interquartile range [IQR] 5-10) vs. 6 days (IQR 5-7, p=0.0002).

Conclusion: In patients who undergo cardiac surgery, a shorter DT of early mitral inflow identified 
greater risk for postoperative AF and a longer hospital stay. These results provide useful information for 
preoperative risk assessment and mechanistic understanding of postoperative AF.
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Table 1  Patient Characteristics

Variable No POAF  (n=168) POAF (n=65) P-value

Demographic Mean/N ±SD/(%) Mean/N ±SD/(%)

Age, years 56 ±11 65 ±11 <.0001
BMI, kg/m2 31 ±5.9 30 ±6.1 0.1
Male 102 (61) 41 (69) 0.7
Race Caucasian 109 (66) 45 (64) 0.3
Black 46 (27) 14 (22) 0.4
Hispanic 13 (7.7) 6 (9.2) 0.7
Clinical Data
Prior atrial arrhythmia 2 (1.2) 12 (18) <.0001
COPD 23 (14) 9 (14) 0.9
Diabetes Mellitus 71 (42) 26 (40) 0.9
Hypertension 147 (88) 52 (80) 0.2
Left Ventricular End Diastolic Pressure, mmHg 16 ±5.2 16 ±5.6 0.7
Echocardiographic data
Left ventricular Ejection fraction by Echo, % 54 ±13 52 ±14 0.2
Left atrial volume, ml 36 ±29 37 ±27 0.7
Left atrial diameter, cm 3.8 ±0.7 3.9 ±0.7 0.1
E-wave, cm/s 83 ±34 90 ±29 0.1
A-wave, cm/s 77 ±25 74 ±24 0.4
E/A ratio 1.16 ±0.55 1.34 ±0.67 0.05
E'-wave, cm/s 6.3 ±3.1 6.7 ±3 0.3
E/E' 14 ±7.9 14.8 ±6 0.6
Deceleration Time, ms 214 ±63 189 ±62 0.007
Inferior Vena Cava size, cm 1.7 ±0.2 1.9 ±0.2 0.01
Lab data
Creatinine, mg/dl 1.1 ±0.9 1.1 ±0.9 1
Hematocrit, g/dl 39 ±4.9 39 ±6.2 0.5
Medication use
ACE inhibitor 109 (65) 35 (54) 0.2
Angiotensin receptor blocker 19 (11) 5 (8) 0.4
Beta blocker 147 (88) 53 (82) 0.3
Calcium channel blockers 31 (18) 18 (17) 0.9
Statin 141 (84) 48 (74) 0.1
Surgical
CABG 141 (84) 52 (80) 0.6
Aortic valve replacement 24 (14) 13 (20) 0.4
Mitral valve replacement 6 (3.6) 7 (11) 0.07
Mitral valve repair 2 (1.2) 2 (3.1) 0.7

of postoperative AF after cardiac surgery.

Methods

Patients

Three hundred and twelve consecutive pa-

tients underwent coronary artery bypass grafting 
(CABG), valve surgery or both between January 
2008 and September 2010 at MetroHealth Medi-
cal Center, a large urban academic safety net hos-
pital in Cleveland, Ohio. We excluded patients 
who underwent MAZE procedure (n=3), vascular 
surgery or traumatic cardiac repair (n=2), patients 



who were on anti-arrhythmic medications before 
surgery (n=2), who had greater than mild mitral 
stenosis (n=12) or no available echocardiogram 
within 180 days of surgery or with incomplete as-
sessment of Doppler and/or tissue Doppler (n=60). 
Thus 233 patients were available for our analyses. 
Differences between included and excluded pa-
tients are shown in online supplemental materials 
(E-Table 1).

Patient Data 

Demographic, cardiac and non-cardiac co-morbid-
ity data and procedural data were obtained from 
electronic medical records. Echocardiographic 
data were obtained from the last echocardiogram 
before surgery within 6 months. Early mitral in-
flow velocity (E) and its deceleration time (DT), 
late mitral inflow velocity (A) and their ratio (E/A) 
as well as early septal and lateral mitral annular 
velocity (e’) were measured from apical windows 
with pulsed wave Doppler and tissue Doppler, 
respectively and derived from averaging up to 3 
measurements where available. The average be-
tween septal and lateral e’ (averaged) measure-
ments were used for analyses.9 Subsequently the 
ratio of E/e’ was calculated.9 Left ventricular ejec-
tion fraction (LVEF) and left atrial volume were 
obtained by area length method.10 Left ventricu-
lar hypertrophy was diagnosed if left ventricular 
mass index was greater than 110 g/m2 in women 
or 120 g/m2 in men.10

Left ventricular end-diastolic pressure (LVEDP) 
was obtained from last left heart catheterization 
before cardiac surgery (missing in 36 patients; 
missing data was slightly higher in patients with 
AF vs. no AF [23% vs. 13%]).

Our Institutional Review Board approved this 
study without the requirement for individual writ-
ten patient consent.

Definition of Postoperative AF

According to the Society of Thoracic Surgeons 
national cardiac database, postoperative AF was 
defined as any episode of AF requiring treatment 
with rate controlling or anti-arrhythmic medica-
tions or electrical cardioversion after surgery and 
before hospital discharge.11 All patients were con-

tinuously telemetry-monitored until discharge 
from the hospital.

Statistical Methods

Continuous variables are summarized using mean 
± standard deviation and are compared using a 
two-tailed student’s t-test or Whitney-Mann-U-test 
if skewed. Categorical variables are summarized 
by frequencies and percentages and are compared 
using χ² statistics. Odds ratios [OR] with 95% con-
fidence intervals [CI] are reported for multivari-
able-adjusted variables and compare the 25th with 
75th percentile of values for continuous variables 
(i.e. age). Because there was a skewed distribution, 
length of intensive care unit and hospital stay are 
reported as median and interquartile range (IQR) 
and compared with Wilcoxon rank sum test.

To adjust for confounding patient variables, we 
adjusted E/e’ and DT with known risk factors for 
postoperative AF in our logistic regression model 
(age, body mass index, gender, race, history of hy-
pertension, atrial fibrillation, diabetes, hyperlipid-
emia, renal disease, chronic obstructive pulmonary 
disease, preoperative beta blocker, ACE inhibitor, 
Angiotensin receptor blocker (ARB), statin use, 
LVEF, left atrial size, presence of left ventricular 
hypertrophy on echo, surgery type, LVEDP). Non-
linear relationships between continuous patient 
variables and postoperative AF were evaluated 
by introducing restricted cubic splines into the 
model, however we did not find evidence of non-
linearity of measured variables. We also created a 
parsimonious prediction model with nested vari-
able selection at an adjusted alpha level of 0.05. We 
evaluated this prediction model with C-statistic, 
Hosmer-Lemeshow goodness-of-fit test and boot-
strap-derived model calibration (predicted vs. ob-
served probabilities) and created a nomogram to 
estimate multivariable-adjusted risk for AF given 
these model predictors. To identify predictors of 
DT as a continuous variable and group member-
ship of DT<200ms we created a parsimonious lin-
ear and logistic regression model, respectively.

Length of hospital stay was compared between 
patients with DT < 200ms and patients with DT ≥ 
200ms and patients with vs. without postoperative 
AF with Wilcoxon rank sum test with continuity 
correction.
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We repeated analyses in subgroups: (1) Patients 
with echo data obtained within 7 days of sur-
gery (n=123), (2) patients who underwent isolated 
CABG (n=179), (3) patients who underwent isolat-
ed valve surgery (n=40).

Study data were collected and managed using 
REDCap electronic data capture tools.12 R ver-
sion 2.12.1 (©2010 The R Foundation for Statisti-
cal Computing, www.r-project.org) was used for 
statistical analyses.

Results

Postoperative AF occurred in 65 (28%) of 233 in-
cluded patients. As shown in Table 1, patients, 
who developed postoperative AF were older (65 ± 
11 years vs. 56 ± 11, p<.0001), more likely to have 
had prior AF (18% vs. 1.2%, p<.0001), had a shorter 
DT (189 ± 62ms vs. 214 ± 63ms, 0.007) and a greater 
E/A ratio (1.16 ± 0.55 vs. 1.34 ± 0.67, p=0.046) and a 
larger inferior vena cava size (1.9 ± 0.2cm vs 1.7 ± 
0.2cm, p=0.01). After multivariable adjustment, DT 
(odds ratio (OR) for 25th vs.75th percentile 0.63, 
95% confidence interval (CI) 0.4-0.97), age (OR 
2.62, CI 1.68-4.1), and prior episodes of AF (OR 
7.2, CI 1.41-36.8) were independent predictors of 
postoperative AF.  Other indices of left ventricular 
filling (E, e’, E/e’) were not associated with post-

operative AF.  The parsimonious prediction model 
with these 3 variables had a C-statistic of 0.77, in-
dicating good model discrimination, passed the 
goodness-of-fit test (p=0.39) and had acceptable 
bootstrap-derived calibration with a mean abso-
lute prediction error of 0.02 compared to a mean 
absolute prediction error of 0.016 of the prediction 
model with all variables included.

Figure 1 demonstrates that the effect of DT on 
the risk of postoperative AF varies with patient 
age: The slope appears slightly steeper in older 
patients indicating that older patients with short 
DT are at relatively higher risk for AF compared 
to younger patients with a short DT.  Patient char-
acteristics that were associated with shorter DT in 
multivariable linear regression were lower LVEF 
(correlation coefficient r=0.31, p<0.001, OR 0.38, CI 
0.23-0.62), no preoperative use of ARBs (OR 1.91, 
CI 1.18-3.08 )and larger inferior vena cava size (OR 
0.31, CI 0.11-0.92).

In subgroup analyses of patients whose echo data 
were obtained within 7 days before surgery, pa-
tients undergoing isolated CABG, and isolated 
valve surgery the relationship between DT and 
postoperative AF remained significant (E-Table 2).

Patients with a DT<200ms had both a longer inten-
sive care unit stay (3 days (IQR 2-4 days) vs. 2 days 
(IQR 1-3 days), p=0.0023), and hospital stay (7 days 
(IQR 5-10 days) vs. 6 days (IQR 5-7), p=0.00026). 
We also observed longer ICU stay (2 days [IQR 2-3] 
vs. 2 days [IQR 1-2], p=0.0007) and hospital stay (7 
days [IQR   5-9] vs. 5 days [IQR 4-7, p=0.0021]), in 
patients with E/e’ > 10.

Finally, Figure 2 shows a nomogram, which can 
be used in clinical practice to predict occurrence 
of postoperative AF given patients’ age, prior epi-
sodes of AF and DT. For example, a 70-year-old 
patient (70 points) with no prior episodes of AF (0 
points) and a DT of 350 ms (40 points, total of 110 
points) has predicted risk to develop AF after sur-
gery of approximately 17%, while the same patient 
with a DT of 150 ms (75 points, total of 145 points) 
of almost 50%.

Discussion

Our study of patients undergoing cardiac surgery 
at a single safety-net county hospital demonstrates 

Journal of Atrial Fibrillation Original Research 

 www.jafib.com 23 Oct-Nov, 2012 | Vol 5 | Issue 3                          

Figure 1:  Multivariable adjusted probability of developing 
postoperative AF with varying early mitral inflow decelera-
tion time (DT) amongst decades of patient age. In older pa-
tients the risk for AF is relatively higher with short DT com-
pared to younger patients. A 50-year-old patient is at relatively 
low risk for postoperative AF irrespective of DT



filling pattern (defined as E/A [i.e. early/late mitral 
inflow velocity] >1.5 and DT <130ms) is associated 
with new onset AF after myocardial infarction.14 

DT as a continuous variable showed a non-linear 
relationship, with a marked increase in risk for AF 
below a 200ms cut-off in their study, confirming 
our results in a different patient population. Con-
trary to our hypothesis, we found no significant 
association between E/e’ and postoperative AF. In-
terestingly, we also did not find an association be-
tween invasively measured LVEDP and postoper-
ative AF, confirming that preoperatively elevated 
left ventricular pressure, whether measured inva-
sively or non-invasively, alone may not be related 
to postoperative AF. De Waal and colleagues15 
reported in a small series of 20 patients undergo-
ing on-pump CABG that DT shortens after surgery 
as ventricular stiffness increases, while E/e’ and 
calculated pulmonary capillary wedge pressure 
did not change. Although left ventricular stiffness 
also increased in 12 patients undergoing off-pump 
CABG, their DT did not change significantly. Giv-
en these results, we hypothesize that a stiffer left 
ventricle (with a shorter DT) is more sensitive to 
volume and pressure changes in the perioperative 
period, causing fluctuations of left atrial pressure 
and wall stretch, which increases ectopic atrial ac-
tivation from pulmonary veins and induces AF.16 
It is unclear whether De Waal and colleagues’ 
findings also correlate with the fact that off-pump 
CABG is associated with decreased occurrence of 
postoperative AF.17 In our study, all but 2 surgeries 
were done with cardiopulmonary bypass support.

When we investigated predictors of shorter DT, 
only lower LVEF, larger inferior vena cava size and 
absence of preoperative ARB use was statistically 
significantly related (Table 2). These associations 
were of modest magnitude and only explained 
15% of the variance of DT, which make conclusive 
statements about mechanisms impossible.

Beta blockers have been shown to increase DT in 
patients with heart failure.18 This could in part ex-
plain the efficacy of beta blockers in the prevention 
of postoperative AF.19 We have shown that preop-
erative therapy with angiotensin receptor block-
ers is not associated with postoperative AF.20 
Although it has been previously described that 
lowering blood pressure improves left ventricular 
diastolic relaxation, these effects are not specific to 
ARBs.18 There are preliminary data that suggest 
that statins, which have shown to reduce post-
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early mitral inflow deceleration time, a measure 
of left ventricular filling pressure and wall stiff-
ness, to be a strong predictor of postoperative 
atrial fibrillation, and abnormal DT and E/e’ to 
predict prolonged ICU and hospital stay. These 
findings provide useful information for risk pre-
diction in daily practice, mechanistic insights and 
potential new therapeutic targets to improve sur-
gical outcomes.

The association between diastolic dysfunction 
and AF in the community, especially in the elderly 
and those with congestive heart failure4-6 has been 
well established. Recently, left ventricular diastol-
ic dysfunction has been shown to be a predictor of 
postoperative AF after cardiac surgery.7 Although 
these findings support our study results, grading 
of diastolic dysfunction has been shown to be dif-
ficult in clinical practice with an interobserver 
correlation of about 50%.13 E/e’, an established 
surrogate of LVEDP, has been shown to be pre-
dictive for AF after lung transplant.8 This finding 
suggests that elevated LVEDP may be mechanis-
tically related to the development of postopera-
tive AF in lung transplant. With progression from 
mild to severe diastolic dysfunction, LVEDP in-
creases.8 Combining these observations, elevated 
LVEDP secondary to diastolic dysfunction may 
be correlated with the development of postopera-
tive AF. However, there is little evidence for such 
hypothesis currently. Aronson and colleagues 
showed recently, that a restrictive left ventricular 

Figure 2:  Nomogram for risk prediction of postoperative AF 
Extrapolate patient’s age, presence/absence of prior episodes 
of AF and echo-derived mitral inflow velocity deceleration 
time (DT) to the first line and add points for total point score 
(fifth line) which can then be extrapolated to an estimate of 
the probability (%) of for AF after surgery from the last line



operative AF in small randomized experiments,21, 

22 also improve myocardial stiffness and fibrosis.23 
Our results show that patients with higher filling 
pressures have prolonged ICU and hospital stay. 
Whether reduction of filling pressures before and 
immediately after surgery with diuretics or after-
load reduction can improve outcomes remains to 
be studied.

Limitations

Inherent limitations of observational studies, such 
as confounding and selection bias have to be con-
sidered, however our approach of including con-
secutive patients undergoing cardiac surgery at 
an academic county hospital represents a more 
“real world” experience when compared to stud-
ies from tertiary referral centers.7 Indices of left 
ventricular filling may change over time and may 
not have been representative of those at time of car-
diac surgery. However, we analyzed the subgroup 
of patients whose echo data were obtained within 
7 days of surgery and confirmed the results found 
in the overall cohort. We did not measure diastolic 
dysfunction as a categorical variable on purpose, 
because of its high interobserver variability of up 
to 50%.13 Also, in older patients, mild diastolic dys-
function (abnormal relaxation type) may represent 
the norm rather than pathology and can therefore 
not be used for risk assessment in this high risk age 
group.  Our approach of assessing left ventricular 
filling with E/e’ and DT as continuous variables 
seems therefore more appropriate and clinically 
relevant.

Conclusions

 Shorter deceleration time of early mitral inflow is 
associated with an increased risk of postoperative 
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Table 2 Comparison of Multivariable-adjusted Predictors of Postoperative AF in Pre-specified Subgroups

Echo obtained within 7 days (n=123) Isolated CABG (n=179) Isolated valve surgery (n=40)

Predictors Estimate P-value Estimate P-value Estimate P-value
DT -0.013 0.0057 -0.01 0.028 -0.016 0.088
E 0.023 0.47 0.016 0.31 0.19 0.16
E/A 0.72 0.39 0.56 0.29 0.91 0.18
e' 0.19 0.56 -0.14 0.35 -0.32 0.71
E/e' -0.15 0.41 -0.12 0.11 -0.65 0.21
Age 0.11 0.0001 0.09 <.0001 0.13 0.037
Prior episodes of AF -1.29 0.47 1.61 0.081 8.86 0.83

AF and may therefore not only be useful for pre-
operative risk assessment and guidance of pro-
phylactic medication use, but also provides new 
insights of underlying mechanisms and potential 
new therapeutic targets. Whether perioperative 
hemodynamic optimization of left ventricular fill-
ing decreases occurrence of postoperative AF re-
mains to be studied.
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Introduction

Atrial fibrillation (AF) is the most frequent sus-
tained arrhythmia and is an independent risk fac-
tor for stroke and death.1 In recent years, major 
advances have been made in the field of echocar-
diography, with the development of new tech-
niques and applications.

Transthoracic Echocardiography (TTE) is an easily 
accessible and non invasive technique. It presents 
no radiation hazard and has very few contraindi-
cations, which renders it ideal for the initial work-
up of all patients presenting with AF.

In the following sections we will review most of 
the current applications of echocardiography con-
cerning the prediction of the incidence and pro-
gression of AF and illustrate new findings and 
possible applications for the near future. There 
are two main parts in this article: the first, com-

prising sections 1 to 6, is about the natural course 
of atrial fibrillation and describes echocardio-
graphic parameters that may predict its devel-
opment and progression over time, from parox-
ysmal to persistent, and eventually permanent 
AF. The second part describes the predictors of 
AF relapse in procedures like cardioversion and 
radiofrequency ablation and the incidence and 
relapse in cardiac surgery (other than ablation).

A brief summary of the different echocardio-
graphic parameters and the situations in which 
they can be used is present on Tables I and II.

Left Atrial Size as a Marker of the Incidence 
and Progression of AF

The Best Method for Measuring Left Atrial 
Size

Left atrial (LA) dilation can be assessed using 
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M-mode, two or three dimensional (2D or 3D, re-
spectively) echocardiography. It is known that LA
dilation spatially occurs in an asymmetric way,
predominantly in the medial-lateral and superior-
inferior axes since enlargement in the anteropos-
terior axis may be limited by the thoracic cavity.
In face of this, and despite the fact that most clas-
sic studies have used this parameter, diameter is
not an accurate way of assessing LA dimensions,
because it frequently underestimates LA size. This
is worrisome since underestimation is more pro-
nounced in patients with enlarged LA.
The measurement of LA area using planimetry in
apical four-chamber view can provide more con-
sistent information regarding size and be used
as part of the LA volume equation. Badano and
colleagues suggested that 2D LA area may be an
accurate method, however the available cut-off 
criteria are inappropriate and need redefinition.2

LA biplane volume measurement using either the
area-length formula, or the modified Simpson’s
rule, is currently recommended by the European
Society of Echocardiography (ESE) and American
Society Echocardiography (ASE) guidelines as the
preferred method, since it can more reliably re-
produce the atrial geometry (as it relies on fewer
geometric assumptions) and therefore has higher
accuracy and prognostic value.3, 4 These biplane
methods have been successfully validated against
cine computed tomography and magnetic reso-
nance imaging.5-7

Nevertheless biplane volume measurement is not 
always feasible, as the apical two-chamber view 
may not provide optimal LA border visualization. 

Russo et al have demonstrated that single-plane 
modified Simpson’s method for measuring LA 
volume has a high correlation with LA volume 
assessed by three-dimensional echocardiogra-
phy (r=0.93, p<0.001). Similar findings were re-
ported for the biplane area length method (r=0.93, 
p<0.001). Nevertheless, single-plane volumes were 
significantly larger than biplane volumes with an 
overall mean difference of 1.9ml/m2. This differ-
ence, albeit small, resulted in a significant misclas-
sification when using the ASE cut-offs.8 Similar 
findings were described by Badano and colleagues 
when comparing the single-plane area-length and 
biplane method of discs using 3D echocardiogra-
phy as a reference standard.2 They demonstrated 
that left atrial diameters and area measurements 
were poor predictors of 3D LA volume. Using M-
mode antero-posterior diameter or LA area result-
ed in misclassification of the degree of left atrial 
dilation in 57 to 70% of patients. a good correla-
tion was found between LA volumes assessed by 
2D and 3D echocardiography. The biplane meth-
od seemed to be slightly more accurate than the 
single plane area-length method. Nevertheless, ac-
cording to these authors, the additional accuracy 
obtained using a more technically demanding and 
time-consuming biplane method did not justify its 
usage.2
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Echocardiographic Parameter

Development 
of  AF

LA size – diameter, area and indexed 
volume 

Atrial dissincrony (tissue Doppler strain)

Progression 
of AF

LA diameter 

Atrial conduction time (PA-TDI)

Table 1
Echocardiographic parameters that predict 

the Development or Progression of Atrial 
Fibrillation

Procedure Echocardiographic Parameter

Cardioversion

LA size – diameter, area and indexed 
volume
Systolic pulmonary venous flow
LV systolic function
LAA ejection fraction
LAA peak emptying velocity
LA strain and strain rate (Doppler 
derived and  speckle tracking)

Percutaneous 
Radiofrequency 
Ablation

Indexed LA volume
E/E´ratio
LA strain and strain rate (Doppler 
derived and speckle tracking)

Surgical ablation LA size – diameter, area and indexed 
volume

Other types of 
cardiac surgery

E/A ratio
E/E´ratio
indexed LA volume

Table 2
Echocardiographic parameters that 
predict atrial fibrillation relapse after 

procedures

LA – left atrial; LV - left ventricle; LAA – left atrial appendage; 
E - early transmitral flow velocity; A - late transmitral flow 
velocity; E’ - early diastolic mitral annular velocity.

AF – atrial fibrillation; LA – left atrial; PA-TDI – time interval 
from P wave on ECG lead II to A´on lateral atrial pulsed tissue 
Doppler imaging



 Incidence of AF in the Dilated Left Atrium

According to data from the Framingham Heart 
Study, during an 8-year follow-up of 1924 sub-
jects, a 5mm increment on LA size (diameter on 
M-mode) was associated with a 39% increase in
the risk for subsequent development of AF.9 Psaty
and colleagues demonstrated in a cohort of 5201
elderly subjects that the risk of developing AF dur-
ing a 3 year follow-up period was increased about
4 times in those with LA diameter over 5 cm.10

In patients admitted due to congestive heart fail-
ure, LA size > 45mm and atrial dissincrony > 39ms 
assessed by strain were independent predictors of 
the incidence of new-onset atrial fibrillation.11 
Lin and colleagues have found that LA area inde-
pendently correlates with the incidence of parox-
ysmal AF in patients with sick sinus syndrome: 
each 1cm2 increase in LA area led to a 44% increase 
in the incidence of AF.12

In a cohort of 1655 elderly patients followed dur-
ing an average of 3.97 years, a 30% increase in LA 
volume was associated with a 43% higher risk of 
developing AF.13 In an elderly cohort of patients 
with no history or evidence of prior atrial arrhyth-
mias, LA volume was an independent predictor 
of first AF episode or atrial flutter during a mean 
follow-up of 1.9±1.2 years.14

 Progression of AF in the Dilated Left Atrium 

LA enlargement was associated with progression 
to chronic AF in patients with newly diagnosed AF 
in the Canadian Registry of AF (CARAF).15 

In a 14 years follow-up study, Kato et al have 
found that aging (HR 1.27 per 10 years, 95%CI 
1.06-1.47), a dilated left atrium (HR 1.39 per 10mm, 
95%CI 1.11-1.69), myocardial infarction (HR 2.33, 
95%CI 1.13-4.81) and valvular heart disease (HR 
2.29, 95%CI 1.22-4.30) were independent predic-
tors of early progression of recurrent paroxysmal 
AF to chronic AF.16 Kerr et al. have shown that left 
atrial enlargement, diagnosis of cardiomyopathy, 
significant aortic stenosis or mitral regurgitation, 
age and heart rate were independent predictors of 
progression of newly diagnosed AF to chronic AF 
over an 11 year period.17 

Pillariseti et al. have supported these findings 
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demonstrating that larger LA size (diameter), val-
vular heart disease (moderate to severe mitral and 
aortic valve disease) and cardiomyopathy (isch-
emic, non-ischemic or hypertrophic obstructive 
cardiomyopathy) predicted progression of parox-
ysmal AF to persistent or permanent AF. A larger 
LA size and the presence of valvular heart disease 
were also predictors of progression to permanent 
AF.18 The role of cardiomyopathy and valvular 
heart disease is thought to be associated with the 
increase in LA stretch (see below). 

Using data from the Euro Heart Survey on AF, 
Vos et al. have developed the HATCH score for 
the prediction of AF progression. The multivari-
ate logistic regression included clinical factors 
only: heart failure, age, previous ischemic attack 
or stroke, chronic obstructive pulmonary disease 
and hypertension. Still, patients with AF progres-
sion had larger LA size (diameter) and higher 
prevalence of valvular disease.19 

Recently, Suzuki and colleagues have found that 
increased LA diameter is associated with a lon-
ger period in AF (6.5% increase in the number 
of days) and progression from paroxysmal to 
persistent AF (HR 1.84) in hypertensive patients 
from the Japanese Rhythm Management Trial II 
(J.RHYTHM II).20

Atrial Stretch and the Progression of AF

AF is self-regenerating and predisposes to the 
progression of AF (“AF begets AF”)21 due to elec-
troanatomical remodeling. Accordingly, AF leads 
to left atrial dilation which subsequently leads to 
more AF episodes or progression to persistent and 
permanent forms. Therefore, left atrial dilation is 
a part of this vicious circle arising both as a cause 
for and a consequence of AF. Besides left atrial 
dilatation, the presence of pressure and volume 
overload in the atria, resulting in cardiomyocite 
elongation and increased atrial stretch, also seems 
to have a preponderant role in atrial remodeling 
and incidence and progression of AF.22 Mitral re-
gurgitation, arterial hypertension and diastolic 
dysfunction are some of the factors that lead to 
atrial stretching and cause structural remodeling. 
The role of atrial stretch, occuring independently 
of left atrial dilation needs to be further evaluated 
and the echocardiographic deformation assess-
ment may have an important role in this field.



- on the lateral left atrial tissue by Doppler tracing
and reflects the total atrial conduction time (Figure
1). A prolonged PA-TDI seems to predict a new-
onset of AF,29 AF after acute myocardial infarction30

and recurrence of AF after radiofrequency catheter
ablation.31 This index has been proposed as an ear-
ly marker of paroxysmal AF32 and has also been
shown to be associated with echocardiographic
signs of diastolic dysfunction, valve incompetence
and LA dilation.33

Left Atrial Mechanical Function and the 
Progression of AF

LA mechanical function can be assessed with 
pulsed wave Doppler measurement of transmitral 
inflow patterns. The peak transmitral A wave ve-
locity is frequently used to provide information 
regarding LA mechanical function but is absent 
during AF. Other parameters of atrial function like 
the velocity time integral of the A velocity and the 
atrial fraction (ratio of the time velocity integral of 
the mitral A wave to that of the total diastolic trans-
mitral flow) can also be used, but only in patients 
in sinus rhythm.34 Atrial ejection force, defined as 
the force exerted by the LA to propel blood across 
the mitral valve into the LV during atrial systole, 
is another marker of atrial mechanical function.35 

Since these markers are lacking in patients in AF, 
they have limited interest in the assessment of atri-
al mechanical function. Moreover, they are highly 
dependent on loading conditions (LA and LV pres-
sures) and diastolic function. 

Non-invasive functional quantification of LA de-
formation properties provides functional informa-
tion that is independent of cardiac rotational mo-
tion and from tethering of contiguous segments of 
the heart. The rhythm, sinus or AF, during strain 
imaging does not seem to affect the analysis of 
LA strain or strain rate. Tissue Doppler velocities 
measure global tissue motion, whereas strain and 
strain rate respectively represent the extent and 
rate of regional deformation that the tissue experi-
ences.

Regional left atrial function assessed by tissue 
Doppler velocity and strain imaging is markedly 
compromised in patients with AF.36 Wang et al. 
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The Association of Pulmonary Vein 
Dilation with AF

Pulmonary vein dilation may be another possible 
crosslink between LA enlargement and AF.23 Iso-
lated dilation of the pulmonary veins24 or along-
side with left atrial dilation25 has been reported in 
patients with AF. However, it is not totally clear if 
pulmonary vein dilation precedes left atrial dila-
tion or arises as a cause of it.26 Unfortunately, echo-
cardiography is not as accurate as other techniques 
(angiography, computed tomography or magnetic 
resonance imaging) to assess these structures.

Atrial Conduction Time and AF Progression

The use of tissue Doppler imaging (TDI) allows 
quantification of low-velocity, high-amplitude, 
long-axis intrinsic myocardial velocities, and pro-
vides information regarding systole and diastole in 
a load independent way.

A prolonged atrial conduction time measured 
through signal averaged ECG has been previously 
associated with history of AF27 and progression of 
paroxysmal into permanent AF.28 A new transtho-
racic echocardiographic tool has been recently de-
scribed, the PA-TDI, which measures the time from 
the initiation of the P wave on the ECG in lead II to 
the late diastolic mitral annular velocity - A’ wave 
Figure 1: Measurement of the atrial conduction time: PA-TDI 
is obtained using pulsed tissue doppler imaging with the sam-
ple placed in lateral border of the mitral annulus and measur-
ing the time interval from the begining of the P wave (ECG 
lead II) to the late diastolic mitral annular velocity (A’)

E´- early diastolic mitral annular velocity; S´- systolic annular 
velocity.
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compared 52 patients with AF for less than 1 
year with 27 matched normal control subjects 
and found that LA early diastolic strain rate was 
lower in the AF group.37 Di Salvo et al. have also 
described compromised atrial myocardial prop-
erties assessed by tissue Doppler myocardial ve-
locity, strain rate and strain in AF patients when 
compared to normal subjects.38 

Schneider et al described differences in the left 
atrial deformation properties assessed by TDI in 
patients before undergoing catheter ablation of 
AF. Both paroxysmal and persistent AF patients 
had compromised deformation of the LA, but 
persistent AF patients presented even lower val-
ues .39  Changes were also found in the left atrial 
appendage (LAA) pulsed wave TDI with reduc-
tion of late systolic wave (upward) and late dia-
stolic wave (downward) and disappearance of 
initial upward velocity wave during early ven-
tricular diastole.40

Angle-dependence, signal artifacts, suboptimal 
reproducibility and lack of information about 
the atrial roof and other atrial regions are some 
of the limitations that have been pointed out to 
Doppler-derived strain. To overcome these limi-
tations, the use of speckle tracking has been pro-
posed. It is not derived from Doppler but rather 
from 2D echocardiography. It is angle-indepen-
dent and allows the measurement of global as 
well as regional atrial strain.41

The Role of Fibrosis as a Marker of Disease 
Progression

LA enlargement and fibrosis cause disruption 
of normal electric conduction and establish re-
entry circuits that lead to increased susceptibility 
and predisposition to maintenance of AF.42 The 
extent of this histologically determined remodel-
ling process has been shown to correlate with the 
persistence of AF.43 Oakes and colleagues have 
described a method using delayed-enhancement 
MRI (DE-MRI) to assess what is presumed to be 
LA wall fibrosis.54 Kuppahally and colleagues 
have demonstrated that LA wall fibrosis assessed 
by DE-MRI is inversely related to strain and strain 
rate derived from vector velocity imaging echo-
cardiography45 mostly in patients with persistent 
AF. Patients with persistent AF had significantly 

more DE (marker of fibrosis) alongside with de-
creased strain and strain rate compared to those 
with paroxysmal AF, supporting the concept that 
there is a progressive remodelling process once AF 
develops.46 LA relaxation and lengthening during 
ventricular systole (markers of LA compliance) are 
translated by a positive strain and strain rate that 
seem to be impaired in AF due to fibrosis.

Echocardiographic Predictors of Successfull 
Cardioversion and Sinus Rhythm Mainte-
nance

Evidence suggests that LA diameter assessed 
through echocardiography is inversely related to 
the success of cardioversion (CV).47-59 Subjects with 
enlarged LA are more prone to present AF recur-
rences after CV.48, 50, 51 An increase in LA area has 
also been associated with AF relapse after success-
ful CV.48, 52, 53 According to Marchese et al. the same 
can be observed with the indexed LA volume, 
where each ml/m2 increase independently associ-
ates with a 21% increase in the risk of AF recur-
rence (OR 1.21 p<0.001). The area under receiver 
operating characteristic (ROC) curve regarding 
indexed LA volume as predictor of AF recurrence 
was 0.85, which was far superior to the one ob-
tained for LA diameter (AUC 0.59; p<0.001).53 

Systolic pulmonary venous flow is a marker of 
atrial compliance and reservoir function. Low val-
ues before or early after CV seem to predict relapse 
at 6 and 12 months.54, 55

Figure 2: Measuring of left atrial appendage flow velocities: 
placing the pulsed wave Doppler sample 1 cm from the entry 
of the LAA into the body of the LA. Emptying (Emp – positive 
defletion, towards the probe) and filling (Fill – negative de-
flection, away from the probe) velocities should be estimated 
from an average of five well-defined waves
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 Preserved LAA peak emptying velocity (high val-
ues)49, 56 has been associated with restoration and 
maintenance of sinus rhythm in subjects underdo-
ing electrical CV.47, 56, 57 

In a study by Okçün et al a LAA ejection fraction 
<30% was the only independent predictor of re-
lapse of AF at 6 months after CV.54

Higher values of LA inferior wall peak systolic 
strain rate and LA septal peak systolic strain as-
sessed through colour Doppler myocardial imag-
ing before electrical CV have also been associated 
with a greater likelihood of maintaining patients 
in sinus rhythm. In multivariate analysis, tra-
ditional parameters like atrial appendage flow 
velocity (Figure 2) had no additional predictive 
value when added to those two parameters (both 
p<0.0001).38 Wang T et al. have shown that a lower 
early diastolic strain rate and larger LA transverse 
diameter were independent predictors of failure 
of both CV and maintenance of sinus rhythm at 4 
weeks.37

Echocardiographic Predictors of Sinus 
Rhythm Maintenance After Percutaneous 
Catheter Ablation

Shin and colleagues have reported that LA volume 
measured through echocardiography was a strong 
independent predictor of AF recurrence after cath-
eter ablation.58 

An increased ratio of early transmitral flow veloc-
ity (E) to early diastolic mitral annular velocity (E´) 
(over 11.2) has been associated with AF recurrence 
after catheter ablation.59 

Schneider et al. described significantly different 
atrial myocardial properties (LA strain and strain 
rate assessed by TDI) after catheter ablation of AF 
in patients with persistent AF when compared to 
healthy controls. Using data from the echocardio-
graphic assessment after ablation, septal systolic 
strain rate (p<0.0001) and inferior systolic strain 
(p<0.0001) were the best predictors on logistic re-
gression analysis for sinus rhythm maintenance. 
These authors have shown that there are specific 
parts of the cardiac cycle and segments of the LA 
wall that can provide more relevant information 
for this endpoint. Additionally, in patients who 
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maintained sinus rhythm in the 3 months period 
following ablation, an improvement in deforma-
tion properties of the LA and decrease in LA size 
was also found in contrast to patients with recur-
rent AF (p=0.001).39

Hammerstingl el al. have used speckle tracking 
for the measurement of LA strain and strain rate 
(Figure 3) and found that global LA strain and 
strain rate displayed better results than regional 
LA function analysis (despite the fact that LA-sep-
tal wall strain was an independent predictor for 
AF recurrence after ablation).60 Moreover, average 
systolic strain was the only independent predictor 
of AF relapse after catheter ablation on multivari-
ate analysis. Other independent predictors on uni-
variate analysis, as LA volume index, did not add 
predictive value to this variable.61 

Some limitations should be mentioned regarding 
speckle tracking: it strictly depends on the frame 
rate, image quality (with potential errors in epi-
cardial/endocardial border tracing if suboptimal) 
and the need for an appropriate learning curve to 
achieve adequate experience in using the analysis 
software. Moreover, the currently available soft-
ware is not dedicated to LA analysis, as it has been 
originally developed for left ventricle study.41

Figure 3: Left atrial deformation assessment using speckle 
tracking derived longitudinal strain. Six segments identified 
by different colours (red, blue, pink, green, light blue and yel-
low) are seen in the apical 4 chamber view image (A.). The 
corresponding segment strain and its variation during the 
cardiac cycle can be seen in the corresponding curves to the 
left (B.) and colour graph beneath the echocardiogram image 
(C.). The curves show a predominant positive strain (reflect-
ing stretching). Different strain values can be observed in the 
different regions. The scale shows that positive strain in A. 
and C. is represented by the blue colour scale and negative 
strain by the red colour scale

AVC – aortic valve closure
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Echocardiographic Predictors of Success 
After Surgical Ablation of AF

In patients treated with the Cox maze IV procedure 
an enlarged left atrial diameter was a risk factor for 
AF relapse at medium (12 months)62 and long-term 
(38 months)63 follow-up. Chen et al. described a 
preoperative left atrial area cuttof point, 56.25cm2, 
with 50.5% sensitivity and 86.2% specificity for pre-
dicting conversion to sinus rhythm after surgery.63 
Furthermore, in patients undergoing mitral valve 
surgery plus radiofrequency ablation maze opera-
tion a 6 cm cutoff value of preoperative left atrial 
diameter was predictive of persistent atrial fibrilla-
tion at 6 months (100% sensitivity and 73.6% speci-
ficity).64

The role of left atrial diameter as a predictor of 
long-term sinus rhythm maintenance in patients 
undergoing open-heart procedures and concomi-
tantly with a radiofrequency modified maze proce-
dure has been demonstrated by other 
authors.65, 66

Finally, in a recent review of 12 papers67 concern-
ing the impact of left atrial size on maze surgery 
in terms of recurrence of AF the following cutoff 
points were found: left atrial volume index > 135 
ml/m2 had 100% specificity68 and left atrial diam-
eter > 60mm a 100% sensitivity for procedure fail-
ure; conversely a left atrial diameter < 48.3mm con-
ferred 100% sensitivity for sinus conversion. 

Echocardiographic Predictors of AF After 
Cardiac Surgery

According to Gibson et al, the transmitral early (E) 
to late (A) diastolic filling velocity ratio and the ear-
ly diastolic myocardial velocity (E´) predicted AF 
after isolated CABG on univariate analysis. How-
ever, no echocardiographic parameters remained 
significant on multivariate analysis.69

In 205 patients underdoing cardiac surgery, an 
indexed LA volume > 32ml/m2 increased the risk 
of postoperative AF around five fold, indepen-
dently of age and clinical risk factors (adjusted HR 
4.84 95%CI 1.93-12.17, p=0.001). The area under 
the ROC-curve for indexed LA volume was 0.729 
(p<0.0001).70

Unsolved Questions

The development of a score using echocardio-
graphic parameters, alongside with other data, in 
order to predict recurrences after cardioversion 
might help us redefine treatment decisions for pa-
tients with AF. It could be an effective and accu-
rate method of deciding between further cardio-
versions or a rate control strategy. The same might 
apply to AF catheter ablation.

The debate remains open regarding the best way 
(more accurate, reproducible and easy to use) for 
LA volume assessment.2, 8 Morevoer, there seems 
to be a need to redefine reference values for single-
plane LA volume and LA area measurement, and 
to establish new cut-off values for category clas-
sification .

The best way of assessing LA deformation also 
needs to be clarified. Further investigations are 
needed to define which is the best technique 
(Doppler derived, speckle tracking or vector ve-
locity imaging) or method (strain, strain rate or 
both), where to place the sample for data measure-
ment (regional vs. global deformation; if regional, 
which wall provides the best information) and the 
best portion of the cardiac cycle to retrieve infor-
mation. 

Also, more studies will be necessary to reproduce 
findings correlating LA deformation and MRI 
delayed-enhancement, namely with other tech-
niques (speckle tracking and Doppler derived 
strain and strain rate).

Conclusions

The use of 2D and Doppler echocardiography 
for anatomic and functional study should be the 
starting point of evaluation in all patients with AF 
in order to diagnose concomitant cardiac disease 
(myocardial, pericardial, valvular or congenital 
heart disease, LV systolic or diastolic compromise) 
predisposing to AF. Furthermore, this technique 
would be extremely helpful in guiding treatment 
decisions and providing prognostic information. 
Conversely, transesophageal echocardiography 
is an invasive and poorly tolerated technique that 
should be reserved for other specific clinical set-
tings. 
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Left atrial and left atrial appendage deformation 
assessment is a field of very active research that 
warrants further validation before potential imple-
mentation in clinical practice.
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Introduction

Right Atrial Flutter (AFL) is a common form of 
macro reentrant arrhythmia.1-3 In absence of previ-
ous cardiac surgery, the reentry circuit is usually 
bounded anteriorly by the tricuspid annulus (TA) 
and posteriorly by the ostia of vena cava and Eu-
stachian ridge. In this case, AFL is consensually 
called “typical” AFL and is highly dependent of the 
cavotricuspid isthmus (CTI).2 The CTI is a critical 
channel which represents the predominant area of 
slow conduction of the circuit. Therefore, this nar-
row isthmus has become the universally accepted 
target for ablation of typical AFL.2-4 If ablation is 
carried out during AFL the first “intuitive” proce-
dure endpoint is arrhythmia termination. Although 
this latter was initially thought to be an acceptable 
endpoint for ablation procedure, bidirectional CTI 
conduction block is actually considered as the gold 
standard endpoint for elimination of typical AFL 
recurrence.5,6 Indeed, Schumacher et al. found a 
9% recurrence rate after bidirectional CTI block 
achievement, 54% recurrence rate after unidirec-
tional CTI block and 100% recurrence rate when 
persistent slow conduction across CTI was noted 
after RF application on the CTI.7

As  cardiac electrophysiology laboratories use a 
wide variation of catheters, sheaths, mapping sys-
tems or energy sources for typical AFL ablation, 
techniques to validate bidirectional CTI conduc-
tion block are also varied.8-10 In fact, for the last 
15 years, many electrophysiological criteria were 

proposed at this end: reversal in activation of 
right atria around the ablation line, extent of pro-
longation of the transisthmus interval after abla-
tion, documentation of a corridor of double po-
tentials (DPs) along the ablation line, differential 
atrial pacing, analysis of the local unipolar and 
bipolar electrograms, incremental atrial pacing 
and changes in paced P wave morphology. We 
review these electrophysiological criteria com-
monly used for CTI conduction block validation.

