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Abstract

Objective

To evaluate the effect of catheter ablation vs. direct current synchronized cardioversion

(DCC) in patients with persistent atrial fibrillation (AF) and left ventricular systolic dysfunc-

tion, and to define baseline features of patients that will get more benefit from ablation.

Methods

From July 2013 to October 2014, 97 consecutive single-center patients with persistent AF

and symptomatic heart failure (left ventricular ejection fraction (LVEF) <50%) underwent

DCC followed by amiodarone (n = 40) or circumferential pulmonary vein isolation (PVI; n =

57) according to patient’s preference were recruited in the study. Post-ablation recurrence

was treated with atrial roof and mitral isthmus lines ablation with or without PVI based on

restoration or not of pulmonary vein (PV) potential conduction. Study outcomes were 12-

month rate of sustained sinus rhythm (SR) and cardiac function. Baseline characteristics

were compared between patients with and without cardiac function improvement post

ablation.

Results

With similarly distributed characteristics at baseline, ablation (mean 1.8 procedures) relative

to DCC yielded significantly higher level of 12-month SR maintenance rate (68.42% vs.

35%, P = 0.001); and better LVEF and New York Heart Association class. with significant

effect for DCC only in maintained SR cases. Post ablation LVEF increased (>20% or to over

55%) in 31 (54.39%) patients with worse baseline cardiac function and ventricular rate

control.
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Conclusions

Catheter ablation relative to cardioversion of persistent AF with symptomatic heart failure

yielded better 12-month SR maintenance and cardiac function. Compared with non-

responders, patients with improved LVEF post-ablation had poorer ventricular rate control

and cardiac function at baseline, suggesting a significant component of tachycardia-induced

cardiomyopathy in this group.

Introduction

Atrial fibrillation (AF) and heart failure (HF) share common etiologies, including hyperten-

sion, coronary heart disease, valvular disease, smoking, and sleep apnea, among others[1], and

therefore often coexist and influence each other. A rapid and irregular ventricular rate in AF

can affect left ventricular systolic function [2] increasing HF incidence by threefold [3], and in

turn HF increases AF incidence by six fold [4], with the cross effect increasing mortality [5,6].

Theoretically, AF conversion to sinus rhythm (SR) should improve cardiac function and con-

sequently long-term prognosis of patients with AF with HF. DC synchronized cardioversion

(DCC) is commonly used; however, it is often not effective particularly for longer duration

AF, and even when successful it has high AF recurrence rates [7] with SR maintenance often

requiring use of antiarrhythmic drugs (AADs) with their significant long-term side effects [8].

Because catheter ablation is mainstay strategy for conversion of several forms of AF to SR [9],

the present study compared efficacy and effects on cardiac function of DCC and catheter abla-

tion of AF with HF and assessed which patients would benefit most from ablation.

Materials and methods

Case selection

In the present prospective single center study conducted at our Department of Cardiology

from July 2013 to October 2014 after obtaining protocol approval from the institutional review

board, 97 consecutive patients (mean age, 58.39±9.86 years old; 52 males) with persistent atrial

fibrillation and left ventricular systolic dysfunction (LVEF <50%) with heart failure symptoms

were selected after providing signed informed consent. Patients underwent either DCC or

catheter ablation according to their preference. Of the 43 patients who underwent DCC, con-

version to SR was achieved in 40 patients who were then treated with amiodarone for SR main-

tenance; the remaining 3 patients failed DCC and underwent catheter ablation. A total of 57

patients underwent catheter ablation. Persistent atrial fibrillation was defined based on the

2014 AHA/ACC/HRS atrial fibrillation guideline [9]. Study exclusion criteria were: left atrial

thrombus confirmed by transesophageal echocardiography; severe heart valve disease; coro-

nary heart disease treated with revascularization within the previous 3 months; reversible

causes of atrial fibrillation complicated with heart failure such as hyperthyroidism; alcohol use;

and pregnancy. Patients who underwent DCC received warfarin to achieve an INR of 2–3 for

over 3 weeks prior to cardioversion, and postoperatively for at least 4 weeks; long-term amio-

darone was used to prevent atrial fibrillation recurrence. Patients who underwent catheter

ablation received warfarin preoperatively to achieve an INR of 2–3; warfarin was continued

postoperatively for at least 3 months and reinstated with AF recurrence. Amiodarone was dis-

continued 1 month after PVI. Patients were evaluated by esophageal ultrasonography 24 hours

prior to ablation to rule out left atrial thrombus.
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All the patients had signed a general written informed consent. And ethical approval was

given by the medical ethics committee of the Affiliated Hospital of Qingdao University. The

study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki.

