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Abstract 

 

Introduction: Atrial fibrillation (AF) and systolic heart failure (HF) frequently 

coexist. Restoration of sinus rhythm by catheter ablation may result in a variable 

improvement in left ventricular (LV) function. Late gadolinium enhancement 

(LGE) on cardiac magnetic resonance (CMR) imaging identifies irreversible 

structural change and may predict incomplete recovery of LV function. We 

prospectively selected AF and symptomatic HF patients without LV LGE and 

report the impact of AF ablation on LV function.  

 

Methods and Results: Patients with AF and symptomatic HF (LV EF<50%) 

resistant to at least one antiarrhythmic drug and prior electrical cardioversion 

underwent contrast-enhanced CMR. LGE negative patients underwent 

pulmonary vein isolation and left atrial roof line with continued antiarrhythmic 

medications until follow-up CMR 6 months post-ablation. Sixteen patients (aged 

55±12 years, mean AF duration 46±41 months, LA size 44±13 ml/m2) 

underwent AF ablation. At 6 months 15 of 16 patients maintained sinus rhythm 

and underwent CMR.  LV EF increased from 40±10% at baseline to 60±6% 

(p<0.001) and LV end systolic volume index decreased from 52±12 to 36±9 

ml/m2 (p<0.001). Left atrial size decreased from 44±13 to 36±11 ml/m2 

(p<0.01).  

 

Conclusion: In patients with AF and LV dysfunction in the absence of LGE on 

CMR, ventricular function normalizes following the restoration of sinus rhythm. 
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CMR may assist in the selection of AF–HF patients most likely to benefit from 

catheter ablation.  
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Introduction 

 

Atrial fibrillation (AF) occurs in up to 30% of patients with left ventricular (LV) 

dysfunction, and its prevalence increases with severity of heart failure (HF) 

symptoms.1 Restoration of sinus rhythm may lead to recovery of LV function, 

however, pharmacologic options are limited and AF recurrence is common following 

electrical cardioversion.2 Catheter ablation of AF in patients with combined AF and 

systolic HF (AF-HF) improves LV function,3-8 exercise capacity and quality of life.3-5 

Despite its apparent efficacy, AF ablation has not been widely applied to this rapidly 

growing population.3-6 Barriers to the its wider use include the challenge of selecting 

patients most likely to benefit, a more complex ablation strategy which may be 

required in persistent AF, the lower success rate of pulmonary vein isolation alone 

and the risk of complications.9, 10  

 

The AF-CHF trial randomised AF-HF patients to rate control versus rhythm control 

and did not demonstrate a difference in cardiovascular death, worsening HF, or 

stroke.11 However, inclusion criteria permitted recruitment of patients with a low AF 

burden and few patients underwent catheter ablation. In contrast, catheter ablation 

studies have been retrospective single centre studies in highly selected patients 

showing remarkable improvements in LV function. Although ventricular function 

generally improves with the restoration of sinus rhythm the magnitude of recovery is 

variable.10, 12 

 

Late-gadolinium enhancement (LGE) on contrast-enhanced cardiac magnetic 

resonance (CMR) imaging identifies regional scar and irreversible structural heart 
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disease.13, 14 Leong et al demonstrated minimal response to medical therapy in 

patients with newly-diagnosed dilated cardiomyopathy and ventricular LGE on 

CMR.15 The present study aimed to determine the impact of the restoration of sinus 

rhythm by catheter ablation on LV function by selecting AF-HF patients without LGE 

on CMR. 

 

 

Methods 

 

Study Population 

The study was performed at the Alfred Hospital in Melbourne, Australia from 

January 2009 to December 2011 and was approved by the Alfred Hospital 

Human Research Ethics Committee. Consecutive patients referred for 

consideration of AF ablation who were resistant or intolerant to at least one 

antiarrhythmic agent, had failed at least one attempt at direct current reversion 

(DCR) and had New York Heart Association (NYHA) class II or greater symptoms 

despite 6 months of optimal medical therapy were recruited if they had an EF of 

<50% in the absence LV LGE on contrast-enhanced CMR. Optimal medical 

therapy included titration of AV nodal blocking agents according to ventricular 

rate response to AF as assessed by 24 h Holter monitoring.  