Reversal in the Right Atrial Activation 
around the Ablation Line

Complete bidirectional CTI block across the line 
of ablation was first identified with 20-pole Halo-
catheter recordings during coronary sinus (CS) 
ostium/low lateral right atria (LLRA) pacing .5,11 
Halo-catheter was placed around the TA for CTI 
conduction mapping (fig 1A). In patients in sinus 
rhythm before RF application, conduction across 
the CTI was confirmed by demonstrating bidirec-
tional RA depolarization wavefronts with colli-
sion in the RA free wall or interatrial septum dur-
ing CS ostium/LLRA pacing respectively (fig 1B). 
Complete bidirectional conduction block was de-
termined by a reversal in the RA activation around 
the TA. In this case, clockwise only RA activation 
around the TA when pacing lateral to the line of 
ablation and counter clockwise only RA activation 
when pacing septal to the line of ablation were 
observed (fig. 1C).5,11 Low septal atrial pacing is 
sometimes difficult to perform due to high pacing 
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thresholds. In this setting, right ventricular pac-
ing and resulting retrograde atrial septal and CTI 
activation can be useful to validate conduction 
block.12 Otherwise, pacing at slow rates (i.e ≤ 600 
ms) is mandated because CTI conduction block 
may be functional and rate-dependant in some 
patients. 

Main pitfall of this maneuver was that, in some 
patients, rapid conduction across the crista ter-
minalis would result in a modification of the acti-
vation sequence around the Halo-catheter when 
not covering the CTI.10 In this case, transverse 
conduction through the crista terminalis, septal 
to lateral, during CS pacing would depolarize 
the low lateral RA and thus anticipate the RA 
depolarization sequence on distal Halo-catheter 
mimicking incomplete CTI block while this lat-
ter is present. Scaglione et al. found trans-crista 
terminalis conduction in 3/12 patients (25%)13 
On account of this phenomenon Anselme et al. 
reported that in 7 of 38 patients (18%), the RA ac-
tivation sequence on Halo-catheter was not suf-
ficient to detect complete CTI block.14 Then, dif-
ficulties in accurately positioning Halo-catheter 
were reported to occur in up to 10% of the cases.14 
This pitfall might be associated with significant 
increase in procedure duration and fluoroscopy 
exposure. Finally, RF applications may slow con-
duction velocity at the CTI without blocking it. 
Consequently, the two wave fronts might collide 
on the very LLRA (Low Lateral Right Atrium) 
during CS pacing mimicking complete CTI block 
on Halo-catheter.

Extent of Prolongation of the Transisthmus 
Interval After Ablation

Extent of prolongation of transisthmus conduction 
intervals during atrial pacing was studied to predict 
complete CTI conduction block after creation of a 
line of ablation.15 Transisthmus conduction inter-
vals were measured between the stimulus artifact 
and the local atrial activation recorded from the 
proximal CS electrode during pacing from LLRA in 
counterclockwise direction and between stimulus 
artifact and the local atrial activation recorded from 
the pair of electrodes positioned lateral to the abla-
tion line during pacing from CS ostium in clockwise 
direction. This maneuver was performed before and 
after RF application. In 57 consecutive patients, Oral 
et al. reported that an increase ≥ 50% in transithmus 
intervals during LLRA and CS pacing predicted 
complete bidirectional CTI block. Conversely, com-
plete CTI block was not observed in any patient if 
transisthmus conduction interval did not increase 
by at least 50 %. Diagnostic accuracy and positive 
predictive value of this technique for identification 
of complete CTI block was 92% and 90 % respective-
ly. On account of these data, authors supported this 
criterion only as an additional indicator for evalua-
tion of CTI ablation.
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Figure 1A: Radioscopic view (60° LAO) of standard catheter 
position on the high, mid, and low lateral RA wall, mid sep-
tum in the His bundle region, lower septum, and proximal 
coronary sinus

Figure 1B: Left, Pacing from the low lateral RA. Mid lateral RA 
is activated first, then high lateral RA. Activation of the septum 
occurs through dual wave fronts: Low region of septum is acti-
vated caudocranially and upper region is activated craniocau-
dally. Right, pacing from the PCS. Activation of the septum is 
caudocranial. Activation of the lateral RA is mainly caudocra-
nial, low lateral RA being activated before mid and high lateral 
RA. Nevertheless, high lateral RA is activated before mid lateral 
RA, owing to a craniocaudal wave front



Corridor of Double Potentials along the Line 
of Ablation  

In experimental studies, double potential (DP) sep-
arated with an isoelectric interval were shown to 
validate local conduction block under the exploring 
bipolar electrode.16 During CS/LLRA pacing, a cor-
ridor of parallels DPs separated with an isoelectric 
interval along the CTI ablation line, from the RV 
edge to the inferior vena cava edge strongly sup-
port the presence of bidirectional CTI conduction 
block.17-20 Specific characteristics of DPs predicting 
CTI block were analyzed. On the one hand, Tada et 
al demonstrated that DP interval, measured from 
the peak of the first component of the DP to the 
peak of the second component, reflected a local 
gap/incomplete CTI block when measured <90 ms 
whereas DP interval >110 ms was associated with 
complete CTI block (fig 2).19 A separation >110 ms 
between the two components of the DP along the 
whole line of ablation was found to have a predic-
tive positive value of 100 % for complete CTI block. 
Others studies confirmed these data.17,18,20 On the 
other hand, when DP interval was between 90 and 
110 ms, a maximal variation ≤15 ms in the DP in-
tervals, an isoelectric segment separating the two 
components of the DP and a negative polarity of 
the second component of the DP were found to be 
additional reliable indicators of complete CTI block 
.19 Otherwise, during typical AFL or CS ostium pac-
ing, residual gaps could be identified by local elec-
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trograms with a single or a fractionated potential 
centered on, or spanning, the isoelectric interval 
of adjacent DP.8,17 Main pitfall of this technique is 
that the demonstration of the existence of a cor-
ridor of large DPs at the level of the line of block 
needs to map strictly the whole ablation line and 
is frequently difficult to prove. Indeed, Anselme 
et al. found that in 39 % of patients, low ampli-
tude signals, ambiguous or atypical DPs due to 
multiple RF applications or due to the complex 
anatomy of the isthmus were recorded.14 In these 
cases, accuracy of this technique was significantly 
reduced.

Differential Pacing

As mentioned above, interpretation of DP on CTI 
after multiple RF applications is frequently dif-
ficult. Otherwise, separation of the two compo-
nents is variable not always reaching the 110 ms 
cut-off.19 In these cases, differential pacing is help-
ful to differentiate CTI block from persistent slow 
conduction.21-24 The four pacing sites, two septal 
and two lateral to the line of ablation, and their 
relation with anatomical structures are shown (fig 

Figure 1C: Pacing from the low lateral RA. After ablation, all 
the septum is activated craniocaudally via a single clockwise 
front. Right, pacing from the PCS. The lateral RA is activated 
craniocaudally via a single counterclockwise front.Complete 
CTI conduction block is confirmed. H, M, and L Lat= high, 
mid, and low lateral RA wall; H, M1, M2 Sept L Sept = high, 
mid septum 1 and 2 and low septum; PCS = proximal coro-
nary sinus.Reproduced from Cauchemez B et al. Circulation 
1996;93:284-294

Figure 2: Increase in degree of splitting within DPs during 
coronary sinus pacing before (left and middle) and after 
(right) complete CTI conduction block. The recording abla-
tion catheter was positioned at exactly the same site in all 
three panels. Note in the middle panel a DP interval = 96 ms 
without an isoelectric interval between the two components 
of DP and incomplete CTI block on Halo-catheter. In left pan-
el, DP interval increased to 126 ms with an isoelectric interval 
and complete CTI block on halo-catheter.(E9 through E1 = 
electrograms recorded on Halo catheter; CS = coronary sinus; 
Abl = ablation catheter) Reproduced from Tada et al. JACC 
2001;38:750 –5



3A). This dynamic pacing maneuver was used to 
determine whether the two components of the DP 
are due to a single depolarization wavefront pene-
trating through the ablation line or to two opposite 
wavefronts recorded on either sides of a complete 
line of block. If the two components of DP are in-
duced by persistent slow conduction through the 
CTI, then pacing farther away from the ablation 
line results in an increase in the interval between 
stimulus and the two components of DP in similar 
manner (fig 3B). Therefore the interval between the 
two electrograms remains unchanged. Conversely, 
if the two components of DP are induced by two 
opposite wavefronts around the ablation line with 
complete conduction block, then preceding ma-
neuver results in similar effect on electrogram cor-
responding to the same side of the ablation line but 
that due to activation on other side of the line is ad-
vanced. Therefore the separation between the two 
electrograms decreases. In a large series of 255 con-
secutive patients, long-term results of CTI ablation 
with conduction block validated with this simpli-
fied method were comparable to those obtained 
with standard approaches.24 Otherwise, this tech-
nique, using only one quadripolar mapping elec-
trode in addition to the ablation catheter, rules out 
the use of a multipolar catheter and thus reduces 
the cost of the procedure. Differential pacing can be 
performed using a multipolar Halo catheter (2-8-2 
spacing) and the ablation catheter as recently re-
ported by Pastor et al..25 The Halo catheter is coiled 
in the RA, as a reference electrode, and the ablation 
catheter, as the recording electrode, is positioned 
at either the posterior or anterior edge of the CTI 

(fig 3C). The authors considered that CCW CTI 
block was achieved when, during pacing with the 
distal electrodes A4 of the Halo-catheter: - septal 
(posterior) RA activation was descending, - the 
late component of the CTI EGM (recorded with 
the ablation catheter) was later than the low sep-
tal EGM (recorded with the Halo-catheter), and 
- pacing at a distance from the CTI (A4 vs A3 in
fig 3C) shortened the interval between the pac-
ing stimulus and the late CTI EGM. Conversely,
CW was considered to be achieved when: - lateral
(anterior) RA activation was completely descend-
ing when pacing with the ablation catheter at the
septal end of the CTI, - criteria of differential pac-
ing at the RA septum (S4 vs S3 in fig 3C), with
recording electrode at the anterior end of the CTI,
was validated. Pastor et al. reported a low rate of
AFL recurrence (3%) during a mean follow-up
of 37 months when bidirectional CTI block was
validated with the aforementioned criteria.25 With
this approach, CTI block can both be validated
with differential pacing and activation sequence
of the RA around the ablation line.

Unipolar and Bipolar Local Electrograms

Unipolar electrograms are commonly used for 
the guidance of ablation of arrhythmia such as 
focal ventricular/atrial tachycardia or accessory 
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Figure 3A: Schematic representation (LAO 45° projection) of 
the four pacing sites. Reproduced from Chen et al. Circula-
tion. 1999;100:2507-2513

Figure 3B: Validation of complete bidirectional CTI block us-
ing differential pacing. Note the greater activation delay at 
site D when pacing at site A than when pacing at site B (AD 
delay>BD delay), and greater activation delay at site A when 
pacing at site D than when pacing at site C (DA delay>CA 
delay)
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pathways.26,27 Background for the use of unipolar 
electrograms is that RS morphology of the unipo-
lar electrogram is associated with propagation of 
the wave front through the exploring electrode, 
whereas positive monophasic R unipolar electro-
gram is characteristic of the termination of the 
activation wavefront.28,29 Villacastin et al. studied 
unipolar atrial electrograms recorded along the 
line of ablation in 45 consecutive patients with 
typical AFL.30 The authors found that local unipo-
lar atrial electrograms obtained at the LLRA dur-
ing CS pacing changed from RS, rS, or QS before 
CTI ablation to R or Rs after clockwise CTI block 
was obtained (fig 4A). Similar changes were ob-
served when counterclockwise conduction block 
was obtained. Main pitfall of this technique was 
that the mapping catheter has to be placed very 
accurately, in the very close vicinity of the abla-
tion line, increasing both time of procedure and 
radiation exposure. Bipolar atrial electrograms 
morphology were also evaluated as an addi-
tional criterion for complete CTI block.19,32 Com-
plete CTI could be validated when a change in 
the morphology of bipolar electrograms adjacent 
and lateral to the line of block from an RS pattern 
to a QR pattern was observed. A 100% correlation 
was found between bipolar atrial electrograms 
morphology and previously validated change 

of the atrial activation sequence and differential 
pacing.32 This report was concordant with study 
from Tada et al who showed that reversal of bipo-
lar electrogram polarity recorded lateral to the line 
of ablation was a simple and accurate indicator of 
CTI conduction block.19

Incremental Pacing

Incremental pacing from CS or LLRA is the most 
recently local electrogram-based maneuver pro-
posed for validation of CTI conduction block .33 
It consists in monitoring of DP distance along the 
CTI line during CS and LLRA pacing from 600 ms 
to 250 ms. Authors hypothesized that a significant 
increase in DP distance during incremental pac-
ing would indicate persistent slow conduction 
through the isthmus, while continuity in DP dis-
tance would validate complete CTI conduction 
block. Measurements of DP distance and response 
to this pacing maneuver should be performed at a 
CTI point with a maximum separation of the two 
potentials. In this observational study, a <20 ms in-
crease in DP distance during incremental pacing 

Figure 3C: LAO view of the two electrode catheters, 24 pole 
Halo catheter and ablation catheter, set-up for CTI conduc-
tion assessment as reported by Pastor et al. Differential pac-
ing can be performed using A3 and A4 electrode pairs or 
S3 and S4 electrode pairs with the ablation catheter, as the 
recording electrode, positioned at the posterior or anterior 
edge of the CTI respectively. Reproduced from Pastor et al. 
Europace. 2010; 12:1290-5

Figure 4: Local electrograms registered during CS ostium pac-
ing with ablation catheter used as exploring electrode record-
ing bipolar (Bip) and unipolar (Unip) signals at the very close 
lateral side of ablation line before and after RFA. We observe 
a change from rS pattern (pre-RFA) to a monophasic R wave 
(post-RFA) at Unip consistent with CTI conduction block. 
Note post-RFA double potentials observed at Bip and loss of 
caudo-cranial activation of the lateral wall on Halo-catheter.
(MS = mid interatrialseptum; HS = high interatrial septum; 
Roof = roof of right atrium; HAL = high anterolateral; MAL = 
mid anterolateral; LAL = low anterolateral.) Reproduced from 
Villacastin J et al. Circulation.2000 Dec 19;102(25):3080-5
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maneuver confirmed CTI block (fig 5). Conversely, 
a >20 ms increase in DPs distance indicated per-
sistence of conduction through the isthmus and 
necessity for further RF applications. Main advan-
tage of this maneuver is that extensive mapping 
of the whole ablation line is not mandated. Limi-
tation of this technique was reached in presence 
of transversal conduction across the crista termi-
nalis which anticipated the second DP compo-
nent and might lead to misdiagnose complete CTI 
block. In this setting, incremental pacing should be 
combined to assessment of polarity of second DP 
component unipolar electrogram obtained during 
LLRA/CS ostium pacing.

Monitoring of changes in the paced P wave 
morphology

Changes in the paced P wave morphology have 
been reported as a marker of CTI block achieve-
ment.34,35 Shah et al. reported that, in a prospective 
group of 30 patients, CTI block achievement was 
associated with a terminal positivity of the P wave 
during LLRA pacing, best seen in inferior leads, in 
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29 patients.35 Otherwise the authors reported that 
conduction recovery through the isthmus, vali-
dated with intracardiac mapping, could be rec-
ognized by the regression of this morphologic P 
wave change.35 However, this technique provides 
information only on counter clockwise conduc-
tion recovery.

Cavotricuspid isthmus ablation in the era of 
electroanatomical mapping

Three-dimensional electroanatomical mapping 
systems are currently used in the majority of car-
diac electrophysiology laboratories for the guid-
ance of various arrhythmia ablations such as atrial 
fibrillation, non CTI-dependant atrial flutter or 
ventricular tachycardia. Electroanatomical map-
ping technologies were demonstrated to be safe 
and effective to guide placement of linear lesion 
at the level of the CTI.36-39 All authors reported 
significant reduction of radiation exposure with 
3-D mapping systems compared to conventional
approach.36-40 Visualization of CTI conduction on
activation maps during LLRA/CS ostium pacing,
in association with registration of wide > 100 ms
DPs along the line of ablation, might help the vali-
dation of CTI block.36,40 Main limitation with the
non-fluoroscopic approach was that the material
cost per procedure is significantly increased (42%)
compared to the conventional strategy with the
Halo catheter.37 Otherwise, no favorable impact
on procedure duration, number of RF applica-
tions or clinical outcome was encountered with
3-D mapping system which may explain that this
technology remains a marginal tool for typical
AFL ablation in absence of previous complex car-
diac surgery.36-39

Observation period after achievement of bi-
directional conduction block

Recovery of CTI conduction can occur after initial 
achievement of complete CTI block [9,21,23,41]. 
Most of recurrences of CTI conduction occur 
within 20-30 minutes. Bru et al. found recovery 
of conduction across the isthmus in 5/35 patients 
(14%) within 20 minutes after initial successful 
CTI ablation.41 Shah et al. observed transient CTI 
conduction block in 20/40 patients (50%) during 
observation period.23 In 39 patients, Chen et al. re-
ported resumption of conduction once in 10 pa-

Figure 5: Incremental pacing from CS ostium with cycle 
lengths at 600 ms, 500 ms, 400 ms, 300 ms and 250 ms. Top 
panel: Significant > 20 ms increase in DPs distance during in-
cremental pacing maneuver consistent with persistent slow 
conduction across the ablation line. Bottom panel:  Absence of 
increase > 20 ms in DP distance with incremental pacing in-
dicating CTI conduction block. (CTI = cavotricuspid isthmus; 
DPs = double potentials; Halo = 20-pole Halo catheter; MAP 
= ablation catheter; CS = coronary sinus.) Reproduced from 
Bazan V et al. J Cardiovasc Electrophysiol. 2010 Jan;21(1):33-9



tients (25.6%) and twice in 3 patients (7.7%) within 
30 minutes after end of initial CTI ablation.21 These 
reports support the necessity of a 30-minutes ob-
servation period after achievement of CTI block to 
detect early recovery of conduction. Isoproterenol 
administration was proposed to unmask transient 
CTI block.42 However, no evidence was found this 
was superior to the 30-minutes observation pe-
riod.9

Conclusions

Complete CTI conduction block provides an ob-
jective endpoint for typical AFL ablation. All elec-
trophysiological criteria proposed to validate this 
procedural endpoint have their own limitations. 
Therefore, in order to reduce arrhythmia recur-
rence, validation of CTI conduction block should 
combine different techniques. In our experience, 
reversal in the RA activation sequence during CS/
LLRA pacing, validated by differential pacing, ac-
tually represents the most accurate and common-
ly used criteria. In difficult cases, interpretation 
of local unipolar or bipolar electrograms adjacent 
to the line of ablation may be helpful to validate 
complete CTI conduction block.
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Introduction

Atrial fibrillation (AF) is an independent risk factor 
for stroke. Risk stratification for ischemic stroke in 
patients with AF is based on scores which incorpo-
rate several risk factors as previous cerebrovascular 
events, age, hypertension, diabetes, and heart fail-
ure. There are a number of risk factors for stroke 
that are not recognized by traditional risk scores, 
such as female gender, atherosclerotic vascular dis-
ease, valvular dysfunction and myocardial infarc-
tion. Consequently, the stroke risk in many patients 
could be underestimated, and these patients could 

receive suboptimal antithrombotic prophylaxis. 
At least two refinements of current risk scores are 
in development.

Antithrombotic therapy is tailored according to 
the level of risk, with vitamin K antagonists (VKA) 
reserved to medium-high risk patients. VKA are 
effective in preventing stroke and reducing mor-
tality. Newer oral anticoagulants (direct thrombin 
inhibitors and direct Factor Xa) inhibitors are cur-
rently available for stroke prevention in patients 
overcoming some of the difficulties associated 
with VKAs.

Corresponding Address : Maurizio Paciaroni, Internal and Cardiovascular Medicine – Stroke Unit, University of Perugia, 06100 
Perugia.

Solutions to Reduce Cardiovascular Events in 
Patients with Atrial Fibrillation 

Maurizio Paciaroni and Giancarlo Agnelli 

Internal and Cardiovascular Medicine – Stroke Unit, University of Perugia.

Abstract

AF is the most common sustained cardiac rhythm disorder and an established risk factor for ischemic 
stroke. Ischemic strokes which occur in patients with AF are particularly severe and disabling. In addi-
tion, stroke recurrence is more common in patients with AF compared with those without it. Previous 
cerebrovascular events, age, hypertension, diabetes, and heart failure are risk factors for stroke in pa-
tients with AF.

Various risk stratification schemes have been developed to quantify the risk for stroke in patients with 
AF. Currently, the most frequently used schemes to assess stroke risk in patients with AF are CHADS2, 
the ACC/AHA/ESC and American College of Chest Physicians (ACCP) schemes. 

Current risk scores are largely derived from risk factors identified from clinical trials and many potential 
risk factors have not been properly considered. Consequently, the stroke risk in many patients could be 
underestimated, and these patients could receive a suboptimal antithrombotic prophylaxis.

There is substantial evidence for the benefit of  vitamin K antagonists (VKA)  in preventing stroke and 
reducing mortality. Novel oral anticoagulants are available for stroke prevention in patients with AF 
which overcome some of the difficulties associated with VKA. The introduction of novel oral anticoagu-
lants in clinical practice and the advances in identifying patients at risk of stroke together may overcome 
many of the difficulties in providing effective stroke prevention for patients with AF.
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In this review, we report on recent advances to op-
timize the risk scores and on the clinical develop-
ment on the new oral anticoagulants. Improved risk 
scores and new oral agents together may overcome 
the current difficulties in providing effective stroke 
prevention in patients with AF.

Epidemiology of Atrial Fibrillation

AF is the most common sustained cardiac rhythm 
disorder. The prevalence of AF is probably under-
estimated due to under-diagnosis of asymptomatic 
cases.1 AF is relatively uncommon before the age 
of 60 years, but affects nearly 10% of individuals 
over the age of 80 years.2 After adjustment for age 
and predisposing conditions, men have a 1.5-fold 
greater risk of developing AF than women.3 Hy-
pertension, diabetes mellitus, hyperthyroidism, al-
cohol abuse and obesity are additional risk factors 
for AF.4 In addition, after adjusting for cardiovas-
cular risk factors, heart failure, valvular heart dis-
ease and myocardial infarction increase the risk of 
AF.5 Emerging risk factors for AF include reduced 
vascular compliance, atherosclerosis, insulin re-
sistance, environmental factors, inflammation, in-
creased level of natriuretic peptides and genetic 
predisposition.5

The prevalence of AF is dramatically increasing. 
This is partly due to increase in the longevity of the 
general population.1

AF and Ischemic Stroke and Impact of AF on 
Stroke Severity and Risk of Recurrence

AF is the most important independent risk factor 
for ischemic stroke. AF is associated with an ap-
proximate five-fold increased risk of stroke.6 In-
deed, one in every four-five ischemic strokes occurs 
in patients with AF. Multivariate analysis revealed 
age, hypertension, diabetes mellitus, prior stroke 
or TIA, myocardial infarction and congestive heart 
failure as significant additional risk factors for 
stroke in patients with AF.7

AF-related ischemic strokes are generally more se-
vere and more disabling than strokes suffered by 
patients without AF. This might be due to several 
reasons: older age, larger size of the cerebral infarct, 

more common hemorrhagic transformations and 
more severe initial neurological impairment .8-12 
Among stroke survivors, those with AF are more 
likely to suffer a recurrent stroke than those with-
out AF.13

Several clinical and observational studies found 
that the incidence of ischemic stroke in patients 
with paroxysmal AF was similar to that in pa-
tients with permanent AF.14-17 

Antithrombotic Prophylaxis to Reduce the 
Risk of Stroke: Evidence from Clinical 
Trials

Dose-adjusted VKA to maintain an international 
normalized ratio [INR] between 2.0 and 3.0 are ef-
fective for stroke prevention in patients with AF. 
A meta-analysis of six randomized trials showed 
that VKA provided about 65% risk reduction of 
ischemic stroke in comparison to placebo.18 A sim-
ilar risk reduction is seen in patients who receive 
VKA for secondary prophylaxis.19, 20 Aspirin 325 
mg per day provides a 22% reduction in the inci-
dence of stroke versus placebo.18 A meta-analysis 
of five randomized trials that compared dose-ad-
justed warfarin to ASA 325 mg per day showed 
that warfarin provided a 36% risk reduction for 
all strokes and a 46% risk reduction for ischemic 
strokes versus aspirin.18 VKAs prevent more se-
vere and disabling strokes as compared to aspi-
rin.21

In the ACTIVE-W trial, warfarin was also signifi-
cantly more effective than aspirin plus clopido-
grel for stroke prevention in patients at high risk 
of stroke.22 However, among patients with AF 
for whom VKA therapy was considered unsuit-
able, the combination of clopidogrel and aspirin 
was associated with a reduction in the primary 
outcome of stroke, myocardial infarction, non-ce-
rebral systemic embolism or death from vascular 
causes compared with aspirin alone. The differ-
ence was primarily due to a reduction in the rate 
of stroke. Major bleeding was significantly more 
common in patients assigned to the combination 
of clopidogrel and aspirin.23 

VKA are associated with an increased risk of 
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bleeding, particularly intracranial hemorrhage 
and gastrointestinal bleeding, with respect to aspi-
rin or no treatment (0.3%, 0.2% and 0.1% per year 
respectively).18,19 VKA use accounts for a signifi-
cant proportion of iatrogenic emergency room ad-
missions. About 4% of admissions to Stroke Unit 
for intracranial hemorrhages are due to warfarin 
treatment within therapeutic range.24 

Stroke risk rises sharply when the INR falls below 
2.0 and the risk of intracranial bleeding increases 
sharply when the INR increases beyond 3.0.25

Identifying Patients at Risk of Stroke to 
Guide Antithrombotic Prophylaxis 

The risk for stroke varies widely among patients 
with AF. Various risk stratification schemes have 
been developed 7, 21-31 in attempts to evaluate and 
quantify individual risk. Currently, the most fre-
quently implemented schemes for assessing stroke 
risk in patients with AF are CHADS2,26 the ACC/
AHA/ESC 25 and American College of Chest Physi-
cians (ACCP) 30, 31 schemes.

In CHADS2, a cumulative score (range 0–6) is cal-
culated according to the presence of defined risk 
factors. Different risk factors are given different 
weightings: two points are assigned for a previous 
stroke or TIA and one point is assigned for each of 
the following: age older than 75 years, hyperten-
sion, diabetes mellitus and recent cardiac failure. 
Scores of 0, 1 and   ≥2 denote low, moderate and 

moderate-to-high risk of stroke, respectively.26, 27

In contrast, the ACC/AHA/ESC 25 and ACCP 30, 31 
schemes do not use a scoring system. Instead, they 
each categorize patients as being at low, moderate 
or high risk of stroke according specific combina-
tions of risk factors. 

The ACCP scheme does not take into consideration 
whether the patient has previously experienced a 
stroke or TIA, making this scheme less applicable 
to evaluating stroke risk for secondary stroke pre-
vention (Table 1).

The current guidelines for antithrombotic prophy-
laxis 25,31 recommend that patients with AF at low 
risk of stroke receive daily aspirin, those at high 
risk of stroke (or ‘moderate-to-high’ risk according 
to CHADS2) receive VKA therapy (unless contra-
indicated), and either aspirin or a VKAs is recom-
mended for patients classified as being at moder-
ate risk of stroke. CHADS2 is more likely than other 
schemes to classify a patient as being at moderate 
risk of stroke,32, 33 which may lead to uncertainty 
among physicians with regard to the choice of an-
tithrombotic therapy for these patients (guidelines 
recommend either aspirin or VKA).

Limitations of Risk Stratification Scores

Current risk scores are largely derived from risk 
factors identified from trial cohorts and many po-
tential risk factors have not been considered.34 The 
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Table 1 Stroke risk stratification in atrial fibrillation: three prominent schemes

CHADS2 ACC/AHA/ESC Guidelines (2006) ACCP Practice Guidelines (2008)

Congestive heart failure: 1 point High risk High risk

Hypertension: 1 point Prior thromboembolism Prior thromboembolism
Age >75 years: 1 point ≥2 moderate risk features ≥2 moderate risk features
Diabetes:  1 point Moderate risk Intermediate risk
Stroke/TIA: 2 points Age ≥75 years Age ≥75 years

Heart failure Heart failure
Hypertension Hypertension

Low risk=0 points Diabetes Diabetes

Moderate risk: 1 point Left ventricular ejection fraction ≤35% 
or fractional shortening <25%

Moderately to severely impaired left ventricular 
systolic function 

High risk: ≥2 points Low risk Low risk
No moderate- or high-risk features No intermediate- or high-risk features



majority of patients with AF have at least one ad-
ditional clinical condition that further increases 
their risk of stroke. Indeed, there are a number 
of risk factors for stroke that are not recognized 
by CHADS2 as female gender, atherosclerotic 
vascular disease, valvular dysfunction and myo-
cardial infarction. Consequently, many patients’ 
stroke risk could be underestimated, and they 
could receive suboptimal antithrombotic prophy-
laxis. In addition, several independent analyses 
have shown that assignment of stroke risk varies 
widely depending on the scheme used,32, 35 which 
may contribute to inconsistent implementation of 
guideline recommendations for anticoagulation. 
Disagreement between risk scores comes in the 
critical range for decision-making; they all iden-
tify very low and very high risk pretty well, but 
diverge in the moderate classification.

An additional limitation of current risk stratifica-
tion schemes is that they were all developed and 
validated in patients not receiving anticoagulants. 
Consequently, these schemes identify which pa-
tients are above a certain threshold of risk and 
would benefit from anticoagulation, but not those 
patients who remain at risk despite anticoagula-
tion.32 A recent study found that carotid/vertebral 
atherosclerosis and hyperlipidemia are associated 
with an increased risk for ischemic events in pa-
tients with AF on adequate warfarin treatment .36 

Stroke prevention in patients with AF might there-
fore be improved with more accurate schemes for 
stratifying stroke risk. It’s equally likely that treat-
ing everyone who is not low risk would just as 
good as try to predict risk. However, being able 
to communicate risk to the patient might improve 
adherence to medical recommendations. As the 
incidence of ischemic stroke is similar in patients 
with paroxysmal AF and those with permanent 
AF,15-17,37 antithrombotic therapy should not be 
guided by the clinical subtype of AF, but rather by 
the presence of additional risk factors for stroke. 

Advances in Evaluating Stroke Risk: Build-
ing on CHADS2 

CHA2DS2-VASc was recently developed with 
the aim of more accurately predicting stroke risk 
for patients with AF by taking into account some 

of the additional risk factors not recognized by 
CHADS2.38 Like CHADS2, a cumulative scoring 
system is used (see Table 2). However, the scor-
ing for age is stratified and relatively younger age 
(≥65 years) is recognized as a risk factor whereas 
CHADS2 only recognizes patients over the age of 
75 years. In addition, female gender and vascular 
disease are included in the evaluation of stroke 
risk, whereas these risk factors are not recognized 
by CHADS2. CHA2DS2-VASc was validated in the 
Euro Heart Survey; prediction of stroke risk was 
improved compared with CHADS2 and only a 
small proportion of patients were categorized as 
being at ‘intermediate risk’ of stroke.

Another scheme for evaluation stroke risk in pa-
tients with AF has been developed by Rietbrock et 
al. 39 As in CHADS2, a cumulative score is calculat-
ed (see Table 2). However, this new scheme differs 
from CHADS2 as follows: a greater weighting is 
placed on a previous stroke or TIA (six points com-
pared with two points in CHADS2), female gender 
is recognized, and the points assigned for age are 
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Risk Factor

Points Assigned for Presence of each Risk 
Factor

CHADS2
(Gage et al. 
2001, 2004)

Rietbrock 
scheme
(Rietbrock et al. 
2008)

CHA2DS2-
VASc
(Lip et al. 
2009)

Age >75 years: +1

40–64 years: +1
65–69 years: +2
70–74 years: +3
75–79 years: +4
80–84 years: +5
85–115 years: +6

≥75 years: +2
65–74 years: 
+1

Diabetes 
mellitus +1 +1 +1

Previous 
stroke/TIA +2 +6 +2

Heart 
failure +1 – +1

Hyperten-
sion +1 – +1

Female 
gender – +1 +1

Vascular 
disease – – +1

Cumula-
tive score range 0–6 range 0–14 range 0–9

Table 2 Comparison of new stroke risk evaluation 
schemes with CHADS2



awarded on a sliding scale, with points assigned 
to patients ≥40 years of age, whereas in CHADS2 
points for age are only assigned to those who are 
>75 years old. This scheme was evaluated in the
UK General Practice Research Database (>51,000
patients with AF) and showed a modest improve-
ment in the accuracy for predicting stroke over
CHADS2 (C-statistic: 0.68 for CHADS2, 0.72 for the
Rietbrock scheme).

In addition the accuracy of CHADS2 for predict-
ing stroke risk might be improved by also taking 
into account AF burden (e.g. presence and dura-
tion of AF in addition to CHADS2 variables) since 
AF increases the risk of stroke in an independent 
manner .40,41 

Antithrombotic Prophylaxis: Unmet Needs 

The Euro Heart Survey showed that VKA are not 
being used in accordance with the current guide-
lines and not in accordance with stroke risk.42-44 
Only 61% of patients with AF were treated in ac-
cordance with the guidelines: 28% were under-
treated, which was associated with a higher risk 
of thromboembolism and stroke; 11% were over-
treated, which was associated with a trend to-
wards a higher risk of bleeding.44 

The NABOR (National Anticoagulation Bench-
mark Outcomes Report) program, a performance 
improvement program designed to benchmark 
anticoagulation prophylaxis, treatment, and out-
comes among participating hospitals, confirmed 
that VKA are under-prescribed to eligible patients 
with AF and conversely are prescribed to a high 
proportion of patients at low risk who do not re-
quire anticoagulation.45 Real-world data from reg-
istries and observational studies have also shown 
that patients with paroxysmal AF are much less 
likely to receive VKA prophylaxis than those with 
persistent or permanent AF.37, 43, 45 

Only 11% of patients admitted to the Stroke Unit 
of the University of Perugia for an ischemic stroke 
and known AF had received VKA prior to admis-
sion and only 40% of them were in the therapeu-
tic range.11 A retrospective cohort study (ISAM) 
showed that 11–36% of patients (depending on 
country) are outside of the target INR range for 
>50% of the time,46 which leaves them either at in-
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creased risk of stroke (INR <2.0) or increased risk 
of bleeding (INR >3.0). 

There is much concern with regard to the manage-
ment of patients at moderate to high risk of stroke 
who are in need of anticoagulation but are deemed 
ineligible for VKAs for one reason or another. In 
the absence of alternative oral anticoagulants to 
VKAs, the only available option is the administra-
tion of antiplatelet agents (aspirin alone or aspirin 
plus clopidogrel combined), which is significantly 
less effective than VKAs (as discussed above) or 
no prophylaxis. Such patients are likely to receive 
only ASA (i.e. to be greatly undertreated and re-
main at risk of stroke). Major bleeding occurred 
in 251 patients receiving clopidogrel (2.0% per 
year) and in 162 patients receiving placebo (1.3% 
per year) (relative risk, 1.57; 95% CI, 1.29 to 1.92; 
P<0.001).

New Oral Anticoagulants In the Develop-
ment of Stroke Prevention in AF 

The ideal profile of a new oral anticoagulant in-
cludes the following: a predictable pharmaco-
logical profile, so that INR monitoring and dose 
modifications are not required, rapid onset and 
offset of actions as well as fixed oral dosing that 
would be most convenient for patients and could 
potentially improve adherence to the prescribed 
regimen. 

Oral Direct Thrombin Inhibitors

Ximelagatran was the first of these latest novels, 
and The SPORTIF trials 47, 48 showed that it was at 
least as effective as warfarin for the prevention of 
stroke, with no difference seen in the rate of total 
bleeding. Ximelagatran was withdrawn from the 
market in 2006 due to liver toxicity. Nevertheless, 
this drug provided the proof of concept for direct 
thrombin inhibition and showed that oral antico-
agulation without regular INR monitoring could 
be safe and effective.

Dabigatran is a second-generation of direct throm-
bin inhibitors. In the landmark phase III RE-LY 
trial, dabigatran was the first oral anticoagulant 
to show its superiority to warfarin for stroke pre-
vention in AF.49 Dabigatran 110 mg twice daily 
(bid) resulted in a rate of stroke and systemic em-



bolism similar to that observed in warfarin-treat-
ed patients (1.53% per year vs. 1.69% per year, 
p<0.001 for non-inferiority) but with a lower rate 
of major hemorrhage (2.71 per year vs. 3.36 per 
year, p=0.003). Dabigatran 150 mg bid resulted 
in a lower rate of stroke and systemic embolism 
than warfarin (1.11% per year vs. 1.69% per year, 
p<0.001 for superiority) and its rate of major hem-
orrhage was comparable to that observed in war-
farin-treated patients (3.11% per year vs. 3.36% 
per year, p=0.31).

Dabigatran was also associated with higher rates 
of treatment discontinuation than warfarin, and 
dabigatran-treated patients had somewhat signals 
for more myocardial infarction, major GI bleeding 
and dyspepsia.

Oral Direct Factor Xa Inhibitors

The oral direct factor Xa inhibitor rivaroxaban was 
compared to warfarin in the ROCKET-AF study.50 
This trial was a phase III, randomized, double-
blind, event-driven non-inferiority trial with over 
14,000 patients comparing rivaroxaban with war-
farin in nonvalvular AF (at least two documented 
episodes) and a history of stroke, TIA, or non-CNS 
embolism or at least two independent risk factors 
for future stroke. Enrolment of patients with-
out stroke, TIA, or systemic embolism and only 
two risk factors was capped at 10% of the overall 
study population; all subsequently enrolled pa-
tients were required to have at least three stroke 
risk factors or a history of stroke, TIA, or systemic 
embolism. A total of 86% of the population had a 
CHADS2 score of 3 or higher. Patients were ran-
domized to rivaroxaban 20 mg once daily (or 15 
mg once daily in patients with moderate renal im-
pairment), or dose-adjusted warfarin titrated to a 
target INR of 2.5. The per-protocol, as treated pri-
mary analysis was designed to determine wheth-
er rivaroxaban was noninferior to warfarin for the 
primary end point of stroke or systemic embo-
lism; if the non-inferiority criteria were satisfied, 
superiority was analyzed in the intent-to-treat 
population. Rivaroxaban was similar to warfarin 
for the primary efficacy endpoint of prevention 
of stroke and systemic embolism (event rate 1.71 
versus 2.16 per 100 patient years for rivaroxaban 
versus warfarin; hazard ratio [HR] 0.79, 95% con-
fidence interval [CI] 0.66–0.96, P, 0.001 for non-
inferiority). The stricter intention-to-treat analysis 

Journal of Atrial Fibrillation Featured Review  
also showed rivaroxaban to be similar to warfarin 
but did not reach statistical significance for supe-
riority: event rate 2.12 versus 2.42 per 100 patient 
years for rivaroxaban versus warfarin; HR 0.88, 
95% CI 0.74–1.03, P = 0.117 for superiority. This 
superiority was only demonstrated in the per-pro-
tocol analysis of patients who continued to receive 
treatment for the 40-month trial period: event rate 
1.70 versus 2.15 per 100 patient years for rivaroxa-
ban versus warfarin; HR 0.79, 95% CI 0.65–0.95, 
P = 0.015 for superiority. Major and non-major 
clinically relevant bleeding was similar between 
the rivaroxaban and warfarin groups. The rivar-
oxaban group had significantly less fatal bleeding 
(0.2 versus 0.5 per 100 patient years, HR 0.50, 95% 
CI 0.31–0.79, P = 0.003), intracranial hemorrhage 
(0.5 versus 0.7 per 100 patient years; P = 0.02). The 
number of patients experiencing a serious adverse 
event was similar for the two groups (rivaroxaban 
37.3% versus warfarin 38.2%).

The AVERROES study was designed to evaluate 
the use of apixaban for stroke prophylaxis by com-
paring it to aspirin in patients unsuitable for war-
farin.51 The study enrolled 5,600 patients with AF 
who could not take warfarin and compared apixa-
ban 5 mg twice daily (2.5 mg twice daily for pa-
tients aged over 80 years, weighing less than 60 kg 
or with renal impairment) with aspirin 81–324 mg/
day. The study was stopped because of an accept-
able safety profile and benefit in favor of apixaban. 
After a year, patients taking apixaban were found 
to have a 55% reduction in the primary endpoint 
of stroke or systemic embolism (1.6% versus 3.7% 
per year, HR 0.45, 95% CI 0.32–0.62, P, 0.001). The 
rate of major bleeding was similar in both groups: 
1.4% per year for apixaban and 1.2% per year for 
aspirin (HR 1.13, 95% CI 0.74–1.75, P = 0.57). Aspi-
rin was the less well-tolerated therapy.

The ARISTOTLE trial compared apixaban to war-
farin in patients with AF.52 It was a randomized 
phase III, double-blind, international trial com-
paring apixaban 5 mg twice/day versus warfarin 
titrated to an INR between 2 and 3 in over 18,000 
patients. The primary outcome was stroke (either 
ischemic or hemorrhagic) or systemic embolism, 
and the trial was designed to test for non-inferior-
ity. Secondary objectives included an analysis for 
superiority with respect to the primary outcome 
and to the rates of major bleeding and all-causes 
of mortality. The follow-up period was 1.8 years. 
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The rate of the primary outcome in ARISTOTLE 
was 1.27% per year in the apixaban group versus 
1.60% per year in the warfarin group (hazard ra-
tio with apixaban, 0.79; 95% confidence interval 
[CI], 0.66 to 0.95; P , 0.001 for non- inferiority; P 
= 0.01 for superiority). This was primarily driven 
by a reduction in hemorrhagic stroke, as the rates 
of ischemic stroke were comparable with warfa-
rin: 0.97% per year in the apixaban group versus 
1.05% per year in the warfarin group (hazard 
ratio, 0.92; 95% CI, 0.74 to 1.13; P = 0.42). Con-
versely, the rates of hemorrhagic stroke were 
0.24% per year in the apixaban group versus 
0.47% per year in the warfarin group (hazard 
ratio, 0.51; 95% CI, 0.35 to 0.75; P, 0.001). Apixa-
ban demonstrated a benefit with regards to all-
causes of mortality compared to warfarin: rates 
of death from any cause were 3.52% in the apixa-
ban group versus 3.94% in the warfarin group 
(hazard ratio, 0.89; 95% CI, 0.80 to 0.99; P = 0.047). 
Apixaban was found to be safer than warfarin 
with regard to major bleeding: 2.13% per year in 
the apixaban group versus 3.09% per year in the 
warfarin group (hazard ratio, 0.69; 95%CI, 0.60 
to 0.80; P, 0.001). Drug discontinuation occurred 
less frequently with apixaban compared to war-
farin: 25.3% versus 27.5% (P = 0.001). The average 
time spent in therapeutic INR was 62.2% for the 
warfarin-treated patients. The reported adverse 
and serious adverse effects were similar in both 
groups.