Mapping and ablation

The ablation strategy for atrial fibrillation was pulmonary vein isolation (PVI). As previously

described [10], after puncturing the right internal jugular vein, 10 poles electrophysiology cathe-

ters were advanced through the coronary sinus, twice passing the interauricular septum to

advance 2 × 8.5F SL1 of Swartz length sheaths to the left atrium by puncturing the interauricular

septum. Unfractionated heparin then was administered, and ACT was measured every 30 min-

utes and maintained in the 300–350 range. Pulmonary vein potential was recorded with a circu-

lar mapping catheter 20 or 25 mm in diameter (Lasso, Biosense-Webster, Diamond Bar, CA).

PVI was performed with a 3.5 mm ablation catheter (Navi-Star ThermoCool, Biosense-Webster,

USA). Under guidance of Carto system, 35 watts of energy were delivered to the pulmonary

vein anterior wall using a pump flow rate of 20mL/min; while 30 watts of energy were delivered

to the upper and posterior walls using a pump flow rate of 17mL/min. Using temperature con-

trolled discharge mode and a temperature limit of 43˚C, discharge duration was 20 seconds or

until the potential was reduced by 80% for every ablation point. Ablation procedure was termi-

nated upon achievement of sinus rhythm. For patients remaining in atrial fibrillation, DCC was

attempted. Amiodarone or other antiarrhythmic drugs were discontinued 2 months after PVI.

For patients with AF recurrence after 3 months post PVI, catheter ablation was repeated with

PVI with concurrent left atrium roof line and mitral isthmus line ablation or with only the latter

two ablation procedures for patients in whom pulmonary vein potential conduction was or not

restored, respectively [11,12]. DCC was attempted in patients who did not convert to SR. For

patients with recurrence after 2 ablations, catheter ablation was repeated following the same

protocol as the second ablation. Therefore, patients underwent at most 3 catheter ablations.

Postoperative treatment and follow-up visit

All patients were scheduled for follow-up at 3, 6 and 12 months, and patients were instructed

to undergo surface electrocardiography at the local hospital at any suspicion of arrhythmia

recurrence. At follow-up visits, surface and 24 hour dynamic electrocardiograms were

recorded to document arrhythmia recurrence, defined as presence of any symptomatic atrial

fibrillation, atrial flutter and atrial tachycardia or other atrial arrhythmias lasting for over 30

seconds. All patients were evaluated by echocardiography 24 hours after DCC or PVI proce-

dures, and at 6 and 12 months. All patients were evaluated for New York cardiac function clas-

sification (NYHA classification) prior and 6 and 12 months after DCC or ablation.

Statistical analysis

SPSS 19.0 statistical software was used for statistical analysis. Continuous parameters are

expressed as mean±standard deviation and were compared using single factor variance analysis,

while categorical data are expressed as number (percentage) and were compared using the Chi-

square test. Multivariate regression models were used to determine the characteristics that may

identify patients that benefit from ablation. P<0.05 was considered statistically significant.

Results

There was no significant difference in distribution of baseline characteristics between the two

study groups (Table 1).
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Catheter ablation was completed in all patients without serious complications in 57

patients. 28 patients underwent a repeat ablation of whom 18 patients (31.6% of the total) had

two repeat ablations (total 1.8 ablation procedures per patient).

Patients treated with ablation relative to DCC yielded significantly higher level of 6-month

SR maintenance rate (61.40% vs. 40%, respectively, P = 0.030); At 12-month follow-up, rate

of sinus rhythm maintenance was significantly higher in patients who underwent single PVI

(n = 29, 50.88%) or mean 1.8 ablations (n = 39, 68.42%) as compared to those who underwent

DCC (n = 14, 35%) (Fig 1).

As shown in Table 2, at 6- and 12-month follow-up, LA and LVEDD were lower, LVEF

higher, and cardiac function NYHA classification better in ablation but not DCC group re-

lative to baseline; between-group differences for these parameters were significant at both

6- and 12-month follow-up (Fig 2). However, regardless of procedure, patients with main-

tained sinus rhythm had smaller LA and LVEDD and significant improvement in cardiac

function throughout follow-up relative to baseline. However, in patients with non-mainte-

nance of sinus rhythm, sizes of LA and LVEDD and cardiac function had no significantly

improvement. (Tables 3 and 4).

Table 1. Comparison of baseline clinical characteristics between the two study groups.

Ablation group DCC group P value

(n = 57) (n = 40)