 

Exclusion criteria were: an implanted pacemaker or defibrillator precluding 

CMR, an alternative explanation for cardiomyopathy, left atrial (LA) diameter 

greater than 55 mm, anticipated cardiac transplantation in less than six months, 

or life expectancy less than one year.  
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AF was categorized as paroxysmal where episodes were self-terminating within 

7 days or persistent where episodes lasted longer than 7 days or required 

electrical cardioversion. All recruits underwent repeat contrast-enhanced CMR 6 

months after initial ablation.  

 

Cardiac Magnetic Resonance Imaging 

Pre- and post-ablation CMR was performed using a clinical 1.5-T MRI scanner 

(Signa HD 1.5-T, GE Healthcare, Wisconsin, USA). Sequences were acquired 

during breath-holds of 10 to 15 s. Initial cine CMR sequences were performed in 

3 standard long-axis (4-, 3- and 2-chamber views) and short-axis slices (basal, 

mid, and apical), kept identical for each subsequent sequence throughout the 

CMR examination.16 From an end-diastolic, 4-chamber, long-axis view, 5 equally 

spaced short-axis slices were planned such that the 2 outer slices lined up with 

the tip of the apex and the mitral annulus. The 2 outer slices were then deleted, 

leaving 3 slices corresponding to typical basal, mid, and apical short-axis views. 

To calculate LV volume and function, a contiguous short-axis steady state free 

precession stack was acquired (8 mm slice thickness, no gap), extending from 

the mitral valve annulus to the LV apex.  

 

Delayed hyperenhancement was obtained in both long- and short-axis views 10 

min after a bolus (0.2 mmol/kg bodyweight to a maximum of 20 mmol) of 

gadolinium-diethylene triamine penta-acetic acid (Magnevist, Schering, 

Germany) to identify regional fibrosis using a T1 weighted inversion-recovery 

gradient echo technique (repetition time: 7.1 ms, echo time: 3.1 ms, inversion 
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time individually determined to null the myocardial signal; range: 180 to 250 ms, 

slice thickness: 8 mm, matrix: 256 × 192, number of acquisitions: 2). For CMR 

scans performed prior to AF ablation, contrast-enhanced left atriography was 

performed prior to LGE imaging to generate an LA model for use with a 3D 

catheter navigation system at the time of ablation.  

 

Evaluation of LV function and regional fibrosis 

Volumetric analysis of the LV from which EF was derived was performed using 

the summation of discs method. LA volume was determined using the area-

length method. Regional fibrosis was identified by LGE within the LV 

myocardium, defined quantitatively by a myocardial post-contrast signal 

intensity 5 standard deviations above that within a reference region of remote 

non-scarred myocardium within the same slice (Figure 1). Myocardial LGE was 

defined as being present only if it was identified in two orthogonal views.   

 

Catheter Ablation 

Patients underwent AF ablation within 72 h of baseline CMR. Antiarrhythmic 

drugs were not discontinued in preparation for the procedure. Warfarin with a 

target INR of 2 to 3 was administered for 4 weeks prior to the procedure and 

catheter ablation was performed on warfarin. 

 

Under general anesthesia, transoesophageal echocardiography was performed to 

exclude LA thrombus and assist transseptal access. Using a femoral venous 

approach, a decapolar catheter was placed in the coronary sinus and a hexapolar 

catheter at the His position. Double transseptal access was obtained with 
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standard techniques using a BRK1 needle and SL1 sheathes (St Jude Medical, MN, 

USA), and intravenous heparin was administered with a target activated clotting 

time of 350. A duodecapolar circular mapping catheter (Reflexion Spiral XX, St 

Jude Medical) was used to guide pulmonary vein isolation, and a 4 mm externally 

irrigated-tip catheter (Contact Therapy Cool Path Duo, St Jude Medical) was used 

for mapping and ablation. The left atriogram acquired by CMR was segmented 

and registered into the electroanatomic mapping system (EnSite NavX, St Jude 

Medical) as previously described.17 

 

Ablation was performed to encircle the left and right sided pulmonary veins 

(PVs) in pairs 1 to 2 cm from their ostia, except at the anterior aspect of the left 