Another randomized phase III trials exploring 
the use of oral direct Factor Xa inhibitors for 
stroke prevention in patients with AF is currently 
ongoing. This study is the ENGAGE AF TIMI 48 
(NCT00781391): double-blind, randomized study 
comparing two different doses of edoxaban (30 
mg or 60 mg once a day) with dose-adjusted war-
farin.

Conclusions 

• AF is a major risk factor for stroke, and its prev-
alence increases with older age
• Patients with AF vary widely with regard to
their stroke risk and currently the choice of anti-
thrombotic prophylaxis depends on an individ-
ual patient’s magnitude of risk. The role of risk
stratification after the advent of newer agents is
not entirely clear
• There is room for improvement in risk stratifi-
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cation and several refinements are in development. 
Better stratification of stroke risk may lead to better 
adherence to antithrombotic prophylaxis for indi-
vidual patients

• VKAs are effective but are associated with a num-
ber of drawbacks in real-life practice
• Novel oral anticoagulants (including two major
classes of agents: direct thrombin inhibitors and se-
lective Factor Xa inhibitors) are available for stroke
prevention in patients with AF which overcome
some of the difficulties associated with VKAs.
• These advances in identifying patients at risk of
stroke together with the introduction of novel oral
anticoagulants into clinical practice may overcome
many of the current difficulties in providing effec-
tive stroke prevention for patients at risk.
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Introduction

Post Operative Atrial fibrillation (POAF) is com-
mon after cardiac surgery. POAF predisposing fac-
tors are unclear and its incidence is reported to be 

between 15-50%.1, 2 POAF is considered a favorite 
research topic and hundreds of original articles 
and reviews investigate POAF every year. These 
studies focus on predictive and risk factors of 
developing POAF, strategies to prevent POAF, 
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Abstract

Background: Post cardiac surgery atrial fibrillation is common after cardiac surgery. Despite the advanc-
es in medical and surgical treatment, its incidence remains high and unchanged for decades. The aim 
of this review was to summarize studies published in 2011 on identifying factors, prevention strategies, 
treatment and effect of post operative atrial fibrillation (POAF) on the outcome after cardiac surgery.

Methods: A review was performed on Medline, Embase and Chocrane on all of the English-language, 
peer-reviewed published clinical studies on POAF; studies investigating the mechanism of developing 
POAF, prevention, treatment and outcome were all included and analyzed. Case reports, studies on per-
sistent/preoperative atrial fibrillation (AF), POAF after cardiac transplant, congenital cases and nonclini-
cal studies were all excluded. We have also valuated these studies based on the type of the study, their 
originality, impact factor of the journal and their limitations. 

Results: Overall 62 studies were reviewed and analyzed; 26 on POAF predictive factors, 31 on preventa-
tive strategies and 6 on the outcome of POAF. Of these studies only two were original and the remaining 
were either performed in AF in general population (n=10) or had been studied and reported several times 
before in cardiac surgery (n=50). The average impact factor of the journals that POAF was published in 
was only 2.8 ranging between 0.5 and 14.5.

Conclusion: Post cardiac surgery atrial fibrillation is a multi-factorial and complex condition. Cardiac 
surgery may be a risk factor for developing POAF in patients already susceptible to this condition and 
may not be a complication of cardiac surgery. Future studies should mainly focus on histological chang-
es in the conductive tissue of atrium and related treatment strategies rather than predictive factors of 
POAF and more funding should be made available to study this condition from new and entirely differ-
ent perspectives.
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treatment options and effect of POAF in short and 
long-term, on the outcome and survival of the pa-
tients post cardiac surgery. Majority of these stud-
ies have adopted a similar trend that repeat previ-
ously published data describing certain predictive 
factors that increase POAF rate. These studies still 
find their way into the literature without any addi-
tional value to what we already know about POAF.

In this review, we have assessed all the published 
studies in 2011 investigating POAF; we aimed to 
create a summary of all the recent studies published 
in one year and also we have evaluated them and 
their contribution to the current literature. We also 
discussed possible future studies that may add ben-
efit to this morbid condition post cardiac surgery.

Methods

A review was performed on Medline, Embase 
and Chocrane on all the English-language, peer-
reviewed published clinical studies on POAF as 
primary or secondary endpoint. Animal models, 
studies on chronic/persistent AF, case reports and 
AF after congenital cardiac surgery, thoracic sur-
gery and transplant cases were all excluded. Over-
all 61 studies that met our criteria were reviewed. 

They were divided into three main categories 
(Figure 1); A) Predictive/identifying factors, B) 
Preventative measures and C) Outcome and Con-
sequences. 

We also developed a scoring system to assess these 
studies based on their originalities; The studies 
were scored.1, 2 or 3 based on their originality, 3)
Original topic that has never been studied previ-
ously in cardiology or cardiac surgery, (2) Studies 
that have been reviewed in cardiac patients and 
in general but it is the first time that the hypoth-
esis is being investigated in cardiac surgery, (1) 
Studies that have been assessed in cardiac surgery 
before and data has been published several times 
with similar or different conclusion (Table 1). 

Results

Summary of the publications are listed in Table 
1. There were only two original articles (scor-
ing 3), 10 scored 2 (studies preformed on car-
diac patients and general population but not on
POAF), and the rest or 50 papers were studies

and reports that were not original and were per-
formed several times before by different authors 
and in various institutions reporting similar results 
as the previous ones with only minor differences. 
The average impact factor of the journals that these 
articles were published was only 2.83 ranging be-
tween 0.5-14.5. Of all the 62 studies, 26 were on POAF 
predictive factors (A), 30 on prevention (B), and 6 
on the outcome (C). In all of these studies POAF 
rate has been reported to be between 3 to 50%.

A. Predictive factors

In 2011, over 40% of studies on POAF were analyz-
ing predictive factors of developing POAF and are 
divided in three categories:

A1. Patient factors

The main patient related predictive factor studied 
in 2011 was the effect of race on POAF; studies were 
performed on over 30,000 North American patients 
who underwent cardiac surgery. They have empha-
sized the findings of many other studies published 
previously and showed a link between genetic spec-
ifications /race and atrial fibrillation in the normal 
population as well as POAF .3-5 All of these reports 
have concluded that despite higher incidences of 
preoperative co-morbidities in black people and 
African/Americans, the risk of developing POAF is 
30-40% less compared to the European/Americans
(p<0.05)6. Besides genetic association, another ex-
planation was linked to the smaller size of left atri-
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Figure 1: Publications on POAF in 2011
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um in black people compared to the white patients 
which resulted in lower risk of developing POAF .4

Other preoperative patient factors such as his-
tory of high blood pressure, heart failure, and 
age, as well as, operative and postoperative fea-
tures such as mitral valve surgery, prolonged 
cross-clamp and cardio-pulmonary bypass time, 
use of cardioplegia, inotropic use and intra-aor-
tic balloon pump have all have been reported 
again and shown to be associated with higher in-
cidence of POAF .7-9  Most of these studies were 
retrospective, single institutional reports and on 
a small number of patients undergoing cardiac 
surgery. They have also shown that the use of 
opium preoperatively and postoperative com-
plications such as pneumonia, renal impairment 
and transfusion rate can all increase POAF. 8, 9 

Another important patient related factor is body 
mass index (BMI) and reports in over 20,000 pa-
tients showed higher incidence of POAF with high 
BMI .10, 11 The mechanism of this association have 
been reported to be increased plasma volume and 
left ventricular mass, ventricular diastolic dys-
function, increased basal sympathetic tone, and 
a hypercoagulable state in obese patients that 
promotes systemic inflammation that are known 
to be responsible for POAF in obese patients.12 

Despite these frequently published studies on 
POAF, one paper has focused on POAF post dis-
charge; the authors have concluded a significant 
decrease in the AF rate on a small number of pa-
tients with higher physical activity during the 
year before cardiac surgery. Although an interest-
ing concept, the validity of the study is question-
able as preoperative arrhythmias and medications 
on discharge have not been taken into consid-
eration when analysing the results.13Incidence 
of post discharge AF was also shown to be as-
sociated with the presence of postoperative 
arrhythmias as well as early onset POAF.14

A2. Cardiac factors 

Studies in this category investigated cardiac relat-
ed predisposing factors. The association between 
POAF with preoperative ECG specifications, 
echocardiographic and angiographic features, as 
well as some histological changes were investigat-
ed: Kinoshita et al investigated standard deviation 



of all normal-to-normal QRS complexes (SDNN) 
and square root of mean of sum of squares of dif-
ferences between adjacent normal-to-normal QRS 
complexes (RMSSD) of the patients admitted days 
before their cardiac operations and concluded that 
reduced heart rate variability decreases the rate 
of POAF significantly .15 In over 13,000 patients 
undergoing cardiac surgery P-wave amplitude in 
leads aVR and V(1) and a less negative P-wave am-
plitude in aVR were strong predictors of POAF. 16 
The differences in the ECG patterns seen in these 
patients can be a demonstration of the morpho-
logical changes in the diameter of the cardiac 
chambers and some studies have focused on iden-
tifying the predictors of POAF based on the echo-
cardiographic features; left ventricular diastolic 
dysfunction, decreased ventricular compliance, 
left ventricular segmental kinetic disturbances, 
decreased left atrial emptying capacity all have 
been identified to be associated with increased 
risk of POAF.17-19 These changes in the morphol-
ogy and compliance of cardiac muscles can result 
in stretch of the pulmonary veins and increase in 
their arrhythmogenic activity.20, 21 It has also been 
shown that proximal lesion in the right coronary 
artery, increases the risk of developing POAF. 22

Another study has compared left ventricular 
electro-mechanical delay (LVEMD) by echocar-
diogram and Doppler imaging postoperatively 
and concluded that despite comparable LVEMD 
preoperatively, LVEMD is prolonged postopera-
tively in patients who develop POAF.23 Conclu-
sions from these findings can be rather confusing 
as some studies suggest preoperative differences 
in cardiac morphology that can result in POAF 
and the other group showed change in postop-
erative characteristics that can predict develop-
ing POAF. Latter was done on only 16 patients 
.23 and will require further studies prior to a con-
crete conclusion and preoperative characteris-
tics have been found to be more important than 
postoperative parameters in developing POAF.  

Based on these findings, some investigators have 
analyzed atrial samples for any identifiable differ-
ences between the patients who develop POAF and 
who remain in sinus rhythm. Samples were tested 
for the accumulation of autophagic vesicles and li-
pofucin, and have shown that impaired cardiac au-
tophagy and ultrastructural remodeling were pre-
dictive factors for developing POAF.24 Similarly, left 
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atrial samples have shown changes in 19 special 
proteins, proinflammatory state and apoptosis to 
be different between patients who develop POAF 
and patients with no AF. 25 These studies further 
stress the theory of the presence of an organic fac-
tor preoperatively which can result in POAF. Even 
genetic studies have indicated variants in 4q25 to 
be associated with higher incidence of POAF.26

A3. Biochemical markers

Presence of higher level of certain circulatory bio-
chemical markers preoperatively in patients with 
POAF compared to those in SR also has attracted 
investigators’ interest for years.  In 2011 alone, 
several studies were published on this topic and 
results showed, not for the first time, that high cir-
culatory Brain Natriuretic Peptide (BNP), tropnin 
I, C-reactive protein (pre and postoperatively) and 
Docosahexaenoic acid (DHA) was associated with 
increased POAF rare .27-32 Conversely, circulatory 
Arachidoinc acid levels are shown to be lower pre 
and postoperatively in patients with POAF.31 This 
was a novel finding. However prostaglandin se-
ries derived from AA have been shown to have ar-
rhythmic effects, which is contrary to the effect of 
free AA in the circulation described in this study.

In addition, lower Hemoglobin A1C (HbA1C) 
preoperatively was shown to increase POAF.33 

This was in accordance with another study from 
2008 on a large number of patients undergoing 
cardiac surgery; Halkos et al revealed that high 
levels of HbA1C results in more postoperative 
morbidities, but less POAF.34 These findings, 
surprisingly contradicts with studies showing 
higher incidence of POAF in diabetic patients 
and studies on the general population that sup-
ports a positive and independent relationship 
between HbA1C levels and incidence of AF.35 

B. Prevention

Despite no clear etiological factor for POAF, in 
2011, more studies (n=29) were conducted in-
vestigating prevention from POAF. They main-
ly focused on medical therapy (B1) and some 
on surgical techniques (B2) to reduce POAF.

B1. Medical therapy

Several reports focused on long-chain, omega 3 
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fatty acids; previously there were some initial prom-
ising results with preoperative use of Omega-3 in re-
ducing POAF, however further analyzes and studies 
on larger population showed no statistically proven 
benefit of this group of fatty acids in reducing POAF. 
In 2011, one report on a small group showed posi-
tive results36, however another study37 and two me-
ta-analysis published in 2011 showed no real place 
for Omega-3 in decreasing the risk of POAF.38, 39 

Other groups investigated the effect of medications 
that reduces inflammation; Postoperative Colchi-
cine has been tried which showed POAF reduc-
tion but adverse effects are seen with its use that 
prevented further studies.40 Naproxen, despite be-
ing an anti-inflammatory medication, has shown 
to have no effect in the reduction of POAF but its 
preoperative use has decreased POAF duration.41 

The inflammation theory has encouraged the in-
vestigators to use corticosteroids but no reduction 
in POAF in patients who underwent OPCAB (Off 
Pump Coronary Artery Bypass).42, 43 was observed, 
however its use postoperatively showed reduc-
tion in POAF after a study in all cardiac proce-
dures.44 The authors believed that in OPCAB due 
to a less inflammatory response, no major effect of 
these anti-inflammatory steroids can be observed.  

Another group of medications with anti-inflam-
matory properties that have been used for sev-
eral years is Statins. In 2011, of five studies and 
one meta-analysis on the role of pre and postop-
erative Statins in POAF, except in one retrospec-
tive study45 all have concluded that Statin reduces 
POAF.32, 46-49 In the study that showed no benefit with 
the use of Statin, patients with preoperative AF were 
also included which may have influenced the results.  
Overall, Statins have been shown to have a great 
role in prevention from POAF, however treatment 
with Statins failed to eradicated POAF completely. 

Angiotensin-converting enzyme inhibitors (ACEI) 
and alpha-receptor blockers (ARB) are another 
group of medications that have been assessed for 
the prevention of POAF. Their anti-inflammatory 
properties alongside several other characteristics 
such as lowering blood pressure and reducing 
volume overload were expected to reduce POAF, 
however results from several studies were con-
flicting; a RCT with Irbesartan showed significant 

decrease in POAF.50  On the other hand, a ret-
rospective study on over 3000 CABG patients 
showed in fact, ACEI was a risk factor for de-
veloping POAF. However, in their study pa-
tients with preoperative AF were not excluded 
and higher number of AF patients were on 
ACEI, which could have affected the results.51 

These two studies published in 2011 were con-
tradictory to the previous reviews that showed 
a statistically significant decrease in POAF re-
currence but no benefits with the use of ARBs.52

Benefits of antioxidants such as vitamins C and 
E have been studied extensively; a meta-analy-
sis on five randomized controlled trials (RCT) 
and a RCT have shown reduction in POAF.53,54 

These findings were in accordance with previ-
ously published data, however data on cost ef-
fectiveness and the duration required for the 
use of these vitamins are yet to be determined. 

Amongst all the medications that have been 
tried in prevention of POAF, the value of anti-
arrhythmic medications in the prevention and 
treatment of POAF remains invincible and the 
evidence has been considered (I) and (IIa) for 
beta-blockers and Amiodarone respectively.55 
Studies continue to explore new and old anti-
arrhythmic agents and different regimes; Biso-
prolol in a recent RCT has been shown superior 
to Carvedilol in POAF reduction in patients with 
impaired ventricular function.56 This is possi-
ble that its greater beta selectivity increases its 
anti-arrhythmogenic effects.  Landilol, an ultra 
short acting beta-blocker, with very high beta-
1 selectivity has been infused intra-operatively 
and which showed a significant POAF reduc-
tion compared to saline.57 but did not compare 
Landilol with other beta-blockers. Landilol 
was introduced in 2002 however data regard-
ing its clinical usage is yet to be investigated
Another treatment against POAF that has been 
tried recently is Ranolazine, an antianginal agent 
that inhibits abnormal late sodium channel cur-
rent in atrial and ventricular tissue. In comparison 
with preoperative administration of Amiodarine, 
Ranolazine was shown to be more effective in de-
creasing POAF.58 However, in that study patients 
in the Amiodarone group had lower ejection 
fraction compared to the patients on Ranolazine, 
which could have affected the results.  It is well 
known that Amiodarone is one of the best antiar-



rhythmic agents for POAF and still some centers 
continue to publish their data on Amiodarone.59

Besides the studies on medical agents, a meta-
analysis on the infusion of glucose/insulin/po-
tassium (GIK) pre- intra- and postoperatively, 
has shown that POAF decreased in patients with 
diabetes but the incidence of POAF in the rest of 
the patients was unchanged .60 With the results of 
this report and the study on hemoglobin A1C de-
scribed earlier.33, no conclusion can be drawn from 
these contradictory results, one showing worse 
diabetic control preoperatively decreases POAF,33 
and the other one confirms better diabetic con-
trol peri-operatively to decrease POAF.60 Finally, 
in this category a small study investigated the 
role of holistic therapy preoperatively on a small 
group of patients and found no effect on POAF. 61

B2. Surgical strategies

Despite the importance of different surgical strat-
egies, only a few papers were published last year 
on this topic; posterior pericardiotomy is one of 
the well-known techniques to decrease POAF, 
and another RCT in 2011 has shown POAF to be as 
low as 3% .62 Despite, its usefulness the technique 
is not widely adopted by the cardiac surgeons 
and care must be taken to make a small incision 
to prevent cardiac herniation. Significant POAF 
reduction has also been reported with minimized 
perfusion circuits.63 and extracorporeal vacuum 
assisted devices.64 on small group of patients. 
The authors have concluded less hemodilution, 
transfusion requirement and less inflammatory 
marker release with short circuit and better organ 
perfusion with vacuum device that result in better 
outcome and less POAF. Changes on cardiople-
gia have been tried and despite the myocardio-
protective effects of magnesium a study by Ca-
puto has shown no reduction in POAF with high 
dose magnesium in warm blood cardioplegia.65 
Interestingly, same authors found a two-fold de-
crease in POAF with high Magnesium in warm 
blood cardioplegia in a study published in 2002.66 

C. Outcomes and consequences

Despite POAF being a short-lived and self-limiting 
complication, it has been shown to affect the out-
come after cardiac surgery in short- and long-term 
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and result in devastating complications. Postopera-
tive delirium has been shown to be associated with 
several factors one of them POAF. Delirium was 
previously related to preoperative AF,67 however a 
direct link between POAF and developing delirium 
postoperatively that was reported in this study is 
questionable as POAF commonly occurred on the 
third postoperative day whereas signs of delirium in 
the study by Andrejaitiene et al was observed prior 
to that and during their stay at intensive care unit.68

Other studies, showed statistically significant asso-
ciation between POAF and stroke.69-72 A study on 
over 17000 all cardiac patients by the author of this 
manuscript showed significantly lower survival rate 
in patients who develop POAF at five and ten years. 
However, after propensity matching for the preop-
erative characteristics only in the CABG patients 
POAF increased the postoperative complications, 
stroke rate and survival.73 This has been reported 
before and it was speculated that unlike in CABG 
cases, patients undergoing valve or other cardiac 
operations are subjected to better and more frequent 
follow ups and in cases of mechanical valves regular 
anticoagulation reduces stroke in this group of pa-
tients who may develop AF even after discharge.74

Discussion

Postoperative Atrial Fibrillation is a common ar-
rhythmia with no clear etiology. Studies over the 
decades have tried to analyze the role of intrinsic 
and extrinsic cardiac nervous system in developing 
AF; it is believed that stimulation of the vagosym-
pathetic trunks and autonomic innervation from 
the ganglionated plexui of the heart to heteroge-
neously shorten refractoriness across the atria, re-
sults in a premature or series of atrial premature 
beats to induce and sustain atrial fibrillation .75-76, 
especially the presence of this intrinsic cardiac au-
tonomic nervous system, in conjunction with the 
extrinsic projections of the vagosympathetic sys-
tem from the brain and spinal cord to the heart are 
thought to be involved in the development of the 
AF. 77-80. 
However, the main reason for activation of these 
intrinsic and extrinsic nervous systems after car-
diac surgery is not fully understood. It has been 
shown that cardiac surgery may lead to decreased 
baroreflex sensitivity and result in heart rate vari-
ability .81However, this concept has not been thor-
oughly investigated. In addition, it is not clear that 
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why some patients and not all develop POAF.

In this review, we have summarized all the stud-
ies that have been published on postoperative atri-
al fibrillation in a full year. This gives the reader 
an overview of what has been new on POAF and 
will encourage the investigators to focus on new 
ideas of identifying the causes, and prevention 
from and treatment of POAF, rather than repeat-
ing and publishing the same results every year. 
Based on our analysis, only two articles out of 62 
were original with another ten being previous 
reports of AF in general population, which now 
examines the same theory on POAF for the first 
time. The low impact factor of the journals that 
these articles were published in also signifies that 
this important morbidity that occurs or manifest 
after cardiac surgery is not studied widely from 
new perspective and not many laboratories and 
research funds are dedicated to investigate POAF 
in the recent years.

Based on this review and several other publica-
tions from previous years, we know that POAF 
is a common complication that despite all the ad-
vances in cardiac surgery no etiology or treatment 
for it has yet been identified. The main reason is 
that POAF is a multi-factorial condition and unan-
swered questions are dominating our knowledge 
regarding all types of atrial fibrillation including 
POAF. Up to date and without any conflicting re-
sults, age is considered an independent predictor 
of all types of AF; at the age of 40 life-time risk of 
developing AF is one in four .82 Other factors such 
as valvular heart disease, ischemic heart disease, 
heart failure, high blood pressure, and several 
other co-morbidities increase the risk even more 
.7-9Some investigators believe the mechanism of 
the POAF is completely different from that of AF 
in the community.83 Many authors and investiga-
tors believe that POAF is a complication of cardi-
ac surgery. However, by reviewing the published 
studies, we believe that atrial fibrillation is a com-
plex disease that can manifest itself after certain 
conditions, one of them being cardiac surgery. 

Several studies each year investigate POAF from 
different angles, some hope to offer new strategies 
to prevent POAF and some still report predictive 
factors of POAF. Of the studies investigating the 
topic this year, only the ones assessing the histo-

logical changes within atrial samples were origi-
nal .24, 25 This is an unexplored area, which can in-
fluence what we already know or hope to achieve 
regarding POAF. It is clear that atrial fibrillation is 
the manifestation of changes in automaticity lev-
els of the conductive atrial cells. Age increases the 
degree of atrial fibrosis affecting the configuration 
of conductive cells. Similarly, factors such as size 
of the atrium in valvular heart disease or race re-
lated atrial appendage sizes described in this re-
view.3-5, decreased cardiac compliance stretching 
atria and pulmonary vasculature all affect cellular 
morphology.17-19 Presence of circulatory markers, 
on the other hand, has shown varying degree of 
association with POAF, therefore the effect of car-
diac surgery, inflammation, inflammatory mark-
ers and the use of cardiopulmonary bypass can 
all be considered predisposing factors of POAF. 
Based on these findings, cell membrane stabilis-
ers and medications decreasing sympathetic ac-
tivities such as beta-blockers are considered best 
prevention for POAF.55-57 

Furthermore, low survival rate in CABG patients 
who develop POAF was significantly affected by 
POAF.73 It is hard to accept that a condition that 
may have lasted only a few hours to a few days 
can increase the mortality rate even after 10 years. 
It is clear that POAF is the result of preoperative 
changes in the atrial tissue and maybe these pa-
tients without cardiac surgery would have devel-
oped AF at some point in the future but this is a 
theory that cannot easily be investigated.

In conclusion, we believe that studies should 
move away from just reporting AF rate and com-
mon predicting factors, as they do not offer a lot 
of benefit, and concentrate on changes at the his-
tological level or the role of intrinsic and extrin-
sic autoimmune nervous system in developing 
post operative AF. With POAF still being a com-
mon post cardiac surgery morbidity that can in-
crease the cost of treatment postoperatively with 
devastat ing effects on the outcome in short and 
long-term, more funds and research laboratories 
should be dedicated to investigate POAF.
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Introduction

In the mid eighteenth century, Virchow proposed a 
triad for the cause of venous thrombosis. This was 
constituted by stasis of blood, changes in the ves-
sel wall and blood coagulability. Atrial fibrillation 
(AF), the most common sustained cardiac arrhyth-
mia is associated with an increased risk of throm-
boembolism. In AF, all the changes occur in the atri-
um to fulfill Virchow’s triad for thrombogenesis.1 It 
is also noted that stroke patients suffering from AF 
have a higher incidence of venous thromboembo-
lism (VTE).2 Several factors have been studied and 
established as risk factors for developing VTE and 
thromboembolism in patients with AF. We will re-
view the similarities and differences in these factors. 

Epidemiology

An estimated 200,000 people in the United States 

are diagnosed with VTE annually.3-7 This includes 
106,000 patients with deep venous thrombosis 
(DVT) and 94,000 with pulmonary embolism 
(PE).3-7 The incidence of VTE occurring for the first 
time in about 100 per 100,000 people.6 VTE con-
tributes to about 300,000 to 600,000 hospitaliza-
tions and 100,000 deaths annually. Death occurs 
in about 6% of patients with DVT and 12% of PE 
cases within a month of diagnosis.6 In the Interna-
tional Cooperative Pulmonary Embolism Registry 
(ICOPER), all-cause mortality rate at 3 months, as-
sociated with PE was 17%.8 In the Worcester, Mas-
sachusetts metropolitan area study, patients with 
PE had mortality rate of 11.1%.9

AF is the commonest sustained cardiac arrhyth-
mia, which is associated with significant risk of 
morbidity and mortality resulting from throm-
boembolism.10 Approximately 2.2 million Ameri-
cans suffer from AF.11-12 By 2050, an estimated 16 
million Americans are predicted to have AF.13 On 
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screening of patients with ischemic stroke, AF is 
recognized in 6.7% of patients on routine electro-
cardiogram, 10.6% on 24 hour Holter and 15.6% 
with 7 day event monitor.14 While the stroke risk is 
increased by 5 folds by AF, this risk is not homoge-
neous as it is altered by other stroke risk factors.10

Pathophysiology

Hemostasis is primarily a protective mechanism 
of reducing bleeding after vascular injury. In situ-
ations of endothelial dysfunction, stasis or hyper-
coagulability, there is increased activation of this 
protective mechanism resulting in thrombosis. Ar-
terial and venous thromboses are two pathophysi-
ologically distinct entities with different clinical 
presentations and management strategies. Arte-
rial thrombosis generally develops as a result of 
underlying vascular abnormalities, typically ath-
erosclerotic disease and is largely a phenomenon 
of platelet activation. Unlike arterial thrombosis, 
venous thrombosis occurs in regions of sluggish 
blood flow and is largely a matter of activation of 
the clotting system.15 The venous clots are relative-
ly larger in size compared to arterial clots and are 
composed predominantly of fibrin enmeshed with 
cellular components including red blood cells. Ac-
tivation of the coagulation system is the primary 
cause of venous thrombosis and precedes platelet 
activation and aggregation.16 Surgery or trauma 
may cause direct injury to the vessels resulting in 
exposure of the subendothelial tissue factor (TF). 
This however, is not common in non-surgical pa-
tients with VTE. Venous stasis promotes throm-
bus formation by not flushing out the activated 
coagulation factors from endothelial dysfunction. 
Circulating TF-bearing microparticles are also 
suggested to play an important role in VTE. These 
particles attach to activated endothelial cells and 
transfer TF to them initiating coagulation reac-
tions and clot formation.17-18 This is different from 
thrombus formation in the arterial system. The 
TF-bearing micro-particles may also contribute 
to the hypercoagulable state associated with dis-
ease conditions with an increased risk of DVT.17-19

In patients with AF, there is abnormal stasis of 
blood in the atrium with endothelial dysfunction, 
and hypercoagulable states resulting in throm-
bus formation.1,20 Systemic fibrinogen and fibrin 
D-dimer levels are elevated in patients with per-
sistent and paroxysmal AF which increases the

procoagulant state.1 Both von Willebrand factor 
and TF are also over expressed in the atrial endo-
thelium of patients with AF who have a history 
of thromboembolism.1 AF seems to fulfill the Vir-
chow’s triad for thrombogenesis, and the throm-
bus formed has a ‘venous-type clot’. These find-
ings are suggestive of similar pathophysiologic 
basis for clot formation for VTE and AF, which 
may imply similar risk factors for the occurrence 
of thrombosis. This could also explain for the suc-
cess of anticoagulants and not antiplatelets in 
the prevention of VTE and AF related strokes.21-23

Risk Factors for VTE and AF Thromboembo-
lism

Systematic reviews of epidemiologic cohorts and 
clinical trials have identified various risk factors 
associated with AF and their impact on stroke.24-25 
The risk factors and their adjusted relative risk 
(RR) as described by the Stroke in AF Working 
Group are: previous stroke/transient ischemic at-
tack (TIA) (RR 2.5), age (RR 1.5/decade), hyperten-
sion (RR 2.0), diabetes (RR 1.8) and female gen-
der (RR 1.6).24-25 Congestive heart failure (CHF) 
history was not associated with stroke risk in this 
study, although moderate systolic dysfunction 
was still an independent predictor. In a systemic 
review by the National Institute of Health and 
Clinical Evidence (NICE), history of stroke or TIA, 
advanced age, hypertension and structural heart 
disease were predictors of stroke.25 Diabetes mel-
litus and gender were not significant factors to 
predict stroke risk in this review. The CHADS2 
score was derived by adding the AF investigators 
and Stroke Prevention in AF (SPAF) -1 trials.26 The 
factors included were CHF, hypertension, age > 
75 years, diabetes mellitus, and prior stroke/TIA. 
This scoring was simple and was validated in as-
sessing the risk of thromboembolic stroke in pa-
tients with AF. However, it could not differentiate 
very low risk group from low risk and intermedi-
ate risk groups.26 To further refine and define the 
risk of stroke in AF patients, the European Society 
of Cardiology came up with the CHADS-VASc 
score to complement the CHADS2 scheme.27 In 
this the major risk factors were age > 75 years and 
previous stroke/TIA (with allocated two points); 
the non-major risk factors were CHF, hyperten-
sion, diabetes mellitus, age between 65 years and 
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75 years, vascular disease and female gender (with 
allocated one point for each) (see Table 1).28 The 
CHADS-VASc score has also been well validated 
and is efficient in identifying patients at high and 
moderate risk of thromboembolic events.28-29 Ab-
sence of the risk factors as defined by the CHADS-
VASc score identifies patient who are at very low 
risk of thromboembolism or stroke.30 In low risk 

patients (CHADS-VASc score = 0), the rate of 
thromboembolism per 100 person-years was 1.67 
[95% confidence interval (CI) 1.47–1.89].30 Pres-
ence of any of the minor risk factors significant-
ly increased the risk of stroke (absolute risk 2.01; 
95% CI 1.70–2.36). The negative predictive value 
(i.e. the percent categorized as not being at higher 
risk, actually being free from thromboembolism) 
for CHADS-VASc was 99.5% suggesting that other 
clinical or laboratory factors may not have signifi-
cant contribution to thromboembolic risk.

VTE is a multifactorial disease with 2 or more 
risk factors being present at the same time.31 An 
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Table 1
Factors and adjusted thromboembolic stroke 
risks in patients with atrial fibrillation 
(CHADS-VASc scoring)

Major risk factors (assigned 2 points)

Aged >/= 75 years
Stroke/Transient ischemic stroke 
Minor risk factors (assigned 1 point)
Congestive heart failure
Hypertension
Diabetes mellitus
Vascular disease (prior myocardial infarct, peripheral arte-
rial disease)
Aged 65–74 years
Sex category (female gender)

Score Adjusted stroke rate
 (% per year)

0 0%
1 1.3%
2 2.2%
3 3.2%
4 4.0%
5 6.7%
6 9.8%
7 9.6%
8 6.7%
9 15.2%

Adapted from European Heart Rhythm Association Guide-
lines [27] and Lip GY, et al.28

overview of the risk factors for VTE is provided 
in Table 2.32 Genetic risk factors predisposing for 
VTE include deficiencies of antithrombin, protein 
C, protein S, and the factor V Leiden (FVL) muta-
tion and prothrombin 20210A gene variant.33 Ge-
netic factors including variations in antithrombin, 
protein C, or protein S deficiencies are associated 
with approximately 5 to 10 fold, 4 to 6 fold and 1 
to 10 fold increased risk of VTE respectively.34-35 
Prothrombin G20210A variant and FVL muta-
tion are associated with 3 and 7 fold increased 
risk of VTE respectively.36-37 But for these genetic 
risk factors, there are several acquired clinical risk 
factors which increase the risk for VTE. The clini-
cal risk factors include triggering factors and de-
mographic and chronic medical conditions. The 

Table 2 Risk factors for venous thrombosis and pul-
monary embolism

Adapted from Goldhaber SZ, et al.32

Primary (unprovoked)

Old age (>65 years)
Long-haul travel
Thrombophilia (factor V Leiden or prothrombin gene 
mutation)
Obesity
Cigarette smoking
Hypertension
Metabolic syndrome
Secondary (provoked)
Immobilization
Postoperative
Trauma
Oral contraceptives, pregnancy
Cancer
Acute medical illness (e.g. Pneumonia, congestive heart 
failure)

triggering factors include immobilization, plaster 
casts, surgery, and trauma. The demographic and 
medical conditions include cancer, obesity, in-
creasing age, hormone replacement therapy and 
pregnancy.38 These acquired factors cause either 
stasis or hypercoagulability predisposing to VTE. 
Hospitalization is a risk factor for VTE consider-
ing that these patients are exposed to more than 
one acquired risk factor including immobility, 
cancer, surgery, CHF, infections and chronic kid-
ney disease.39

Relevant Risk Factors for Similarities and 
Differences

Similar to thrombosis in patients with AF, a com-



bination of various risk factors increases the risk 
for VTE episodes. Genetic risk factors (deficiency 
of protein C and S, and FVL mutation), and tem-
porary triggering risk factors (trauma, surgery, 
pregnancy) that predispose to the development of 
VTE have not been studied extensively in patients 
with AF. Hence these factors will not be reviewed. 
In our discussion we will be describing the stud-
ies which have established the role of the different 
risk factors (i.e. CHADS-VASc score) in assessing 
risk of thromboembolism in patients with AF. We 
will also discuss the implication of these factors in 
assessing VTE risk. 

a. Age

Levels of prothrombin activation fragment F1.2, an 
index of thrombin generation, increase with age in 
the general population40-42 suggesting an age-relat-
ed prothrombotic diathesis. In patients with AF, 
aging is associated with left atrial (LA) enlarge-
ment, reduced left atrial appendage (LAA) flow 
velocity, and spontaneous echo contrast (SEC), all 
of which predispose to LA thrombus formation.43-45 
The implication of aging on risk of stroke in pa-
tients with AF has been evaluated in 17 studies.46 
Twelve studies found an independent effect of 
age on stroke risk while five studies failed to find 
such an association.46 In the analysis of pooled data 
from five randomized controlled trials, the annual 
risk of stroke increased from 15% to 20%  in pa-
tients aged <65 years and >65 years with no other 
risk factors and from 17% to 27% in patients with 
one or more risk factors for stroke.47 In this study 
the overall relative risk of stroke associated with 
every decade of life was 1.4 (95% CI 1.1-1.8). In the 
Framingham study, age 65 years and older was as-
sociated with a 3-fold increase in risk of stroke.48

VTE has an incidence of 1 to 2 cases per 1000 per-
son-years, with age-dependent incidence ranging 
from 1 in 100000 in children to 1 in 100 in older 
individuals.49-51 VTE rises exponentially from <5 
cases per 100000 persons in younger than 15 years 
age to  about 500 cases (0.5%) per 100000 persons 
at age 80 years.6 The incidence of VTE increased 
significantly with age in a population based study 
with the noted incidence of about 100 per 100000 in 
people aged 50 years and more than 450 per 100000 
in people aged 75 years.52 Thus, advanced age is a 
risk factor for thromboembolism associated with 
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AF as well as for development of VTE. 

b. Sex (female gender)

Women face several unique situations during their 
lifetime, such as pregnancy, use of oral contracep-
tives and hormone replacement therapies, all of 
which increase their risk of thromboembolism. 
In AF, female gender has been observed to be a 
significant risk factor for thromboembolic stroke 
in some studies53-57 but not in others.58-62 In the 
SPAF trial, 2012 participants given aspirin were 
evaluated, female gender was associated with sig-
nificantly higher risk of stroke with a RR of 1.6.53 
Similar to this trial, the Framingham study and the 
AnTicoagulation and Risk factors In Atrial fibril-
lation (ATRIA) study noted a significantly higher 
incidence of stroke in women with AF with the 
noted RR of 1.7 and 1.6 respectively.55,63 In the 
AFASAK trial, female gender was not associated 
with occurrence of stroke. Of note, there was no 
association of age or left atrial size with increased 
incidence of stroke in this study.59 Similar to this 
study, Aronow et al, did not find any association 
of gender with risk of thromboembolic stroke in 
elderly patients with chronic AF.61 

In a Norwegian study, the incidence of first VTE 
events was 1.43 per 1000 person-years, with a not-
ed slightly higher events in women than in men.50 
Contradictory to this finding, in a community-
based study, incidence was higher for men than 
for women (1.14 per 1000 patient-years vs. 1.05 
per 1000 patient-years).64 In the Olmsted county 
study, the age-adjusted rates of VTE was signifi-
cantly higher in males than females (130 vs. 110 
per 100000 patient-years).52 In this study it was 
noted that the incidence of VTE in women young-
er than 55 years, was higher than men. This find-
ing may be related to the differential exposure to 
clinical risk factors in this specific population of 
women (pregnancy, postpartum state, or oral con-
traceptive use). In a meta-analysis of 15 studies 
(nine randomized controlled and six prospective 
observational), the estimate of the RR of recurrent 
VTE for men was significantly higher compared 
to women (RR 1.6, 95% CI 1.2-2.0).65 In conclusion, 
women younger than 55 years age are at a higher 
risk of VTE, but with aging the risk of VTE is simi-
lar or higher in men.
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c. Hypertension

Hypertension is a common risk factor for arterial 
thrombosis and also AF. Hypertension in patients 
with AF is associated with reduced left atrial ap-
pendage (LAA) flow velocity, spontaneous echo-
contrast (SEC), and thrombus formation.43,44,66 
Ventricular diastolic dysfunction might underlie 
the effect of hypertension on left atrial (LA) dy-
namics, but this relationship is still speculative.67-68 
Hypertension is an important predictor of stroke 
in patients with AF,48,53-54,58,61,69-70 especially in those 
with systolic blood pressure greater than 160 mm 
Hg.53-54,56 During a 2.0 year follow-up of patients 
with non-valvular AF, history of hypertension 
was associated with significantly higher risk of 
stroke with a RR of 2.0.53  In a systematic review 
of risk factors for stroke in patients with AF, hy-
pertension was associated with increased risk (RR 
2.0, 95% CI 1.6-2.5).24 

In a study involving the population from the Ath-
erosclerosis Risk In Communities (ARIC) and 
Cardiovascular Health Study (CHS) to assess the 
association of established risk factors of arterial 
thromboembolism, hypertension was not associ-
ated with VTE.71 The relative risk for VTE in pa-
tients with history of hypertension was 1.20 (95% 
CI 0.90-1.60) which was comparable to patients 
with normal blood pressures (RR 1.21 (95% CI 
0.99-1.47). There was no difference when groups 
with systolic blood pressure less than 114 mmHg 
were compared with patients with systolic blood 
pressure between 114 and 130 mmHg and those 
with systolic blood pressure of more than 140 
mmHg. In another study of patients with an-
tiphospholipid syndrome, presence of hyperten-
sion increased the incidence of arterial thrombo-
embolism but not VTE.72

d. Diabetes Mellitus

Diabetes mellitus has been associated with en-
hanced coagulation and reduced fibrinolytic po-
tential which may contribute to thrombosis.73 In 
the meta-analysis of independent predictors of 
stroke in non-anticoagulated patient with non-
valvular AF by the Stroke Risk in AF Working 
Group, seven studies were assessed.24  Diabetes 
was present in 15% of the study cohorts and was 
an independent risk factor for stroke. (RR 1.7, 95% 

CI 1.4-2.0).24 Studies indicate that the reduction in 
stroke among warfarin-treated patients with dia-
betes was below average.74-75 

In a study of assessing the association of tradi-
tional cardiovascular risk factors on occurrence of 
VTE, diabetes and obesity were each associated 
with significant increase in events even in age, race 
and sex adjusted models.71 In this study the inci-
dence of VTE increased from 0.83 events per 1000 
person-years in non-diabetics to 2.12 events per 
1000 person-years among diabetics (RR 1.70, 95% 
CI: 1.20-2.40).71 On adjusting for body mass index 
(BMI), diabetes still persisted to be significantly 
associated with VTE though the risk for events 
was attenuated (HR 1.46, 95% CI 1.03-2.05). Dia-
betic patients also had higher secondary events of 
VTE as compared to patients with idiopathic VTE 
(HR 1.62 vs. 1.27 respectively).

e. Congestive Heart Failure

CHF is a prothrombotic state resulting from im-
paired blood flow due to poor myocardial contrac-
tion. This is compounded by endothelial dysfunc-
tion, abundance of adhesion molecules and an 
imbalance of procoagulants and anticoagulants.76 
Patients with CHF have abnormally elevated von 
Willebrand factor levels, soluble thrombomodu-
lin (indexes of endothelial damage/dysfunction) 
and soluble E-selectin (an index of endothelial ac-
tivation).8 It is well established that AF and CHF 
are inter-related in a varieties of ways with each 
predisposing to the occurrence of other. In re-
gards to the risk of stroke in patients with both AF 
and CHF, there are different studies noting vari-
able association. In the SPAF trial, recent (within 
3 months) history of CHF was independently as-
sociated with a substantial risk for thromboem-
bolism (greater than 7% per year).69 In contrast to 
this study, the Embolism in Left Atrial Thrombi 
(ELAT) study did not find an association of CHF 
with occurrence of stroke. However, in this study 
there was significant relation of CHF with all cause 
mortality.77 In the Stroke in AF Working Group as-
sessment, CHF was not significantly associated 
with stroke. The presence of moderate systolic left 
ventricular dysfunction was still an independent 
marker.24 In the National Institute for Health and 
Clinical Evidence (NICE) review, structural heart 
disease was independently associated with stroke 
occurrence.25 
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Stasis of blood in the lower extremities in patients 
with CHF activates coagulation system, leading to 
fibrin formation which results in thrombus forma-
tion in the extremities. The reported incidence of 
DVT in patients with CHF ranges from 1% to 59% 
and that for PE from 1% to 39%.3,78-81 In a review 
of the US National Hospital Discharge Survey, the 
incidence of PE and DVT were significantly higher 
in patients with diagnosis of CHF than those with-
out CHF. The noted relative risks of 2.15 and 1.21 
respectively.82 In a study addressing the out-pa-
tient risk, CHF was an independent risk factor for 
VTE with an adjusted OR of 2.6 (95% CI, 1.4-4.7).83

f. Stroke

Stroke is a consequence of a prothrombotic state re-
sulting in occlusion of the cerebral arteries. Stroke 
is the most feared complication of AF. History of 
stroke/TIA in turn increases events of thromboem-
bolism associated with AF and hence secondary 
event of strokes. Several studies have found a pre-
vious history of stroke or TIA to be a significant in-
dependent risk factor for secondary stroke.53-55,62,69 
AF increases the risk of stroke by five-fold, and the 
use of anticoagulation reduces this risk by two-
thirds whilst antiplatelet therapy reduces stroke 
by one-fifth.84-85 In a systematic evaluation of risks, 
prior stroke/TIA had the higher risk association 
for stroke occurrence in patients with AF (RR 2.5, 
95% CI: 1.8-3.5).24 Stroke patients are at high risk 
for VTE due to immobility caused by stroke. 