Male gender 30 (52.6%) 22 (55%) 0.839

Age (years) 58.90±10.10 57.67±9.71 0.489

Left atrial diameter (mm) 46.54±3.52 45.73±3.62 0.268

LVEDD (mm) 55.25±4.19 54.18±3.47 0.367

LVEF (%) 37.93±5.18 39.35±4.89 0.177

NYHA functional class 2.56±0.57 2.63±0.54 0.581

Continuous AF Duration time (months) 20.93±11.27 18.77±8.56 0.312

Hypertension 21 (36.84%) 17 (42.5%) 0.362

Diabetes mellitus 16 (28.07%) 12 (30%) 0.506

Snoring 8 (14.04%) 5 (12.5%) 0.539

Premedication

Digoxin 17 (29.82%) 11 (27.5%) 0.494

Beta blocker 25 (43.86%) 22 (55%) 0.191

ACE-I or ARB 20 (35.09%) 18 (45%) 0.219

Aldosterone antagonist 12 (21.05%) 9 (22.5%) 0.528

Amiodarone 7 (12.28%) 4 (10%) 0.497

Mean ventricular rate at rest 87.18±13.24 83.25±15.18 0.179

Maximum ventricular rate at activities 127.11±16.65 123.27±22.19 0.333

Medication during FU

Digoxin 12 (21.05%) 8 (20%) 0.555

Beta blocker 35 (61.40%) 30 (75%) 0.118

ACE-I or ARB 25 (43.86%) 21 (52.5%) 0.264

Aldosterone antagonist 15 (26.32%) 10 (25%) 0.538

Rate of SR at the end of FU 39 (68.42%) 14 (35%) 0.001

Data are shown as mean±SD or n (%).

LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; AF, atrial fibrillation; NYHA, New York Heart Association; ACE-

inhibitor, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; SR, sinus rhythm; FU, follow up.

https://doi.org/10.1371/journal.pone.0174510.t001
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At 12-month follow-up, 54.39% patients in catheter ablation group showed marked cardiac

function improvement (i.e., increased LVEF by>20% or to over 55%) [13], and in comparison

to patients without marked cardiac function improvement, baseline rate of average ventricular

rate of<80/min at rest was significantly lower (p = 0.026), average ventricular rate and the

highest ventricular rate was significantly more rapid (p = 0.023 and 0.008, respectively), and

baseline cardiac function was significantly worse (p<0.001) (Table 5).

Multivariate model analysis showed at the Month 12 the cardiac function improvement

in LVEF (P = 0.001) and NYHA (P = 0.003), was independently associated with baseline

LVEF�40% (p = 0.005, hazard ratio (HR)7.632, 95% confidence interval (CI): (1.820–32.007));

baseline Mean ventricular rate>80 beats/min at rest (p = 0.033, HR3.210, 95% CI: (1.405–

9.616)); Maximum ventricular rate>110 beats/min at moderate exercise(p = 0.027, HR2.231,

95% CI: (1.389–7.897))(Table 6).

Fig 1. Comparison of proportion of patients with SR at 6 and 12 months between ablation and DCC

groups. DCC, direct current cardioversion.

https://doi.org/10.1371/journal.pone.0174510.g001

Table 2. Changes in LA, LVEDD, LVEF and NYHA at 6 and 12 months post ablation or DCC.

Baseline Month 6 Month 12 P p’

Ablation group (n = 57)

LA (mm) 46.54±3.52 42.33±2.59 41.77±2.56 0.001 0.000

LVEDD (mm) 55.25±4.19 51.46±3.32 50.96±3.04 0.000 0.000

LVEF (%) 37.93±5.18 44.23±6.09 45.16±5.83 0.000 0.000

NYHA 2.56±0.57 2.26±0.52 2.14±0.55 0.004 0.001

DCC group (n = 40)

LA (mm) 45.73±3.62 44.45±5.88 44.05±5.82 0.246 0.126

LVEDD (mm) 54.18±3.47 53.05±3.15 52.93±2.68 0.133 0.075

LVEF (%) 39.35±4.89 41.08±5.31 41.45±4.90 0.135 0.059

NYHA 2.63±0.54 2.50±0.51 2.48±0.50 0.124 0.078

P: 6 months vs. baseline; p’: 12 months vs. baseline.

Data are shown as mean±SD.

LA, left atrial; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; AF, atrial fibrillation; NYHA, New York Heart

Association.

https://doi.org/10.1371/journal.pone.0174510.t002
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Discussion

The main findings of the present study of patients with persistent AF with concomitant

LVEF<50% were that: 1. catheter ablation as compared to direct current synchronized cardio-

version followed by amiodarone is associated with significantly higher 1-year rates of main-

tained sinus rhythm and improved cardiac function; and 2. patients with poorer ventricular

rate control and cardiac function at baseline appear to benefit most from ablation in terms of

cardiac function improvement at 1 year.

Drug therapies aimed at maintaining sinus rhythm relative to those aimed at controlling

ventricular rate appear to provide no apparent survival benefit to patients with atrial fibrilla-

tion and cardiac insufficiency [13,14], because in this setting antiarrhythmic agents have an

even lower success rate with side effects that cannot be neglected [14]. In contrast, relative to

Fig 2. Comparisons of LA, LVEDD, LVEF and NYHA at 6 and 12 months between study groups. LA, left

atrial; LVED, left ventricular end-diastolic; LVEF, left ventricular ejection fraction; AF, atrial fibrillation; NYHA,

New York Heart Association.

https://doi.org/10.1371/journal.pone.0174510.g002

Table 3. Changes in LA, LVEDD and heart function in patients maintaining or not SR post ablation.