PVs, where ablation was performed along the ridge between the LA appendage 

and the PV ostia. Power was limited to 30 watts reduced to 25W on the posterior 

wall and temperature to 50°C with energy delivered. The PVs were continuously 

assessed for electrical disconnection with the endpoint of bidirectional PV-LA 

block. If AF continued following PV electrical isolation a roof line joining the 

superior aspects of each wide encirclement ablation ring was deployed followed 

by electrical cardioversion. Roof line block was confirmed as previously 

described.18 If at any stage AF organized to atrial tachycardia (AT), activation 

mapping and targeted ablation was performed. The procedure was completed 

with a cavotricuspid isthmus ablation (40 Watts, 45°C) in all patients requiring 

cardioversion and also in patients where typical atrial flutter had been 

previously documented. Bidirectional conduction block was confirmed by 

differential pacing techniques and by the demonstration of widely spaced double 

potentials along the CTI. A 30-minute waiting period following PVI was strictly 
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employed. Adenosine 18 mg was administered intravenously with the spiral 

catheter positioned sequentially in the superior PVs to assess for transient PV 

reconnection.  

 

Post ablation management  

Following the procedure, patients remained in hospital for 2 nights with cardiac 

monitoring while warfarin was continued. Patients returned for clinical review 

at 6 weeks, 3 months, and 6 months, or more frequently if clinically indicated. 

Electrocardiography and 24 h Holter monitoring was performed at 3 and 6 

months post ablation, with patients advised to attend for event monitoring if 

experiencing palpitations. Arrhythmia recurrence was defined as any 

documented atrial tachycardia or atrial fibrillation episode lasting greater than 

30 seconds that occurred after a 6 week post-ablation blanking period based on 

symptoms, electrocardiography, and Holter monitor evaluation.  A repeat 

procedure was offered to patients with recurrent atrial arrhythmia who required 

ongoing antiarrhythmic medication beyond 3 months. A repeat procedure 

involved re-isolation of PVs and a more extensive approach involving a 

combination of linear ablation and targeting of fractionated signals. Atrial 

tachycardias were mapped and ablated using conventional techniques 

previously described.19 

  

Cardiac MRI was repeated six months following successful AF ablation. In 

patients with AF recurrence the MRI was delayed until 6 months after the second 

procedure.  
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Statistical Analysis 

All data are expressed as mean ± standard deviation (SD). Comparisons between 

pre- and post-ablation CMR indices were performed using the Student’s t test 

after the Kolmogorov–Smirnov test confirmed normal distribution. A p value of 

<0.05 was considered significant, and all reported p values are 2-tailed. Analyses 

were conducted using SPSS software (version 17, SPSS, Chicago, Illinois). 

 

 

Results 

 

Subject Characteristics 

Of 21 patients with reduced LVEF on CMR undergoing AF ablation, 5 patients 

were excluded due to the presence of fibrosis, yielding a total of 16 consecutive 

patients who were analyzed in the present study. Subject characteristics are 

shown in Table 1. Median AF duration was 28 months (interquartile range 14 to 

51 months) and no patient had bundle branch block on ECG. 

 

Procedural characteristics  

Successful pulmonary vein isolation was achieved in all 16 patients.  Roof line 

ablation was performed in all patients with conduction block confirmed in 15/16 

(94%). DCR was performed in 10/16 patients for ongoing AF at the end of the 

procedure. Mean procedural duration was 208±59 min and mean fluoroscopy 

time 29±9 min. There were no significant complications. Single procedure 

success was achieved in 14/16 patients at 6 months follow-up with 14/16 on 

antiarrhythmic medications (amiodarone in 8 and sotalol in 6). Repeat 
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procedures were performed in 2 patients (perimitral atrial flutter in one, and 

repeat AF ablation for recurrent persistent AF in one).  

 

Cardiac MR Findings  

Left ventricular EF increased significantly from 40±10 to 60±6% with an 

absolute increase of 20±10% (Table 1, p<0.001). Ten patients were in AF at the 

time of CMR and the remainder in sinus rhythm. There was no significant 

difference in EF between patients in sinus rhythm versus AF at the time of CMR 

(45±5 vs 37±11%, p=ns). Marked improvement in EF was seen in 15/16 

patients, as defined as an increase in EF by >20% or to a value of >55% (Figure 

2). There was no significant difference in the absolute increase in EF between 

patients in sinus rhythm versus AF at the time of CMR (14±7 vs 24±10%, p=ns). 