Patients with stroke have several related risk fac-
tors including immobility, hypertension, diabetes, 
hospitalization which increase the incidence of 
VTE. The incidence of DVT within the first 2 weeks 
after stroke ranges from 10% to 75%, depending 
on the diagnostic method and timing of evalu-
ation.86 In patients with acute hemiplegic stroke, 
the incidence of DVT is approximately 50% within 
2 weeks in the absence of prophylaxis.87 In another 
study, among patients who were not on any pro-
phylactic precautions, the incidence of DVT was 
found to be 53% in the paralyzed leg and 5% in the 
non-paralyzed leg.88 In a MRI based direct throm-
bus imaging study, of the 102 unselected patients 
with acute ischemic stroke, the prevalence of all 
VTE, DVT, and PE after 21 days were 40%, 18%, 
and 12% respectively.89 In this study, non-ambu-
latory status of patients around the time of admis-
sion to the hospital  was found to predict higher 
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risk of VTE.  In the International Stroke Trial (IST), 
the incidence of PE in patients with stroke was 
0.8% at 2 weeks in patients not receiving heparin 
prophylaxis and 0.5% in patients receiving hepa-
rin prophylaxis.90 This relatively lower incidence 
of PE reported in the IST study could be due to un-
der-reporting or to early mobilization of patients 
not described in the study. 

g. Vascular disease

Patients with peripheral vascular disease have 
other risk factors for the thromboembolism which 
include hypertension, diabetes, myocardial in-
farction and structural heart disease. These factors 
have been associated with VTE and also throm-
boembolism with AF. Peripheral arterial disease 
confers a poor prognosis in patients with AF. 
They have high rates of mortality, cardiovascular 
events, and stroke.91-93 Lin et al94 in their nation-
wide cohort study found that peripheral artery 
disease was an independent predictor of stroke 
among non-anticoagulated AF patients, with odds 
ratio of 1.8 (95% CI, 1.2-2.8). Vascular disease, in-
cluding peripheral artery disease, was also a risk 
factor of subsequent stroke in AF patients age <65 
years in the Loire Valley Atrial Fibrillation Proj-
ect,95 and peripheral artery disease was an inde-
pendent predictor of stroke and death in the Dan-
ish Diet, Cancer, and Health Study.96 Rasmussen 
et al found an incidence rate of stroke at 1-year 
follow-up of 10.9 per 100 person-years in patients 
with new-onset AF and peripheral artery disease, 
vs. a rate of 4.6 in new-onset AF patients without 
vascular disease.96 In a Danish nationwide cohort 
study, the presence of vascular disease also in-
creased the risk of thromboembolism significantly 
at 5 and 10 years of follow-up, with hazard ratios 
(HRs) of 2.04 and 2.22, respectively.30 

In a small observation study of 176 patients, there 
was noted significantly higher incidence of DVT 
in patients admitted for arteriography, angio-
plasty or arterial reconstruction surgeries when 
compared to control patients without peripheral 
vascular disease.97 In review of a large US health-
care claims database of hospitalized medically ill 
patients of age > 40 years age, a diagnosis of pe-
ripheral arterial disease at index admission was 
significantly associated with incidence of venous 
thromboembolism within 90 days of hospital ad-
mission (HR 1.68, 95% CI 1.28-2.21).98
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CHAD-VASc Risk Factors and VTE 

Of the CHAD-VaSc risk factors, five appear to be 
associated with the occurrence of VTE; these in-
clude age, CHF, diabetes, stroke and peripheral 
vascular disease.  Patients aged over 75 years have 
a 5 fold increased risk when compared to patients 
aged <50 years.  CHF also increases the incidence 
of VTE. The OR of DVT and PE in patients with 
CHF is 2.15 and 1.21 respectively. Diabetes has 
been noted to increase the incidence of VTE by 2 
fold. Similarly, stroke significantly increases the 
risk of VTE. The noted incidence of DVT in pa-
tients with stroke ranges from 10% to 75%. After 
an index hospital admission for peripheral arte-
rial disease, higher incidence of DVT was noted 
within 90 days with HR of 1.68 for the occurrence 
of VTE.  As far as gender is concerned, women 
younger than 55 years of age are at a higher risk of 
VTE, but after 55 years, the risk of VTE is similar 
or higher in men. Hypertension does not seem to 
predispose to the development of VTE. 

Conclusions

AF and VTE are two common medical conditions 
associated with significant morbidity and mortal-
ity. They share a similar pathophysiology for the 
development of thrombus and management with 
anticoagulants. The CHADS-VASc risk factors 
have been well validated in assessing the risk of 
thromboembolism associated with AF. Consider-
ing the similarities of AF and VTE, these factors 
may have a role in risk assessment of VTE. Though 
risk factors including age, CHF, diabetes, stroke 
and peripheral vascular disease predispose to the 
development of both conditions; factors including 
hypertension and sex have differential associa-
tion with the two conditions. The studies in gen-
eral have not been exclusively directed to assess 
the CHADS-VASc score risk factors on incidence 
of VTE and hence further studies are needed to 
specifically delineate these factors and the use of 
CHADS-VASc score for risk assessment of VTE.
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Introduction

Atrial fibrillation (AF), already the most common 
arrhythmia worldwide, continues its growth to ep-
idemic proportions. 1, 2 Perhaps not coincidentally, 
the conglomeration of insulin resistance, hyper-
tension, dyslipidemia, and obesity known as the 
metabolic syndrome (MS) also has grown in preva-
lence to epidemic proportions, particularly in the 
adult U.S. population. 3 The association of AF with 
an increased risk for stroke 4 and mortality is well 
known. 5, 6 However, the association of MS with 
cardiovascular disease is now becoming more evi-
dent. 7, 8 The MS has been associated with increased 
prevalence of coronary heart disease and cerebro-
vascular disease. 7, 9 It has also been associated with 
worsened coronary heart disease outcomes and 
cardiovascular mortality. 7 More recently, a body of 
evidence has linked the MS with both the incidence 
of AF and outcomes of management of AF. In this 

review, we present the evidence and potential un-
derpinnings of this convergence of epidemics. 

Definition of the MS

The American Heart Association / National Heart, 
Lung, and Blood Institute (AHA/NHLBI) 2005 
scientific statement 10 defined the metabolic syn-
drome as the presence of at least three of the fol-
lowing criteria:

• Waist circumference greater than or equal to
40 inches (102 cm) in men or 35 inches (88cm) in
women
• Triglycerides greater than or equal to 150 mg/
dl (1.7 mmol/L) or on drug treatment for elevated
triglycerides
• High density lipoprotein (HDL) cholesterol less
than 40 mg/dL (1.03 mmol/L) in men or 50 mg/dL
(1.3 mmol/L) in women or on drug treatment for
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Abstract

Metabolic syndrome, a constellation of conditions including obesity, dyslipidemia, hypertension and 
insulin resistance, has increased to epidemic proportions. Metabolic syndrome has been recognized as a 
risk factor for cardiovascular morbidity and is likely related to the epidemic of cardiovascular diseases. 
Perhaps not coincidentally, its growth in incidence has paralleled that of atrial fibrillation. Various com-
ponents of metabolic syndrome have been known to have a role in the pathogenesis of atrial fibrillation. 
With the conglomeration of components seen in the metabolic syndrome, the risk for atrial fibrillation 
increases greatly. Several studies have elucidated the role of metabolic syndrome in the development 
of atrial fibrillation. Its role on the atrial substrate makes it an important determinant of progression of 
disease and failure of therapeutic strategies such as catheter ablation. Control of the various components 
of metabolic syndrome may ultimately lead to better outcomes in atrial fibrillation patients. 
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reduced HDL
• Systolic blood pressure greater than or equal
to 130 mmHg or diastolic blood pressure greater
than or equal to 85 mmHg or on antihypertensive
drug treatment in a patient with a history of hy-
pertension
• Fasting glucose greater than or equal to 100 mg/
dL or on drug treatment for elevated glucose

Based on the more conservative ATP III definition 
(fasting glucose >= 110 mg/dL), the age-adjusted 
U.S. prevalence of MS was 24% with Mexican 
Americans having the highest prevalence overall 
(32%). 11 Prevalence increases with age such that 
those over 60 have an astounding 44% prevalence 
of MS. 11 Based on 2000 census data, nearly 50 mil-
lion U.S. residents have the metabolic syndrome 
and its prevalence is only increasing with time.

The simultaneous epidemic of AF in the U.S. and 
worldwide populations prompts one to consider 
whether the two may be linked. There are several 
hypothetical reasons why this may be the case.

Why Could MS Lead to AF?

Various components of the MS are known risk fac-
tors for AF. These factors have been hypothesized 
to be involved in the pathogenesis of AF by vari-
ous mechanisms (Figure 1). However, recent stud-

ies have shown that all these components of the 
MS together may have an additive effect on the 
risk for AF. 12

According to our current understanding, the 
pathogenesis of AF involves a complex interplay 
of AF triggers and abnormal atrial substrate re-
quired to sustain the arrhythmia. Various compo-
nents of the MS may act as risk factors for AF by 
their effect on AF triggers or the atrial substrate. 
Below we review the potential mechanisms for the 
MS components in the causation of AF.

Hypertension

Hypertension is the commonest modifiable risk 
factor for AF. 13 It is seen in almost 60% of patients 
with AF. 14-16 Hypertension leads to left ventricular 
hypertrophy and diastolic dysfunction resulting 
in pathological remodeling of the left atrium pre-
disposing to AF. Diastolic dysfunction results in 
left atrial stretching of enlargement, 17 important 
to the pathogenesis AF. 18 In animal models, hy-
pertension has also been shown to induce struc-
tural changes including interstitial fibrosis. 19-21 In 
addition to mechanical remodeling and left atrial 
enlargement, electrical remodeling of the left atri-
um is known to occur with longstanding hyper-
tension. 22 Global and regional conduction delays 
are seen in patients with longstanding systemic 
hypertension. 22 Moreover, changes in angiotensin 
II level leads to electrophysiological changes in the 
left atrial myocardium causing left atrial conduc-
tion delay. 23  

Insulin Resistance / Diabetes

Insulin resistance and diabetes are another risk 
factor associated with the development of AF. The 
Framingham Heart Study clearly established dia-
betes mellitus and glucose intolerance as a poten-
tial risk factor for AF. 13 Mechanistically diabetes 
mellitus predisposes to AF in a way similar to hy-
pertension. Diabetes mellitus leads to left ventricu-
lar hypertrophy and diastolic dysfunction, 24 lead-
ing to mechanical and electrical remodeling of the 
atrium. 25 Apart from left ventricular hypertrophy 
and diastolic function, many other mechanisms of 
atrial remodeling in diabetes mellitus have been 
suggested based on animal experiments. Ad-
vanced glycation end-products (AGEs) and recep-
tors for AGEs (RAGE) have been known to cause 
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This figure summarizes the pathogenetic mechanisms for 
atrial fibrillation of the various components of the metabolic 
syndrome. Note the multiple effects of each component of 
metabolic syndrome.

Figure: Factors Involved in the Pathogenesis of Atrial Fibril-
lation



interstitial scarring in the left atrium. 26, 27 Angio-
tensin II blockers are known to prevent anatom-
ic and electrical remodeling likely by blocking 
AGE-RAGE. 28 In addition to structural remodel-
ing, the atria of diabetic animals also demonstrate 
increased intra-atrial conduction time providing 
the electrical substrate for AF. Diabetes mellitus 
and the MS affect the cardiac autonomic system, 
which may contribute to arrhythmogenicity. 29, 30 

Finally, diabetes mellitus may lead to ischemic or 
non-ischemic cardiomyopathy also predisposing 
to AF through the resultant left atrial enlarge-
ment. 

Dyslipidemia

Hypertriglyceridemia and low HDL-cholesterol-
emia are the lipid disorders seen with metabolic 
syndrome. Low HDL-cholesterol, has been found 
to increase the risk of AF by 20-40%.  15, 31, 32 How-
ever, data for hypertriglyceridemia are inconsis-
tent. Proposed mechanisms of predisposition to 
AF due to the dyslipidemia are arrhythmogenic-
ity due to altered membrane composition leading 
to altered excitability 33 as well as pro-inflamma-
tory effects. 34

Obesity

Obesity is an important component of the MS and 
is known to be associated with an increased risk 
for AF. Data from the Framingham heart study 
showed an increased risk of new-onset AF for 
obesity (BMI>=30) with an adjusted hazard ratio 
of 1.52 and 1.46 for men and women respectively 
compared to subjects with normal BMI. 35 A me-
ta-analysis of 16 studies found a 49% increased 
risk of obese patients developing AF as compared 
to non-obese patients. 36 The role of obesity has 
been explained by multiple mechanisms. Obesity 
is a risk factor for insulin resistance and diabetes 
mellitus and hence is a potential pathway for pre-
disposition to AF. A direct correlation has been 
seen between increasing BMI and left atrial size. 
37 Left atrial enlargement may be the most impor-
tant mechanism through which obesity increases 
the risk of AF, since after adjusting for left atrial 
enlargement obesity is no longer a risk factor for 
atrial fibrillation in the Framingham Heart Study 
cohort. 35 However, other mechanisms which 
have been suggested include the systemic inflam-

matory state seen with obesity. Inflammation is 
known to be a risk factor for AF 38 and obese pa-
tients are known to have elevated hsCRP levels, a 
marker of systemic inflammation. 39 Another factor 
which may predispose to AF in patients with obe-
sity is obstructive sleep apnea, a well described risk 
factor for AF. 40-42

All Together is Worse?

It is apparent that various components of MS pre-
dispose to AF in isolation. However, the combina-
tion of these components seen in the metabolic syn-
drome may act in a synergistic manner (Figure 1). 
The final common pathway in the pathogenesis of 
AF can be grouped as atrial structural and electrical 
remodeling, inflammatory processes, and cardiac 
autonomic changes.

Atrial structural and electrical remodeling is of 
paramount importance in providing the substrate 
for initiation and maintenance of AF. As described 
above, various components of MS cause atrial re-
modeling. Structural remodeling with interstitial 
fibrosis leads to heterogeneous electrical substrate 
with differences in conduction velocities promoting 
AF. 43 Fibroblasts in these areas of interstitial fibrosis 
may couple with cardiomyocytes electrically and 
promote reentry and ectopic activity. 44 Electrical re-
modeling alters ion channel function and calcium 
handling of the cells and promotes initiation and 
maintenance of atrial fibrillation. 45

The cardiac autonomic nervous system is important 
in the pathogenesis of AF. 46 Vagal discharge, 47 be-
ta-adrenoceptor activation 48 and atrial sympathetic 
hyperinnervation 49 have been implicated in the ar-
rhythmogenesis of AF. Autonomic dysfunction is 
known to be associated with metabolic syndrome 
and has been shown to get worse with increasing 
number of MS factors present. 50

Inflammation is considered one of the basic patho-
physiological substrates in the causation and pro-
gression of AF.  Atrial inflammation has been seen 
in the histological specimens of lone AF patients as 
opposed to patients with sinus rhythm. 51 Inflam-
mation provides an anatomic and electrical sub-
strate for AF. A vast body of evidence supporting 
the inflammation hypothesis of atrial fibrillation 
comes from studies of inflammatory biomarkers. 38 
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Moreover, inflammation has a role in early recur-
rence of atrial fibrillation after catheter ablation. 52 
As previously discussed, several components of 
the MS (obesity, insulin resistance, dyslipidemia) 
have been shown to be proinflammatory.

Thus, various components of MS are known to af-
fect these pathogenetic factors of AF. As these fac-
tors are affected by multiple components of MS, 
their role in the pathogenesis of AF becomes ad-
ditive and complex. Recent studies have looked 
at the MS as a whole and the risk of AF. 53-56 It has 
been shown that as the number of components of 
AF increases, the risk of development of AF goes 
up. 53, 57 The fact that AF is one of the important 
cardiovascular effects of metabolic syndrome has 
more recently been brought to notice by the stud-
ies detailed below.

Increased Incidence of AF with MS

Several population-based studies have demon-
strated the increased risk of incident AF among 
patients with the metabolic syndrome (Table 1). 
Umetani et al analyzed 592 hospitalized patients 
without structural heart disease. Among 21% of 
patients with metabolic syndrome, AF occurred 
in 9% compared with 4% of those without meta-
bolic syndrome. In multivariable analyses, the 
OR for AF with metabolic syndrome was 2.8. 54 
Watanabe et al studied 28,449 participants with-

out baseline AF in the Niigata preventive medicine 
community-based study. The metabolic syndrome 
was present in 13% of participants. During a mean 
follow-up of 4.5 years, AF developed in 265 partici-
pants. The HR for AF among participants with MS, 
compared to those without MS, was 1.78. 55 Cham-
berlain et al analyzed the risk of AF in the Ath-
erosclerosis Risk in Communities (ARIC) Study. 
Among 15,094 participants over a mean follow-up 
of 15.4 years, there were 1238 cases of incident AF. 
At baseline, 46% of black and 40% of white partici-
pants had the metabolic syndrome. The HR for AF 
among participants with, compared to those with-
out, the metabolic syndrome was 1.67 and did not 
differ by race.  In addition, the risk for incident AF 
increased with increasing number of MS compo-
nents such that those with all 5 components had a 
HR of 4.4 compared to those with no components. 
12 Echahidi et al analyzed the risk of post-operative 
AF after coronary artery bypass surgery among 
5085 patients. Metabolic syndrome was present in 
46% of patients and post-operative AF occurred 
in 27%. Among patients <=50 years old, MS was 
associated with a RR of 2.4 with development of 
post-operative AF. 58 Vyssoulis et al studied a pop-
ulation of over 15,000 patients with hypertension. 
57 The prevalence of MS ranged from 32% to 48%, 
depending on the definition used. The odds of hav-
ing AF in those with MS ranged from 1.61 to 1.99. 
Importantly, the prevalence of AF increased with 
each additional component of the MS. Altieri et al 
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Table 1 Studies Showing Association of Atrial Fibrillation with Metabolic Syndrome

Author, year No. of patients   Findings

Umetani et al., 2007 71 592 21% of hospitalized patients with MS; incident AF occurred more fre-
quently in patients with MS (9% vs. 4%, OR 2.8)

Watanabe et al., 2008 72 28,449 13% had MS. After a follow up of 4.5 years, subjects with MS at baseline 
were more likely to develop AF (HR 1.78)

Chamberlain et al, (ARIC study)31 15,094
41% of participants had MS at baseline, HR for development of AF was 
1.67 with MS. Risk for incidence of AF increased with increasing num-
ber of components of MS

Echahidi et al,  58 5085 MS was present in 46% of patients post CABG and 27% developed 
post-operative AF. RR of AF 2.4 with MS

Vyssoulis et al,  57 15,075
MS associated with presence of AF in patients with hypertension (odds 
ratio 1.61 to 1.99 depending on the definition of MS used). Prevalence 
of AF increased with number components of MS

Altieri et al, 59 173 MS was present in 16% of patients with metabolic syndrome

Liu et al,  73 972 Higher incidence of AF in hypertensive patients with MS than in them 
without MS (OR 1.853, 12.84% vs. 6.93%)

Tang et al,  74 741 46.3% of patients without structural heart disease coming for catheter 
ablation of AF had MS



demonstrated a high incidence of AF (16%) in a 
population of Hispanic patients with metabolic 
syndrome. 59 The authors suggested mechanisms 
of this association may include sinus node re-
modeling, atrial fibrosis, and older age which are 
all seen in a population with MS.

Worsened Outcomes of AF Treatment with 
MS

Atrial fibrillation is a progressive disease and 
various etiological factors provide substrate for 
its initiation as well as maintenance and progres-
sion. Hence patients with MS continue to de-
velop substrate for AF even after treatment and 
are likely to have worsened outcomes (Table 2). 
Multiple studies have suggested that MS may in-
fluence the outcome of catheter ablation therapy. 
In a large prospective study of catheter ablation 
of AF, 1496 patients were followed up for a mean 
of 21 months. Patients with MS had a 39% recur-
rence rate compared to 32% for patients without 
MS (p = 0.005).  60 A study by Chang et al. 61 from 
Taiwan enrolled 282 patients undergoing catheter 
ablation for AF. The authors found a higher inci-
dence of recurrent AF in patients with MS (55% 
vs. 24%, p < 0.001). Notably, it was more common 
to see recurrent atrial fibrillation originating from 
non-pulmonary veinous sites in patients with MS 
(45% vs. 20%, p=0.037), suggesting an effect of MS 
on left atrial substrate. In an analysis of predictors 
of late recurrence of AF after catheter ablation by 
Cai et al., MS was an independent predictor of 
late recurrence (OR = 4.41, 95% CI 1.56-12.46, p 
= 0.005). 62 Berkowitsch et al reported the results 
of pulmonary vein isolation in patients with AF 
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Table 2 Studies Showing Increased Risk of Recurrent Atrial Fibrillation after Catheter Ablation in patients with 
Metabolic Syndrome

Author, year No of patients Findings

Mohanty et al., 2012 60 1496; 485 with MS
Higher recurrence rate of AF after catheter ablation in patients with MS 
(39% vs. 32%, p=0.005; mean follow up 21 months). No difference in sub-
group with paroxysmal AF

Tang et al., 2009 75 654; 323 with MS Patients with MS post catheter ablation had higher rate of recurrence (43.7% 
vs. 30.5%, p<0.001; mean follow up of 470 days)

Chang et al., 2009 61 282; 53 with MS Higher rate of recurrence of AF after catheter ablation in patients with MS 
(45% vs. 24%, p=0.037)

Cai et al., 2011 62 186; 61 with MS
Metabolic syndrome was an independent predictor of late recurrence of 
AF (OR 4.41, 95% CI 1.56-12.46, p=0.005) after catheter ablation along with 
obesity, procedural failure and early recurrence of atrial fibrillation

Berkowitsch et al., 2012 63 702; 276 with MS Recurrence of AF after catheter ablation higher in patients with MS (56.4% 
vs 46.4%) 

with either cryo-balloon or by circumferential pul-
monary vein isolation with radiofrequency cath-
eter ablation in 702 consecutive patients with AF. 
The presence of MS was independently associated 
with a higher risk of recurrent AF (46.4% in pa-
tients with MS vs. 56.8% among patients without 
MS, p = 0.006) over 15.6 (inter-quartile range 12.7-
42.3) months.63

What Can be Done?

Altered anatomic and electrical substrate is a ma-
jor factor in the progression of AF and has an ad-
verse effect on outcomes of medical and catheter 
ablation therapy. Atrial fibrillation is known to 
promote the structural and electrical remodeling 
of the atria and control of AF by medical therapy 
or catheter ablation should have a favorable effect 
on the substrate. However, evidence suggests that 
risk factors for AF such as MS have a direct effect 
on the creation and promotion of the arrhythmo-
genic substrate. Hence, control of these risk factors 
by optimum intervention may potentially slow 
the progression of the remodeling process. Data 
suggests that optimal control of blood pressure, 
maintenance of ideal body weight, control of lipid 
disorders and intervention for insulin resistance 
would help to control the arrhythmogenic sub-
strate. 

Reduction in the risk of atrial fibrillation with treat-
ment of hypertension has been well documented 
in various studies of antihypertensive therapy 
for hypertension. A meta-analysis of treatment of 
hypertension using renin- angiotensin system in-
hibitors showed a reduction in the relative risk of 



atrial fibrillation by 15-40%, however this benefit 
was limited to patients with left ventricular systolic 
dysfunction or left ventricular hypertrophy. 64 Oth-
er meta-analyses of studies using ARBs and ACEIs 
showed similar reduction in new onset atrial fibril-
lation as well better outcome with electrical cardio-
version and lower recurrence later.65, 66

Control of diabetes mellitus with treatment re-
duced the risk of atrial fibrillation in a large study. 
67 Another study showed the reduction of risk of 
atrial fibrillation recurrence after catheter ablation 
in patients with diabetes mellitus and insulin re-
sistance with the use of pioglitazone. 68 Use of lip-
id lowering drugs like statins has been shown to 
reduce the risk of atrial fibrillation. 69, 70 However, 
use of pioglitazone or statin may reduce the risk 
of atrial fibrillation through their direct effect on 
inflammatory process rather than their effect on in-
sulin resistance or dyslipidemia. Similarly, control 
of obesity may affect atrial fibrillation indirectly by 
its effect on insulin resistance and obstructive sleep 
apnea. 

The above account suggests that those factors in-
volved in the pathogenesis of AF work in an in-
teractive manner. Therapeutic interventions have 
pleiotropic effect and their action on reduction of 
AF risk is frequently through multiple effects. Fur-
ther evidence supporting the benefit of treatment 
for MS as a whole in reducing AF outcomes will 
improve our understanding in this area.

Conclusions

Metabolic syndrome, a constellation of associated 
conditions, has increased to epidemic proportions. 
It has been recognized as a risk factor for cardiovas-
cular morbidity and is likely related to the epidem-
ic of cardiovascular diseases. Recently it has been 
recognized that atrial fibrillation may be associated 
with the ongoing epidemic of metabolic syndrome. 
Various components of metabolic syndrome have 
been known to have a role in pathogenesis of atrial 
fibrillation. Recent studies have elucidated the role 
of metabolic syndrome in the causation of atrial fi-
brillation. Its role on the atrial substrate makes it an 
important determinant of progression of disease 
and failure of therapeutic strategies such as cath-
eter ablation. Control of the various components of 
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metabolic syndrome may ultimately lead to better 
outcomes in AF patients.
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Introduction

Scope of the Problem

Atrial fibrillation (AF) is the most common arrhyth-
mia and accounts for one-third of hospitalizations 
for rhythm disorders.1  The prevalence of AF in the 
United States is 0.89% and increases with age, such 
that approximately 70% of cases of AF are in pa-
tients between 65 and 85 years of age.2  With the ag-
ing of the population, the number of patients with 
AF is expected to increase 150% by 2050, with more 
than 50% of patients being over the age of 80.3-8 
The increasing burden of AF is expected to lead to 
a higher incidence of stroke, as patients with AF 
have a five to seven fold greater risk than the gen-
eral population.9-11 Strokes secondary to AF have 
a worse prognosis than in patients without AF.12,13  
Moreover, AF is an independent risk factor for mor-

tality with an adjusted odds ratio of 1.5 in men and 
1.9 in women in the Framingham population.14 
Each year there are more than one million hospi-
talizations for Acute Coronary Syndrome (ACS) in 
the US.  Despite a decrease in the proportion of ST-
segment elevation myocardial infarctions (STEMI) 
over the past 10 years, 29% of ACS episodes are 
STEMI events.15, 16 The incidence of non-STEMI has 
increased, particularly following the introduction 
of highly sensitive troponin.17, 18 Although mor-
tality has decreased over the past two decades, 
30-day mortality remains significant at 8%.7, 19

AF is a known, common complication of ACS. 
There are multiple mechanisms for induction of 
AF during myocardial infarction (see Figure 1). 
Animal models of atrial ischemia have shown that 
there is an increase in spontaneous atrial ectopic 
activity and in slowing of atrial conduction, lead-
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Abstract

Atrial fibrillation frequently complicates myocardial infarction.  Patients with atrial fibrillation compli-
cating acute coronary syndrome have increased morbidity and mortality relative to patients that remain 
in normal sinus rhythm.  No studies have identified a mortality benefit to rhythm control compared with 
rate control in the setting of acute coronary syndrome.  Stroke prevention should be pursued with oral 
anticoagulation therapy, although the majority of patients with atrial fibrillation associated with acute 
coronary syndrome receive only antiplatelet therapy.  There are several novel oral anticoagulant thera-
pies now available, but these agents have not been well studied in combination with dual antiplatelet 
therapy.  Therefore, warfarin as part of triple therapy is the most conservative approach until additional 
data becomes available. 
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vious review and systematic review articles.57, 58 
At the higher end, a community cohort study of 
3220 patients identified an incidence of 25%, and 
the majority (54%) of patients developed AF more 
than 30-days out from their ACS event.35 Overall, 
in the post-thrombolytic era, the mean incidence 
of AF complicating ACS, after adjusting for study 
size, was 8.8%. One of the limitations of these ob-
servational studies is the unknown rate of pre-ex-
isting, undiagnosed AF. Estimates of pre-existing 
AF have ranged from 1.1% to 11% with a mean of 
3.6%, after adjusting for study size. Lopes, et al. 
conducted a pooled analysis of 120,566 patients 
from ten randomized clinical trials (GUSTO-I, 
GUSTO-IIb, GUSTO-III, ASSENT-2, ASSENT-3, 
ASSENT-3 Plus, PURSUIT, PARAGON-A, PARA-
GON-B, and SYNERGY). In a substudy of 40,000 
patients for whom baseline electrocardiograms 
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Author/Study Publication 
Date Treatment of ACS Patients

Included
Incidence
of New AF

Incidence of
Pre-existing AF

Jabre 2011 100% Throm bolysis/PCI 3,220 24.69% 9%

Lau/ACACIA 2009 100% Throm bolysis/PCI 3,393 4.96% 11%

Berton 2009 40% Throm bolysis 505 9.10% 3.60%
Lopes 2008 N/A 120,566 7.50% N/A
Siu 2007 47% Throm bolysis/PCI 431 13.70% N/A

Kober/VALIANT 2006 50% Throm bolysis/PCI 14,703 12.30% 2.30%

Lehto/OPTIMAAL 2005 54% Throm bolysis 5,477 7.20% 12%
Stenestrand/RIKS-HIA 2005 N/A 82,565 7.60% N/A
Laurent/RICO 2005 N/A 1,701 7.60% N/A
McMurray/CAPRICORN 2005 46% Throm bolysis/PCI 1,959 2.60% 9%
Kinjo/OACIS 2003 100% PCI 2,475 7.70% 4.30%
Mehta/GRACE 2003 71% Throm bolysis/PCI 21,785 6.20% 7.90%
Goldberg 2002 29% Throm bolysis 2,596 13.20% N/A
Al-Khatib/PURSUIT 2001 100% Eptifibatide,PCI 9,432 6.40% N/A
Pizetti/GISSI-III 2001 50% Throm bolysis 17,749 7.80% 1.10%
Rathore/CCP 2000 N/A 106,780 11.30% 10.80%
Wong(17)/GUSTO-III 2000 100% Throm bolysis 13,858 6.50% N/A
Pedersen(33)/TRACE 1999 41% Throm bolysis 6,676 17.10% 3.90%
Eldar 1998 46% Throm bolysis 2,866 8.90% N/A
Crenshaw/GUSTO-I 1997 100% Throm bolysis 40,891 8.00% 2.50%
Sakata 1997 13% PCI 1,039 9.60% N/A
Madias 1996 17% Throm bolysis 517 11.20% 2.70%
Total 461,184 
PCI=Percutaneous Coronary Intervention, N/A=Data Not Available

Table 1 Incidence of AF after ACS in Post-thrombolytic Era

ing to initiation and sustained reentry of AF.20, 21 
Canines with atrial ischemia develop gap junc-
tion uncoupling that facilitates AF.22  Other infarct 
related causes of AF include pericarditis,23, 24 hy-
poxia,25, 26 sinus node ischemia,27 ventricular dys-
function ,28 and increase in atrial pressure.29  While 
myocardial ischemia promotes AF, the ventricular 
irregularity caused by AF can initiate or exagger-
ate existing subendocardial ischemia by creat-
ing a myocardial oxygen demand mismatch.30 

Incidence of AF after ACS

In the pre-thrombolytic era approximately one 
in ten patients with ACS developed AF.31-34 As 
shown in Table 1, the incidence of AF in the post-
thrombolytic era has been more varied, ranging 
between 3-25%,35-56 as has been described in pre-



were available, pre-existing AF was identified in 
nearly 1 in 5 patients (18%).49  

Timing of AF 

The timing of new-onset AF varies following ACS. 
Among 13,858 STEMI patients treated with throm-
bolytic therapy in the GUSTO III clinical trial, the 
median onset of AF was 2 days after ACS,41 which 
is similar timing as seen in the non-STEMI pop-
ulation.37 Madias et al. conducted a single center 
study of 517 patients and found that AF developed 
in 43%, 24%, 14%, and 19% of patients at post-ACS 
days 1, 2, 3, and > 3, respectively.44  Other stud-
ies have suggested a more protracted evolution 
of new-onset AF. For example, in the OPTIMAAL 
trial, only 28% of those who developed AF in long-
term follow-up (3 years) had AF at 3 months post-
ACS.48 Similarly, the distribution of onset of AF af-
ter ACS in Jabre et al. was 30% within 2 days, 16% 
between 3 and 30 days, and 54% greater than 30 
days.35 A subgroup of the CARISMA trial followed 
post-MI patients with left ventricular ejection frac-
tion ≤ 40% and an implantable cardiac monitor for 
2 years.  Of the 101 patients, 39% had an episode of 
AF: 16% at 2 months, 32% at 12 months, and 29% at 
24 months after ACS.59 These disparate data likely 
reflect two periods of risk: an acute phase, similar 
to the risk observed after cardiothoracic surgery, 
and a longer, chronic risk of AF that is related to 
progressive risk factors, including left atrial hy-

pertension and heart failure.  In support of there 
being multiple phases to post-ACS AF, a substudy 
analysis of 1131 patients included in the VALIANT 
study found a differential response to treatment 
strategies for AF based upon time from myocardial 
infarction.60  

Few data are available regarding the type of AF 
and subsequent treatment of AF complicating 
ACS.  Larger studies, such as GISSI-III have shown 
that fewer than 25% of patients with AF complicat-
ing ACS return to sinus rhythm prior to hospital 
discharge.40 Long-term follow-up suggests that the 
risk of recurrent AF after ACS is substantial. Asanin 
et al. followed 320 patients with AF after ACS for 
a mean of 7 years (5.5 to 8.5 years) to monitor for 
frequency of recurrence of AF.  All patients were 
in sinus rhythm at discharge of their ACS hospi-
talization, and 22.5% developed recurrences of AF.  
Of note in this study, amiodarone was the only 
antiarrhythmic used, and 10% of patients (more 
in the recurrence group), received amiodarone.61 
There is no data available regarding the impact of 
direct current cardioversion on patients with AF in 
the setting of ACS.
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Predicators of AF Frequency in 
Studies (n=22) Frequency (%)

Age 21 95%
Killip 15 68%
Prior HTN 10 45%
Female 9 41%
Heart rate 8 36%
Prior DM 5 23%
Lower SBP 4 18%
Prior MI 4 18%
Anterior MI 3 14%
Caucasian 3 14%
Prior CHF 3 14%
Less thrombolyt-
ics 3 14%

Creatinine 2 9%
Male 2 9%
Prior angina 2 9%

Table 2 30-day and 1-year postoperative morbidity and
mortality

Higher body mass index, cardiac arrest, creatine kinase level, 
prior chronic obstructive pulmonary disease, height, history 
of hyperlipidemia, left main disease, lower ejecton fraction, 
left ventricular hyperthophy,non-smoker, North American, 
and STEMI were all listed in 1 study with a frequency of 5%                         

Abbreviations: RA, right atrium; LA, left atrium; TV, Tricuspid 
valve; MV, mitral valve; PV, pulmonary vein; SVC, superior 
vena cava; IVC inferior vena cava; LAA, left atrial appendage

AF 
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Causing 
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Predictors of AF 

Many studies have investigated the risk factors 
associated with the development of AF after ACS 
(Table 2). Age is the most frequently identified pre-
dictive factor, consistent with the prominent age-
related incidence of AF in the overall population.62 
Killip classification at presentation is a significant, 
independent predictor for the development of 
AF in several cohorts, with odds ratios between 
1.58 and 5.55.39, 47, 48, 61 As expected, the presence 
of cardiogenic shock (Killip Class IV) carries the 
greatest risk. Hypertension, female sex, and heart 

rate are also frequently associated with AF after 
ACS .34-51, 53-56 A heart rate > 100 beats per minute 
was associated with a 3-fold increased risk of AF 
in the OACIS cohort (OR 3.0 [1.94-4.64]).47 Finally, 
among STEMI patients, delayed revascularization 
(> 4 hours from symptom onset) had a higher inci-
dence of AF.49 Delayed treatment > 12 hours accen-
tuates risk further (OR 2.19 [1.00-4.79]).61

A single-center study of 1039 patients admitted 
with ACS found that patients who developed AF 
within 24 hours of ACS had a higher frequency of 
proximal RCA lesions (67%) when compared to 
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Author/Study Publication 
Date In-hopital Mortality Follow-up Risk of Death Follow-up Risk of Death

Jabre 2011 N/A 6.6 year HR 3.77(3.37-
4.21) N/A N/A

Lau/ACACIA 2009 OR 2.2(1.0-4.6) 1 year HR 1.36(0.84-
2.20) N/A N/A

Berton 2009 OR 1.9(0.8 to 4.6) N/A N/A 7 years OR 1.6(1.2-2.3)

Lopes 2008 N/A 7 day

NSTEMI HR 
2.30(1.83-2.90), 
STEMI HR 
1.65(1.44-

1 year

NSTEMI HR 
1.67(1.41-1.99), 
STEMI HR 
2.37(1.79-

Siu 2007 N/A 2 year Not Significant N/A N/A

Kober/VALIANT 2006 N/A 3 year HR 1.32(1.20-
1.45) N/A N/A

Lehto/OPTIMAAL 2005 N/A 30 day HR 3.83(1.97-
7.43) 3 years HR 1.82(1.39-

2.39)

Kinjo/OACIS 2003 HR 1.42(0.88-2.31) 1 year HR 3.04(1.24-
7.48) N/A N/A

Mehta/GRACE 2003 OR 1.65(1.30-2.09) N/A N/A N/A N/A

Goldberg 2002 OR 1.38(0.98-1.94) 5 year HR 1.23(0.99-
1.52) N/A N/A

Al-Khatib/PURSUIT 2001 N/A 30 day HR 4.4(3.3-5.8) 6 months HR 3.0(2.4-3.8)

Pizetti/GISSI-III 2001 RR 1.98(1.67-2.34) 6 months OR 1.42(0.88-
2.31) 4 years RR 1.78(1.60-

1.99)

Rathore/CCP 2000 OR 1.35(1.28-1.42) 30 day OR 1.31(1.25-
1.37) 1 year OR 1.51(1.44-

1.58)

Wong(17)/GUSTO-III 2000 N/A 30 day OR 1.49(1.17-
1.89) 1 year OR 1.64(1.35-

2.01)
Pedersen(33)/TRACE 1999 OR 1.5(1.2-1.9) 5 year OR 1.3(1.2-1.4) N/A N/A

Eldar 1998 N/A 30 day OR 1.32(0.92-
1.87) 1 year RR 1.33(1.05-

1.87)

Crenshaw/GUSTO-I 1997 13.8% AF vs 5.9% no 
AF 30 day OR 1.5(1.2-1.9) N/A N/A

Sakata 1997 40% AF vs 14% no AF 8 year OR3.05(1.85-
5.00) N/A N/A

Madias 1996 Not Significant N/A N/A N/A N/A

Table 3 Mortality with AF after ACS

HR=Hazard Ratio, OR=Odds Ratio, RR=Relative Risk, N/A=Data Not Available, NSTEMI=Non ST-Segment Elevation Myocar-
dial Infraction 



those with sinus rhythm.  Patients with AF at < 24 
hours had the most significant elevation in right 
atrial pressure; right ventricular dilation; and inci-
dence of cardiogenic shock, right ventricular acute 
myocardial infarction, and high grade atrioven-
tricular block.  Patients with onset of AF > 24 hours 
more frequently had proximal occlusion of the left 
anterior descending artery, increased wedge pres-
sure, and decreased left ventricular ejection frac-
tion.55

AF & Mortality following ACS

AF is associated with higher mortality following 
ACS (Table 3).35-49, 53-56 The increased risk of death 
is observed in-hospital but persists in long-term 
follow-up. In general, the risk of death at one year 
is 1.5 to 1.75 times greater when compared to pa-
tients without AF.