Baseline Month 6 SR (n = 35) P Baseline Month 6 NSR (n = 22) P

LA 44.52±3.14 41.40±2.34 0.000 49.33±1.55 48.29±2.71 0.109

LVEDD 54.76±2.97 50.24±2.49 0.000 55.67±4.80 53.38±4.49 0.094

LVEF 38.00±4.91 44.61±5.52 0.000 37.83±5.64 40.92±5.20 0.055

NYHA 2.61±0.50 2.21±0.55 0.003 2.50±0.66 2.33±0.48 0.323

Baseline Month12 SR (n = 39) P Baseline Month 12 NSR (n = 18) P

LA 45.15±3.28 41.18±2.38 0.000 49.56±1.65 48.51±3.22 0.099

LVEDD 54.05±2.97 50.05±2.48 0.000 55.50±5.60 52.28±4.96 0.076

LVEF 38.00±5.26 45.21±5.45 0.000 37.78±5.65 40.61±6.40 0.169

NYHA 2.67±0.48 2.21±0.57 0.000 2.33±0.69 2.06±0.54 0.186

Data are shown as mean±SD.

SR, sinus rhythm; NSR, non-maintenance of sinus rhythm; LA, left atrial; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection

fraction; AF, atrial fibrillation; NYHA, New York Heart Association.

https://doi.org/10.1371/journal.pone.0174510.t003

Ablation vs. DCC of persistent atrial fibrillation

PLOS ONE | https://doi.org/10.1371/journal.pone.0174510 March 28, 2017 6 / 11

https://doi.org/10.1371/journal.pone.0174510.g002
https://doi.org/10.1371/journal.pone.0174510.t003
https://doi.org/10.1371/journal.pone.0174510


Table 4. Changes in LA, LVEDD and heart function in patients maintaining or not SR post DCC.

Baseline Month 6 SR (n = 16) P Baseline Month 6 NSR (n = 24) P

LA 43.13±3.88 38.56±3.56 0.002 47.46±2.15 48.38±3.19 0.249

LVEDD 54.94±4.11 52.13±3.42 0.044 53.67±2.96 53.24±2.75 0.179

LVEF 39.06±5.40 43.69±6.36 0.034 39.54±4.63 40.38±5.31 0.289

NYHA 2.69±0.48 2.25±0.58 0.027 2.59±0.58 2.53±0.51 0.601

Baseline Month12 SR (n = 14) P Baseline Month12 NSR (n = 26) P

LA 42.68±4.08 37.08±2.78 0.000 47.12±2.39 47.62±3.35 0.538

LVEDD 53.75±3.80 50.92±2.19 0.030 54.15±3.33 52.96±2.57 0.155

LVEF 41.13±6.95 47.00±5.67 0.024 39.23±4.60 41.23±4.68 0.126

NYHA 2.56±0.63 2.00±0.74 0.039 2.61±0.57 2.54±0.51 0.610

Data are shown as mean±SD.

SR, sinus rhythm; NSR, non-maintenance of sinus rhythm; LA, left atrial; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection

fraction; AF, atrial fibrillation; NYHA, New York Heart Association.

https://doi.org/10.1371/journal.pone.0174510.t004

Table 5. Comparison of clinical data between patients with or without cardiac function improvement post ablation.

Marked improvement in LV (n = 31) NO (n = 26) P value

Male gender 18 (58.06%) 12 (46.15%) 0.264

Age (years) 56.87±9.67 60.61±11.03 0.178

Left atrial diameter (mm) 46.35±3.47 46.77±3.64 0.662

LVEDD (mm) 55.39±3.77 54.27±4.14 0.294

LVEF (%) 35.03±4.67 41.38±3.34 0.000

NYHA functional class 2.65±0.63 2.48±0.49 0.264

Continuous AF Duration time (months) 19.65±9.76 22.58±13.05 0.336

Hypertension 12 (38.71%) 9 (34.62%) 0.484

Diabetes mellitus 10 (32.26%) 6 (23.08%) 0.320

Snoring 5 (16.13%) 3(11.54%) 0.458

Premedication

Digoxin 11 (35.48%) 16 (61.54%) 0.045

Beta blocker 10 (32.23%) 15 (57.69%) 0.048

ACE-I or ARB 7 (22.59%) 13 (50%) 0.030

Aldosterone antagonist 5 (16.13%) 6 (23.08%) 0.371

Amiodarone 4 (12.90%) 3 (11.54%) 0.601

Mean ventricular rate at rest 91.42±14.29 82.65±13.86 0.023

Maximum ventricular rate at moderate exercise 133.35±18.17 120.92±15.74 0.008

Insufficient control of ventricular rate n (%) 21 (67.74%) 10 (38.46%) 0.026

Medication during FU

Digoxin 8 (25.81%) 4 (15.38%) 0.265

Beta blocker 20 (64.52%) 15 (57.69%) 0.399

ACE-I or ARB 15 (48.39%) 10 (38.46%) 0.315

Aldosterone antagonist 9 (29.03%) 6 (23.08%) 0.420

Data are shown as mean±SD or n (%).