All patients were in sinus rhythm at the 6-month CMR. One patient had 

incomplete recovery of LV function and had recurrent paroxysmal AF post 

ablation (individual patient details provided in supplementary table). Overall, LV 

end systolic volume index decreased from 52±12 to 36±9 ml/m2 (p<0.001), 

without significant changes in LV end diastolic volume index (89±16 to 91±16 

ml/m2, p=0.9) or LV mass index (62±18 to 61±26 ml/m2). Left atrial volume 

index decreased from 44±13 ml to 36±11 ml (p<0.01). 

 

 

Discussion 

 

This study demonstrates recovery of LV systolic function following AF ablation 

in patients with systolic HF in the absence of ventricular LGE on CMR. There was 
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an absolute increase in EF of 20±10% at follow up CMR with normalization of 

ventricular function in 15 of 16 patients. These findings were paralleled by 

improvements in LV end-systolic volume index and LA dimensions. 

Therefore the absence of ventricular LGE prior to AF ablation may be a useful 

indicator of patients who are likely to experience greatest improvement in 

systolic function with the restoration of sinus rhythm following catheter 

ablation.  

 

Atrial fibrillation and heart failure – the chicken or the egg 

AF and HF have emerged as epidemics over the last decade, accounting for an 

increasing proportion of the total burden of cardiovascular disease.20 In clinical 

practice, AF and HF are encountered regularly and frequently occur in 

combination, where they are associated with adverse outcomes.21, 22 Both 

conditions share common risk factors, and each has a propensity of causing the 

other.1 The temporal sequence of AF and HF is often unclear when the index 

presentation is with both conditions. Pre-existing HF may promote AF through 

atrial stretch resulting in structural and electrical remodeling with the 

electrophysiologic sequelae of conduction slowing and block.23 Conversely, AF 

may perpetuate HF through the loss of atrial transport, irregular rapid 

ventricular rhythm, and tachycardia-induced cardiomyopathy.24 Although the 

restoration of sinus rhythm may be attractive, this is challenging with limited 

pharmacologic agents, significant AF recurrence, and randomized studies not 

supportive of a rhythm control strategy. 

 

Prior studies 
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Although catheter ablation has been associated with significant improvements in 

LV function, the magnitude of improvement has been variable ranging from 9% 

to 21% in single centre studies.3-8, 25-27 A recent meta-analysis of 9 such studies 

including a total of 354 patients found the mean increase in EF to be 11.1% (95% 

CI: 7.1 to 15.2) at follow-up, compared to 20% in our study. One study failed to 

demonstrate a significant improvement in LV function with catheter ablation, 

likely due to the inclusion of a substantial proportion (78%) of patients with 

coronary artery disease 3. Meta-regression analysis demonstrated the incidence 

of coronary artery disease in the individual studies to be inversely related to the 

improvement of EF after ablation, suggesting that the presence of 

ischemic/infarcted substrate reduces the magnitude of LV recovery following 

ablation.12  

 

A rapid ventricular response to AF is a well-recognized cause of reversible LV 

systolic dysfunction. In the landmark study by Hsu and co-workers a substantial 

improvement in LV EF from 35% to 50% was demonstrated as early as one 

month following AF ablation.4 Improvements in ventricular function were 

present in patients irrespective of the adequacy of rate control or concomitant 

structural heart disease although the degree of recovery varied. In the present 

study all patients underwent holter monitoring to ensure adequacy of 

ventricular rate control prior to study enrollment. 