Decreased survival in patients with AF after ACS 
was first identified in the 1940s, when mortality at 
30 days was 89%.31  By 1975, mortality with AF af-
ter ACS had improved to 49%, as compared to 16% 
in patients without AF.33 Data from the SPRINT 
trial in the pre-thrombolytic era showed a higher 
long-term (mean 5.5 years) mortality in patients 
developing AF after ACS with hazard ratio of 1.28 
(1.12-1.46).34 Eldar et al. completed a prospective 
study of 25 Coronary Care Units in Israel (2866 pa-
tients) in the thrombolytic era. When compared to 
the historical data from SPRINT, AF patients in the 
thrombolytic era had improved mortality with a 30 
day OR of 0.64 (0.44-0.94) and a 1 year OR of 0.69 
(0.54-0.88).45

More recently, the TRACE study randomized pa-
tients with ACS to ACE-inhibition with trandol-
april or placebo. Within TRACE, patients with both 
AF and depressed left ventricular ejection fraction 
(< 35%) had a two-fold increase of in-hospital mor-
tality.63 Patients with AF had a higher mortality 
at 2 years with adjusted relative risk of 1.33 (1.19-
1.49).  When examining the relation between AF 
and cause-specific death, the relative risk of sud-
den cardiac death and death from other causes 
were not statistically different at 1.31 (1.07-1.60) 
and 1.43 (1.21-1.70), respectively.64 The increase 
in both cardiac and non-cardiac mortality implies 
that the impact of AF on mortality is multifactorial.

As might be expected, patients with recurrence of 
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AF have worse prognoses. Patients with recurrent 
paroxysmal AF after discharge have increased 
long-term mortality (mean 7-year follow-up) 
when compared to patients without recurrences 
(OR of 3.08 [1.45-6.53] and relative risk of 1.52 
[1.0-2.31], respectively).61 Furthermore, persis-
tent AF at discharge is associated with a higher 
adjusted relative risk of death than paroxysmal 
AF.43

Similar to findings with ventricular arrhythmias 
after myocardial infarction, mortality is also af-
fected by the timing of AF onset post-ACS.  New-
onset AF more than 24 hours after ACS is associ-
ated with increased mortality at 8-year follow-up 
compared to AF within 24 hours of ACS (OR 3.7 
[1.84-7.52] vs. OR 2.5 [1.23-5.00]).55  There are con-
flicting data regarding the relative risks of pre-
exisiting versus new-onset AF.36, 39, 48, 55

Complications and Length of Stay in 
Patients with AF

AF complicating ACS is associated with a host of 
adverse cardiovascular outcomes, including an 
increased risk of in-hospital stroke, major bleed-
ing, re-infarction, heart failure, and ventricular 
arrhythmias (Table 4). Multiple studies have doc-
umented increased in-hospital stroke among pa-
tients with AF after ACS. For example, GUSTO-I 
demonstrated a statistically significant increase 
of in-hospital stroke of 3.1% with AF compared 
to 1.3% without AF, and this was driven mainly 
by ischemic strokes (1.8% with AF, 0.5% without 
AF).42 AF has also been associated with an in-
creased risk of acute renal failure after ACS (OR 
2.7 [1.2-6.1]).36  As shown in Table 4, AF consis-
tently is associated with increased length of stay 
(range 1.8-4.7 days).

Management Dilemmas in Patients with AF

Prevention of AF after ACS

Many of the risk factors associated with AF af-
ter ACS are modifiable. Optimal management 
of ACS, including prompt revascularization, 
beta-blockade, optimal afterload reduction, and 
aggressive treatment of heart failure are core 
components of quality ACS care. These same in-
terventions should also help minimize the risk of 
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HR=Hazard Ratio, OR=Odds Ratio, N/A=Data Not Available, CVA=Cerebrovascular Accident, CHF=Congestive Heart Failure, 
VT=Ventricular Tachycardia, VF=Ventricular Fibrillation.

Author/
Study

Publication 
Date

Follow-
up CVA

Length 
of 
Hospital 
Stay

In-Hospital

Re-
infarction

Major
Bleeding CHF

Cardio-
genic 
Shock

VT VF

Lau/ACA-
CIA 2009 N/A N/A

9.7 days 
vs 5.5 
days

OR 
3.7(2.0-
7.0)

OR 
5.8(3.1-
10.6)

OR 
3.1(1.7-
5.7)

N/A N/A N/A

Lopes 2008 30 days

NSTEMI HR 
3.45(2.41-
4.95), 
STEMI HR  
1.46(1.17-

N/A N/A N/A N/A N/A N/A N/A

Siu 2007 2 year HR 5.1(2.4-
11.2) N/A N/A N/A N/A N/A N/A N/A

Kober/
VALIANT 2006 3 year 8.1% AF vs 

3.7% no AF N/A N/A N/A N/A N/A N/A N/A

Lehto/OP-
TIMAAL 2005 30 day

HR 
14.6(5.87-
36.3)

14.1 
days 
vs 12.3 
days

N/A N/A N/A N/A N/A N/A

Kinjo/OA-
CIS 2003 In-hos-

pital
2.3% AF vs 
0.6% no AF N/A N/A N/A 34.8% vs 

16.6%
15.7% vs 
6.1%

27.3% vs 
14.7%

Mehta/
GRACE 2003 In-hos-

pital

OR 
1.33(0.80-
2.20)

12.5 
days vs 
7.8 days

OR 
2.0(1.37-
2.93)

OR 
1.64(1.25-
2.14)

OR 
2.83(2.27-
3.52)

OR 
2.4(1.88-
3.06)

OR 1.97(1.56-
1.25)

Goldberg 2002 N/A N/A N/A N/A N/A 55% vs 
27%

12.8% vs 
5.9% N/A N/A

Al-Khatib/
PURSUIT 2001 6 

months
HR 2.9(1.7-
4.8) N/A N/A N/A N/A N/A N/A N/A

Pizetti/
GISSI-III 2001 In-hos-

pital
Not Signifi-
cant

15 days 
vs 13 
days

N/A N/A 51.5% vs 
23.6% N/A

4.3% 
vs 
1.9%

4.4% 
vs 
2.3%

Rathore/
CCP 2000 In-hos-

pital
2.8% AF vs 
1.7% no AF

11 days 
vs 7.6 
days

4.4% vs 
3.6% N/A 60.1% vs 

42.2% N/A N/A N/A

Wong(17)/
GUSTO-III 2000 30 days 4% AF vs 2% 

no AF N/A 9% vs 4% N/A 44% vs 
14%

14% vs 
3%

10% 
vs 3%

10% 
vs 
4%

Ped-
ersen(33)/
TRACE

1999 N/A N/A N/A N/A N/A 48% vs 
34%

6% vs 
3%

18% 
vs 
11%

11% 
vs 
6%

Eldar 1998 In-hos-
pital

OR 4.6(1.9-
10.8) N/A N/A N/A N/A N/A N/A N/A

Crenshaw/
GUSTO-I 1997 In-hos-

pital
3.1% AF vs 
1.3% no AF

14.3 
days vs 
10 days

8% vs 4% N/A 39% vs 
14%

16% vs 
5%

16% 
vs 5%

15% 
vs 
6%

Sakata 1997 N/A N/A N/A N/A N/A 63% vs 
30%

44% vs 
25% N/A N/A

new-onset AF in both the acute and long-term set-
ting.

The GISSI-III trial randomized patients to lisino-
pril and nitrates versus placebo, and there was a 
24% reduction in AF seen in the treatment arm 



(OR 0.76 [0.65-0.89].40 ACE inhibition has also been 
shown to decrease arrhythmic death post MI.38, 65 
Randomized data have also shown that beta-block-
ade with carvedilol decreased the frequency of AF 
post-MI (HR 0.41 [0.25-0.68]), including new-onset 
AF (HR 0.51 [0.28-0.93]).52  While disappointing in 
primary prevention of AF outside of ACS, statin 
therapy has been associated with lower odds of AF 
after ACS, including data from the Veterans Ad-
ministration (adjusted OR of 0.57 [0.39-0.83]).66, 67

Rate & Rhythm Control

Randomized clinical trials have failed to identify 
a superior survival advantage with either a rate 
versus rhythm control strategy.68, 69  The PIAF trial 
compared rate control with diltiazem and rhythm 
control with amiodarone in 252 patients to detect 
changes in symptoms related to AF.  While there 
was no symptomatic benefit with rhythm control 
in the PIAF trial, there was better exercise toler-
ance, as measured by 6 minute walk test.70 The 
ACC/AHA guidelines for the management of AF 
discuss class I indications in the setting of an acute 
myocardial infarction: direct-current cardiover-
sion in the setting of hemodynamic instability or 
ongoing ischemia, intravenous amiodarone for 
treatment of rapid ventricular response with de-
pressed ejection fraction, and intravenous beta 
blockers or calcium channel blockers for treatment 
of rapid ventricular response with preserved ejec-
tion fraction.1  Vaughan-Williams Class IC medica-
tions have a Class III recommendation (evidence 
of harm) due to increased mortality in the CAST 
trials.71, 72

The preferred antiarrhythmics for AF post-myo-
cardial infarction are amiodarone and sotalol (in 
the absence of congestive heart failure given its 
beta blocking properties).  In a subgroup analysis 
of VALIANT, patients treated with anti-arrhyth-
mic drugs in the immediate peri-infarct period 
had a higher risk of death than patients treated 
with a “rate” control strategy.   These findings did 
not extend past 45 days.60  The DIAMOND-MI trial 
determined that there was no mortality benefit to 
treating patients with dofetilide after myocardial 
infarction in the presence of impaired left ventric-
ular function.53  AF was successfully treated with 
dofetilide in this patient population; therefore, it is 
a reasonable second line agent. While rarely used, 
Vaughan-Williams class IA agents are recom-
mended as third line therapy in ACS patients.1 In 

general, observational data from ACS trials have 
failed to identify a survival advantage with anti-
arrhythmic therapy for the maintenance of sinus 
rhythm.73

Stroke Prevention

Even transient AF, has been associated with a sig-
nificantly increased risk of ischemic stroke (10.2% 
vs 1.8%) at 1-year.54  The ACC/AHA guidelines for 
the management of STEMI give a class I recom-
mendation to use of oral anticoagulation (OAC) 
in patients with persistent or paroxysmal AF.74  A 
consensus document by the European Society of 
Cardiology Working Group on Thrombosis gave a 
class IIa recommendation to OAC in combination 
with aspirin and clopidogrel for AF patients with 
NSTEMI.75 Despite these recommendations, only a 
minority (13.5-29%) of patients with AF complicat-
ing ACS are being discharged on OAC.37, 38  In the 
VALIANT trial only 25% of patients with AF were 
on OAC at 1-year follow-up after the ACS event.53 
Lopes et al. conducted an analysis with 23,208 pa-
tients from three IIb/IIIa trials.  Only 13.5% of pa-
tients with AF complicating ACS were discharged 
on warfarin, and consistent with other observa-
tional studies, warfarin was independently associ-
ated with a lower risk of death or myocardial in-
farction (HR 0.29 [0.15-0.98]).50, 76

Jang et al. conducted a study of 362 patients with 
AF and ACS who were treated with PCI.  The av-
erage CHADS2 score was 1.6 ± 1.2.  Warfarin was 
prescribed to 23% of patients, including warfarin, 
aspirin, and clopidogrel (so called “triple therapy” 
in 22%) and warfarin and clopidogrel (1%).  While 
hampered by a small sample size and low statis-
tical power, there was no statistically significant 
difference between the OAC and no OAC groups 
in death, stroke, or major adverse cardiac events, 
but there was a 5-fold increase in major bleed-
ing (10.7% in OAC group and 2.2% in non-OAC 
group, p = 0.002).77 A meta-analysis of nine clini-
cal trials, including 1996 patients on chronic OAC 
showed that major adverse cardiovascular events 
were significantly reduced in patients taking aspi-
rin, clopidogrel, and OAC (triple therapy: OR 0.60 
[0.42-0.86]). Patients on triple therapy did have 
more frequent major bleeding at 6-months (OR 
2.12 [1.05-4.29]).78 A second meta-analysis found 
that triple therapy was associated with a signifi-
cantly lower incidence of ischemic stroke (OR 0.29 
[0.15-0.58]).  The triple therapy patients had a two-
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fold increase in major bleeding, and the incidence 
of death and myocardial infarction were statisti-
cally similar between the two groups.79

Several novel oral anticoagulants have emerged as 
alternatives to warfarin.  Dabigatran 150 mg twice 
daily was found to have superior efficacy for the 
prevention of stroke and systemic embolism with 
similar risks of major bleeding when compared 
to dose-adjusted warfarin in an open-label trial.80 
Importantly, when considering its use in patients 
with AF after ACS, dabigatran may be associated 
with a small increased risk of MI compared with 
warfarin. A meta-analysis of 7 trials including 
30,514 patients found an increased risk of MI in 
those treated with dabigatran (1.2 vs. 0.8%; OR 
1.33 [1.03-1.71]).81 A similar trend was seen when 
ximelgatran was compared with warfarin for the 
treatment of AF.82, 83 Rivaroxaban once daily was 
non-inferior to warfarin for the prevention of stroke 
and systemic embolization and the composite of 
major and non-major clinically relevant bleeding 
in the ROCKET AF trial.84 Finally, apixaban was 
studied in the ARISTOTLE trial, which showed 
superiority to warfarin with respect to stroke or 
systemic embolism, along with decreased major 
bleeding (HR 0.69 [0.60-0.80]).85 Importantly, all 
three of the novel oral anticoagulants lead to sig-
nificant reductions in intracranial hemorrhage.80, 

84, 85 Data on a fourth novel oral agent ,edoxaban, 
will be forthcoming from the ENGAGE AF-TIMI 
48 trial, however, these data are not yet available.86

Several studies have investigated the use of novel 
oral anticoagulants in the treatment of patients 
with ACS (regardless of AF status). Using the 
same dose of apixaban as the ARISTOTLE trial, 
APPRAISE-2 evaluated the use of apixaban on top 
of antiplatelet therapy: aspirin (16% of patients) or 
aspirin and clopidogrel (81% of patients) for the 
prevention of recurrent ischemic events. In AP-
PRAISE-2 apixaban increased major bleeding (HR 
2.59 [1.50-4.46]), including more frequent fatal and 
intracranial bleeding events.87  ATLAS ACS 2-TIMI 
51 evaluated the use of rivaroxaban with anti-
platelet therapy (99% on aspirin and 93% on clopi-
dogrel). Notably, the doses of rivaroxaban used 
in ATLAS were much smaller than those used in 
ROCKET-AF (2.5 and 5 mg twice daily versus 20 
mg daily). Those randomized to low-dose rivar-

oxaban had a 16% reduction in the composite ef-
ficacy endpoint (cardiovascular death/myocardial 
infarction/stroke). While patients treated with ri-
varoxaban experienced increased major and intra-
cranial bleeding, there was no excess fatal bleed-
ing .88 Neither of these ACS trials were designed to 
investigate the impact of triple therapy on stroke 
or survival for AF patients after ACS and/or PCI.

At present the 2011 ACC/AHA guideline update 
and a position paper by European Society of Car-
diology cite the lack of data and uncertainty re-
garding combination therapy in patients with AF 
who undergo PCI.89, 90 Randomized trials evalu-
ating combination oral anticoagulation and an-
tiplatelet therapy after PCI and ACS are needed; 
however, the design and execution of these trials 
will be challenging. Given the increased risk of 
intracranial hemorrhage in APPRAISE-2 and the 
differences in dosing and patient populations (AF 
versus ACS) across these trials, the devil we know 
(warfarin) may be better than the devil we do not 
(novel OACs) when prescribing triple therapy.  
Until more data are available, the most conserva-
tive approach will be to restrict triple therapy to 
the use of warfarin.  It is also important to limit 
the duration of triple therapy by using bare metal 
stents unless there is a significant benefit to drug 
eluting stents (class IIa recommendation).75 Final-
ly, as new antiplatelet agents and new oral anti-
coagulants become engrained in clinical use, best 
practice patterns for their dosing and associated 
methods of percutaneous coronary access (femo-
ral vs radial) will require further investigation.

Conclusions

AF is a common complication of ACS, and it is an 
independent predictor of mortality and in-hospi-
tal complications.  Despite guideline recommen-
dations and known mortality benefits, oral anti-
coagulation remains suboptimal in patients with 
AF complicating ACS. While we have a wealth of 
data regarding the epidemiology and outcomes 
associated with AF after ACS, we have little to no 
contemporary clinical trial data to guide thera-
peutic decisions in patients with AF complicating 
ACS. While preventing stroke, controlling heart 
rate, and improving quality of life remain invio-
lable goals in the treatment of AF, we lack clinical 
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trials that address the most common therapeutic 
choices in each of these treatment strategies after 
ACS. Despite the obvious challenges to their de-
sign, funding, and completion, randomized trials 
dedicated to the management of AF after ACS are 
clearly needed.
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Introduction

The cornerstone of treatment in patients with atri-
al fibrillation (AF) is to reduce symptoms and im-
prove the quality of life (QoL).1  The QoL is signifi-
cantly reduced in AF patients, caused not only by 
symptoms related to the arrhythmia, but also the 
medication. Several trials have demonstrated that 
catheter ablation of AF improve the QoL signifi-
cantly, 2-14 and QoL should be assessed and report-
ed in every clinical trial with patients undergoing 
an intervention due to symptomatic AF.15 How-
ever, concerns have been raised that the present 
QoL instruments are not sufficiently sensitive to 
detect changes in disease specific symptoms, such 
as those associated with AF. Several instruments to 
evaluate disease specific QoL exist 16-19 but there is 
a lack of consensus regarding how to evaulate the 
QoL in AF patients. This paper reviews the current 
knowledge of various QoL instruments, and the 
impact of AF ablation on the QoL. 

QoL Assessment

QoL is a subjective phenomenon, and there is 
no consensus of how to define QoL. The World 
Health Organisation defined health as the ab-
sence of disease and the presence of physical, 
mental and social well-being. Hence, QoL is a 
complex and multidimensional quantity to mea-
sure, which explains why over 35 different QoL 
instruments have been reported.15 Most instru-
ments are not specific for AF patients, which has 
led to the development of new QoL instruments. 
Table 1 presents the most used QoL instruments.

Generally, the QoL assessment should include 
both a generic and symptom specific instrument. 
Generic instruments are used to evaluate the 
physical, mental and social well-being. The most 
used questionaire is the multi-purpose, short-form 
health survey with 36 questions (SF-36). The SF-36 
form is very well-validated and has been applied 
in various types of patients and the general pop-
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ulation.20 It yields an 8-scale profile of functional 
health and well-being scores including physical 
function (PF), role-physical (RP), bodily pain (BP), 
general health (GH), vitality (VT), social function 
(SF), role-emotional (RE) and mental health (MH). 
The scores in each of the eight subscales are stan-
dardized from 0 to 100, with the higher scores indi-
cating better QoL. Several studies have compared 
the QoL in AF patients with the general popula-
tion, and patients with other cardiac diseases.1

The EuroQol (EQ-5D) is a well-validated, generic 
health-related quality-of-life measure.21 It is self-
administered and has 5 dimensions assessing mo-
bility, self-care, usual activities, pain/discomfort, 
and anxiety/depression. It also includes a visual 
analog scale that asks respondents to rate their 
current health from 0 to 100, with 0 represent-
ing death and 100 indicating perfect health. The 
5-item questionnaire can also be transformed to
a societal-based utility score, ranging from 0 to 1,
with higher scores reflecting better healthstatus.

 However, generic QOL instruments may not be 
sufficiently sensitive or focused to detect changes 
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in disease specific symptoms, such as those as-
sociated with AF. Several instruments to evalu-
ate disease specific QoL exist. The most com-
monly used disease specific questionnaire is the 
AF Symptom Checklist (AFSCL), which measures 
frequency and severity of AF related symptoms.22 
The AFSCL is easy to use, and has been used in 
a high number of AF studies. The Atrial Fibril-
lation Severity Scale (AFSS) is a 19-item selfad-
ministered questionnaire developed to capture 
subjective and objective ratings of AF related 
symptoms, health care utilization, and AF dis-
ease burden, including frequency, duration, and 
severity of episodes .23 The AF symptom burden 
score is derived from the AFSS summary score 
that averages the frequency, duration, and patient 
perceived severity of AF episodes. A higher score 
indicates greater AF burden. Another QoL instru-
ment is the Mayo AF-Specific Symptom Inventory 
(MAFSI) that was introduced to clinically follow 
AF-specific symptoms. Although it has some 
common elements with the AF Symptom Check-
list, the MAFSI inventory monitors additional 
symptoms. Using a checklist of 12 symptoms, 
patients score the frequency of symptoms over 6 
months as 0 (never), 1 (rarely), 2 (sometimes), 3 
(often), and 4 (always). Total scores range from 
0 to 48. It was recently used in a publication by 
Woklu et al., but has not yet been validated.18

The need for comprehensive, disease specific 
measurement tools, to quantify the effect of AF on 
patients QoL more accurately and reliably, has led 
to the development of new QoL instruments spe-
cific for AF patients. 

The AF-QoL questionnaire was recently devel-
oped and validated in a Spanish population.17 The 
AF-QoL instrument is an 18-item self-adminis-
tered questionnaire with three domains: psycho-
logical, physical, and sexual activity. The psycho-
logical domain includes seven items, the physical 
domain includes eight items, and the sexual ac-
tivity domain includes three items. The questions 
refer to the previous month. All domains have 
been standardized for a scoring between 0 (worst 
QoL) and 100 in order to facilitate interpreta-
tion and comprehension. The AF-QoL is able to 
discriminate between AF patients and patients 
with previous myocardial infarction in contrast 
to other questionnaires such as the AFSCL or the 

Table 1 Quality of Life Measures Used in Atrial 
Fibrillation Studies 

Generic measures Disease specific measures

SF-36 (Short-Form 
health Survey)

Minnesota Living with Heart 
Failure Questionnaire

SF-12 Arrhythmia Symptoms Checklist: 
Frequency and Severity (AFSCL)

WHO-26 

EuroQOL  (EQ-5D) University of Toronto AF Severity 
Scale (AFSS)

SF-6 AF-QoL

Global Health Status 
Questionnaire

Atrial Fibrillation Effect on 
QualiTy of life (AFEQT)

Medical Outcomes 
Study

Mayo AF-Specific Symptom 
Inventory (MAFSI)

Depression Scale Specific Symptoms Scale

Health Status 
Questionnaire Specific Activity Scale

Assessment of 
Quality of Life

Quality of Life of Atrial 
Fibrillation

Instrument (AQoL)

And many more
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SF-36. Additionally, AF patients with a higher per-
centage of clinical symptoms such as palpitations, 
chest discomfort, and dyspnea had lower scores 
demonstrating the discriminant validity of the 
questionnaire. In this context, the AF-QoL may be a 
necessary tool to evaluate the QoL and well-being 
in patients with intermittent AF who are in sinus 
rhythm at the time of evaluation and completely 
asymptomatic allthough severely affected by the 
disorder regardless the absence of symptoms at the 
moment of evaluation.

Another disease specific QoL instrument is the 
AFEQT questionnaire that has shown to be valid, 
reliable, and responsive to clinical change in AF 
patients.16 It is a 20-item instrument including a 
4-item Symptoms score, an 8-item Daily Activi-
ties score, a 6-item Treatment Concerns score, and
a 2-item Treatment Satisfaction scale. The first 3 of
these domains can be grouped to form an Overall
score. This score was able to distinguish between
patients with asymptomatic and symptomatic AF,
but also between patients who had AF symptoms
within 4 weeks versus 4 weeks from questionnaire
completion. It was more responsive to changes in
patients` QoL related to pharmacological therapy
and ablation therapy as compared the generic SF-
36 and EQ-5D questionnaires. The AFEQT was as
responsive as the disease specific AFSCL and AFSS.

Other instruments used for quantifying the symp-
toms related to AF have been published.1 The Eu-
ropean Heart Rhythm Association (EHRA) AF clas-
sification and the Canadian Cardiovascular Society 
Severity in Atrial Fibrillation Scale (CCS-SAF) are 
instruments to quantify symptoms and functional 
capacity in patients with AF similar to the New 
York Heart Association (NYHA) functional class 
score in patients with heart failure.19 Both instru-
ments are easily applied and learned without the 
need for extensive training and experience. How-
ever, the CCS-SAF classification is the only one 
validated, and correlates highly with mental and 
physical aspects of QOL, patient-perceived sever-
ity of AF, the degree of symptoms judged from a 
validated questionnaire, and general well-being.

Limitations of QoL Instruments in AF 
Patients 

AF is a very heterogenous disease making the QoL 

assessment in these patients difficult. Some stud-
ies have found that the impact is greater on the 
physical domain, and that QoL also depends on 
individual experiences, beliefs and expectations 
regarding the disease. Sociodemographic vari-
ables, like age and gender, also affect QoL, with 
female patients and those under the age of 69 ob-
taining the worst score.15 

Studies show that QoL improve over time irre-
spective of rate- or rhythmcontrol,1 which may 
relate to the low sensitivity of the generic instru-
ments to changes in an AF patient. Furthermore, 
AF patients with paroxysmal AF may be in sinus 
rhythm at the time of evaluation or even asymp-
tomatic during AF. The correlation between AF 
recurrence and subjective measurements like QoL 
is poor. This emphasizes the importance of symp-
tom specific QoL assessment that allow a better as-
sessment of the impact of this disease on patient’s 
daily living while, in addition, other specific as-
pects of the disease can be identified. Most studies 
of AF ablation and QoL have been performed in 
patients with severe symptoms with a higher im-
pact on the changes of the QoL. In a general popu-
lation of patients undergoing AF ablation, the less 
symptomatic patients may reach scores of approx-
imately 100 (ceiling effect) and subtle changes in 
the QoL cannot be evaluated. In this case, the dis-
ease specific QoL instruments seem more reliable.  

Studies of changes in QoL in AF intervention 
should be performed prospectively. There might 
be some recall bias in retrospective studies overes-
timating the QoL scores before intervention.15

One limitation of studies assessing changes in QoL 
after ablation is the lack of details regarding how 
the QoL surveys were administered. Self-assess-
ments of well-being by individuals can be biased 
by adaptation behaviour. Adaptation is aimed at 
reducing or eliminating psychological distress, 
and may explain why patients with health prob-
lems report higher levels of well-being than ex-
pected. Hence, adaptation behaviour may bias the 
answers to survey questions on subjective well-
being or subjective quality of life which should be 
considered in trials reporting QoL. Patients may 
also respond more truthfully to self-administered 
questionnaires compared to interviewer-admin-
istered surveys. QoL surveys administered by a 



nurse or physician involved in the study may be as-
sociated with report bias, since they may have an in-
centive to underestimate the QoL of patients before 
the treatment and to overestimate the QoL after the 
medical intervention. 

Timing of the QoL surveys should also be consid-
ered. It might be speculated that patients may report 
a lower QoL before ablation biased by anxiety in the 
light of an upcoming invasive procedure. 

Furthermore, the placebo effect is difficult to compre-
hend, and some trials suggest that the placebo effect 
is significant and may overestimate the QoL chang-
es. The only way to objectively assess the impact of 
ablation on QoL would be a randomized trial with 
a sham ablation procedure but due to ethics, sham 
ablations have not yet been performed. Instead, re-
searchers may theoretically minimize the placebo 
effect in AF trials by reporting long term QoL assess-
ment after ablation. 

Additionally, caution is needed when interpreting 
the results because the positive changes in QoL may 
not related to control of the rhythm. In fact, many pa-
tients with AF have periods of asymptomatic AF, so 
it is recommended to evaluate the rhythm outcome 
after AF ablation using long-term rhythm monitor-
ing.24 

Quality of Life After AF Ablation

The aim of catheter ablation in patients with AF is 
to reduce symptoms and improve the QoL. Several 
studies have shown that the QoL improve signifi-
cantly after AF ablation assessed primarily by the 
generic SF-36 questionnaire as shown in Table 2. 2-11 

Woklu and collegues recently published the long-
term effect of AF ablation on outcome and QoL in 
323 patients with AF (50% paroxysmal).18 They used 
the SF-36 questionnaire and disease specific MAFSI 
instrument for QoL analysis. They found a marked 
and sustained improvement in QoL at 2 years of 
follow-up, but QoL improvement was not closely 
linked to overall ablative efficacy. Although the QoL 
improvement was high in patients with AF elimina-
tion, substantial QoL improvement was also seen in 
patients with AF control on anti-arrhythmic drugs 
and in patients with recurrent AF. In contrast, the 
MAFSI instrument was better to detect changes in 
AF-specific symptoms and was more strongly corre-
lated to the efficacy of AF ablation.

Similar findings were reported  by Fichter et al., 
who assessed the QoL after catheter ablation for 
symptomatic, drug-AF using 7 different validated 
generic and disease-specific instruments (AFSS, 
AFSCL, WHO-5-Well-Being-Index (WHO), Major 
Depression Inventory (MDI), Sleep and Vegeta-
tive disorder (SV), Vital Exhaustion (VE), and Ill-
ness intrusiveness(Ii).25 During long-term follow-
up, a highly significant improvement in all QoL 
questionnaires was found regardless of ablation 
success. Only the disease-specific questionnaires 
AFSS and AFSCL and the generic questionnaire 
MDI were able to detect a difference in improve-
ment between patients with AF elimination or 
recurrences. 

In a previous study, we found that patients who 
had asymptomatic AF recurrences one year after 
ablation showed improvement in the subscales of 
general health, vitality and role physical reflect-
ing an improvement in the physical scores us-
ing the SF-36 questionnaire.26 This improvement 
was obtained even though these patients often 
had persistent AF. Such transition to less severe 
or asymptomatic disease states could be due to 
direct ablation effects, secondary destruction of 
autonomic inputs to the atrium, or Woklu and 
collegues recently published the long-improved 
pharmacologic efficacy. Other explanations may 
be an overestimation of QoL improvement due 
to regression to the mean (less symptomatic on 
average than at presentation), placebo effects, 
or maybe the fact that the SF-36 questionnaire 
does not entirely describe the QoL burden that 
a complex disease such as AF imposes on the 
well-being of patients. The result underlines that 
a QoL assessment should include an AF-specific 
symptom instrument that reflect the efficacy of 
ablation more accurately. 

Three randomized clinical trials compared cath-
eter ablation to antiarrhythmic drug therapy in 
patients with paroxysmal AF, and also evaluated 
QOL as an outcome measure .12,13,27 Catheter abla-
tion was associated with significant improvement 
in SF-36 scores relative to baseline. QOL scores 
were significantly higher in patients undergo-
ing ablation than in patients treated with drug 
therapy, in which there was little change from 
baseline scores. Similar significant trends were 
observed for the AFSCL scores. One randomized 
study examined QOL in 146 patients with persis-
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Table  2 Studies with QoL assessment after AF ablation

Study Population Intervention QOL Assessment Results

Erdogan et al.
2003

Intervention
• 30 pts with PAF
• FU 36 months

Right atrial ablation 
(linear lesions)

• SF-36
• Symptom
specific checklist
(unvalidated)

• 30% in SR
• Improvement in all
SF-36 subscales in pts
without AF

Pappone et al. 
2003

• 33 pts with AF
• FU 36 months

Ablation of focal 
triggers in right atrium 
and PVs

• SF-36
• 94% without AF
recurrence (12% with
AADs)
• Improvement in all
subscales except BP

Goldberg et al. 
2003 • 211 pts with PAF

• FU 12 months

109 pts circumferential 
ablation (109 pts) and 
treated medicine(102 
pts)non- randomized.

• SF-36

• Physical and mental
composite scores of
the SF-36 increased
significantly in AF
ablation, no change in
medically treated pts.

Hsu et al.,
2004

• 58 pts with CHF
and AF
• 58 matched pts with AF
without CHF

PVI + linear lesions

• SF-36
compared to
matched healthy
cohort
• Symptom
checklist

• Improvement in both
groups

Chen et al.,
2004

• 377 pts with
AF (PAF?)
• focus on 94 patients with
CHF
• FU 6 months

•PVI + CTI in 10%
of pts

• SF-36 • Improvement in all
subscales irrespective of
LVEF

Weerasooriya 
et al., 2005 • 63 pts with PAF

• FU 12 months PVI + linear lesions • SF-36 • Improvement in all
subscales

Tondo et al.,
2006

 105 pts with PAF
and persistent
AF (75%)
• CHF in 40 pts
• FU 6 months

PV antrum ablation + 
linear lesions

• SF-36 • Improvement in >6
subscales.
• Similar improvements
in CHF pts.

Wazni et al.,
2005

 70 pts with PAF
• FU 6 months

Randomisation to
PVI or AADs. • SF-36 • Improvement greater

in PVI group than
AAD in 5/8 subscales

Oral et al.,
2006

46 pts with long-standing 
persistent AF
• FU 12 months

• Symptom Severity
Questionarie (locally
derived

• Symptom
Severity
Questionarie
(locally derived

• Significant QoL 
improvement in pts
without AF recurrence
compared to pts with
AF recurrence. AF
recurrence less common
in pt undergoing AF
blation
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Jais et al.,
2008

• 112 pts with PAF
• FU 12 months

Randomised to 
Lasso-guided 
circumferential PVI
+linear lesion+CTI
or medical treament
(AADs)

• SF-36
• No AF-specific
questionnaire

• AF freedom: 89% in ablation
group, 23%
in AAD group
• Significantly higher PCS and MCS
scores in the ablation group

Woklu et al.,
2010

• 323 pts (50% PAF)
• FU 24 months

Circumferential or 
lasso-guided PVI + 
linear lesion + CTI

Circumferential or 
lasso-guided PVI + 
linear lesion + CTI

• AF freedom: 69% after 24 months
• Significant QoL (SF-36)
improvement in
pts with AF elimination
• Substantial QoL improvement in
pts with AF control on AADs and
recurrent AF pts.
• MAFSI was better to detect
changes in AF specific symptoms
and strongly correlated to the
efficacy of AF ablation

Fichter et al.,
2011

• 133 pts
• 65 % PAF
• FU median 4,3
years

PAF: PVI (+CFAEs) 
NPAF:
circumferential PVI
+ linear lesions or
ostial PVI + CFAEs.

• AFSS/AFSCL
• WHO-5
• Major
depression
inventory (MDI)
• Sleep and
vegetative disorder
• Vital exhaustion
• Illness
intrusiveness

• AF freedom: PAF 66%, NPAF 50%
• Significant improvement in all
QoL
questionnaires regardless of AF
ablation
success.
• Disease-specific instruments
such as AFSS and AFSCL (and
the generic MDI survey) could
detect differences in symptom/
QoL improvement secondary to AF
elimination

Mohanty 
et al,
2011

• 660 patients
(PAF 27%)
• High-BMI versus
normal weight pts.
• FU 12 months

PV antrum ablation 
+ linear lesions +
CFAEs in persistent
AF

• SF-36 (self-adm)
• Beck Depression
Inventory (BDI)
• Hospital anxiety
and depression scale
(HAD)
• State-trait
anxiety Inventory
• No AF-specific
questionnaire

• No differrence in procedural
outcome between groups (AF
freedom 63% (high- BMI) versus
69%)
• Significant improvement in most
QoL
scales in high-BMI patients during
FU
• No improvement in normal
weight pts.

Mohanty 
et al,
2012

• 1496 patients
(PAF 29%)
• Metabolic
syndrome (MS)
• FU 12 months

PV antrum ablation 
+ linear lesions +
CFAEs in persistent
AF

• SF-36 (self-adm)
• No AF-specific
questionnaire

• MS was associated with higher
AF recurrence rate, especially in pts
with nonparoxysmal AF (46% vs.
35%)
• AF type, female sex, and MS
independent predictors of AF
recurrence
• Baseline QoL more impaired in
MS pts, significant improvement
during FU.
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PVI: pulmonary vein isolation, CFAEs: complex fractionated atrial electrograms, CTI: cavotricuspid isthmus ablation, 
BMI: body mass index, AAD: anti-arrhythmic drug, CHF: congestive heart failure, LVEF: left ventricular ejection fraction, 
PCS:physical composite summary, MCS: mental composite summary, AFSS: AF Severity Scale, AFSCL: AF Symptom Checklist:
Frequency and Severity, MAFSI: Mayo AF-Specific Symptom Inventory.mus or zotarolimus) and at least 6 months for a –taxel-
eluting stent. 



 www.jafib.com 116 Oct-Nov, 2012 | Vol 5 | Issue 3  

Journal of Atrial Fibrillation Featured Review  

tent AF, randomized to catheter ablation or car-
dioversion alone.28  This study demonstrated that 
catheter ablation was more effective in maintain-
ing sinus rhythm, and patients who were in sinus 
rhythm demonstrated a greater improvement in 
the symptom severity score than those patients 
with recurrent AF or atrial flutter. 

A non-randomized study showed that 58 patients 
with longstanding persistent AF and symptom-
atic heart failure improved both left ventricular 
ejection fraction (LVEF) and the QoL significantly 
after AF ablation compared to a control group 
evaluated by the SF-36 and AFSCL.5 A random-
ized trial compared the effect between AF abla-
tion and AV nodal ablation with CRT (cardiac 
resyncronization therapy) in 81 heart failure 
patients with symptomatic AF (50% paroxys-
mal). AF ablation increased the LVEF and the the 
6-minutes walk test significantly compared to AV
nodal ablation and resyncronization. The QoL af-
ter AF ablation was also higher reflected by the
changes in the Minnesota Living with Heart Fail-
ure Questionaire.29 

Two prospective trials by Mohanty et al. recent-
ly evaluated the effect of obesity and metabolic 
syndrome (MS) on outcome after AF ablation.30,31 
They found no significant difference in procedur-
al outcome after AF ablation in high-BMI patients 
(Body Mass Index > 25) compared to normal-
weight patients (AF freedom in 63% versus 69% 
of patients). High-BMI patients had significant 
improvement in the composite scales of QoL dur-
ing follow-up, whereas normal-weight patients 
showed no improvement despite procedural 
success. In a prospective trial with 1496 patients, 
they found that patients with MS had a higher 
AF recurrence rate, especially in non-paroxysmal 
AF patients. AF type, female sex, and MS were 
independent predictors of AF recurrence. In MS 
patients, there were more impairment in base-
line QoL and larger improvement in QoL during 
follow-up after AF ablation. Limitations to both 
studies were the lack of AF specific QoL assess-
ment questionnaires. 

Conclusions

QoL is a very important endpoint in trials report-
ing the effect of AF ablations. It has been shown 
that AF ablation significantly improve the QoL in 

AF patients, but recent studies question the useful-
ness of the most used generic QoL instrument in 
AF patients. The complexity of the disease makes it 
mandatory to employ disease specific instruments 
in the assessment of QoL. However, the new dis-
ease specific QoL instruments AF-QoL and AFEQT 
appear very promising and with further investiga-
tion may become a recommended tool for clinical 
research and clinical practice.
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Introduction

Atrial fibrillation (AF) is highly prevalent. It is re-
sponsible for significant morbidity and mortality, 
primarily because it increases the risk of stroke and 
congestive heart failure.1 Current therapies are not 
always effective, and many anti-arrhythmic drugs 
have toxic side effects. As such, there is an unmet 
need to find a safe and effective anti-fibrillatory drug. 
Fish oil, which contains variable ratios of the 
long chain omega-3 fatty acids eicosapentaeno-
ic  acid (EPA) and docosahexaenoic acid (DHA) 
depending on the source, has demonstrated  an-
ti-fibrillatory properties in several animal stud-
ies.2-6  However, human studies have shown 
mixed results and a recent meta-analysis of ran-
domised controlled trials demonstrated no sig-
nificant effect of fish oils in the prevention of AF.7 
Most studies have indicated that omega-3 poly-
unsaturated fatty acids (n-3 PUFA) have an excel-
lent drug safety profile, however, some studies in 
pigs suggest that they may facilitate the initiation 
of AF by shortening the effective refractory period 

and action potential duration.8, 9 or even promote 
ventricular arrhythmias during episodes of myo-
cardial ischaemia.10 There is also evidence that n-3 
PUFA may be pro-arrhythmic in humans. A ran-
domised controlled trial (RCT) of patients with 
implantable cardioverter defibrillators found an 
increase in the number of ventricular tachycardia 
and fibrillation episodes in patients taking fish oil 
supplements.11 This was statistically significant 
in patients who had ventricular tachycardia as 
their qualifying arrhythmia for study entry. An-
other RCT in men with angina found that those 
who were advised to increase their intake of n-3 
PUFA through diet or supplements had a sig-
nificantly higher incidence of cardiac and sudden 
cardiac death than those who were not; especially 
in the sub-population taking n-3 PUFA capsules.12  
By critically reviewing some of the major lit-
erature, this article will explore the question of 
whether fish oil should be recommended for use 
in AF. Since atrial fibrillation is a heterogeneous 
disease, studies for paroxysmal, persistent and 
post-operative AF will be presented separately.
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Abstract

Many physicians recommend the use of fish oil or omega-3 polyunsaturated fatty acids (n-3 PUFA) in 
atrial fibrillation (AF) patients. N-3 PUFA have demonstrated anti-fibrillatory properties in several ani-
mal studies, however, data regarding their efficacy in preventing AF in humans have been mixed. This 
article critically reviews studies that have investigated the use of n-3 PUFA for the secondary prevention 
of paroxysmal and persistent AF and the primary prevention of post-operative AF. We conclude that n-3 
PUFA should no longer be recommended for use in any of these AF subtypes until more data are avail-
able.



Studies Investigating the Use of Fish Oil in 
Paroxysmal AF

To our knowledge, there have been four adequate 
studies specifically on the use of fish oil in patients 
with paroxysmal AF (defined as arrhythmia that 
spontaneously terminates)13-16 (Table 1). Two small 
prospective observational studies demonstrated a 
beneficial effect of fish oil in the secondary pre-
vention of paroxysmal AF.13, 14 One small RCT 
demonstrated that n-3 PUFA prolonged atrial and 
pulmonary vein effective refractory periods and sig-
nificantly reduced the number of AF episodes able 
to be induced from the pulmonary veins.16 How-
ever, the largest multicentre, double-blind RCT 
conducted to date showed no benefit of n-3 PUFA 
in the secondary prevention of paroxysmal AF.15 

Studies Investigating the Use of Fish Oil in 
Persistent AF

In this context, persistent AF is defined as atrial fi-
brillation that requires cardioversion for termina-
tion. To our knowledge, there are nine adequate 
studies in the literature involving patients with 
persistent AF15, 17-24 (Table 2). Three studies claimed 
a statistically significant effect of n-3 PUFA in 

maintaining sinus rhythm post cardioversion,19, 21, 24 
and one paper showed that n-3 PUFA significantly 
reduced the incidence of transient mechanical dys-
function of the atria, “atrial stunning”, after electri-
cal cardioversion.22 The remaining studies showed 
no benefit of n-3 PUFA therapy.

Studies Investigating the Use of Fish  Oil in 
Post-Operative AF

We found eight satisfactory studies investigating 
the use of n-3 PUFA in the prevention of post-op-
erative AF (POAF)25-32 (Table 3). Five of these eight 
studies claimed a statistically significant decrease 
in the incidence of POAF with the use of fish oil 
supplements.25-27,30,32

Why are the Results of These Studies Incon-
sistent?