LV, left ventricular; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; AF, atrial fibrillation; NYHA, New York Heart

Association; ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.

Marked improvement in heart function refers to: Improvement in LVEF >20% or to over 55%.

Sufficient control of ventricular rate: Mean ventricular rate at rest <80 beats/min.

https://doi.org/10.1371/journal.pone.0174510.t005
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medications controlling ventricular rate, catheter ablation significantly improves cardiac func-

tion of patients with atrial fibrillation and cardiac insufficiency [15–17]. However, risks of

catheter ablation are higher in patients with cardiac insufficiency, which renders it clinically

relevant to identify which patients would benefit from it.

In previous reports [18,19], approximately half the patients experienced atrial fibrillation

recurrence 6 months after cardioversion. In the present study of patients with persistent AF

and cardiac insufficiency there was 65% recurrence among DCC patients, which was signifi-

cantly higher that the approximately third or half of patients who experienced recurrence post

single or mean 1.8 ablation procedures. Also, for patients receiving DCC, because of the higher

recurrence rate, LVEF and NYHA failed to show improvement in the overall population; how-

ever, significant improvement was apparent for patients with sinus rhythm maintenance. It is

indicated that the improvement of heart function of patients with persistent AF and symptom-

atic heart failure due to the maintenance of sinus rhythm. It should be pointed out that the

present study excluded patients with severe valvular disease and ischemic cardiomyopathy

patients which would not benefit from catheter ablation [20,21]; also, patients studied were rel-

atively young (58.39\9.86 years old), with a relatively short duration of atrial fibrillation. Fur-

ther studies are warranted to assess and validate the findings in a broader population.

In patients without severe heart valve disease and severe ischemic cardiomyopathy, atrial

fibrillation complicated with left ventricular enlargement and left ventricular ejection frac-

tion reduction has often been misdiagnosed as dilated cardiomyopathy. However, in atrial

fibrillation, in addition to rapid ventricular rate, the loss of atrial booster pump function and

of AV synchrony and R-R irregular interval, might affect left ventricular function [22,23];

moreover, uncontrolled and/or ventricular rate may sometimes lead to tachycardia cardiomy-

opathy. Clinically, it is very difficult to distinguish a dilated cardiomyopathy resulting in atrial

Table 6. Variables affecting Marked improvement in LVEF post ablation.

P value HR (95% CI)

Male gender 0.397 2.997 (0.237–37.916)

Age�60(years) 0.471 0.389 (0.030–5.074)

LVEDD�50(mm) 0.960 1.078 (0.055–21.064)

LVEF�40% 0.005 7.632 (1.820–32.007)

NYHA functional class�III 0.614 1.227 (0.554–2.719)

Continuous AF Duration time�20 (months) 0.423 1.946 (0.382–9.897)

Hypertension 0.855 0.924 (0.396–2.158)

Diabetes mellitus 0.810 1.124 (0.433–2.919)

Snoring 0.394 0.629 (0.216–1.829)

Premedication

Digoxin 0.210 0.495 (0.164–1.487)

Beta blocker 0.856 1.085 (0.447–2.637)

ACE-I or ARB 0.525 1.384 (0.508–3.774)

Aldosterone antagonist 0.787 1.187 (0.343–4.114)

Amiodarone 0.423 1.946 (0.382–9.897)

Mean ventricular rate at rest>80 beats/min. 0.033 3.210 (1.405–9.616)

Maximum ventricular rate at moderate exercise >110 beats/min. 0.027 2.231 (1.389–7.897)

Data are shown as mean±SD or n (%).

LV, left ventricular; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction;

AF, atrial fibrillation; NYHA, New York Heart Association; ACE-I, angiotensin-converting enzyme inhibitor;

ARB, angiotensin receptor blocker; HR, hazard ratio; CI: confidence interval.

https://doi.org/10.1371/journal.pone.0174510.t006
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fibrillation from an atrial fibrillation resulting in tachycardia cardiomyopathy. However, after

atrial fibrillation has been converted to sinus rhythm, if left ventricular function returns to

normal, then tachycardiac cardiomyopathy can be confirmed; otherwise, dilated cardiomyopa-

thy is likely. For atrial fibrillation patients complicated with heart failure and poorly controlled

ventricular rate, the likelihood of atrial fibrillation resulting in tachycardia cardiomyopathy

may be increased. in the present study, a little over half the patients with persistent AF and

heart failure treated with catheter ablation showed improved cardiac function consistent with

the presence of reversible tachycardia cardiomyopathy; the other half appeared to present

dilated cardiomyopathy.

