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ORIGINAL RESEARCH

Impact of Midregional N- Terminal Pro– Atrial 
Natriuretic Peptide and Soluble Suppression 
of Tumorigenicity 2 Levels on Heart Rhythm 
in Patients Treated With Catheter Ablation 
for Atrial Fibrillation: The Biorhythm Study
Marc Badoz, MD; Guillaume Serzian, MD; Baptiste Favoulet, MD; Jean- Marc Sellal , MD;  
Christian De Chillou , MD, PhD; Néfissa Hammache , MD; Gabriel Laurent, MD, PhD;  
Alexandre Mebazaa, MD, PhD; Fiona Ecarnot, PhD; Karine Bardonnet, MD; Marie- France Seronde, MD, PhD; 
François Schiele , MD, PhD; Nicolas Meneveau , MD, PhD

BACKGROUND: We assessed the impact of preprocedural plasma levels of MRproANP (midregional N- terminal pro– atrial natriu-
retic peptide) and sST2 (soluble suppression of tumorigenicity 2) on recurrence of atrial fibrillation (AF) at 1 year after catheter 
ablation of AF.

METHODS AND RESULTS: This was a prospective, multicenter, observational study including patients undergoing catheter abla-
tion of AF. MRproANP and sST2 were measured in a peripheral venous blood preprocedure, and MRproANP was assessed 
in the right and left atrial blood during ablation. The primary end point was recurrent AF between 3 and 12 months postab-
lation, defined as a documented (>30 seconds) episode of AF, flutter, or atrial tachycardia. We included 106 patients from 
December 2017 to March 2019; 105 had complete follow- up, and the mean age was 63 years with 74.2% males. Overall, 34 
patients (32.1%) had recurrent AF. In peripheral venous blood, MRproANP was significantly higher in patients with recurrent AF 
(median, 192.2; [quartile 1– quartile 3, 155.9– 263.9] versus 97.1 [60.9– 150.7] pmol/L; P<0.0001), as was sST2 (median, 30.3 
[quartile 1– quartile 3, 23.3– 39.3] versus 23.4 [95% CI, 17.4– 33.0] ng/mL; P=0.0033). In the atria, MRproANP was significantly 
higher than in peripheral blood and was higher during AF than during sinus rhythm. Receiver operating characteristic curve 
analysis identified a threshold of MRproANP>107.9 pmol/L to predict AF recurrence at 1 year and a threshold of >26.7 ng/mL 
for sST2. By multivariate analysis, MRproANP>107.9 pmol/L was the only independent predictor of recurrent AF (OR, 24.27; 
95% CI, 4.23– 139.18). MRproANP<107.9 pmol/L identified subjects at very low risk of recurrence (negative predictive value 
>95%).

CONCLUSIONS: Elevated MRproANP level independently predicts recurrent AF, whereas sST2 levels do not appear to have any 
prognostic value in assessing the risk of recurrence of AF up to 1 year after catheter ablation.
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Catheter ablation is the cornerstone of therapy for 
atrial fibrillation (AF).1,2 The main limitation of this 
procedure is the success rate, which varies be-

tween 50% and 75%.3– 8 It may also lead to potentially 
serious complications,3– 9 and therefore the careful se-
lection of patients is warranted to identify those likely to 
yield the greatest benefit, in particular among patients 
with preserved left ventricular function in whom no re-
duction in mortality has been reported after catheter 
ablation of AF.10

Several clinical factors have previously been 
identified as predictors of AF recurrence after cath-
eter ablation, including left atrium (LA) dilation, 
type of AF (persistent versus paroxysmal), obe-
sity, diabetes mellitus, hypertension, sleep apnea, 
or CHA2DS2VASC score.11– 23 Although biomarkers 
are widely used in cardiac disease,24– 26 there is a 
paucity of data concerning the prognostic impact 
of biomarkers on the course of AF after catheter 
ablation. Indeed, in a recent report from a National 
Heart, Lung, and Blood Institute Virtual Workshop 
describing research needs and priorities for cathe-
ter ablation of atrial fibrillation, Al- Khatib et al called 
for the development of biomarkers “with the goal of 
stratifying individuals for risks of complications and 
benefit from AF ablation.”27

MRproANP (midregional N- terminal pro– atrial na-
triuretic peptide) is a stable peptide that results from 
the cleavage of proANP (pro– atrial natriuretic pep-
tide) and is elevated in numerous pathologies spe-
cifically affecting the LA, such as mitral stenosis.28,29 
Charitakis et al previously suggested that recurrent 
AF postablation is more frequent in patients with ele-
vated MRproANP.30

Fibrosis is frequent in AF, and the degree of fibrosis 
may be associated with AF recurrence after catheter 
ablation.31 ST2 (suppression of tumorigenicity 2) from 
the family of interleukin- 1 receptors, is a biomarker of 
fibrosis and cardiac biomechanical constraint.32,33 Its 
soluble form, sST2, can be detected using commer-
cially available assays. sST2 has been shown to be of 
prognostic importance in heart failure,34– 38 but its utility 
has not been widely investigated in the setting of AF.