Heterogeneity in Study Design

The most significant reason for disparity in the 
literature is the many methodological differences 
in studies conducted to date. There are very few 
double-blind randomised placebo-controlled tri-
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Table 1 Studies investigating the use of fish oil in patients with paroxysmal atrial fibrillation

Publication Study Design N Intervention Duration of
Intervention Results of Intervention P value

Biscione 2005 13

Prospective
Observational
Study 38 1g /d  n-3 PUFA (all pa-

tients) 4 months

- Number of AF episodes
reduced by 59%

- AF burden reduced by
67%

P = 0.037 

P = 0.029

Tatarskii 2007 14
Prospective
Observational
Study

90 n-3 PUFA (dose unknown) Unknown.

- Number of AF episodes
reduced.
- Decreased time to AF
termination.

Uknown

Kowey 2010 15 DB RCT 527
7 d loading dose of 8g /d n-3 
PUFA followed by 4g/d
(1.86g EPA + 1.5 g DHA)

6 months

- No significant difference
in the number of recur-
rences of symptomatic
paroxysmal or persistent
AF between groups.

P= NS

Kumar 2011 16 Unblinded
RCT 36 6g/d n-3 PUFA(0.3g EPA +

1.5g DHA) 

Mean = 40 
d before EP 
study.Range 
= 30-66 d

- Longer pulmonary vein
and left atrial effective
refractory periods.
- Lower incidence of AF
initiated from the pulmo-
nary veins (46% reduction)

P=0.0015 

P=0.02

DB= double blind; RCT = randomised controlled trial; d= day; n-3 PUFA = ω-3 polyunsaturated fatty acids; NS = non-significant 
EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid; EP = electrophysiology.
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Table 2 Studies investigating the use of fish oil in patients with persistent atrial fibrillation

Publication Study
Design N Intervention Duration of

Intervention Results of Intervention P value

Kanorskii 2007 
17 RCT 187

1g/d n-3 PUFA with 
sotalol 160 mg/d vs. 
sotalol alone. 

12 months

No significant difference in the 
number of patients remaining in 
sinus rhythm or the number of 
cardioversions required between 
groups.

NS

Margos 2007 18 RCT 40 n-3 PUFA vs. no treat-
ment. (dose unknown) 6 months

● No significant difference in the
number of AF recurrences or time
to recurrence of persistent AF.
● At 1 month, n-3 PUFA group
had significantly fewer runs of
paroxysmal AF and premature
atrial beats.

NS

P= <0.01

Patel 2009 19

Nested 
case 
control 
study

258
n-3 PUFA (minimum of
655mg /d) vs. no treat-
ment.

1 month prior 
to pulmonary 
vein isolation 
until dis-
charge.

● n-3 PUFA group had a 17%
absolute risk reduction (38.6%
RRR) in the incidence of early AF
recurrence (within 8 weeks).
● n-3 PUFA group had an 8.5%
absolute risk reduction (29.3% 
RRR) for procedural failure (AF 
recurrence > 8 weeks)
● n-3 PUFA group had significant-
ly lower CRP levels pre and post 
procedure.

P=<0.0001

P=<0.003

P=0.04
P=0.0001

Kowey 201015 DB 
RCT 118

7 d loading dose of 8g 
/d  n-3 PUFA, followed 
by 4g/d. (1.86g EPA + 
1.5 g DHA) vs. Placebo

6 months

No significant difference in the 
number of recurrences of symp-
tomatic persistent AF between 
groups.

P= NS

Bianconi 201120 DB
RCT 204

3g /d  n-3 PUFA until 
ECV (mean 21 d) ~1.38g 
EPA + 1.17g DHA), 
then 2g /d  vs. no treat-
ment

6 months

● No significant difference in
the number of AF recurrences 
between groups
● No significant difference in the
time to AF recurrence.

P= NS

P= NS

Nodari 201121 DB 
RCT 199

2g/d n-3 PUFA vs. 
placebo (≈ 0.87g EPA + 
1.7g DHA)

Started 4 
weeks prior 
to ECV and 
continued for 
1 year.

Significantly more patients in the 
n-3 PUFA group maintained sinus
rhythm during follow up.

P=0.0001

Kumar 201122
RCT 
single 
blind

49
6g/d n-3 PUFA (1.08g 
EPA + 0.72g DHA) vs. 
no treatment

Started > 30 
d before ECV 
(mean = 70 d)

n-3 PUFA group had a significant-
ly lower level of atrial mechanical
stunning, including in a multivari-
ate analysis†

P= 0.001

†P=0.02

Ozaydin 201123 RCT 47

2g/d n-3 PUFA (0.36g 
EPA + 0.24g DHA) + 
amiodarone vs. amio-
darone.

Amiodarone 
+ n-3PUFA
was started 
after ECV for 
1 year/ until 
discharge

● No difference in the number of
AF recurrences between groups.
● CRP levels were similar in both
groups at baseline, day 15 post
ECV and at AF recurrence.

P = NS

P= NS

Kumar 2012 24 RCT  
OL 178

6g/d  n-3 PUFA (1.02g 
EPA + 0.72g DHA) vs. 
placebo

Started > 30 d 
prior to ECV 
(mean 56 d) 
and contin-
ued until AF 
recurrence 
or for a year 
(mean 242d).

● n-3 PUFA group had significant-
ly fewer AF recurrences at 90 days
and at 1 year.

● n-3 PUFA group had signifi-
cantly longer mean time to AF
recurrence (190 days vs. 77 days)

P= <0.001

P= <0.001

OL = open label; DB= double blind; RCT = randomised controlled trial; n-3 PUFA = ω-3 polyunsaturated fatty acids d=day; EPA 
= eicosapentaenoic acid; DHA = docosahexaenoic acid; ECV = electrical cardioversion; RRR= relative risk reduction; CRP = C 
Reactive Protein; NS= non-significant.
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Table 3 Studies investigating the use of fish oil in post-operative AF

Publication Study
Design N Intervention Duration of 

Intervention Results of Intervention P value

Calo 2005 25 RCT OL 160

~2g/d n-3 PUFA 
vs. usual care

(0.87g EPA +
1.73g DHA)

≥ 5 d prior to 
surgery until 
discharge. Mean 
length of stay: 
7.3 d (PUFA), 
8.2d (control)

n-3 PUFA group had an 18.1% absolute
risk reduction and a 54.4% relative risk
reduction for developing post-operative
AF compared to control arm.

P= 0.013

Heidt 2009 26 DB RCT 102

Intravenous infu-
sion of n-3 PUFA 
(100mg/Kg/d) vs.  
soya oil

From admission 
until transfer to 
a normal ward.

n-3 PUFA group had a 13.3% absolute
risk reduction and  a 42.3% relative risk
reduction for developing post-operative
AF.

P=<0.05

Mariscalo 
2010 27

Prospec-
tive Cohort 
Study

530

16% of cohort 
received 1g/d   
n-3 PUFA (~0.36g
EPA +  0.62g 
DHA)

Median 5 d 
(range 1-26d), 
omitted on day 
of surgery.

● n-3 PUFA group had a 16.3% absolute
risk reduction and a 49% relative risk 
reduction for developing “early AF” 
occurring in the surgical department  
compared to those without n-3 PUFA.
● n-3 PUFA did not influence the inci-
dence of “late AF” in the rehabilitation 
programme. 
● n-3 PUFA group had significantly
lower post-operative CRP

P=0.006

P=NS

P=0.025

Saravanan 
2010 28 DB RCT 103

2g/d n-3 PUFA
“~0. 96g EPA + 
0.80g DHA”

 vs. placebo

Median 16d, 
(range 12-21 
d), started at 
least 5 d before 
surgery. 

● n-3 PUFA had no significant impact on
AF incidence, hospital/ICU/HDU length 
of stay or AF burden
● There was no significant difference in
serum CRP levels between groups either 
within 24hrs post-op or 3d post-opera-
tively.

P=NS

P=NS

Heidarsdot-
tir 2010 29 DB RCT 168

2.24 g /d          
n-3 PUFA
(1.24g EPA + 
1.0 g DHA) vs. 
placebo.

5-7 d before
surgery until
discharge – max
2 weeks post
operatively.

● No significant difference in the inci-
dence of POAF between groups.
● No significant difference in peak post-
operative CRP between groups.

P=NS

P=NS

Skuladottir 
2011 30

Nested case 
controlled 
study from 
Heidars-
dottir 2010 
study 
population.

125

Plasma levels of 
n-3 PUFA and
n-6 PUFA were
measured im-
mediately before
surgery and 3 d
post-operatively.

N/A

● The incidence of AF decreased signifi-
cantly with increasing levels of AA, both
pre-op and post-op.
● The incidence of AF increased signifi-
cantly with increasing levels of DHA, 
both pre-operatively and post-operative-
ly.

P=0.008
P=0.003

P=0.003
P=0.008

Farquharson 
2011 31 DB RCT 194

4.6g/d n-3PUFA

(~2.7g EPA + 
DHA ~ 1.9g)
vs. placebo

3 weeks prior 
to surgery until 
discharge (max 
6 days)

No significant difference in the incidence 
of POAF between groups.

Length of stay in the ICU was significant-
ly shorter in the PUFA group.

P= NS

P=0.005

Sorice 2011 32 DB RCT 201 2g /d  n-3 PUFA
≥ 5 d prior to 
surgery until 
discharge

● n-3 PUFA group had a significantly re-
duced incidence of AF, but only in those 
patients with “on pump” bypass surgery.

● n-3 PUFA group did not have a longer
length of hospital stay

P=0.013

P=NS

OL = open label; DB= double blind; RCT = randomised controlled trial; n-3 PUFA = ω-3 polyunsaturated fatty acids d=day; EPA 
= eicosapentaenoic acid; DHA = docosahexaenoic acid; ECV = electrical cardioversion; RRR= relative risk reduction; CRP = C 
Reactive Protein; NS= non-significant.
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als (DB-RCT), the gold standard for assessing the 
efficacy of a pharmacological intervention. There 
has been only one DB-RCT conducted in patients 
with paroxysmal AF,15 two in patients with persis-
tent AF,15, 21 and five in POAF.26,28,29,31,32 However, 
even when considering DB-RCTs alone, their re-
sults are still mixed. Liu et al.7 and Armaganijan et 
al,33conducted meta-analyses of the available RCTs 
investigating n-3 PUFA in the prevention of all 
AF subtypes, and post-operative AF respectively. 
Neither meta-analysis found sufficient evidence to 
support the use of n-3 PUFA supplements, but they 
were significantly limited by the many differences 
in trial design, the most significant of which will be 
discussed in the following sections of this review.

Population Size

Many published studies have small sample sizes 
and are therefore likely to be statistically under-
powered. The largest DB-RCT conducted to date 
by Kowey et al15 (n= 645), was powered to detect 
a 32% relative risk reduction (RRR) in symptom-
atic AF recurrence with the use of n-3 PUFA. 
This trial showed no significant difference in AF 
recurrence for either paroxysmal or persistent 
AF or for these groups combined. For post-op-
erative AF, the largest DB-RCTs to date involve 
about 200 patients 31, 32 powered to detect a RRR 
of roughly 53%; however, they yielded inconsis-
tent results. In their meta-analysis, Liu et al high-
light that underpowered studies are a significant 
problem in the current literature, particularly 
in studies investigating POAF.7 Most studies of 
POAF in their analysis were powered to detect 
unrealistic treatment effects (RRR 35-55%). They 
argue that with a baseline AF occurrence of 30-
40% in the post-operative setting, studies would 
need to have 1000-1500 participants in order to 
detect a relative risk reduction of 25%, a figure 
which was not reached even with pooled data.

Population Heterogeneity 

Age

There are many differences in the patient popu-
lations of current studies that could account for 
conflicting results. Though there was no sig-
nificant difference in population age among the 

studies included in this review; age could influ-
ence the efficacy of fish oil. A recent prospective 
cohort study,34 which includes a considerably 
older patient population than that of other stud-
ies (mean = 74 years), found that higher plasma 
levels of n-3 PUFA were inversely associated 
with the incidence of new-onset AF. It is also pos-
sible that in younger patients, in whom AF may 
be vagally mediated, the ability of n-3 PUFA to 
increase parasympathetic tone might even ren-
der them pro-arrhythmic in this population.35

Comorbidities and Atrial Remodelling

Comorbidities are a potential confounder in the 
current literature. N-3 PUFA may not be directly 
anti-arrhythmic, but could secondarily prevent AF 
by inhibiting structural or electrical atrial remodel-
ling, therefore lessening the ability of atrial tissue 
to initiate and sustain further AF episodes .36-38 An 
example of one such co-morbidity that may result 
in atrial remodelling is congestive heart failure.39 
Rupp and colleagues recently proposed that pa-
tients with heart failure are under-represented in 
the current fish oil literature,40 possibly accounting 
for the many non-significant results. In addition to 
the potential for atrial remodelling in heart failure 
patients, Rupp et al also argue that these patients 
are deficient in n-3 PUFA, as shown by their study in 
which patients with left ventricular (LV) dilatation 
had lower serum docosahexaenoic acid (DHA) lev-
els.41 Therefore, studies without a high proportion 
of heart failure patients would be unlikely to show 
a demonstrable benefit of n-3 PUFA supplementa-
tion, as their patients were not deficient at baseline. 
In support of n-3 PUFA preventing AF recurrence 
by improving congestive heart failure, Rupp and 
colleagues cite a study by Nodari et al.42 This 
study found that 12 months of n-3 PUFA supple-
mentation improved left ventricular function in 
patients with dilated non-ischaemic cardiomy-
opathy. However, one disparity between these 
studies is that the Rupp et al paper found a DHA 
deficit mainly in patients with very advanced LV 
dilatation, whereas the Nodari paper used pa-
tients with a relatively mild New York Heart As-
sociation (NYHA) functional class (mean = 1.86), 
excluding NYHA class IV patients.  It is impor-
tant to note that the very large GISSI Heart Fail-
ure trial (n=6975), which included patients with 
NHYA class II-IV heart failure, only demonstrated 

Journal of Atrial Fibrillation Featured Review  

 www.jafib.com 122 Oct-Nov, 2012 | Vol 5 | Issue 3                          



a  minor decrease in all-cause mortality in patients 
taking n-3 PUFA supplements (6% RRR), with 
no statistically significant reduction in heart fail-
ure hospitalisations.43 Considering these studies 
as a whole, it is possible that n-3 PUFA confers a 
benefit in LV function only in the earlier and not 
more advanced stages of congestive heart failure.40  
It is difficult to determine whether the proportion of 
heart failure patients in studies has influenced the 
results of the current literature. On the one hand, 
there is not a great difference in mean left ventricu-
lar ejection fraction (LVEF) among the populations 
of published studies (53.5-64.5%). On the other 
hand, two well-designed DB-RCTs investigating 
persistent AF by Bianconi et al20 and Nodari et al21 
arrived at opposite conclusions. There was very 
little difference between their study populations, 
perhaps the most significant being that the Nodari 
paper contained many more heart failure patients 
(55.3% vs. 25.7%). However, the Bianconi paper 
contained significantly more patients with “lone 
AF” than the Nodari paper (31% vs. 9.5%), a form 
of AF unlikely to be the result of atrial remodelling. 
Only a DB-RCT addressing the anti-fibrillato-
ry effects of n3-PUFA specifically in heart fail-
ure patients can answer this important question. 
Likewise, future studies will need to be careful 
to adequately describe and account for other co-
morbidities such as hypertension, ischemic and 
valvular heart disease, all of which are potential 
substrates for AF and lead to atrial remodelling. 

Concomitant Drug Use

There is evidence to show that drugs such as ACE 
inhibitors (ACEi), angiotensin receptor blockers 
(ARBs), calcium channel blockers, β-blockers and 
statins can inhibit atrial remodelling.39 It is often 
mentioned in the literature that differences in the 
use of anti-remodelling drugs between studies 
could explain their conflicting results. Many stud-
ies have not adequately described background 
therapy, or they have had imbalances in treatment 
between groups that could magnify or reduce dif-
ferences. Kowey and colleagues found no difference 
in the incidence of paroxysmal AF between their 
patient subpopulations who were or were not tak-
ing ACEi/ARBs and who had a similar use of other 
confounding therapies, arguing that the impact 
of anti-remodelling agents is likely to be small.15

There is an argument that differences in antiar-

rhythmic drug use between study populations 
could account for conflicting results, either be-
cause they mask the potential benefits of n-3 
PUFA, or because they are required for a synergis-
tic action with n-3 PUFA supplements. However, 
the study by Ozaydin et al,23 which compared pa-
tients treated with n-3 PUFA and amiodarone ver-
sus amiodarone alone, showed no significant dif-
ference in the number of recurrences of persistent 
AF. Although this is a small study, the results sug-
gest that the impact of concomitant anti-arrhyth-
mic drug use is also minimal. The most recent 
publication by Kumar and colleagues demon-
strated a significant benefit of long term n-3 PUFA 
supplementation in the prevention of persistent 
AF recurrence after electrical cardioversion.24 A 
subgroup analysis demonstrated that n-3 PUFA 
supplementation reduced the chance of AF recur-
rence with or without the concurrent use of sotalol 
or amiodarone (patients in this study at randomi-
sation commenced treatment with amiodarone or 
sotalol is they had persistent AF for > 3 months). 
However, in this study, patients who had been 
in persistent AF for < 3 months at randomisation 
were placed on other drugs which also have anti-
arrythmic properties: beta blockers, rate-limiting 
calcium channel blockers or digoxin. This makes it 
more difficult to determine how much of an effect 
concomitant drug use had on the prevention of 
AF in this study population.   Larger studies will 
be required to answer this important question.

AF Subtype and Duration

AF itself can cause structural and electrical re-
modelling of the atrium. “AF begets AF”,39 there-
fore differences in the time between the initial 
diagnosis of AF and study entry could account 
for differences in study results. This is a vari-
able not commonly presented in the literature. 
AF is a heterogeneous disease, with different 
pathophysiological mechanisms likely to be un-
derlying the various subtypes. It is therefore pos-
sible that n-3 PUFA supplements may confer a 
greater benefit for secondary prevention of persis-
tent rather than paroxysmal AF due to a poten-
tially greater degree of atrial remodelling in the 
former. Indeed, the latest study by Kumar and 
colleagues which demonstrated a benefit of n-3 
PUFA supplementation in the prevention of per-
sistent AF found that the n-3 PUFA group had a 
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significantly longer duration of AF prior to cardio-
version than the controls.24 However, there are no 
studies which directly demonstrate a clear advan-
tage of n-3 PUFA use in AF of longer duration, and 
although there is evidence to suggest that fish oils 
prevent structural remodelling,44 there is no evi-
dence to suggest that they can reverse that process.35 
There are clearly more studies supporting an anti-
fibrillatory effect of n-3 PUFA in the post-operative 
AF setting. The traumatic nature of cardiothoracic 
surgery and resultant inflammation provides a 
substrate for the initiation of AF, which might be 
inhibited by anti-inflammatory effects of n-3 PUFA. 
The evidence implicating inflammation as the 
substrate for POAF is substantial. For example, a 
study by Halonen et al demonstrated that intra-
venous administration of hydrocortisone after 
cardiothoracic surgery reduced the incidence of 
POAF .45 There are also considerable data support-
ing the anti-inflammatory effects of n-3 PUFA.46 
However, in the studies included in this re-
view, there are inconsistencies in results that 
make it difficult to prove this hypothesis. For 
POAF, the study conducted by Mariscalco 
et al27 showed that post-operative levels of C-
reactive protein (CRP) were significantly lower 
in patients treated with n-3 PUFA, yet the stud-
ies by Saravanan et al28 and Heidarsdottir et al29 
did not. Likewise of the trials for persistent AF, 
the study by Patel et al19 demonstrated lower 
CRP levels in n-3 PUFA treated patients, but the 
study by Ozaydin et al23 did not. These differ-
ences could yet again be attributed to differences 
and limitations in study design among papers.

Duration of n-3 PUFA Supplementation

A commonly cited reason as to why the large Kowey 
et al15 trial for patients with paroxysmal AF yield-
ed non-significant results is that almost 50% of AF 
recurrences occurred in the first two weeks after 
fish oil supplementation began, therefore not al-
lowing membrane levels of n-3 PUFA to peak. Ear-
ly recurrence of AF is also a feature of the Bianconi 
et al20 paper, which is the largest RCT conducted to 
date in patients with persistent AF. This argument 
is based on a study by Metcalf and colleagues, 
which showed that high dose fish oil supplemen-
tation at 6g per day, resulted in continued incorpo-
ration of n-3 PUFA into the myocyte membranes 
until a peak was reached at roughly 30 days.47 

When one looks at the five studies to date that 
have started fish oil supplementation at least 4 
weeks before end point measurement,16,19,21,22,24 
they show a statistically significant benefit of n-3 
PUFA in the prevention of AF recurrence.  Howev-
er, two of these studies by Kumar and colleagues16, 

22 had very small sample sizes, and measured elec-
trophysiological endpoints, which do not neces-
sarily translate to a clinical benefit. None of the 
studies conducted in post-operative atrial fibril-
lation started fish oil supplementation 30 days 
prior to measuring their end points, yet a number 
of these studies have yielded significant results.
A more recent study by Saravanan et al,28 used a 
low dose (2g/day) of fish oil supplements for a me-
dian of 16 days and achieved successful incorpora-
tion of EPA and DHA into atrial tissue at similar 
levels to the Metcalf et al study. At day 30 in the 
Metcalf et al study, EPA and DHA amounted to 
roughly 12% of total fatty acids in atrial tissue. In 
the Saravanan study, DHA alone made up 14% of 
total fatty acids in a major membrane phospholip-
id, phosphatidyl-ethanolamine in the atrial tissue. 
To further refute the argument that fish oil supple-
mentation should be carried out for a minimum 
of 30 days prior to measuring study endpoints, 
it is very unlikely that n-3 PUFA exert their an-
tiarrhythmic effects through incorporation into 
myocyte membranes alone. It has been shown 
that plasma levels of n-3 PUFA significantly rise 
after a short duration of supplementation29 and  
some studies have achieved positive results after 
acute administration of fish oil supplements.27,48

Differences in n-3 PUFA Supplements and 
their Delivery to Patients

The difference in dosage of fish oil supplements 
used among studies is another possible reason 
for inconsistent results.  Clearly, attaining some 
minimal dose and concentration is necessary but 
some argue that fish oil supplements are pro-ar-
rhythmic, which could explain why studies that 
use high doses of n-3 PUFA (~4g/d), such as the 
Kowey 15 and Farquharson31 studies produced 
non-significant results. However, the three studies 
by Kumar and colleagues16, 22, 24 and most animal 
studies49 used doses of ~ 6g/d and yielded sig-
nificant results. A study that effectively addresses 
the effect of dosage on the anti-arrhythmic ef-
fects of n-3 PUFA is necessary to clarify this issue.
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 Another area of debate is the optimal ratio of 
eicosapentaenoic acid (EPA) to docosahexaenoic 
acid (DHA) in supplements. A large cohort study 
in men50 and the Kumar et al open-label RCT in-
vestigating persistent AF24 both demonstrated that 
higher plasma levels of DHA but not EPA were as-
sociated with a statistically significant reduction in 
the incidence of AF. A study using isolated rabbit 
hearts demonstrated different electrophysiological 
effects of DHA and EPA and hypothesised that this 
was due to these fatty acids influencing potassium 
and sodium channels respectively.51 The stud-
ies that have been performed to date have used 
a varying amount of DHA within their n-3 PUFA 
capsules, but there is no consistent trend as to how 
this influences study outcome. The two largest DB-
RCTs conducted to date, Kowey et al15 and Bian-
coni et al20 for paroxysmal and persistent AF re-
spectively, achieved a higher percentage increase 
in plasma EPA than in DHA at 4 weeks (Kowey: 
276.10% vs. 95.6%) (Bianconi: 133.3% vs. 23.2%), 
and both produced non-significant results. These 
percentage increases are very different despite the 
two studies using similar doses of EPA and DHA.  
We clearly need more information to determine 
which factors influence percentage increase in 
n-3 PUFA levels, both in plasma and tissue. In-
terestingly, all studies conducted to date that
used a lower dose of EPA compared to DHA pro-
duced statistically significant results in favour
of n-3 PUFA use. The question of whether high
levels of EPA inhibit the effects of DHA would
also be interesting to address in future research.
It is possible that delivering fish oil via oral sup-
plements is not as effective as receiving n-3 PUFA
through dietary intake. Differences in dietary
consumption of n-3 PUFA among studies has not
been reported and may be a reason for conflicting
results. A study in which patients were infused
intravenously26 with n-3 PUFA demonstrated a
decreased incidence of post-operative AF, which
might indicate that the rate of delivery of fish oil
supplements may also influence their efficacy.

Conclusions 

There are few large, high quality randomised 
double blind placebo control trials investigating 
the anti-fibrillatory effects of n-3 PUFA for parox-
ysmal, persistent and post-operative atrial fibril-
lation, and there is considerable heterogeneity in 

study design, both in RCTs and prospective obser-
vational studies. The result is a confusing litera-
ture with many variables that could confound the 
analyses. These include population age; comor-
bidities potentially associated with atrial remodel-
ling such as congestive heart failure; concomitant 
drug use; duration of AF before study entry; and 
the n-3 PUFA dosage, ratio of EPA to DHA, du-
ration of treatment and its method of delivery.
Large DB-RCTs need to be conducted that account 
for and investigate the influence of these variables 
on the efficacy of n-3 PUFA, particularly for per-
sistent and post-operative AF, where the available 
DB-RCTs show contrasting results. Trials should 
seek to use the methodology used by Kowey et 
al ,15 but incorporating other, older and sicker pa-
tient populations, perhaps with longer periods of 
observation to observe clinical effects. These stud-
ies should employ 2-sided efficacy analyses since 
n-3 PUFA could be proarrhythmic under some
circumstances and in specific patient populations.
The American Heart Association guidelines for diet
and lifestyle recommendations currently recom-
mend the consumption of oily fish at least twice per
week, with fish oil supplements as an alternative.52

This may be beneficial for general health and im-
proving other cardiovascular endpoints. However,
until more and better data are available, physicians
should not recommend n-3 PUFA for the primary
or secondary prevention of AF using either com-
mercial supplements or prescription formulations.
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Introduction

While there is consensus regarding the ablation 
strategy in patients with paroxysmal atrial fibril-
lation (AF),1 the ideal strategy for patients with 
persistent AF remains unclear. Patients with per-
sistent AF do not respond well to pulmonary vein 
(PV) isolation as the sole strategy.2 Although out-
come in patients with persistent AF is improved 
with extra-PV ablation, e.g., ablation of complex 
fractionated atrial electrograms (CFAEs) and lin-
ear ablation, patients frequently require repeat 
ablation procedures for organized arrhythmias.3 
Identifying the predictors of recurrence is of ob-
vious clinical importance in enhancing efficacy 
and achieving better long-term outcomes. This 
review focuses on predictors of recurrent atrial 
tachyarrhythmias after ablation of persistent AF. 

Predictors of Recurrent Atrial Arrhythmias

Several studies have reported various factors as 
predictive of arrhythmia recurrence. These include 
demographic factors such as age4,5 and duration 

of AF,6 and comorbid conditions such as meta-
bolic syndrome7 and obstructive sleep apnea.8 
The impact of coexisting heart diseases may also 
contribute to AF recurrence.9 Apart from demo-
graphic and historical factors, structural remod-
eling as revealed by imaging modalities such as 
echocardiography,10 computed tomography,11,12 
and magnetic resonance imaging13,14 have also 
been shown to be associated with arrhythmia 
outcome. Invasively determined factors such 
as AF cycle length,15,16 atrial pressure,17 and vol-
ume18 have also been evaluated. More sophisti-
cated techniques such as substrate mapping,19 
AF frequency,20 and integrity of linear lesions21,22 

have also shown to be important in predicting ar-
rhythmia recurrence after catheter ablation. These 
factors will be each discussed in detail below.

Patients Characteristics

Age

Advancing age is a strong risk factor for the devel-
opment of AF and is associated with arrhythmia 
recurrence following catheter ablation of persis-
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Abstract

Radiofrequency catheter ablation that targets the pulmonary veins is well established as a mainstay for 
drug-refractory, paroxysmal atrial fibrillation (AF). However, in patients with persistent AF, the ideal ap-
proach remains elusive. Further, despite the various additional ablation strategies that have been inves-
tigated in patients with persistent AF, the rate of recurrent atrial tachyarrhythmias after ablation remains 
relatively high. In this review, the predictors of recurrent atrial tachyarrhythmias after catheter ablation 
of persistent AF will be discussed.
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tent AF.4,5 Aging is related to structural remod-
eling culminating in low voltage areas/scar and 
conduction slowing associated with atrial fibro-
sis.23-26 Atrial fibrosis may increase the complexity 
of the fibrillatory process by causing formation 
of multiple drivers.27 In fact, advancing age was 
the only predictor of left atrial (LA) scarring in 
a recent study.28 In the absence of randomized 
data or observational data from large studies, it 
is not clear whether the elderly fare worse with 
catheter ablation as compared to younger co-
horts. Prior studies have reported that outcomes 
in the elderly are not significantly different than 
in younger patients.29,30 More recent studies 
have reported discordant results. For example, 
a study by Yoshida et al. concluded that age is 
associated with recurrence in patients undergo-
ing an extensive ablation strategy for persistent 
AF.5 In a more recent study, it was shown that 
the efficacy and complication rates are in keep-
ing with those of younger patients.28 It is prob-
ably fair to conclude that arrhythmogenic sub-
strate in the elderly is likely to be more complex 
that in younger patients, and elderly patients 
with significant structural remodeling prob-
ably do not respond as well to catheter ablation. 
However, patients should not be excluded from 
undergoing ablation on the basis of age alone.31 

Duration of AF

Longer duration of AF is associated with shorten-
ing of the atrial effective refractory period, which 
further perpetuates AF.6 The perpetuation of AF 
itself contributes to electric and structural remod-
eling of the atria. Patients with longer duration 

of persistent AF do not respond as well to antiar-
rhythmic medications, catheter or surgical abla-
tion,32 and are more likely to have recurrence of 
atrial arrhythmias after the ablation.33,34 A recent 
study suggested that the distribution of the atrial 
substrate differs among patients depending on the 
duration of AF.33 In patients with long-standing 
AF, the fibrillatory substrate includes not only the 
left but also the right atrium (Figure 1). These pa-
tients not only require additional ablation during 
the index procedure, but may also require repeat 
ablation procedures after elimination of the LA 
contribution. The potential targets in the right atri-
um include the right atrial appendage, free wall 
along the tricuspid annulus, the septum, roof of 
the right atrium, ostium of the coronary sinus, and 
the posterior wall.35 Identification of complex elec-
trograms at these candidate sites is key to elimi-
nate right atrial drivers in these patients.

Structural Heart Disease

The presence of structural heart disease such as 
valvular heart disease,36,37 nonischemic cardiomy-
opathy,36 hypertrophic cardiomyopathy38 and 
coronary disease39 is likely associated with higher 
recurrence rates after AF ablation. Patients with 
valvular heart disease may have a higher degree 
of atrial disarray and irreversible fibrosis which 
curtail the successful outcome after the ablation. 
The advanced valvular disease could develop irre-
versible atrial myopathy. AF recurrence of hyper-
trophic cardiomyopathy often accompany with 
diastolic dysfunction, elevated LA pressure, and 
LA enlargement. The progressive atrial remodel-
ing, fibrosis by collagen metabolism abnormali-
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Figure 1: Additional ablation of complex fractionated atrial electrograms at the base of the right atrial appendage (A) resulted 
in termination of atrial fibrillation (AF) to sinus rhythm during ablation in a patient with long-standing persistent AF (B). ABL= 
ablation catheter; CS= coronary sinus; IVC= inferior vena cava; LA= left atrium; RA= right atrium; SVC= superior vena cava



ties, atrial stretch and enlargement exacerbated by 
rising left ventricular filling pressure could have 
contributed substantially to AF recurrence in pa-
tients with structural heart disease, even when the 
procedure is initially successful. The challenges 
in these patients include not only the severely en-
larged atria, but also the presence of atrial scarring. 
These findings should be taken into consideration 
when selecting patients for ablation of persistent 
AF.

Metabolic Syndrome

Metabolic syndrome defined as obesity, hyperten-
sion, dyslipidemia, diabetes and glucose intoler-
ance is associated with a larger LA size and may 
increase the risk for recurrence after AF ablation.7 

Hypertension is associated with diastolic ventricu-
lar dysfunction, left ventricular hypertrophy and 
elevated intracardiac pressure.40 Obesity is associ-
ated with impaired ventricular diastolic perfor-
mance and may promotes atrial remodeling due 
to the chronic elevation in the intracardiac pres-
sures.41 In obese patients, elevated plasma volume, 
enhanced neurohormonal activation along with ox-
idative stress and subclinical inflammation condi-
tions may play a role in the perpetuation of AF.42 A 
recent study demonstrated that baseline inflamma-
tory markers such as C-reactive protein and total 
white blood cell count are associated with metabol-
ic syndrome predicted higher recurrence rate after 
AF ablation.43 Although patients with metabolic 
syndrome may be more likely to experience ar-
rhythmia recurrence, these patients should not be 
denied catheter ablation based on this factor alone. 
These patients may be more likely to require repeat 
procedures and perhaps, an extra-PV approach, 
but the expectation is that the majority of these pa-
tients with drug-refractory AF should benefit from 
catheter ablation.

Obstructive Sleep Apnea

Obstructive sleep apnea is associated with an in-
crease in the probability of AF recurrence after ab-
lation.8 Possible mechanisms by which obstructive 
sleep apnea predisposes to AF include intermittent 
hypoxemia, hypercapnia, autonomic imbalance 
with surges in sympathetic tone. Hypoxemia and 
hypercapnia have direct adverse effects on cardiac 
electrical stability. The sympathetically mediated 
vasoconstriction increases arterial pressure and 

cause diastolic dysfunction followed by LA dila-
tation. Atrial stretch also may promote emergence 
of new triggers and perpetuate AF. Recent study 
demonstrated that treatment of continuous posi-
tive airway pressure improved success rate of AF 
ablation in patients with obstructive sleep apnea.44 
Continuous positive airway pressure may de-
crease frequency of hypoxemic episodes, prevent 
atrial stretch and raise the nadir value for lower 
nocturnal oxygen saturation.

Atrial Remodeling

LA Size

LA size is a predictor of freedom from atrial ar-
rhythmias after single and repeat ablation proce-
dures.10 Remodeling of the atria during persistent 
AF is a time-dependent process, and typically re-
sults in the enlargement of LA dimensions.5 Atrial 
dilatation has been recognized as a major patho-
physiological factor in the perpetuation of AF.45 

An enlarged atrium modulates the electroanatom-
ic substrate with the increased nonuniform anisot-
ropy and a conduction disturbance, which could 
contribute to the heterogeneity of the LA. A prior 
experimental study showed that atrial stretch re-
sulted from LA dilatation also may promote AF 
maintenance by high-frequency focal discharges 
that generate fibrillatory conduction and wave 
break.46

LA diameter measured from the parasternal long-
axis view on transthoracic echocardiography, has 
been widely used to assess the LA size. However, 
recent studies have suggested that LA volume may 
be more accurate in the estimation of the LA size 
and may be a more robust marker of recurrrence.18 

Patients with severe LA enlargement (>5.5 cm on 
transthoracic echocardiography) should be coun-
seled that they are probably more likely to require 
multiple procedures prior to achieving sinus 
rhythm. These patients may harbor AF drivers 
that are not addressed by PV isolation or ablation 
of complex electrograms. Further, in patients with 
severe chamber dilatation, technical issues such as 
catheter stability may also play a role in arrhyth-
mia recurrence. Lastly, the processes (other than 
AF) that contribute to chamber enlargement, e.g., 
hypertension, sleep apnea, heart failure, and oth-
ers need to be constantly addressed to prevent 
further adverse remodeling. Patients with an LA 
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diameter >6.5 cm probably should not be offered 
catheter ablation since their outcomes are likely 
to be suboptimal despite multiple procedures of 
long duration.

Atrial Pressure

The atrial stretch imparted by elevated LA pres-
sure may contribute to the maintenance of AF by 
stabilizing high-frequency sources and make it 
less likely to spontaneous terminate.17 The higher 
LA pressure in patients with persistent AF results 
in a greater degree of stretch-related electrical re-
modeling, resulting in a higher AF frequency.17 A 
stretch-related mechanisms of AF has been pro-
posed in a number of clinical conditions, such as 
mitral valve disease, heart failure and obstructive 
sleep apnea. Treatment of the underlying condi-
tions, such as hypertension, sleep apnea, heart 
failure, and obesity may be protective in prevent-
ing ongoing structural remodeling related to atri-
al stretch.

Preexistent LA Scarring

Fibrosis in the LA may help to anchor reentrant 
circuits, alter the wave-front propergation and 
cause wave break and conduction delay.7 Pa-
tients with LA scar were less likely to respond to 
catheter ablation.13,14 Recently, delayed enhanced 
magnetic resonance imaging using gadolinium 
contrast has been used to analyze scar burden.13,14 
The LA voltage during catheter mapping may be 
representative of the structural integrity of the 
atria and a lower voltage is a predictor of recur-
rent atrial tachyarrhythmias after AF ablation.19 
The posterior wall is preferentially scarred in pa-
tients with persistent AF.13 The posterior LA scar-
ring could be associated with a lower contribu-
tion of PV arrhythmogenicity, making antral PV 
isolation less likely to be effective. These patients 
obviously require mapping of AF drivers outside 
the PV antrum. Possible strategies include linear 
ablation and ablation of CFAEs.

Procedural Parameters

 AF Cycle Length

AF cycle length may be used as a surrogate param-
eter for the acute efficacy of ablation.47-49 A shorter 

AF cycle length reflects a short refractory period 
and higher number of perpetuating activities, both 
of which are characteristic of persistent AF.47 AF 
termination is more likely to occur in patients with 
a longer AF cycle length at baseline.43 However, 
this may not be the case in patients with LA scar.28 
Although the baseline AF cycle length is longer in 
patients with scar, this does not necessarily make it 
easier to terminate AF with the ablation. It is pos-
sible that AF cycle length is not a reliable marker of 
acute efficacy of ablation in patients with LA scar.28 
A recent study using fast Fourier transform analy-
sis demonstrated that a reduction in the dominant 
frequency by 11% or more by the ablation was a 
predictor of successful outcome with less radiofre-
quency energy and a shorter procedure time than 
those of termination of AF.20 Whether tailoring the 
ablation procedure with respect to real time fre-
quency analysis is associated with an improved 
outcome is unknown.

PV Reconnection

Although the clinical efficacy of pulmonary vein 
isolation is much lower when AF is persistent than 
when it is paroxysmal, PV isolation is the corner-
stone of AF ablation.51 A recent study reported that 
in patients who underwent repeat ablation for ar-
rhythmia recurrences after ablation of persistent 
AF, more than 1 PVs reconnected in all patients 
and only re-isolating these PVs resulted in no re-
currence in 80% of patients.52 The preprocedural 
recognition of specific patterns and variants of 
PV anatomy may be helpful as a roadmap to help 
achieve PV isolation. Computed tomography and 
magnetic resonance imaging acquired before the 
ablation provide detailed anatomic features and 
morphological changes. Anatomical variations of 
the PVs may be detected in up to 30% of patients 
and the most frequent variant is the common os-
tium of the left-sided PVs.53 Since a common osti-
um usually is larger than the diameter of available 
circular mapping catheters, precise mapping and 
localization of PV fascicles may be challenging. 
Further studies are needed to clarify the clinical 
utility of preprocedural imaging to detect specific 
patterns and variants of PV anatomy. Recently, 
cryoablation has emerged as a promising tool al-
lowing PV isolation in a safe and effective manner. 
However, in some patients, electrical isolation of 
all PVs cannot be achieved using a single size cryo-
balloon because of unfavorable angulations of the 
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PV ostia and the size of the PV ostia relative to the 
ablation catheter.54

Ablation of CFAE as a Risk Factor for AT

CFAEs may indicate sites of slow conduction, col-
lision, anchor points for reentrant circuits, wave-
break and fibrillatory conduction at the periph-
ery of a rotor.55-57 Although ablation of CFAEs has 
been reported to achieve long-term arrhythmia 
freedom after a single procedure in up to 70% of 
patients with persistent AF,56 there has been dif-
ficulty reproducing these results using CFAE abla-
tion alone.57 The potential explanations for the dis-
crepancy were the inconsistency in interpretation 
of CFAEs, inadequate CFAE ablation and proar-
rhythmic effect of CFAE ablation by creating zones 
of slow conduction.58 A prior study suggested that 
extensive ablation creates extremely slow conduc-
tion that allows for small circuits.59 The localized 
reentrant atrial tachycardias were found predomi-
nantly within regions in which CFAEs were ablat-
ed. However, CFAEs remain an important target 
in patients undergoing catheter ablation of persis-
tent AF.60

Linear Block

Linear ablation of the LA roof and the mitral isth-
mus have a role in elimination of AF following 
PV isolation.61,62 Linear ablation has been demon-
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Figure 2: Activation map during peri-mitral reentry (A: left anterior oblique projection). Entrainment mapping from the lateral 
mitral annulus demonstrates that the post-pacing interval is 245 ms, matching the tachycardia cycle length (B). Endocardial 
ablation at the mitral isthmus failed to terminate the tachycardia. Radiofrequency energy delivery in the distal coronary sinus 
(CS) terminated the tachycardia to sinus rhythm. (C). ABL= ablation catheter; MA= mitral annulus
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strated to be necessary to terminate AF in large 
percentage of patients with long-standing persis-
tent AF in a prior study.48 Documentation of con-
duction block across these lines is critical and has 
been shown to be associated with a lower risk of 
recurrent atrial tachycardias. Indeed, incomplete 
mitral isthmus or roof lines may serve as a signifi-
cant substrate for gap-related proarrhythmia (Fig-
ure 2).21,22

A previous study demonstrated that the morpho-
logical characteristics of the mitral isthmus and 
its anatomical relationship to the adjacent vascu-
lature affect the achieving conduction block.12 A 
pouch morphology, greater isthmus depth, and 
the circumflex artery are associated with chal-
lenging linear ablation at the mitral isthmus. An 
interposed circumflex artery is also predictive of 
unsuccessful linear ablation at the mitral isthmus. 
The heat-sink effect of blood flow in the circumflex 
artery may prevent adequate heating of the atrial 
myocardium during ablation. If an interposed cir-
cumflex artery is found on computed tomography 
or magnetic resonance imaging, it is probably best 
to avoid empiric ablation at the mitral isthmus in
patients with persistent AF. In patients with a 
pouch morphology, it may be difficult to achieve 
adequate tissue contact during endocardial abla-
tion and hence, very frequently require ablation 
within the coronary sinus to achieve complete 
block.