In the present study, patients who derived cardiac function benefit post ablation, relative to

those who did not, showed at baseline lower rate of use of ventricular rate control drugs and

ACEIs, lower proportion of sufficient control of ventricular rate, more rapid ventricular rate,

and worse baseline cardiac function. cardiac function improvement was independently associ-

ated with worse baseline LVEF and lower proportion of sufficient control of ventricular rate.

Limitations

The present study is limited by its single center design with a relatively small sample size which

excluded patients with persistent atrial fibrillation and heart failure at higher risk for complica-

tions associated with catheter ablation [24], such as those with longer duration of AF, older

patients and those with severe valvular disease and ischemic cardiomyopathy [25]. Further

larger, randomized studies including a broader patient base are warranted.

Conclusions

For patients with persistent atrial fibrillation complicated with symptomatic left ventricular

systolic dysfunction, catheter ablation appears more efficacious than cardioversion in terms of

sinus rhythm maintenance and cardiac function improvement. Patients with atrial fibrillation,

left ventricular enlargement and heart failure, may have dilated or tachycardia cardiomyopa-

thy, with the latter benefitting most in terms of cardiac function improvement from catheter

ablation and displaying at baseline more inadequately controlled ventricular rate and cardiac

function. Thus, compared with a group of patients preferring cardioversion for catheter abla-

tion, catheter ablation seems to increase the proportion of patients in sinus rhythm and

improve cardiac function after 12 months.

Supporting information

S1 Table. Baseline clinical characteristics.

(XLS)

S2 Table. Changes in LA, LVED and heart function in patients maintaining or not SR post

ablation.

(XLS)

S3 Table. patients with or without cardiac function improvement post ablation.

(XLSX)

S1 Fig. ethics committee approval 01.

(TIF)

S2 Fig. ethics committee approval 02.

(TIF)

Ablation vs. DCC of persistent atrial fibrillation

PLOS ONE | https://doi.org/10.1371/journal.pone.0174510 March 28, 2017 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174510.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174510.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174510.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174510.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174510.s005
https://doi.org/10.1371/journal.pone.0174510


Author Contributions

Conceptualization: MW QZ.

Data curation: MW WD YD QZ.

Formal analysis: WD YD.

Investigation: MW SC QZ WD YD.

Methodology: MW QZ SC.

Project administration: MW.

Resources: MW SC QZ WD YD.

Software: MW WD YD.

Supervision: QZ.

Validation: MW WD YD.

Visualization: MW SC.

Writing – original draft: MW WD YD.

Writing – review & editing: MW QZ SC.

References
1. Trulock KM, Narayan SM, Piccini JP (2014) Rhythm control in heart failure patients with atrial fibrillation:

contemporary challenges including the role of ablation. J Am Coll Cardiol 64: 710–721. https://doi.org/

10.1016/j.jacc.2014.06.1169 PMID: 25125304

2. van den Berg MP, van Veldhuisen DJ, Crijns HJ, Lie KI (1993) Reversion of tachycardiomyopathy after

beta-blocker. Lancet 341: 1667.

3. Stewart S, Hart CL, Hole DJ, McMurray JJ (2002) A population-based study of the long-term risks asso-

ciated with atrial fibrillation: 20-year follow-up of the Renfrew/Paisley study. Am J Med 113: 359–364.

PMID: 12401529

4. Vaziri SM, Larson MG, Benjamin EJ, Levy D (1994) Echocardiographic predictors of nonrheumatic atrial

fibrillation. The Framingham Heart Study. Circulation 89: 724–730. PMID: 8313561

5. Wang TJ, Larson MG, Levy D, Vasan RS, Leip EP, Wolf PA, et al. (2003) Temporal relations of atrial

fibrillation and congestive heart failure and their joint influence on mortality: the Framingham Heart

Study. Circulation 107: 2920–2925. https://doi.org/10.1161/01.CIR.0000072767.89944.6E PMID:

12771006

6. Mamas MA, Caldwell JC, Chacko S, Garratt CJ, Fath-Ordoubadi F,Neyses L. (2009) A meta-analysis

of the prognostic significance of atrial fibrillation in chronic heart failure. Eur J Heart Fail 11: 676–683.

https://doi.org/10.1093/eurjhf/hfp085 PMID: 19553398

7. Bonanno C, Paccanaro M, La Vecchia L, Ometto R, Fontanelli A (2010) Efficacy and safety of catheter

ablation versus antiarrhythmic drugs for atrial fibrillation: a meta-analysis of randomized trials. J Cardio-

vasc Med (Hagerstown) 11: 408–418.

8. Martino E, Bartalena L, Bogazzi F, Braverman LE (2001) The effects of amiodarone on the thyroid.

Endocr Rev 22: 240–254. https://doi.org/10.1210/edrv.22.2.0427 PMID: 11294826

9. January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, Cleveland JC Jr, et al. (2014) 2014 AHA/

ACC/HRS guideline for the management of patients with atrial fibrillation: executive summary: a report

of the American College of Cardiology/American Heart Association Task Force on practice guidelines

and the Heart Rhythm Society. Circulation 130: 2071–2104. https://doi.org/10.1161/CIR.