 

Myocardial fibrosis is a hallmark of cardiomyopathy and is generally considered 

irreversible. Discrete scar may be seen in ischemic,28 hypertrophic,29 and 

idiopathic dilated cardiomyopathy with characteristic topography14. Contrast-
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enhanced CMR is a well-established technique that identifies regional ventricular 

fibrosis by the presence of LGE. In previous studies, the presence of LGE in 

patients with existing dilated cardiomyopathy has been established as an 

independent predictor of mortality and morbidity.14, 30, 31 Leong et al reported 

the response to medical therapy in patients with newly diagnosed dilated 

cardiomyopathy who underwent CMR. Myocardial fibrosis was independently 

associated with a lack of improvement in ventricular function independent of 

clinical and echocardiographic indices.15 Based on earlier studies we 

hypothesized that the absence of LGE may be predictive of recovery of left 

ventricular function with the restoration of sinus rhythm. The LVEF increased by 

an absolute 20±10% following AF ablation in LGE negative patients, and 

recovered by >20% or to a value of ≥55% in 15 of 16 patients.  

 

Study Limitations 

Although patient numbers were limited reflecting the small number of AF-HF 

patients suitable for AF ablation who could undergo CMR, the findings were 

uniform and highly significant. LGE positive patients were excluded from the 

present study as less likely to benefit from catheter ablation given discrete 

regional scar and as such this study does not provide information regarding the 

response of LGE positive patients to the restoration of sinus rhythm. The 

majority of patients continued antiarrhythmic medication post-ablation as the 

primary aim was to assess the recovery of LV function following the restoration 

of sinus rhythm rather than the efficacy of a stand alone ablation strategy.32 The 

findings in the present study are hypothesis generating and provide a platform 
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for a multicentre randomized study comparing medical therapy with catheter 

ablation in LGE positive and negative patients. 

 

Conclusion 

In patients with AF and LV dysfunction in the absence of LGE on CMR, ventricular 

function normalizes following the restoration of sinus rhythm.  
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Figure Legend 

 

Figure 1 

Representative cardiac MRI delayed enhancement (DE): mid left ventricle short axis in 3 

patients with normal/ no DE, focal inferior wall DE, and anteroseptal mid-wall DE. 

 

Figure 2 

Left ventricular ejection fraction increased from 40±10% on baseline cardiac magnetic 

resonance imaging (CMR) to 60±6% at 6 months post-atrial fibrillation ablation 

(p<0.001). 
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Figures 

 

Figure 1: Representative cardiac MRI delayed enhancement (DE): mid left ventricle 

short axis in 3 patients with normal, focal inferior wall DE, and anteroseptal mid-

wall DE. 
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Figure 2: Ejection Fraction at Baseline and at 6 Months post-AF ablation 
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Table 

Table 1: Subject characteristics  

General characteristics  

Age, years 52±11 

Male gender, n (%) 14 (88) 

Mean resting heart rate, bpm 71±15 

NYHA class II to IV 16 (100) 

Paroxysmal AF 4 (25) 

Persistent AF 12 (75) 

AF duration, months (mean, range) 39 (1-156) 

AF ablation performed in SR 6 (38) 

AF ablation performed in AF < 1 year  2 (12) 

AF ablation performed in AF > 1 year 8 (50) 

Co-morbidities, n (%)  

Diabetes 0 (0) 

Hypertension 6 (38) 

Ischaemic heart disease 1 (6) 

Cardiac medications, n (%)  

ACE-inhibitor/ARB 9 (56) 

β-blocker 13 (81) 

Calcium channel blockers 0 (0) 

Aldosterone antagonist 0 (0) 

Digoxin 3 (19) 

Frusemide 3 (19) 

Warfarin 11 (69) 

AADs tried (mean±SD) 1.6±0.7 

Sotalol 9 (56) 

Flecainide 8 (50) 

Amiodarone 5 (31) 

Baseline CMR findings  

LV ejection fraction (%) 40±10 

LV end diastolic volume index (ml/m2) 89±16 

LV end systolic volume index (ml/m2) 52±12 

LV mass index (g/m2) 62±18 

LA volume index (ml/m2) 44±13 

Post-ablation CMR findings  
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LV ejection fraction (%) 60±6* 

LV end diastolic volume index (ml/m2) 91±16 

LV end systolic volume index (ml/m2) 36±9* 

LV mass index (g/m2) 61±26 

LA volume index (ml/m2) 36±11* 
 

*p<0.01 for comparisons between post-ablation and baseline CMR findings. ARB – 

angiotensin receptor blocker; AAD – antiarrhythmic drug; CMR – cardiac magnetic 

resonance; LA – left atrial; LV – left ventricular. 
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