Conduction block of the LA roof was reached more 
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frequently compared with the mitral isthmus.62 
However, it may be challenging in some patients. 
Several studies have analyzed the anatomy of the 
LA roof in patients undergoing AF ablation.11,63 A 
recent study suggested that there was no signifi-
cant difference in the myocardial thickness of the 
LA roof, curvilinear length, distance to the right 
pulmonary artery, angulation with respect to the 
superior pulmonary veins, or other morphological 
aspects of the LA roof in patients with and with-
out complete block.64 A left (from the circumflex 
artery) sinus node artery was the only indepen-
dent predictor of incomplete conduction block at 
the LA roof.64 The left sinus node artery may act as 
an epicardial heat-sink, preventing adequate heat-
ing of the LA roof during linear ablation.

Termination of AF during Catheter Ablation

Termination of persistent AF during ablation usu-
ally requires extensive ablation beyond the PVs, 
including ablation of CFAEs and multiple linear 
lesions. Termination of AF may represent sup-
pression of AF drivers and perpetuating activities 
and has been associated with good outcomes.47-49 
However, recent studies suggested that AF termi-
nation did not impact the long-term sinus rhythm 
maintenance.5,65,66 After extensive ablation, pa-
tients may not longer have AF but instead may 
require repeat procedures for atrial tachycardias.65

We need to find out how much ablation is required 
to eliminate AF and to avoid excessive ablation 
which may be detrimental not only in terms of 
pro-arrhythmia but also LA mechanical function. 
To be sure, some patients require ablation of orga-
nized atrial tachycardias as an intermediate step 
before sinus rhythm is achieved. The challenge 
is to reduce the prevalence of atrial tachycardias 
while maintaining the efficacy of AF elimination.

Spectral Characteristics of AF

A recent study that analyzed the spectral charac-
teristics of AF suggested that atrial tachycardias to 
which AF converts during the ablation may repre-
sent organized tachycardias that coexist with AF 
despite a lower frequency.67 Those spectral com-
ponents were more prevalent at baseline among 
patients in whom AF persisted than in those in 
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whom AF terminated during ablation.68 In addi-
tion, linear ablation resulted in a significant de-
crease in the prevalence of spectral components.68 

Whether the prevalence of spectral components 
can be used as a predictor of recurrent atrial 
tachyarrhythmias after ablation of persistent AF 
remains to be determined.

Early Recurrence of Atrial Tachyarrhythmias

Early recurrence of atrial tachyarrhythmias has 
typically not been equated with procedural fail-
ure. A transient increase in atrial vulnerability 
caused by an acute inflammatory changes due 
to radiofrequency energy and autonomic remod-
eling after ablation may cause early recurrences 
of atrial tachyarrhythmias.69 A recent study sug-
gested that transient use of corticosteroids shortly 
after AF ablation may inhibit inflammatory re-
sponses and decrease early AF recurrences.70 Cor-
ticosteroid treatment may also halt electrical or 
functional remodeling and prevent late AF recur-
rences.70 Early recurrence of atrial tachyarrhyth-
mias has also been associated with late arrhyth-
mia recurrences after ablation of persistent AF.52,71 
However, the mechanisms of early recurrence of 
atrial tachyarrhythmias needs further study and 
the optical timing for the second procedure needs 
to be defined.

Conclusions

Knowledge of the predictors of recurrent atrial 
tachyarrhythmias may play an important role to 
improve long-term outcome after catheter of per-
sistent AF. Further studies are needed to clarify 
the clinical significance of these predictors in large 
cohorts of patients and identify the strategies to 
maintain sinus rhythm after the ablation in pa-
tients with persistent AF.
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Introduction

AF remains the commonest clinically encountered 
arrhythmia and continues to beget a considerable 
morbidity as well as mortality burden. It is well 
known to be associated with age, heart failure, myo-
cardial ischemia, valvular heart disease amongst 
other pathologies. The significance and manage-
ment of this arrhythmia in the setting of MI, have 
provoked intense debate over the last few decades. 
AF is generally viewed by clinicians to be a pesky 
condition that complicates acute MI, whilst fore-
most efforts are usually being understandably di-
rected towards urgent reperfusion and appropriate 
secondary prevention therapy. Whilst it is gener-
ally agreed that AF in the setting of  acute MI por-
tends significant mortality risk as well as increased 
risks due to stroke and heart failure,1,2 questions 
have been raised3 as to whether it is a bystander 
marker of co-morbidities that have led to the MI 
or whether it increases mortality risk on its own.

Epidemiology

The varying incidence of this condition that has 
been reported in various studies can be attributed 
to temporal changes in reperfusion (pre-throm-
bolytic, thrombolytic and PCI) and other man-
agement strategies as well as increased prescrip-
tion of secondary prevention medications for MI. 
It is interesting to analyse the changing tempo-
ral trends of AF incidence complicating acute 
myocardial infarction, as these trends reflect the 
changing risk profile of various populations, 
evolution of improved management strategies 
for MI such as reperfusion therapy and second-
ary prevention as well as improved arrhythmia 
assessment and detection. As many of the pre-
dictors of AF are also dependant on the ramifi-
cations of acute coronary occlusion, reperfusion 
strategies clearly have an important bearing upon 
the risk for development of peri-MI AF. Howev-
er AF complicating MI in pre-thrombolytic and 
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Table 1 Studies of AF Complicating Acute MI Reported Since 2000

Authors N Population AF Incidence Risk Factors for AF Outcomes

Siu et al 2
431 

Inferior STEMI 
patients with 
preserved LV 
function
Mean age 64±1 y

Transient in-hospi-
tal AF-13.7% Older age, women

1 year incidence of AF and 
stroke higher but mortal-
ity similar in comparison to 
group without AF

Bahouth et al3 1920 
Acute MI pa-
tients without 
known AF

New-onset AF in 
8.4%

FMR, impaired 
LVEF<45%, Killip 
class>1, age≥60y, 
enlarged left atrium

New onset AF did not
 independently predict 
mortality after adjust-
ment for functional mitral 
regurgitation(FMR) and LV 
ejection fraction

Wong et al 
(GUSTO III 
trial investiga-
tors) 5

13,858

Acute STEMI/
LBBB patients 
randomised 
to alteplase or 
reteplase

New-onset AF 
-6.5%

Age, systolic BP(SBP), 
weIght, Killip class, 
previous bypass, 
complete heart block, 
ventricular fibrillation

AF independently predicted 
in-hospital, 30day and 1 year 
adverse mortality

Rathore et al 6 106,780 Acute MI pa-
tients aged ≥65y 

11.3% new-onset 
AF

Killip class 4, heart 
rate , SBP,age, anterior 
MI, race, previous 
MI/ cerebrovascular 
disease, hypertension, 
time to presentation, 
current smoking 
status

New onset AF indepen-
dently predicted increased 
in-hospital , 30 day and 1 year 
mortality

Pizzetti et al 
(GISSI-3 inves-
tigators) 7

17,749 

Acute MI pa-
tients (without 
chronic AF) 
randomised to 
lisinopril or no 
lisinopril

7.8%  new-onset 
AF

Age, Killip class, heart 
rate, previous MI, 
hypertension, 
diabetes, females, lack 
of thrombolysis, LVEF

AF independently predicts 
worse in-hospital and long-
term mortality Late-onset 
AF (after days 0-1) predicted 
hospital mortality but no 
long-term mortality

Pedersen et al 
(TRACE Study 
investigators) 8

6676

Acute MI pa-
tients
 randomised to 
trandalopril

5.3% new-onset AF
Age, LVEF, lack of 
thrombolysis, males, 
hypertension

AF predicts worse in-hospital 
and long-term mortality in 
patients with heart failure

Mcmurray 
et al 
(CAPRCORN 
Trial 
investigators)
10

984pla-
cebo,975 
carvedilol

Acute MI 
patients, post-
hoc analysis of 
arrhythmias

New-onset AF 
5.4 % in placebo 
group and 2.3% in 
carvedilol group

Carvedilol treatment 
significantly reduces risk of 
post-MI AF

Danchin 12 3396 
Acute MI pa-
tients without 
AF on first ECG

New-onset AF 
-4.7%

Older age, later 
statin therapy, higher 
GRACE score, previ-
ous nitrate use, use of 
loop diuretics during 
1st 48h

Early statin therapy led to 
reduced risk of developing AF

Mrdovic 
(RISK-PCI 
Trial) 13

2096 Primary PCI 
patients

New onset AF 
6.2% 

Older age, Killip>1, 
systolic BP, creatinine 
clearance, post-proce-
dural TIMI flow<3

AF independently predicts 
worse 30 day MACE and 
mortality
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Kinjo et al 14 2475

Acute MI 
patients (An-
gioplasty <24 
hours) 

7.7% developed 
in-hospital AF
AF on admission 
4.3%

Older age, previous 
MI or cerebrovascular 
disease, Killip class 4, 
male gender,SBP<100 
mm Hg Heart 
Rate>100/mt, multi-
vessel disease,poorer 
reperfusion of infarct-
related artery

AF independent predictor 
of 1 year but not in-hospital 
mortality

Lopes et al 
(APEX-MI in-
vestigators) 15

5466 Primary PCI 
patients

New onset AF 
6.3%

Older, female, lower 
systolic and diastolic 
BP, Killip Class 3 
and 4, anterior MI, 
previous heart failure, 
diabetes, stroke hy-
pertension, higher CK, 
troponin and BNP

AF independently associ-
ated with adverse 90 day 
mortality, stroke and heart 
failure.45% AF patients 
anti-coagulated at discharge 
including only 39% of those 
with CHADS2≥2Warfarin use 
led to lower 90day mortality 
and strokeTriple therapy led 
to significantly lower 90day 
mortality and stroke

Beukema 18 1728 Primary PCI AF post-primary 
PCI 3%

Older, Killip>1, right 
coronary artery oc-
clusion, TIMI flow 
0 before procedure, 
unsuccessful reperfu-
sion

Only post-primary PCI AF in-
dependently predicted worse 
long-term mortality

Podolecki et 
al 19 2980

Acute MI 
patients treated 
invasively

Overall AF inci-
dence of 9.46% 
(pre-hospital only 
AF -3.09%; new-
onset AF-3.66%; 
permanent AF 
-2.72%)

Older age, diabetes, 
impaired renal func-
tion, severely im-
paired LV EF

Only permanent AF and new-
onset AF predicted short and 
long term mortality

Kober et al 
(from the 
VALIANT 
Trial investiga-
tors) 20

14703

Acute MI 
patients with 
clinical or ra-
diological signs 
of heart failure, 
reduced LV 
systolic
 function or 
both

New-onset AF 
12.3%

Older age, higher 
body mass index, 
heart rate,  SBP, Killip 
class>1, NSTEMI, 
renal impairment

Both current and prior AF 
independently predicted 
worse long term mortality and 
major cardiovascular events, 
magnitude of risk prediction 
for adverse outcomes similar 
between these 2 groups

Sankaranaray-
anan et al 35 500 Acute MI pa-

tients
New-onset AF  
11.4%

Older age, LVEF, 
smoking status

Both AF on admission and 
new-onset AF predicted in-
creased in-hospital, 1 year and 
5.5 year mortality. Only AF on 
admission was independently 
associated with VF.

Li  et al 37 967
Acute MI pa-
tients aged ≥65 
years

New-onset AF 
6.51%

Previous MI, cerebro-
vascular disease, cir-
cumflex disease, Killip 
class 3,4, NSTEMI, 
inferior MI

AF did not independently 
predict in-hospital mortality

Bishara et al 47 2402 Acute MI pa-
tients

Transient new-
onset AF 7.2%

Transient AF predicted high 
recurrence rate and risk of 
stroke or TIA over 1 year



thrombolytic studies have been extensively re-
viewed before.1,4 Hence this review shall mainly 
focus upon AF complicating the modern man-
agement of MI in the 21st century.  The incidence 
of AF complicating MI has been largely similar 
among pre-thrombolytic (6-23%) (reviewed in1,4) 
and thrombolytic studies (6.8-21%).1,4,5,6,7,8 Studies 
published in the last decade have been detailed in 
Table 1.Wong et al from the GUSTO 3 Trial re-
ported a 6.5% incidence of new-onset AF or flut-
ter amongst about 14,000 patients whilst evalu-
ating the outcomes of 2 different thrombolytic 
drugs.5 One of the highest incidences of new-onset 
AF (11.3%) amongst these studies was noted by 
Rathore et al from the Co-operative Cardiovascular 
Project, the incidence being understandably
 higher as they analysed the significance of AF in 
about 107,000 elderly patients (age>65 years) with 
acute MI.6 GISSI-3 trial investigators quoted a 7.8% 
incidence of AF or atrial flutter amongst nearly 
18000 acute MI patients.7 There is considerable 
variation in the reported incidence of AF even 
amongst trials conducted during the same era. 
This could be due to the varying risk profiles of the 
populations included, different therapies, and 
detection methods for AF as well as follow-up 
duration. For instance, the relatively low incidence 
of AF reported by the  GUSTO 3 trial could have 
been due to the exclusion of patients who were at 
high risk of AF (such as those with previous stroke).9

There have also been a number of trials that have 

assessed the efficacy of secondary prevention MI 
drugs and their influence on post-MI AF. The effects 
of beta-blockers were described in the CAPRICORN 
trial (AF incidence in placebo group 5.4% versus that 
in carvedilol group 2.3%-carvedilol/placebo hazard 
ratio (HR) of 0.41 (95% confidence interval [CI] 0.25 
to 0.68; p = 0.0003).10 The incidence of AF/flutter  was 
5.3% during in-hospital monitoring and 21% overall 
amongst nearly 6700 patients in the TRACE study 
which studied the efficacy of using trandalopril in 
post-MI patients.8  The OPTIMAAL trial (which 
compared use of captopril or losartan in acute MI pa-
tients with LV dysfunction) showed an early AF inci-
dence (<3 months) of  2% and overall incidence after 
follow-up of 7.2%.11 Danchin et al reported 
results in nearly 3400 acute MI patients from 
early use (<48 hours of presentation) of statin 
which reduced incidence of new onset AF 
(overall incidence of AF 4.7%, 3.9% in 
early statin group and 7% in group who did not 
receive early statin).12 These trials (other than the 
statin trial and TRACE study) enrolled acute MI 
patients associated with left ventricular 
dysfunction and some of these trials demonstrated a 
predictably lower incidence of AF presumably due 
to a higher use of secondary prevention medications.

Results of trials exploring the significance of 
AF complicating MI in the PCI era suggest an 
overall trend towards reduction in incidence of 
AF (3-12%) in comparison to the pre-thrombolytic 
and thrombolytic eras 13-19 (Table 1). This is along 
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Studies 
Including 
Post-Dis-
charge AF

Lehto et al 
(OPTIMAAL 
investigators) 
11

4822

Acute MI pa-
tients with clini-
cal heart failure 
or LVEF<40%

New AF -2% dur-
ing 1st 3 months 
and 7.2% overall 
during median 
follow-up 3 years

Older age, male, Killip 
class, diastolic BP, 
heart rate, history of 
angina

New-onset AF  predicts in-
creased 30 day mortality and 
stroke as well as long term 
mortality

Jabre et al 31 3220 Acute MI pa-
tients

New-onset AF 
22.6% over a 6.6 
year mean follow-
up

Older age, female sex, 
hypertension, diabe-
tes, renal impairment, 
anterior MI, lower 
LVEF, higher Killip 
class

AF independently predicts 
adverse outcome (and the 
highest risk is due to AF oc-
curring >30 days post-MI

Jons et al (CA-
RISMA study 
investigators) 
36

271

Post-MI patients 
with LVEF≤40% 
and implantable 
cardiac monitor

New-onset AF 
39.3% during 2 
year follow-up

New-onset AF independently 
predicted major adverse car-
diovascular events



expected lines, as primary PCI, being a better 
reperfusion strategy limits myocardial damage 
and thereby the incidence of heart failure; both of 
these factors have been shown to portend AF. The 
low incidence of AF quoted by Beukema et al who 
studied nearly 1700 primary PCI patients (AF 
incidence of 3.3% and 3% pre and 3 hours post-
primary PCI respectively), 18 can be explained by 
the fact that AF incidence post-procedure was 
calculated based only on an ECG 3 hours post-
procedure with no subsequent data on AF in-
cidence. Studies which included both primary 
PCI and thrombolysis as treatments for STEMI, 
showed an AF incidence of 12.4 to 13.7% .2 ,20

There has thus been some decline in the inci-
dence of AF complicating AMI due to improved 
reperfusion strategies and secondary preven-
tion. However, the extent of the decline seems 
to be lower than expected and this could be ex-
plained by the continued presence of co-mor-
bidities that contribute to AF in MI patients 
across all treatment eras as well as improved 
monitoring and detection of the arrhythmia.

Aetiopathogenesis 

AF complicating MI is multi-factorial in its aetio-
pathogenesis. A variety of factors such as hae-
modynamic disturbance,6 atrial ischaemia.21, 22 
catecholamine surge or use of sympathomimetic 
medications,23 electrolyte imbalance, heart failure, 
and ventricular remodelling, acute hypoxia, elec-
trolyte disturbances, pericarditis. 24, 25 inflamma-
tion 26 and RV infarction – either on their own or in 
varying combination, have been proposed to initi-
ate AF in the setting of MI.27-29 Diastolic dysfunc-
tion and acute elevation of left atrial pressure that 
have been shown to accompany MI, have been 
proposed to be independent factors  in potenti-
ating AF in the MI setting.3, 6, 30 The high(>20%) 
risk post-discharge recurrence rate of AF with 
its consequent higher stroke risk2 could also im-
ply that the peri-MI scenario merely unmasks 
an underlying predisposition to develop AF.

Table 1 enumerates the various patient co-mor-
bidities and clinical characteristics which are as-
sociated with risk of developing AF in the setting 
of acute MI. Some of the patient characteristics 
significantly associated with AF include older 

age, 2 3,  6, 7, 11, 12, 13, 14, 15, 18, 19, 20 ,31, 32, 33 ,34 previous MI 6, 7,35 
chronic lung disease,36 fe,male sex,2 ,7, 15, 31, 33, 34 hy-
pertension 6 ,7, 15, 31, 32, 34 and diabetes.7, 16, 19, 31, 33 These 
studies3, 30 have also shown that independent 
clinical predictors of peri-MI AF include higher 
Killip class, 3 ,5, 6, 7 11, 3, 14, 15, 16, 18, 31, 33, 37 LV ejection 
fraction, 3, 7, 8, 10, 20, 31 anterior location of MI ,31 ST el-
evation MI,16  lower systolic blood pressure on ad-
mission 5, 13 higher heart rate ,16, 38 creatinine clear-
ance ,13, 31 poor TIMI flow,13  left atrial dimension,3, 

36  functional mitral regurgitation3 and three vessel 
coronary artery disease 39 But some studies30 have 
shown that LV systolic dysfunction as a risk for 
peri-MI AF is dependant on other variables. Coro-
nary artery disease that affects the atrial branches, 
has been also shown to be an independent predic-
tor of AF. 21 One of the largest data sets is from 
Lopes et al who retrospectively analysed pooled 
data from 10 clinical trials including about 120,000 
acute coronary syndrome patients.16 Based on this 
study, older age was the strongest clinical predic-
tor (odds ratio  OR= 1.72 per 10 years; 95% CI 1.68 
to 1.76) followed by heart rate ≥85 bpm (OR = 1.29 
per 10 bpm; 95% CI 1.26 to 1.32), patients receiv-
ing medical care in western Europe (vs North 
America OR = 0.63; 95% CI 0.60 to 0.67; p<0.001), 
Killip class IV versus class I (OR = 1.34; 95% CI 
1.03 to 1.74), STEMI versus NSTEMI (OR = 1.41; 
95% CI 1.32 to 1.52), white race (OR = 1.65; 95% CI 
1.48 to 1.84) and systolic blood pressure >110 mm 
Hg (OR = 0.93 per 10 mm Hg; 95% CI 0.92 to 0.95).  
This study also reported that AF patients received 
lesser secondary prevention drugs such as aspi-
rin and beta-blockers whereas NSTEMI patients 
with AF received more in-hospital cardiac cath-
eterisation.16 Analyses from this study also eluci-
dated interesting associations of AF with type of 
MI (i.e, STEMI versus NSTEMI). STEMI patients 
demonstrated an increase risk of AF in those with 
increased time (>4 hours) from symptom-onset to 
treatment initiation and decreased risk associated 
with increasing systolic blood pressures below 110 
mm Hg. NSTEMI patients as opposed to STEMI 
patients, who were female or had previous cardi-
ac bypass, demonstrated a stronger likelihood of 
not developing AF in this study. NSTEMI patients 
with worse Killip class and more chronic heart 
failure, showed an increased tendency to develop 
AF; but these associations were not seen in STE-
MI patients. Another large data set of AF patients 
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(about 23,500 patients) in an elderly (>65 years) 
MI population, is obtained from the Co-operative 
Cardiovascular Project in which Killip Class 4 is 
found to be the strongest independent risk-predic-
tor for AF [odds ratio (OR) 1.58; 95% CI 1.45–1.73].6 
In a prospective study of about 3,400  patients with 
acute coronary syndrome, Lau et al studied in de-
tail the differences between chronic AF and new-
onset AF.40 In this study, new onset AF was more 
associated with STEMI, NSTEMI with high risk, 
higher peak creatinine kinase levels and left main 
coronary disease, thereby also leading to a higher 
incidence of coronary bypass surgery. Surprising-
ly, however patients with any AF had a lower inci-
dence of coronary angiography even if associated 
with STEMI. A similar feature was also found in re-
sults from the VALIANT trial in which AF patients 
were less likely to be treated with beta-blockers 
or thrombolytic agents and the OPTIMAAL trial 
where these patients received less aspirin, throm-
bolytics or statins. 11, 41 This is likely to have been 
due to the associated significant co-morbidities 
and adverse hemodynamic markers in these pa-
tients that could have precluded these treatments.

The clinical risk predictors for AF in contemporary 
PCI trial have been largely similar to those in pre-
vious treatment eras. This is likely to indicate that 
AF occurrence although reduced by improved re-
perfusion strategies to some extent, is still depen-
dant on the associated co-morbidities as well as 
the consequences of MI.

AF-Related Morbidity And Mortality

New onset of AF has been shown to lead to in-
creased in-hospital mortality 6, 8, 38 as well as in-
creased post-discharge deaths.These include 
medium-term mortality risk  up to 1 month,6 11 
three months 15 as well as in the long term (up to 3 
years).8, 11, 14, 20, 42 In addition, it also adds to the mor-
bidity burden by contributing to heart failure,6, 14, 

15 and stroke events.2, 6, 11, 15, 34 Lopes et al reported 
in their study of about 120,000 patients with acute 
coronary syndrome(including both STEMI and 
NSTEMI) from a pooled database of 10 clinical 
trials, demonstrating that AF independently in-
creased both short term as well as long term mor-
tality, strokes and bleeding events, irrespective 
of the type of MI. 16 In addition to these, AF also 
increased in-hospital complications such as heart 

failure, cardiogenic shock, re-infarction, acute mi-
tral regurgitation and hypotension. AF conferred a 
higher risk in NSTEMI patients (when compared 
to STEMI patients) for outcome measures such as 
short-term mortality, short or long-term strokes, 
MI and bleeding events.16 This was attributed to 
the fact that NSTEMI patients were associated 
with more co-morbidities. The GUSTO 1 trial data 
demonstrated that in-hospital diagnosis of new 
onset AF post-MI can also  delay discharge  where-
as OPTIMAAL investigators reported the same in 
patients with baseline AF as well.11

There have however also been several studies,14, 43,44   
that have contradicted some of the above findings.  
In the PCI era, Kinjo et al.14 reported  from  their 
study of MI patients that whilst AF influenced 
post-discharge mortality, it did not predict in-hos-
pital mortality. Other studies have also provided 
results that seem to absolve AF of its status as an 
independent risk-predictor of post MI mortality 
and instead shifted the blame on to the co-morbid-
ities that cause AF.37, 43, 44, 45 However, doubts have 
been also raised whether the adverse consequenc-
es of post-MI AF are related to the complications of 
MI rather than due to AF itself .46

A recent large meta-analysis of 43 studies by Jabre 
et al including a total of nearly 280,000 patients 
demonstrated that AF independently confers a 
40% increase in mortality in acute MI patients and 
that this risk prediction is irrespective of the tim-
ing of onset of the arrhythmia.4 Mortality odds 
ratio was calculated only for those studies which 
reported odds ratio and 95% CI after multivari-
ate analysis. Mortality odds ratio associated with 
all AF was 1.46 (95% confidence interval, 1.35 to 
1.58; I2=76%; 23 studies); for new onset AF OR 
was 1.37 (95% confidence interval, 1.26 to 1.49), 
I2=28%, 9 studies), and for prior AF was 1.28 (95% 
confidence interval, 1.16 to 1.40; I2=24%; 4 stud-
ies). Some of the strengths of this comprehensive 
meta-analysis include increased power due to the 
inclusion of large numbers of patients. However, it 
does suffer from limitations such as comparison of 
heterogeneous populations across 5 decades with 
varying risk profiles and management strategies. 
In summary, whilst there are some disagreements 
between the various studies in terms of the dura-
tion of the mortality risk that AF complicating MI 
seems to confer, the majority of the available evi-
dence seems to concur that especially new-onset 
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AF in this setting independently increases mortal-
ity risk.

Stroke Risk

There is also significant variation amongst vari-
ous trials in terms of predicted stroke risk as well 
follow-up for stroke. Many of the older trials do 
not provide data regarding stroke incidence in re-
lation to AF complicating MI. Bishara et al have 
recently reported results from their study of a co-
hort of about 2400 MI patients in which patients 
with new-onset transient AF (incidence of 7.2%) 
were more likely to develop persistent AF at 1 year 
(22.8% versus 2%).47 Importantly, these patients 
also had a significantly higher risk of stroke or TIA 
(9.2% versus 2.5%), the majority of which occurred 
within 2 months. Lehto et al from the OPTIMAAL 
trial, report an increased stroke incidence both in 
patients with baseline AF as well as new onset AF. 
In new-onset AF patients, the hazard ratio for 1 
month risk 14.6; 95% CI 5.87–36.3, p< 0.001) and 
including the follow-up period adjusted hazard 
ratio for stroke was 2.79 (95% CI 1.43–3.68, p < 
0.001). This trial enrolled MI patients with LV dys-
function, thus explaining the high risk of stroke in 
concert with AF. In a study of inferior MI patients 
with transient AF treated with anti-platelets, Siu et 
al reported a stroke incidence of 10.2% and 7.5 % 
respectively during the first and second years of 
follow-up.2 Asanin et al analysed the long-term (7 
year) stroke risk amongst patients with new onset 
paroxysmal AF complicating AMI. 48 They found 
a high AF recurrence rate (41%) within 3 months 
of hospital discharge which independently pre-
dicted the highest risk of stroke incidence during 
this period. They also found that AF duration of 
>3.5 hours during the first 48 hours after AMI, was
most predictive of stroke risk. The primary PCI
study by Mrdovic et al,13 did not show AF to be
an independent predictor of stroke risk at 30 days
and a large study of ACS patients reported by Lau
et al also did not show an association between AF
and stroke risk. 40 This is in contrast to a num-
ber of previous studies that have shown that AF
in the context of MI, significantly increases stroke
risk.216,34

There is thus a significant stroke risk from even 
transient AF lasting a few hours complicating MI. 

Assessment of stroke risk in these patients there-
fore plays an important role in deciding anti-
thrombotic strategies as described in expert con-
sensus recommendations outlined below.

Causes of Death  

Other modes of death due to AF include heart fail-
ure, cardiogenic shock, stroke and re-infarction .16 
A study by Sankaranarayanan et al demonstrated 
that VF could be one of the possible mechanisms 
by which post-MI AF increases mortality, particu-
larly in patients with chronic AF which is associ-
ated with a greater irregularity of rhythm.35  The 
greater irregularity has been postulated to lead to 
pro-arrhythmic short-long-short sequences.35 

Mechanisms of Adverse Consequences due 
to AF

A number of experimental studies (both canine 
and human) 49, 50 , 51 have elegantly described the 
adverse pathophysiological consequences on 
the coronary circulation, thereby elucidating the 
mechanisms of worsening outcome in the setting 
of acute myocardial ischaemia. Due to the irreg-
ularity of the ventricular rhythm, the increase in 
myocardial oxygen demand caused by new onset 
AF is out of proportion to any increase in coronary 
blood flow.49 AF also leads to reduced coronary 
vascular resistance and reduced diastolic coro-
nary blood flow, thereby worsening ischaemia. 
Cardiac output is also reduced due to loss of atrial 
contraction, uncontrolled ventricular rates and 
atrio-ventricular dyssynchrony.52 The deleterious 
haemodynamic effects of AF are compounded by 
its association with co-morbidities such as heart 
failure.53 

Timing and Duration of AF 

Distinguishing New-Onset AF from Pre-Exist-
ing AF

Many studies have analysed any AF in the set-
ting of MI (for instance by classifying as “AF on 
admission versus “in-hospital AF”) without try-
ing to make a true distinction between new-onset 
and chronic or pre-existent AF.16, 7, 14, 35, 54 The defi-
nition on “new-onset AF” has been rather confus-
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ing as well as some studies have used this term to 
describe AF on admission 5 whereas others have 
used this term to describe AF during hospitalisa-
tion only.7, 14, 19, 31 It is important to attempt to make 
this distinction as accurately as possible as stud-
ies have varied in their results of prognostic im-
plications according to timing of AF (as described 
in the table). Many studies (including GUSTO 3, 
TRACE and OPTIMAAL trials) have shown that 
both chronic AF as well as new onset AF indepen-
dently increased post-MI mortality and stroke-
risk.5, 6 11, 20, 35 Investigators from the OPTIMAAL 
trial of  nearly 5,500 acute MI patients with LV 
dysfunction reported that both patients with AF 
at baseline (incidence 12%) and those with new-
onset AF (incidence 7.2%) demonstrated an in-
creased risk of death and stroke. 11 However, other 
studies have led\to contrasting results as below. 
In a prospective study of about 3,400 MI patients 
(including both STEMI and NSTEMI) by Lau et al, 
only new onset AF (incidence 4.4%) led to poor  
in-hospital outcomes (new onset heart failure, re-
infarction, death, acute renal impairment and ma-
jor bleeding episodes), whereas only chronic AF 
patients (incidence 11.4%) had worse long-term 
mortality.40 New onset AF was more frequent in 
STEMI patients and more frequently associated 
with left main stem coronary disease. Length of 
in-hospital stay was only significantly prolonged 
amongst the new-onset AF group. Surprisingly 
neither type of AF significantly increased short 
term or 1 year stroke risk despite a <41% use of an-
ticoagulation in this study. Maagh et al reported 
results albeit in a small study that further contra-
dicted the above by showing that chronic AF in-
dependently predicted worse short term mortality 
whereas new onset AF did not.33 They attributed 
this to the fact that chronic AF was associated with 
worse co-morbidities. A study by Sankaranaray-
anan et al showed in their study that chronic AF 
was an independent predictor of in-hospital VF 
whereas new-onset AF was not, as chronic AF was 
associated with greater irregularity of rhythm.35 
The increased propensity for VF could thus be one 
of the additional mechanisms whereby chronic AF 
increases post-MI mortality in comparison to new 
onset AF. 

A study of AF patients post-primary PCI reported 
recently by Mrdovic et al, showed that new onset 
AF independently predicted increased one month 

mortality.13 This is in contrast to another primary 
PCI study 15 which showed that AF independently 
influenced 3 month, but not 1 month mortality. AF 
duration lasting longer than >30 seconds has been 
shown to be associated with major adverse cardio-
vascular events as opposed to those events lasting 
<30 seconds or the actual number of AF episodes. 
36 This is in contrast to stroke risk which is signifi-
cantly increased by AF of duration≥ 3.5 hours. 48

Early AF Versus Late AF

Differing mechanisms have been deemed to ac-
count for the varying manifestation of the timing 
of new onset AF in the setting of MI and this could 
also account for the different risks imposed.22, 55 
For instance, Hod et al have proposed that early 
AF is predominantly caused by acute left atrial 
ischaemia.22 Majority of new-onset AF post-MI 
has been shown to occur within four days of index 
MI.15 The definition of “early” and “late-onset” AF
has varied considerably amongst various studies..
Jabre et al sub-classified AF in their large popula-
tion-based study of post-MI AF, into early onset
(<2days), intermediate onset (3-30 days) and late
onset (>30 days).31 This study showed that early
AF, in comparison with late-onset AF was shown
to be more associated with co-morbidities such
as older age, female sex, lower body mass index,
higher Killip class and chronic kidney disease.
Whilst AF at any time after MI was shown to in-
crease mortality risk by the findings of Jabre et al,
importantly the timing of AF conferred markedly
differing mortality risks. The mortality risks due
to  early and intermediate onset AF were largely
similar but AF occurring more than a month after
MI led to  5 fold increased risk of death.31 AF oc-
curring more than a month after the index MI can
lead to a 2.7 times hazard of death in comparison
to that occurring within a month which has a mor-
tality hazard of less than 2 fold.31 Another study
by Asanin et al reported that only late onset AF
(>24 hours after MI presentation) was indepen-
dently related to long-term mortality45 The GUS-
TO trials defined late-onset AF as that occurring
48 hours after symptom-onset. The CARISMA
sub-study 36 excluded patients with chronic AF or
known history of paroxysmal AF at time of index
MI, whereas other studies included these types of
AF as well. The CARISMA sub-study also exclud-
ed patients in whom AF was detected by ECG but
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missed by the loop recorder. 

Investigations To Predict Risk for AF

Investigations which can help predict risk of devel-
oping AF in the setting of acute MI are important as 
these can aid crucial management decisions such 
as anti-thrombotics. Atrial infarction complicating 
myocardial infarction, has an incidence varying 
from 0.7% to 52% and is complicated by AF in 33 
to 64% patients.56 Investigators from the APEX-
AMI trial showed that abnormal P wave morphol-
ogy on baseline surface ECG (M,W, irregular or 
notched patterns- which was previously identified 
by Liu et al  as a minor criterion to identify atrial 
infarction 57 independently predicted new-onset 
AF as well as 90 day mortality .56 In a small trial of 
130 AMI patients (STMI and NSTEMI), Rosiak et 
al [58] have previously demonstrated that P wave 
duration>125ms measured using signal averaged 
ECG, also independently predicts new-onset AF 
(a finding that is disputed by results from the 
APEX-AMI trial. 56 Echocardiography is a useful 
tool to identify causal factors and triggers of AF 
in the post-MI period. Impaired left ventricular 
ejection fraction is a well known risk-predictor for 
AF although this has been questioned.30 Restric-
tive filling pattern which is a marker of advanced 
diastolic impairment (identified by early and late 
trans-mitral velocities of mitral inflow, their ratio, 
and E-wave deceleration time), has been identi-
fied in many studies to independently predict risk 
for AF.30, 59, 60, 60 Functional mitral regurgitation and 
increased left atrial volume have also been shown 
to be  independent triggers for AF.3,61 Measure-
ment of total atrial conduction time using tissue 
Doppler imaging is another echo parameter that 
helps to assess for risk of AF.61 Novel risk predic-
tors identified in the CARISMA sub-study include 
markers of autonomic dysfunction such as heart 
rate variability and heart rate turbulence which 
have been shown to independently increase risk 
for AF post-MI.62

Detection and Duration of Monitoring 

Studies have varied extensively in terms of the 
durations of monitoring for detection of AF. Ma-
jority of the studies have continuously monitored 
only during the in-hospital stay and assessed for 

AF during follow-up using ECGs. However, CA-
RISMA study investigators 36 used an implantable 
loop monitor (albeit only in post-MI patients with 
LVEF≤40%) to detect AF for up to 2 years. This 
method has been shown to reliably detect nearly 
three-quarters of the AF episodes during the follow-
up period.63 Symptoms alone have been shown to 
be an unreliable marker of AF as most AF episodes 
(>90%) are usually asymptomatic [36]. This could 
have led to the under-estimation of the incidence 
of post-discharge AF in studies relying only on 12 
lead ECG during follow-up to detect AF. 11, 64 The 
low incidence of AF (5 to 7% in these studies con-
trast with the incidence of AF in about a third of 
the study population seen in the CARISMA study 
which used continuous monitoring to detect AF.36 
Other than the obvious cost-benefit issues, use of 
continuous monitoring with loop recorders is not 
without limitations. Whilst their pick-up rate for 
arrhythmias is known to be high in comparison to 
intermittent monitoring or symptom-based moni-
toring,65 this is also dependant on factors such as 
the settings for the detection window and memory 
capacity of the device. Use of an implantable loop 
recorder to detect post-MI AF such as in the CARIS-
MA sub-study 36 showed that the highest risk for AF 
incidence was during the first 2 months (with up to 
a third of cases having been identified within the 
first 6 weeks) after the event, followed by a steady 
decrease in risk which ultimately reached a plateau 
between one to two years.  Whilst continuous mon-
itoring of all post-MI patients to detect AF is clearly 
not feasible, this could be contemplated especially 
in high-risk patients during the first 6 weeks post-
discharge and likely to prove cost-effective.

Management  

Management of post MI AF has been in many re-
spects as variant and idiosyncratic as the multi-fac-
torial aetio-pathogenesis of the condition itself.66 67 
To a large extent, this has been due to the confusion 
regarding whether AF is an independent harbin-
ger of poor outcome or merely a marker of severe 
co-morbidities in extremely sick patients. The first 
priority especially in STEMI patients should be to 
urgently achieve TIMI 3 blood flow in the infarct-
related artery and thereby limit myocardial dam-
age. As high ventricular rates are detrimental to the 
haemodynamic status of these patients by increas-
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ing myocardial oxygen demand, attempts should 
also be made to reduce the ventricular rate using 
beta-blockers. Early use of routine secondary pre-
vention drugs for MI such as beta-blockers, ACE 
inhibitors and statins also reduce the incidence of 
new-onset AF in the peri-MI setting. 10, 12, 32,68 Me-
ticulous attention should also be directed towards 
restoration of stable haemodynamic status as well 
as electrolyte balance (i e correction of serum po-
tassium and magnesium). A retrospective analysis 
of the  VALIANT trial by Nilsson et al, which com-
pared rate versus rhythm control strategies to treat 
post-MI AF, showed that a rhythm control strate-
gy (using intravenous amiodarone) led to a higher 
mortality up to 45 days post-MI (HR 1.9, 95% CI 
1.2 to 3.0). 41 Use of amiodarone in an elderly pop-
ulation with AF following MI, has also previously 
been shown to portend a trend towards increased 
1 year mortality. 42 There is therefore not enough 
evidence to justify use of amiodarone for a rhythm 
control strategy in this setting. The GUSTO 3 trial 
showed that use of sotalol predicted a trend to-
wards improved 3 months and 1 year mortality 
whereas use of amiodarone or electrical cardio-
version did not. 54 Dronedarone is recommended 
as one of the first line drugs to treat AF in pres-
ence of coronary artery disease but there is a pau-
city of trials exploring its use in the treatment of 
peri-infarct AF. While its use in presence of heart 
failure is contraindicated, there is also evidence in 
animal experiments of increased mortality due to 
brady-arrhythmias secondary to the negative ino-
tropic action of dronedarone. 69 As AF in the con-
text of MI is frequently paroxysmal and compli-
cated by recurrences, DC cardioversion probably 
has a minor role in stable patients as it does not 
predict sinus rhythm upon discharge. 54 However 
urgent DC cardioversion should be considered in 
patients with AF and haemodynamic compromise 
in line with Adult Life Support guidelines. 

Anti-Thrombotic Therapy

Devising safe as well as effective anti-thrombotic 
therapy in MI patients with AF especially if requir-
ing PCI, has been a controversial topic due to the 
complex issue of balancing the risk-benefit ratio 
(i.e, preventing strokes and stent thrombosis but 
minimising bleeding complications in doing so). 

The ACTIVE-W trial illustrated the inferiority of 
aspirin-clopidogrel combination in comparison to 
warfarin alone, in terms of stroke-reduction espe-
cially in high risk patients. 70 Similarly, anti-platelets 
alone have been shown to be inferior to warfarin in 
preventing cerebrovascular ischemicevents.47The 
efficacy of warfarin in reduction of stroke and mor-
tality has been demonstrated in contemporary PCI 
trials for ACS. 15, 71 However warfarin alone or in 
combination with aspirin has been shown to be 
inferior to the aspirin-clopidogrel combination in 
preventing adverse vascular outcomes and stent 
thrombosis post-PCI.72-74 The differing efficacies are 
due to the different mechanisms of thrombogenesis 
due to AF (fibrin-rich hypercoagulable state) versus 
that seen post-PCI in ACS (largely platelet driven 
thrombogenesis) .74 Ruiz-Nodar et al retrospective-
ly analysed a series of patients with AF (CHADS2 
score≥2 in 69% patients, ≥1 in 93% patients) who re-
quired PCI, the indication being ACS in >80% of the 
study patients.71 Whilst this study showed signifi-
cant variation in the type of anti-thrombotic regi-
ment prescribed (dual anti-platelet therapy versus 
triple therapy or warfarin plus aspirin and clopido-
grel), treatment with warfarin on discharge inde-
pendently decreased major adverse cardiac events 
and non-significantly increased major bleeding 
events. The APEX-AMI trial also showed that war-
farin on discharge for post-MI AF led to lower 90 
day mortality and stroke.15 However of patients 
with AF at discharge, less than half receive warfa-
rin15 75 and less than a third received triple therapy. 
Patients at highest risk of stroke (CHADS2≥2) were 
paradoxically least likely to receive warfarin at dis-
charge in this trial.

“Triple therapy” usually refers to the combina-
tion of aspirin, clopidogrel and warfarin and in 
comparison to aspirin alone, this combination led 
to four-times higher bleeding risk in a retrospec-
tive analysis of Danish registry data.76 A meta-
analysis of 10 studies has shown that this combi-
nation leads to a high incidence of major bleeding 
episodes (2.2% at 1 month increasing to 4-12% at 
1 year) thereby causing significant morbidity and 
mortality.77 The HORIZONS-AMI trial reported 
30 day and 1 year outcomes of approximately 4% 
out of 3320 primary PCI who required triple thera-
py.78 This showed that the ischemic outcomes were 
similar between the dual anti-platelet versus triple 
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therapy sub-groups but triple therapy independently 
predicted higher 30 day as well as 1 year incidence of 
major bleeding, minor bleeding as well as a greater haz-
ard of stroke. The risks of bleeding secondary to triple 
therapy are higher in patients with co-morbidities such 
as advanced age, renal or hepatic impairment. Fosbol 
et al reported that amongst NSTEMI patients with AF 
aged>65 years from the CRUSADE Registry, the triple 
therapy sub-group experienced a 4.1% incidence of ma-
jor bleeding at 30 days and 14.9% incidence of hospitali-
sation due to bleeding at 1 year.79 In addition, cardio-
vascular outcomes were also similar between the triple 
therapy subgroup and the sub-group on aspirin alone. 
The rather surprising lack of benefit from triple thera-
py on cardiovascular outcome in the HORIONS-AMI 

trial and CRUSADE Registry was contrasted by 
the significantly lower mortality and stroke in-
cidence seen in the triple therapy sub-group in 
the APEX-AMI trial.15 Use of scoring systems 
such as HAS-BLED score ((Hypertension, Ab-
normal Renal/Liver Function, Stroke, Bleeding 
History or Predisposition, Labile INR, Elderly, 
Drugs/Alcohol Concomitantly- Score≥3 consid-
ered to represent high risk of bleeding) which 
allow an objective assessment of bleeding risk 
prior to initiation of anti-coagulation, can also 
guide therapy in post-MI AF.80 Bare metal stents 
should therefore be used whenever possible. 
This is paramount as most of the co-morbidities 
that portend an increased risk of AF, also predict 
an increased bleeding risk. Limiting the duration 
of triple therapy appropriately is crucial to mini-
mise major bleeding events. Publications of a Eu-
ropean Consensus Document by Lip et al 74 and a 
North American Consensus document by Faxon 
et al81 have offered recommendations regarding 
management of anti-thrombotic therapies in pa-
tients with ACS and AF undergoing PCI. In brief, 
the recommendations are listed in Table 2.