0000000000000040 PMID: 24682348

10. Ouyang F, Bansch D, Ernst S, Schaumann A, Hachiya H, Chen M, et al. (2004) Complete isolation of

left atrium surrounding the pulmonary veins: new insights from the double-Lasso technique in paroxys-

mal atrial fibrillation. Circulation 110: 2090–2096. https://doi.org/10.1161/01.CIR.0000144459.37455.

EE PMID: 15466640

Ablation vs. DCC of persistent atrial fibrillation

PLOS ONE | https://doi.org/10.1371/journal.pone.0174510 March 28, 2017 10 / 11

https://doi.org/10.1016/j.jacc.2014.06.1169
https://doi.org/10.1016/j.jacc.2014.06.1169
http://www.ncbi.nlm.nih.gov/pubmed/25125304
http://www.ncbi.nlm.nih.gov/pubmed/12401529
http://www.ncbi.nlm.nih.gov/pubmed/8313561
https://doi.org/10.1161/01.CIR.0000072767.89944.6E
http://www.ncbi.nlm.nih.gov/pubmed/12771006
https://doi.org/10.1093/eurjhf/hfp085
http://www.ncbi.nlm.nih.gov/pubmed/19553398
https://doi.org/10.1210/edrv.22.2.0427
http://www.ncbi.nlm.nih.gov/pubmed/11294826
https://doi.org/10.1161/CIR.0000000000000040
https://doi.org/10.1161/CIR.0000000000000040
http://www.ncbi.nlm.nih.gov/pubmed/24682348
https://doi.org/10.1161/01.CIR.0000144459.37455.EE
https://doi.org/10.1161/01.CIR.0000144459.37455.EE
http://www.ncbi.nlm.nih.gov/pubmed/15466640
https://doi.org/10.1371/journal.pone.0174510


11. Jais P, Hocini M, O’Neill MD, Klein GJ, Knecht S, Sheiiro M, et al. (2007) How to perform linear lesions.

Heart Rhythm 4: 803–809. https://doi.org/10.1016/j.hrthm.2007.01.021 PMID: 17556210

12. Knecht S, Hocini M, Wright M, Lellouche N, O’Neill MD, Matsuo S, et al. (2008) Left atrial linear lesions

are required for successful treatment of persistent atrial fibrillation. Eur Heart J 29: 2359–2366. https://

doi.org/10.1093/eurheartj/ehn302 PMID: 18614522

13. Corley SD, Epstein AE, DiMarco JP, Domanski MJ, Geller N, Greene HL, et al. (2004) Relationships

between sinus rhythm, treatment, and survival in the Atrial Fibrillation Follow-Up Investigation of

Rhythm Management (AFFIRM) Study. Circulation 109: 1509–1513. https://doi.org/10.1161/01.CIR.

0000121736.16643.11 PMID: 15007003

14. Roy D, Talajic M, Nattel S, Wyse DG, Dorian P, Lee KL, et al. (2008) Rhythm control versus rate control

for atrial fibrillation and heart failure. N Engl J Med 358: 2667–2677. https://doi.org/10.1056/

NEJMoa0708789 PMID: 18565859

15. Hunter RJ, Berriman TJ, Diab I, Kamdar R, Richmond L, Baker V, et al. (2014) A randomized controlled

trial of catheter ablation versus medical treatment of atrial fibrillation in heart failure (the CAMTAF trial).

Circ Arrhythm Electrophysiol 7: 31–38. https://doi.org/10.1161/CIRCEP.113.000806 PMID: 24382410

16. Jones DG, Haldar SK, Hussain W, Sharma R, Francis DP, Rahman-Haley SL, et al. (2013) A random-

ized trial to assess catheter ablation versus rate control in the management of persistent atrial fibrillation

in heart failure. J Am Coll Cardiol 61: 1894–1903. https://doi.org/10.1016/j.jacc.2013.01.069 PMID:

23500267

17. MacDonald MR, Connelly DT, Hawkins NM, Steedman T, Payne J, Shaw M, et al. (2011) Radiofre-

quency ablation for persistent atrial fibrillation in patients with advanced heart failure and severe left ven-

tricular systolic dysfunction: a randomised controlled trial. Heart 97: 740–747. https://doi.org/10.1136/

hrt.2010.207340 PMID: 21051458

18. Lip GY, Laroche C, Ioachim PM, Rasmussen LH, Vitali-Serdoz L, Petrescu L, et al. (2014) Prognosis

and treatment of atrial fibrillation patients by European cardiologists: one year follow-up of the EURO-

bservational Research Programme-Atrial Fibrillation General Registry Pilot Phase (EORP-AF Pilot reg-

istry). Eur Heart J 35: 3365–3376. https://doi.org/10.1093/eurheartj/ehu374 PMID: 25176940