The publication of expert opinion in the form of 
these 2 consensus documents, has attempted to 
clarify what has been a thorny subject for many 
years. However, several newer generation anti-
coagulant alternatives to warfarin such as dabi-
gatran, rivaroxaban and apixaban, have been 
studied more recently. They possess obvious ad-
vantages over warfarin such as lack of need for 
coagulation monitoring or frequent dose adjust-
ments, reduced interactions with other medica-
tions or food and also lower risk of intra-cranial 
haemorrhage. These newer anticoagulants have 
also been studied (as described below) in place-
bo controlled phase II and phase III trials includ-
ing patients with STEMI and NSTEMI; majority 
of these patients were also treated with dual an-
ti-platelet therapy with aspirin and clopidogrel. 
Dabigatran (a direct thrombin inhibitor) was 
studied in the RE-DEEM Trial which was a dou-
ble blinded placebo controlled dose escalation 
phase II trial and this trial showed  a clinically sig-
nificant bleeding events (gastrointestinal bleeds 
and epistaxis) with the currently approved doses 
for AF (110 mg and 150 mg BD).82 Rivaroxaban 
(a Factor Xa inhibitor), was studied in compari-

Journal of Atrial Fibrillation Featured Review  

 www.jafib.com 148 Oct-Nov, 2012 | Vol 5 | Issue 3   

 Table 2

Recommendations by European Consensus Group [75]
Patients with ACS, AF and low/intermediate bleeding risk (bare 
metal /drug eluting stent)

• Until 6 months- triple therapy (warfarin (INR 2.0–2.5) + aspirin
≥100 mg/day + clopidogrel 75 mg/day)
• 6-12 months – warfarin (INR 2.0–2.5) + clopidogrel 75 mg/day*
(or aspirin 100 mg/day and then
• Lifelong – (INR 2.0–3.0) alone
Patients with ACS, AF and high bleeding risk (bare metal stent 
only)

• Until 4 weeks – triple therapy of warfarin (INR 2.0–2.5) + aspi-
rin ≥100 mg/day +clopidogrel 75 mg/day
• 1-12 months -combination of warfarin (INR 2.0–2.5) + clopido-
grel 75 mg/day*(or aspirin 100 mg/day); mg/day) and then
• lifelong: warfarin (INR 2.0–3.0) alone.
Recommendations of North American Consensus Group [77]
Low stroke risk (CHADS2=0) and any stent thrombosis or bleed-
ing risk

• BMS – Dual antiplatelet therapy with aspirin and clopidogrel
or prasugrel for one month and preferably for 12 months
• DES – Dual antiplatelet therapy with aspirin and clopidogrel
or prasugrel for 12 months or longer
Moderate/high stroke risk (CHADS2>1), low stent thrombosis 
risk and low bleeding risk

• BMS – Triple therapy for at least one month then oral antico-
agulation (OAC) + single antiplatelet (AP) for 12 months
• DES – Triple therapy for at least six months then OAC +single
AP for 12 months
Moderate/high stroke risk and high stent thrombosis risk and 
low bleeding risk

• BMS -Triple therapy for at least six months then OAC +single
AP for 12 months
• DES – Triple therapy for 12 months



son to placebo in phase II (ATLAS)83 and phase 
III trials (ATLAS-2)84 85 and showed a significant 
reduction in cardiovascular death, myocardial 
infarction or stroke but also a significant increase 
in non-fatal TIMI major bleeding. Apixaban (an-
other Factor Xa inhibitor) didn’t show improved 
efficacy in the phase III trial but also showed a sig-
nificant increase in major bleeding including in-
tracranial haemorrhage and fatal bleeds [86]. The 
role of these newer anticoagulants in managing 
AF complicating MI remains far from established 
especially as they do not have specific anti-dotes 
for reversal in case of significant bleeding. Further 
complicating matters is the recent emergence of 
more efficacious anti-platelets such as prasugrel 
and ticagrelor (P2Y12 inhibitors) which are recom-
mended by the European Society of Cardiology 
guidelines as anti-platelets of choice for NSTEMI 
along with aspirin and Class1B recommendations 
for STEMI and NSTEMI as per ACC/AHA guide-
lines.87 88 There is a glaring lack of data for the use 
of newer anti-platelets as well as the newer anti-
coagulants as a part of “triple therapy”. In sum-
mary, whilst newer anticoagulant alternatives to 
warfarin are clearly advantageous and approved 
for the management of non-valvular AF, their role 
in the management of AF complicating MI is un-
certain at the moment and requires further large 
scale studies especially in combination with the 
newer anti-platelet agents such as prasugrel and 
ticagrelor.

Conclusions

Despite achieving remarkable strides in MI man-
agement, AF remains a significant complication 
in MI with wide ranging adverse consequences. 
Whilst the prognostic significance of AF compli-
cating MI has been controversial for many the 
last few decades, review of the majority of the 
evidence especially from new studies, leads us to 
the conclusion that AF is indeed an independent 
predictor of poor prognosis. This necessitates that 
all attempts be made to identify this condition and 
manage it appropriately to prevent the poor out-
comes associated with it. Anti-thrombotics are the 
most crucial treatment that can alter the adverse 
prognosis due to post-MI AF. Expert opinion in 
the form of consensus documents recommending 
anti-thrombotic management strategies such as 
triple therapy, have set the stage to standardise 

AF treatment in MI. However, triple therapy can 
be associated with significant bleeding risks which 
seem to overweigh any benefits in the elderly and 
therefore a dual anti-thrombotic strategy (anti-
coagulant+anti-platelet) may be more appropriate 
in this population. It is also important therefore to 
use bare metal stents where appropriate to mini-
mise the duration of triple therapy  There is a need 
to monitor and minimise bleeding complications 
amongst other patient sub-groups by using bleed-
ing risk prediction scores such as the HAS-BLED 
score in order to guide risks versus benefits of an-
ti-thrombotic strategy. With the advent of newer 
anticoagulants and anti-platelets in the setting of 
MI, there is a pressing need for further randomised 
controlled trials to assess their role in the anti-
thrombotic strategy for post-MI AF.
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Introduction

Atrial fibrillation (AF) is characterized by pres-
ence of chaotic and disorganized electrical activity 
in atrial myocardium, resulting in deterioration of 
atrial systolic functions. It is the most common ar-
rhythmia encountered in general population. The 
prevalence of AF increases with age and reaching 
approximately 10% in patients over 80 years old. 
Patients with AF may be asymptomatic or, may ex-
perience palpitation, fatigue, dyspnea, exercise in-
tolerance, and/or heart failure. But these symptoms 
and complications are not responsible for its bad 
reputation. Ischemic stroke is the most serious com-
plication in patients with non valvular and valvular 
AF. Ischemic stroke related with AF causes higher 
mortality rates, long term disability, longer hospi-
talization, requirement of social support, and great 
amount of financial cost. Atrial fibrillation is the un-

derlying rhythm abnormality in 15-20% of stroke 
patients.1 The annual rate of ischemic stroke in pa-
tients with nonvalvular AF varies from 2 to 10% 
depending on the accompanying risk factors .2

 Left Atrial Appendage

Disorganized mechanical activity of atrial myocar-
dium during AF promotes blood stasis, enhances 
coagulation activity and platelet aggregation, and 
subsequently predisposes thrombus formation in 
left atrium (LA). Left atrial appendage (LAA) is the 
most common localization for thrombus forma-
tion due to the unique anatomical and physiologi-
cal properties in patients with non valvular AF.8 

The LAA is a tubular structure with a narrow ori-
fice which connects LAA to LA. Its inferolateral 
portion is closely related to left ventricle free wall 
and pericardium. It is generally difficult to visu-
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Abstract

Left atrial appendage (LAA) is a source of thromboembolism especially in patients with non valvular 
atrial fibrillation (AF). It is reasonable to accept LAA as a distinct part of left atrium (LA) with unique an-
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systemic thromboembolic events, and new pharmacological and non pharmacological management ap-
proaches demonstrate encouraging results. Also pulmonary vein isolation which has been accepted as 
a curative and useful treatment option for the treatment of drug resistant AF has been helpful in under-
standing the electrophysiological properties of LAA. Accumulating data revealed that LAA continues 
to be the one of the most important structure of heart during AF because of its distinctive anatomical, 
mechanical, and electrophysiological properties.
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alize the LAA by transthoracic echocardiography 
because of its anatomical location. Formerly LAA 
has been defined as a trivial portion of LA but 
advanced imaging modalities demonstrated that 
LAA is a separate structure from LA with distinc-
tive mechanical, hormonal, and structural proper-
ties. Earlier studies investigated the anatomical 
characteristics of LAA by postmortem examina-
tion. These studies showed that the greatly varying 
size and shape of LAA according to the concomi-
tant disease and underlying rhythm abnormality.9, 

10 LAA usually has two or more trabeculated lobes 
in varying size and shape.11 Each of these anatom-
ical features have critical role either in its physi-
ological functions or in pathological conditions 
such as AF, heart failure, valvular heart diseases. 
Besides the morphological properties, flow dy-
namics of LAA are also important to understand 
its clinical significance. Transesophageal echocar-
diography (TEE) has been used to demonstrate the 
anatomical properties and flow characteristics of 
LAA for more than 20 years.12, 13 TEE examination 
demonstrated that LAA is not a passively filling 
and emptying portion of LA. TEE visualizes flow 
characteristics of LAA perfectly, which are the 
indicators of LAA contractile functions. Further-
more, TEE is widely used to detect LAA thrombi, 
with a sensitivity and specificity of approximately 
95-100%.14 The association of decreased LAA flow
velocities and thrombus formation has been dem-
onstrated.13 In addition to TEE, different advanced
imaging modalities such as, 3-D TEE, intracardiac
echocardiography, multislice computed tomog-
raphy angiography, magnetic resonance angiog-
raphy, and multidetector computed tomography
are being used to visualize LAA .15-18 Actually, the
efforts to demonstrate the detailed anatomical
properties of LAA is because of the development
of new sophisticated treatment methods such as
percutaneous closure of LAA which prevents
thrombus formation in LAA and reduces risk of
ischemic stoke in patients with AF .19 Also, identi-
fying the detailed anatomy of LA and LAA is very
critical for successful AF ablation procedures.

Left Atrial Appendage and Atrial 
Fibrillation

The relation of AF with LAA mechanical dysfunc-

tion has been one of the most popular issues for 
researchers for a long time. Multiplane TEE exami-
nation perfectly demonstrates the detailed flow 
dynamics and anatomical characteristics of LAA 
in most cases. LAA is best visualized in horizon-
tal short-axis view at the base of heart and longi-
tudinal two chamber view of LA and left ventricle 
by 2-D TEE (Figure 1). The 2-D TEE imaging of 
LAA includes evaluating morphology and mea-
surement of minimum- maximal area and ejection 
fraction of LAA. Also, it perfectly demonstrates 
the presence of spontaneous echo contrast (SEC) 
and thrombus in LAA cavity. Previous analyzes 
clearly demonstrated the alterations in shape, size, 
and contraction patterns of LAA during AF. Ernst 
et al. 9 analyzed the morphological characteristics 
of LAA of 198 ECG available cases by postmortem 
examination and found that patients with AF had 
significantly larger cast volumes of LAA compare 
to patients with sinus rhythm. Moreover, the ori-
fice diameter of LAA was found to be larger in AF 
cases. Similar findings were observed in our in-
vestigation in which 51 cases with mitral stenosis 
(29 with sinus rhythm versus 22 with AF) were 
evaluated. We found that LAA maximal and mini-
mal area were significantly larger in patients with 
AF compared to patients with sinus rhythm .20 

Relation of SEC and thrombus formation with en-
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Figure 1: Longitudinal two chamber view of left atrium and 
left ventricle by 2-D transesophageal echocardiography dem-
onstrating the left atrial appendage in a patient without car-
diac disease.



larged LAA is clearly demonstrated by TEE in pa-
tients with AF .21 However; the relation of throm-
boembolic risk with enlarged LAA is thought 
to be a more sophisticated issue. Analyzing the 
characteristics of flow dynamics of LAA is one of 
the most critical point to estimate the thromboem-
bolic risk either in patients with AF or in patients 
with sinus rhythm .22, 23 Transesophageal echocar-
diography provides us to evaluate the flow dy-
namics of LAA. Doppler measurement of LAA 
shows a typical biphasic pattern including out-
flow and inflow signal in healthy subjects (Figure 
2).24 In some healthy people TEE Doppler exami-
nation demonstrates quadriphasic flow pattern 
which includes two additional low amplitude 
flow signals (Figure 2) .25 The first high ampli-
tude outflow Doppler signal occurs during LAA 
contraction. It is well correlated with mitral late 
diastolic A wave .25 This outflow signal has been 
well correlated with LAA contractile function and 
clinical outcomes .13 The high amplitude inflow 
signal follows outflow signal which correlates 
with LAA filling. However it is not clearly under-
stood, the underlying mechanism of inflow signal 
is thought to occur due to combination of active 
relaxation and passive elastic recoil of LAA .25 The 

velocity of inflow signal is commonly in correla-
tion with outflow signal. Generally the outflow 
and inflow LAA velocities are higher than 50 
cm/sec in patients without cardiac disease .20,25-27 

The Doppler imaging of LAA may demonstrate 
an irregular saw tooth pattern or no identifi-
able flow signal during AF (Figure 3). The re-
duction in LAA flow velocities were related to 
the presence of SEC, thrombus formation, and 
a history of systemic embolism in patients with 
non-valvular AF .13, 26 It has been thought that 
LAA becomes a passively filling and emptying 
structure during AF .28 Absence of effective and 
organized contraction can cause dilatation of 
LAA alike with LA. The contiguity of LAA with 
left ventricle free wall seems to be important for 
its emptying function especially in patients with 
AF .29 During ventricular diastole inferomediale 
portion of LAA is compressed between ventricle 
and pericardium which may ease emptying of 
appendage. Also ventricular suction effect dur-
ing diastole may influence the emptying of LAA. 
Akosah KO et al.29 analyzed the influence of heart 
rate on contractile function of LAA in AF. They 
found that the magnitude of LAA emptying is 
strongly and inversely influenced by ventricu-
lar rate during AF. The ventricular response rate 
during AF seems to affect the LAA contractile 
function; however the association of ventricu-
lar rate with clinical outcome is still uncertain.    
The flow velocities are commonly lower in AF 
compare with sinus rhythm (Figure 3).28 A flow 
velocity value of 25 cm/sec has been accepted as a 
cutoff value to estimate the contractile function of 
LAA26 and a flow velocity lower than cutoff value 
has been thought as a sign of impaired LAA con-
tractile function and increased thromboembolic 
risk.30 Nevertheless, LAA inflow and outflow 
velocity values greatly vary case by case accord-
ing to the clinical and echocardiographic char-
acteristics of patients with AF. Doppler imaging 
of LAA can demonstrate irregular flow signals 
in varying velocities during AF (Figure 3). But, 
in some cases no identifiable flow signal can be 
measured by Doppler imaging.24 Patients with-
out identifiable flow signal have a higher risk for 
SEC and thrombus formation, and thromboem-
bolic events. Numerous factors and clinical con-
ditions affect the flow magnitude and contractile 
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Figure 2: Outflow and inflow signals recorded during Dop-
pler imaging of left atrial appendage in a patient without 
cardiac disease. In addition to high amplitude outflow and 
inflow signals two additional low amplitude inflow and out-
flow signals are present which can demonstrate the quadri-
phasic pattern. The velocities of high amplitude outflow and 
inflow signals are greater than 50cm/s.



function of LAA in AF. For instance, no identifi-
able inflow and outflow flow signals are com-
monly observed in patients with mitral stenosis in 
AF because chronic pressure overload heavily de-
presses the LAA contractile function in such cases. 
So generally the LAA contractile function is more 
depressed in patients with mitral stenosis com-
pared to patients without mitral stenosis. But the 
most important determinant factor for magnitude 
of LAA flow velocities is the duration of AF. Atrial 
fibrillation is characterized by a progressive re-
modeling process of atrial myocardium. However 
it is not clear yet, tachycardia induced cardiomy-
opathy, cytosolic calcium alterations, atrial hiber-
nation, and atrial fibrosis have been thought to be 
underlying mechanisms.31 Also, duration of AF is 
closely related with duration of recovery of LAA 
contractile function after cardioversion. 21, 32 Some 
authors use the term ‘Atrial stunning’ to describe 
both LAA contractile dysfunction during persis-
tent or chronic AF and transient further impair-
ment of LAA contractile function after successful 
cardioversion. Although the underlying mecha-
nisms seem to be same in both situations, atrial 
stunning better defines the cardioversion associ-
ated transient depression of LAA contractile func-
tion in patients with AF.31 Observations showed 
that the depression of LAA contractile function is 

maximal immediately after cardioversion.31, 33 De-
pressed LAA functions begin to recovery within a 
few days following successful cardioversion. This 
period well correlates with the clinical outcomes 
because the most of thromboembolic events oc-
cur in first 3 days after cardioversion .34 The cor-
relation between AF duration and the time course 
of recovery of LA and LAA dysfunction has been 
demonstrated .21, 32, 35 Recovery of LAA contractile 
dysfunction can be delayed for weeks after suc-
cessful cardioversion according to the duration 
of AF. Accumulating data clearly revealed that 
duration of AF is the main determinant of magni-
tude and time course of recovery of LAA contrac-
tile dysfunction. As a result of growing evidences, 
anticoagulation therapy after successful cardio-
version for 4 weeks is recommended for patients 
with AF duration of greater than 48 hours .36

Non pharmacological Therapeutic options 
in Preventing Systemic Thromboembolism

There is no debate on the pivotal role of LAA in 
thromboembolic events during AF. The success of 
anticoagulation therapy in preventing thrombo-
embolic events is well established in AF .37  How-
ever, drug to drug interactions, bleeding side ef-
fect, and difficulties in monitoring the efficacy of 
therapy limits the success of anticoagulant regi-
men. Alternative preventive methods are needed 
in patients unable to use anticoagulant therapy. 
The obliteration LAA has been thought as a rea-
sonable option for a long time. The methods of 
surgical LAA obliteration are exclusion or exci-
sion of LAA. The technique of exclusion method 
is ligation of LAA with epicardial or more com-
monly endocardial sutures .38 The surgical exci-
sion of LAA is commonly performed by stapled 
excision or removal and oversews .38 The success 
rate of complete closure of LAA was found 45 % 
with suturing and 77 % with stapling  in LAAOS 
(Left Atrial Appendage Occlusion Study: Results 
of a randomized controlled pilot study of left atri-
al appendage occlusion during coronary bypass 
surgery in patients at risk for stroke) trial .39 Liga-
tion alone of LAA exclusion is seems to be an infe-
rior method compared with excision by stapling 
and removal .38 The choice of the surgical method 
depends on the type of operation, patient charac-
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Figure 3: Doppler imaging of left atrial appendage in a patient 
with non valvular atrial fibrillation. Record demonstrates 
the irregular outflow and inflow signals in varying size and 
shape. The mean maximal value of outflow and inflow Dop-
pler velocities is lower than 25 cm/s. 



teristics, and the experience of operator. Former re-
ports indicate that the surgical obliteration of LAA 
decreases the stroke risk approximately % 50. How-
ever there is no large randomized trial focusing on 
the effect of surgical LAA occlusion on stroke rates. 
In addition to surgical obliteration, percutaneous 
or transpericardial approaches are under develop-
ment. In recent years a number of percutaneous 
transcatheter delivery systems have demonstrated 
encouraging results in selected patients .19, 40, 41 The 
PLAATO system (ev3, Inc, Plymouth, Minnesota) 
was the first developed percutaneous occluder sys-
tem for LAA occlusion. It consists of a self-expand-
able nitinol cage covered with a non-thrombo-
genic expanded polytetrafluoroethylene (ePTFE) 
membrane (Figure 4a). The size of device ranges 
15mm to 32mm. The 5 years results of PLAATO 
study (Percutaneous left atrial appendage trans-
catheter occlusion) showed that the annualized 
stroke/transient ischemic attack  rate was 3.8 % in 
device group in which the anticipated annualized 
stroke risk was 6.6 % according to the CHADS2 risk 
score .41 Despite the encouraging results the de-
vice was withdrawn because of commercial prob-
lems. The Amplatzer cardiac plug (AGA Medical 
Corpo-Corporation, Plymouth, Minnesota, USA) is 
another device designed for closure of LAA. The 
system is a transcatheter self-expanding device 
consisting of a cylinder and a disk connected by 
a central waist (Figure 4b). The device is retriev-

able and re-deployable. Park et al. analyzed 
143 patients who have undergone transcath-
eter LAA occlusion with the Amplatzer cardiac 
plug. The procedural success rate was 96 % and 
with a serious complication rate of 7 % .42 The 
WATCHMAN (Atritech Inc., Plymouth, Minne-
sota, USA) device is the only transcatheter LAA 
occlusion system evaluated with a randomized 
clinical trial. The WATCHMAN device is a self-
expanding nitinol frame structure with fixation 
barbs and a permeable polyester fabric that cov-
ers the atrial facing surface of the device. The 
device is preloaded within a delivery catheter 
(Figure 4c). The device is available in 5 sizes to 
accommodate the unique anatomy of each pa-
tient’s LAA. The Left Atrial Appendage System 
for Embolic Protection in Patients with Atrial 
Fibrillation (PROTECT-AF) trial compared the 
closure of LAA (WATCHAN device) with long-
term warfarin therapy. 19 707 patients were 
randomized in a device-to-control ratio of 2:1. 
Patients with device continued warfarin for 45 
days after the procedure then with clopidogrel 
and aspirin alone for 6 months and then aspirin 
alone for chronic therapy. The trial showed that 
closure of the LAA with WATCHMAN device 
was found to be non inferior to warfarin for all-
cause of stroke and mortality and hemorrhagic 
stroke was lower in the device group, meeting 
superiority criteria .19 Implantation of WATCH-
MAN device carries a procedural risk. Serious 
procedural complications occurred in 12.5 % of 
device group in PROTECT AF. Pericardial ef-
fusion requiring drainage was 5 % and acute 
stroke due to air or thromboemboli was 1.1 %. 
Also 2.2 % of device implantations required 
surgical interventions because of post implan-
tation sepsis, device embolization, and cardiac 
tamponade. Trans-septal puncture related com-
plications such as pericardial effusion/tampon-
ade or air/thromboembolism were higher in less 
experienced laboratories which indicates the 
learning curve of trans–septal puncture tech-
nique. In addition to percutaneous approaches, 
LARIAT Suture Delivery Device (SentreHEART 
Inc, Palo Alto, CA) uses a combination of trans-
pericardial and trans-septal approach (Figure 
4d). The system was approved in Europe and by 
FDA in 2009 (Food and Drug Administration).
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Figure 4: a) The PLAATO system (ev3, Inc, Plymouth, Min-
nesota) b) Amplatzer cardiac plug (AGA Medical Corpo-Cor-
poration, Plymouth, Minnesota, USA) c) The WATCHMAN 
(Atritech Inc., Plymouth, Minnesota, USA) device d) LARIAT 
Suture Delivery Device (SentreHEART Inc, Palo Alto, CA)



Patients should receive aspirin (81-325 mg) af-
ter the transcatheter LAA closure. Clopidogrel 
is advised at least for 4 to 6 weeks after the pro-
cedure .43 Today percutaneous transcatheter oc-
clusion of LAA is accepted as an alternative 
therapeutic option in patients in whom anticoagu-
lation therapy carries high risk or contraindicated.

Left Atrial Appendage as a Triggering 
Focus For Atrial Fibrillation

Developments in transcatheter AF ablation pro-
cedures have provided us to understand the de-
tailed electrophysiological mechanisms which are 
responsible for initiating of AF. Pulmonary vein 
isolation has been used for transcatheter ablation 
of AF since the pulmonary veins were defined as 
an important source of AF .44 Successful AF abla-
tion can reverse the progressive dilatation and re-
modeling of LAA. Chang SH et al. 45 evaluated the 
changes of LAA morphology after AF ablation by 
magnetic resonance imaging. The report showed 
that progressive alterations in LAA morphology 
could be reversed after successful AF ablation 
without recurrence. Also they showed that LA and 
LAA continued dilating in patients with recurrent 
AF after catheter ablation which might show the 
role of LAA dilatation in the perpetuation of per-
sistent AF. Could LAA have a potential role in AF 
initiation in addition to defined arrhythmic sourc-
es such as pulmonary veins, superior vena cava, 
coronary sinus, crista terminalis? Unfortunately, 
there is limited data evaluating this relation .46-49 Bi-
ase LD et al. 46 evaluated 987 non-paroxysmal and 
paroxysmal AF patients underwent redo catheter 
ablation and they showed that LAA was respon-
sible for arrhythmias in 27% of patients. Interest-
ingly LAA was found to be the only source of ar-
rhythmia in 8.7% of patients. Catheter ablation of 
LAA is not a completely safe procedure. Left atrial 
appendage has a thin wall and electrical isolation 
carries a potential risk for perforation of LAA. Bi-
ase LD et al. reported a rate of 1.8 % for pericardial 
effusions requiring pericardiocentesis during pro-
cedure. Isolation of LAA may cause LAA mechan-
ical dysfunction which is related with clot forma-
tion and subsequent thromboemboli. Continuing 
warfarin therapy is advised at least for 6 months 
after the successful LAA isolation procedure .46 
Transesophageal echocardiographic evaluation of 
LAA flow velocities after 6 months of procedure 

and ceasing warfarin therapy only in cases with 
adequate LAA flow velocities and LAA contrac-
tion is reasonable. The knowledge about the po-
tential role of LAA as a triggering focus for AF ini-
tiation is still insufficient. There is no consensus of 
whether ablation around LAA should be routine-
ly performed in addition to pulmonary vein isola-
tion for AF. Also more data is needed to define 
the technical aspects of LAA ablation/isolation 
and patients who may benefit from procedure. 
Nevertheless, it should be kept in mind that LAA 
may be the source of AF especially in patients un-
dergone repeated AF ablation with recurrences.  

Conclusions 

Alteration in LAA functions during AF has al-
ways been the most popular concern for re-
searchers and clinicians. Transesophageal echo-
cardiography and new sophisticated imaging 
modalities revealed the detailed anatomical and 
physiological characteristics of LAA. Growing 
amount of data demonstrated the pivotal role 
of LAA in systemic thromboemboli during AF. 
However, advances in transcatheter AF abla-
tion procedures showed that the electrophysi-
ological role of LAA in the initiation and recur-
rence of AF has not been fully understood yet. 
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Introduction

Atrial fibrillation (AF) is the most common sus-
tained arrhythmia, particularly in the elderly, that 
may cause significant symptoms and impair both 
functional status and the quality of life.1 Patients 
with AF may be at increased risk of death and de-
teriorating haemodynamics—due to the increased 
heart rate, loss of atrioventricular synchrony and 
progressive dysfunction of both atria and ventri-
cles—and are also vulnerable to stroke and other 
embolic events caused by atrial thrombi.1 In addi-
tion to age, hypertensive heart disease and coro-
nary heart disease are the most common well-rec-
ognised disorders that are also closely linked to AF 
in developed countries.1 

However, even in the absence of coronary artery 
disease (CAD), patients with AF frequently pres-
ent with angina-like chest pain and transient isch-

aemic-type ST-segment depression. In addition, 
elevated markers of myocardial damage have 
been reported during tachyarrhythmias. Impaired 
myocardial perfusion due to abnormalities in cor-
onary blood supply may explain the angina-like 
symptoms and the electrocardiographic and lab-
oratory findings associated with AF. The aim of 
this article is to provide an overview of the effects 
AF may have on the coronary blood flow pattern 
in humans.

The association between CAD and AF has rarely 
been investigated; the role of myocardial blood 
flow and coronary resistance in AF has been stud-
ied even less. 

Experimental Studies

Early experimental studies in dogs demonstrated 
that artificially induced AF resulted in alterations 
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important role. The mismatch of coronary blood flow and myocardial metabolic demand, especially in 
view of the severe reduction in coronary flow reserve, may have deleterious consequences that are not 
limited to patients with CAD.
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in coronary circulation. Saito D and colleagues 
found that the induction of AF produced a marked 
decrease in coronary blood flow with a significant 
increase in coronary vascular resistance, while the 
termination of the arrhythmia had an opposite ef-
fect.2 Interestingly(MBF), while subendocardial 
myocardial blood flow during AF was reduced, 
and was followed by a marked increase after the 
restoration of sinus rhythm, the subepicardial flow 
declined only slightly.

The influence of AF on the coronary circulation of 
21 anaesthetised open-chest dogs was rather dif-
ferent according to the study of Wichmann J et al.3 
When AF was induced, either by the local applica-
tion of acetylcholine to the left atrial appendage or 
by electrical stimulation, mean aortic pressure fell, 
heart rate rose significantly and coronary blood 
flow remained unchanged, while coronary vascular 
resistance and sinus oxygen saturation decreased. 
However, control of the heart rate revealed the va-
soconstrictor effect of AF. Interestingly, AF-induced 
coronary vasoconstriction was greater during max-
imal coronary dilatation than during control. Simi-
larly, early studies that compared patients with 
mitral stenosis and AF to patients in sinus rhythm 
and to patients who had undergone successful car-
dioversion suggested an impaired coronary blood 
flow.

Myocardial Perfusion Imaging Studies in 
Patients with AF

Felix T. Range and colleagues used 15H2O-positron 
emission tomography (PET) scanning to measure 
resting myocardial blood flow, maximal vasodi-
lated myocardial blood flow after adenosine, and 
myocardial blood flow during a cold pressor test 
among 25 individuals with an average age of 58 
years who had persistent idiopathic AF.4 The re-
sults were compared with those from 13 age- and 
risk factor-matched controls in sinus rhythm, and 
nine young healthy controls with a mean age of 33 
years. They found that individuals with idiopathic 
AF, who had no evidence of CAD, had impaired 
resting, hyperaemic, and post-cold pressor test 
myocardial blood flow and increased hyperaemic 
coronary vascular resistance. Furthermore, cardio-
version restored the patients’ resting and cold-pres-
sor MBF, and improved hyperaemic myocardial 
blood flow, indicating that AF causes the impaired 

coronary flow. 

Indeed, coronary vascular resistance, calculated as 
the mean arterial pressure divided by the corre-
sponding myocardial blood flow, was unchanged 
at rest in AF patients compared with either control 
group, but was significantly greater in AF patients 
under hyperaemic conditions, compared with both 
matched controls and younger controls.4 In addi-
tion, hyperaemic coronary flow reserve, calculated 
as the ratio of hyperaemic to baseline myocardial 
blood flow, was lower in AF patients than controls.

Interestingly, the investigators demonstrated an 
impairment of both myocardial perfusion and hy-
peraemic perfusion reserve, in addition to an in-
crease in coronary resistance in individuals suffer-
ing from idiopathic persistent AF.4 These findings 
could explain the angina-like symptoms seen dur-
ing AF. However, since the perfusion abnormali-
ties were not completely reversible after the resto-
ration of sinus rhythm, an additional factor apart 
from the arrhythmia itself might be involved. 

AF resulted in a marked decreased of myocardial 
perfusion at rest and under hyperaemia, whereas 
coronary vascular resistance was increased, even 
in patients with dilated cardiomyopathy (DCM) 
compared to patients with DCM who were in si-
nus rhythm.5 In the study of Felix T. Range and 
colleagues, 12 men who suffered from DCM and 
persistent AF were compared with a group of 18 
men who had DCM and sinus rhythm and with 
22 healthy controls.5 Although the DCM patients in 
sinus rhythm showed impaired hyperaemic perfu-
sion and perfusion reserve compared with healthy 
controls, DCM patients with AF showed an addi-
tional impairment of both resting and hyperaemic 
perfusion. Compared with controls, DCM patients 
with AF showed a further diminution of perfusion 
reserve accompanied by the highest coronary vas-
cular resistance of all groups. If the investigators 
had restored sinus rhythm in the DCM patients 
with AF, we would have been able to postulate 
whether these changes were associated with, or in-
dependent of, the arrhythmia.

The value of myocardial perfusion imaging in the 
assessment of the risk of CAD in patients with 
AF is uncertain. Smit et al compared the results 
of myocardial perfusion single-photon emission 

Journal of Atrial Fibrillation Featured Review  

 www.jafib.com 162 Oct-Nov, 2012 | Vol 5 | Issue 3                          



computed tomography (SPECT) from 129 patients 
with a history of AF to the results of 124 age- and 
sex-matched controls.6 A positive SPECT result 
was similar in patients with AF and controls. Nev-
ertheless, in AF patients a positive SPECT outcome 
was less often related to significant CAD in those 
patients who subsequently underwent coronary 
angiography. These results emphasise the limita-
tions of myocardial perfusion SPECT with regard 
to the detection of underlying CAD in patients 
with a history of AF. Thus, myocardial perfusion 
SPECT does not seem to be an accurate method 
for the diagnosis or exclusion of significant CAD 
in patients with AF. These findings confirm the re-
sults of previous studies, indicating decreased cor-
onary blood flow and myocardial ischaemia in the 
absence of significant CAD in patients with AF.

Atrial Fibrillation and Coronary Circulation 
in Humans

Although there are several studies that have inves-
tigated the effect of AF on coronary flow in animals, 
as well as non-invasive myocardial perfusion im-
aging studies in AF patients, there are only scanty 
data concerning the effects of AF in humans. The 
data we have are mainly derived from invasive 
coronary angiography studies, given the fact that 
the methods used until now for the assessment of 
coronary flow were difficult or impossible to apply 
to human subjects.2-6 

Recently, we used Doppler flowmetry to investi-
gate the effects of experimentally induced AF on 
both the coronary blood flow and flow reserve in 
humans.7 To assess the contribution of an acceler-
ated heart rate to these outcomes, we compared 
the effects of AF with those of right atrial pacing at 
a similar heart rate. Additionally, in order to assess 
the importance of the atrial contraction itself, we 
evaluated the changes in coronary flow when AF 
was induced in a group of patients who had dual-
chamber pacemakers for complete atrioventricular 
block (atrioventricular sequence vs. AF with the 
same, regular, paced ventricular rate).

In 16 patients with normal coronary vessels, base-
line and hyperaemic blood pressure and Doppler 
phasic coronary flow velocity were measured, 
during sinus rhythm, experimentally induced AF, 
and right atrial pacing with a similar ventricular 

response to that during AF. Coronary flow velocity 
integral per minute increased significantly during 
both right atrial pacing and AF compared to sinus 
rhythm. The increase, however, was greater during 
right atrial pacing than during AF. This difference 
persisted even after correction for the product of 
heart rate and blood pressure. In the 12 paced pa-
tients the induction of AF (atrial fibrillation with a 
regular RR interval) caused no significant changes 
in coronary flow velocity variables.

In this study population, the induction of AF re-
sulted in an increase in coronary blood flow, al-
though to a lesser degree compared to the effects of 
right atrial pacing with the same cycle length.7 This 
difference could be explained by the fact that the 
increase in myocardial oxygen demand, as indi-
cated by the rate-pressure product, is smaller dur-
ing AF than during right atrial pacing at the same 
heart rate. However, other factors were probably 
involved in preventing the coronary blood flow 
from increasing as much during acute AF as it does 
during right atrial pacing, since the difference in 
the percentage increase in coronary flow between 
AF and right atrial pacing remained even after cor-
rection for the rate-pressure product.

In addition, as in the experimental studies, AF 
resulted in a reduction in coronary flow reserve 
that could not be attributed solely to the increase 
in heart rate, while there was also a decrease in 
coronary vascular resistance. The latter finding 
suggests that the coronary vessels dilated, at least 
initially, in response to the accelerated heart rate 
and to the increase in metabolic demand that oc-
curs in AF. 

However, the reduction in coronary vascular re-
sistance was smaller during acute AF than during 
right atrial pacing at a similar heart rate, whereas 
the coronary vascular resistance was greater dur-
ing AF than during either sinus rhythm or right 
atrial pacing at maximal dilation induced by ad-
enosine, when metabolic regulation is blunted.

Therefore, during AF in humans, as in animals, 
there is some degree of coronary vasoconstriction 
in addition to vasodilation. Moreover, we demon-
strated a beat-to-beat variability in coronary flow 
pattern during AF and a greater influence of the ar-
rhythmia on the diastolic component of coronary 
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blood flow.7 

Pathophysiological Considerations 

According to the results of recent human and pre-
vious experimental studies, the increase in coro-
nary artery blood flow during AF is smaller, while 
the coronary vascular resistance during the ar-
rhythmia does not decrease as much as we should 
expect, suggesting a mismatch between coronary 
blood flow and myocardial metabolic demand 
that occurs in AF but not during atrial pacing at 
the same average ventricular rate.2-7 Thus, AF it-
self diminishes coronary flow reserve, especially 
in the subendocardial layer, partly as a result of 
an increase in the myocardial component of coro-
nary vascular resistance. It is also possible that an 
irregular ventricular rhythm may play an impor-
tant part in the rise in extravascular support.

Experimental and clinical pathophysiological in-
vestigations provide convincing evidence that 
during AF there is activation of the sympathetic 
nervous system.8,9 Both the increased sympathetic 
activity and circulating vasoactive peptides may 
possibly affect the coronary circulation by imped-
ing the increase in coronary flow and exaggerat-
ing the reduction in coronary flow reserve during 
AF.8-10 In addition to these effects, the acceleration 
in heart rate and the irregularity of ventricular 
cycle lengths have independent, negative haemo-
dynamic consequences. 

Interestingly, our results indicate that the loss of 
atrial contraction alone, as seen following the in-
duction of AF in patients with complete atrioven-
tricular block under pacing (induction of atrial 
fibrillation with regular paced ventricular rhythm 
and a heart rate similar to that of the earlier atrio-
ventricular sequential pacing rhythm), has only 
a small effect on coronary flow and tends to in-
crease the coronary flow reserve.7 Therefore, it is 
more the irregular rhythm that is responsible for 
the coronary vasoconstriction that acts in opposi-
tion to dilation during AF, thus impeding coro-
nary flow and reducing coronary flow reserve.7 

The underlying mechanism through which an ir-
regular ventricular rhythm results in these ‘nega-
tive’ effects is still unclear. Although an irregular 
sequence of RR intervals could have deleterious 

haemodynamic consequences, it seems remote, 
since, according to our results, the changes in coro-
nary flow caused by atrial fibrillation were not cor-
related with changes in blood pressure. Rather, the 
fact that the loss of atrial contraction does not af-
fect the coronary vascular resistance suggests that 
the irregular rhythm is solely responsible for the 
coronary vasoconstriction that acts in opposition 
to dilation during acute atrial fibrillation, thus im-
peding coronary flow and reducing coronary flow 
reserve. Moreover, the possibility that the rhythm 
irregularity also acts directly to inhibit coronary 
flow can not be excluded.

Additionally, the beat-to-beat variability in coro-
nary flow during AF was mainly correlated with 
the current RR interval in our study, (figure 1).7 In 
all patients there was beat-to-beat variability for 
both RR interval and coronary flow velocity inte-
grals. Significant correlations of varying strength 
(r from 0.44 to 0.94) between current RR and coro-
nary flow velocity integrals were observed in all 
patients, (figure 1). Preceding RR interval was a 
significant independent covariate in only two of 
the patients, while pre-preceding RR interval did 
not contribute significantly to the overall correla-
tion in any of the patients. However, it is possible 
that the effect of short RR intervals could be com-
pletely reversed by the increase in coronary flow 
that was associated with longer RR intervals, thus, 
the coronary flow per minute may be less than dur-
ing atrial tachycardia at the same heart rate, (figure 
2). Moreover, systoles that follow short RR inter-
vals might generate insufficient pressure to open 
the aortic valve, resulting in a sufficient inhibition 
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Figure 1: Left anterior descending coronary artery flow veloc-
ity pattern from a subject during atrial fibrillation. The beat-to-
beat variability in the coronary flow velocity integral (CFVI) 
during atrial fibrillation is clearly correlated with the current 
RR interval



of coronary inflow and a reduction in coronary 
flow, regardless of the subsequent RR interval. 
Obviously, such systoles could have a significant 
negative effect on the coronary flow per minute. 

Clinical Implications – Conclusions

Patients with AF frequently present with symp-
toms suggestive of myocardial ischaemia, even 
in the absence of significant CAD, that seem to be 
attributable to abnormalities of myocardial perfu-
sion and perfusion reserve. The deleterious effects 
on haemodynamics and on coronary blood flow 
could be the result of the acceleration in heart rate, 
and the irregularity of ventricular cycle lengths. 
The mismatch of coronary blood flow and myo-
cardial metabolic demand, especially in view of 
the severe reduction in coronary flow reserve, may 
have deleterious consequences—not limited to pa-
tients with CAD—causing or worsening myocar-
dial ischaemia to a greater degree than would an 
elevated heart rate alone.

Even in patients who have no significant coronary 
artery stenoses, AF could produce subendocardial 
ischaemia, especially if coronary flow and coro-
nary flow reserve are already compromised, and 
could thus have a negative impact on ventricular 
function. The fact that AF mainly influences dia-
stolic coronary flow is a further exacerbating fac-
tor, given that perfusion of the subendocardium 
occurs during diastole. 

Since studies of myocardial blood flow in humans 
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with AF are sparse, further ones are required in 
order to elucidate the underlying pathophysi-
ological mechanisms and to clarify the clinical im-
plications of AF-induced alterations in coronary 
blood flow.
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Figure 2: Left anterior descending coronary artery flow veloc-
ity pattern from a subject during atrial fibrillation. The second 
beat generated insufficient pressure to open the aortic valve. 
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flow velocity integral (CFVI) than do the first and third RR 
intervals, even though its duration is longer
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