19. Nergardh AK, Rosenqvist M, Nordlander R, Frick M (2007) Maintenance of sinus rhythm with metoprolol

CR initiated before cardioversion and repeated cardioversion of atrial fibrillation: a randomized double-

blind placebo-controlled study. Eur Heart J 28: 1351–1357. https://doi.org/10.1093/eurheartj/ehl544

PMID: 17329409

20. Khan MN, Jais P, Cummings J, Di Biase L, Sanders P, Martin DO, et al. (2008) Pulmonary-vein isolation

for atrial fibrillation in patients with heart failure. N Engl J Med 359: 1778–1785. https://doi.org/10.1056/

NEJMoa0708234 PMID: 18946063

21. Dagres N, Varounis C, Gaspar T, Piorkowski C, Eitel C, Iliodromitis EK, et al. (2011) Catheter ablation

for atrial fibrillation in patients with left ventricular systolic dysfunction. A systematic review and meta-

analysis. J Card Fail 17: 964–970. https://doi.org/10.1016/j.cardfail.2011.07.009 PMID: 22041335

22. Linderer T, Chatterjee K, Parmley WW, Sievers RE, Glantz SA,Tyberg JV. (1983) Influence of atrial sys-

tole on the Frank-Starling relation and the end-diastolic pressure-diameter relation of the left ventricle.

Circulation 67: 1045–1053. PMID: 6831669

23. Daoud EG, Weiss R, Bahu M, Knight BP, Bogun F, Goyal R, et al. (1996) Effect of an irregular ventricu-

lar rhythm on cardiac output. Am J Cardiol 78: 1433–1436. PMID: 8970422

24. Cappato R, Calkins H, Chen SA, Davies W, Iesaka Y, Kalman J, et al. (2010) Updated worldwide survey

on the methods, efficacy, and safety of catheter ablation for human atrial fibrillation. Circ Arrhythm Elec-

trophysiol 3: 32–38. https://doi.org/10.1161/CIRCEP.109.859116 PMID: 19995881

25. Chen MS, Marrouche NF, Khaykin Y, Gillinov AM, Wazni O, Martin DO, et al. (2004) Pulmonary vein

isolation for the treatment of atrial fibrillation in patients with impaired systolic function. J Am Coll Cardiol

43: 1004–1009. https://doi.org/10.1016/j.jacc.2003.09.056 PMID: 15028358

Ablation vs. DCC of persistent atrial fibrillation

PLOS ONE | https://doi.org/10.1371/journal.pone.0174510 March 28, 2017 11 / 11

https://doi.org/10.1016/j.hrthm.2007.01.021
http://www.ncbi.nlm.nih.gov/pubmed/17556210
https://doi.org/10.1093/eurheartj/ehn302
https://doi.org/10.1093/eurheartj/ehn302
http://www.ncbi.nlm.nih.gov/pubmed/18614522
https://doi.org/10.1161/01.CIR.0000121736.16643.11
https://doi.org/10.1161/01.CIR.0000121736.16643.11
http://www.ncbi.nlm.nih.gov/pubmed/15007003
https://doi.org/10.1056/NEJMoa0708789
https://doi.org/10.1056/NEJMoa0708789
http://www.ncbi.nlm.nih.gov/pubmed/18565859
https://doi.org/10.1161/CIRCEP.113.000806
http://www.ncbi.nlm.nih.gov/pubmed/24382410
https://doi.org/10.1016/j.jacc.2013.01.069
http://www.ncbi.nlm.nih.gov/pubmed/23500267
https://doi.org/10.1136/hrt.2010.207340
https://doi.org/10.1136/hrt.2010.207340
http://www.ncbi.nlm.nih.gov/pubmed/21051458
https://doi.org/10.1093/eurheartj/ehu374
http://www.ncbi.nlm.nih.gov/pubmed/25176940
https://doi.org/10.1093/eurheartj/ehl544
http://www.ncbi.nlm.nih.gov/pubmed/17329409
https://doi.org/10.1056/NEJMoa0708234
https://doi.org/10.1056/NEJMoa0708234
http://www.ncbi.nlm.nih.gov/pubmed/18946063
https://doi.org/10.1016/j.cardfail.2011.07.009
http://www.ncbi.nlm.nih.gov/pubmed/22041335
http://www.ncbi.nlm.nih.gov/pubmed/6831669
http://www.ncbi.nlm.nih.gov/pubmed/8970422
https://doi.org/10.1161/CIRCEP.109.859116
http://www.ncbi.nlm.nih.gov/pubmed/19995881
https://doi.org/10.1016/j.jacc.2003.09.056
http://www.ncbi.nlm.nih.gov/pubmed/15028358
https://doi.org/10.1371/journal.pone.0174510