In this context, the aim of the present study was to 
assess the impact of plasma levels of MRproANP and 
sST2 measured before catheter ablation for AF on the 
rate of recurrence of AF at 1 year after ablation.

Secondary objectives were to (1) compare MRproANP 
concentrations in the LA, right atrium (RA), and periph-
eral venous blood; (2) compare MRproANP concen-
trations in the LA and RA in sinus rhythm and during 
AF; and (3) investigate the existence of a link between 
plasma levels of MRproANP and sST2 and the LA area.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

We performed a prospective, multicenter, observa-
tional study in 3 university teaching hospitals in Eastern 
France (Besançon, Nancy, and Dijon) from December 
2017 to March 2019. The study protocol was approved 
by the Ethics Committee Comité de Protection des 
Personnes (CPP) Ile- de- France VI (CPP Ile- de- France 
VI, No. 34– 17, approval number: 2017- A00731- 52, ap-
proved on June 9, 2017). The study was registered with 
ClinicalTrials.gov under the number NCT03351816. 
All patients provided written informed consent for 
participation.

Study Population
Inclusion criteria were patients aged >18  years with 
symptomatic paroxysmal or persistent AF2 with pre-
served left ventricular ejection fraction (≥45%) and in 
whom a first catheter ablation of AF was to be per-
formed. The decision to perform catheter ablation was 
made in accordance with the European Society of 
Cardiology (ESC) guidelines.2,39

Exclusion criteria were patients aged <18  years 
or >80  years; patients with significant valvular heart 

CLINICAL PERSPECTIVE

What Is New?
• We show for the first time that MRproANP 

(midregional N- terminal pro– atrial natriuretic 
peptide) is an independent predictor of recurrent 
atrial fibrillation at 1 year after catheter ablation, 
whereby patients with preprocedural plasma 
MRproANP values exceeding 107.9  pmol/L 
have a 24- fold increase in risk.

What Are the Clinical Implications?
• Patients with elevated MRproANP before cath-

eter ablation of atrial fibrillation warrant closer 
monitoring up to 1 year after the procedure and 
an adaptation of medical therapy, notably anti-
arrhythmics, to take account of the increased 
risk of recurrence.
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MRproANP midregional N- terminal pro– atrial 
natriuretic peptide
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disease, defined as symptomatic aortic regurgitation, 
severe aortic or mitral stenosis, or mitral or tricuspid 
insufficiency grade 3/4 or 4/4; presence of pulmonary 
hypertension on echocardiography (>45  mm  Hg); 
chronic respiratory disease; chronic obstructive pul-
monary disease stages 2, 3, or 4; left ventricular ejec-
tion fraction <45%; recent (<1 month) decompensation 
of heart failure; recent (<1 month) acute coronary syn-
drome; or anemia (hemoglobin <10 g/dL). We also ex-
cluded pregnant women, people under judicial or legal 
protection, people with poor anticipated compliance, 
people with no social security coverage, and individu-
als within the exclusion period of a prior clinical trial as 
per the national register of research volunteers.

Ablation Procedure
Transthoracic and transoesophageal echocardiog-
raphy were performed by a trained operator before 
the procedure to ensure the absence of intracardiac 
thrombus and to record the following data as per cur-
rent guidelines40: left ventricular ejection fraction, LA 
area in the 4- cavity view, and maximum thickness of 
the interventricular septum. A maximum thickness 
>13 mm was considered as left ventricular hypertro-
phy. Usual curative anticoagulant therapy was not 
interrupted before the procedure. The aim of the pro-
cedure was pulmonary vein isolation. Additional lesions 
were made at the discretion of the operator. A total of 2 
types of procedures could be performed, namely, radi-
ofrequency ablation with an irrigated tip ablation cath-
eter with electrophysiological and anatomical mapping 
of the LA or cryoablation.5 The choice of technique 
(cryoablation or radiofrequency ablation) and the sys-
tem used for electroanatomical navigation in case of 
radiofrequency ablation were at the discretion of the 
operator. Procedures were performed by qualified and 
experienced operators having a volume of activity of 
at least 50 procedures each per year. Transthoracic 
echocardiography was performed at the end of the 
procedure to ensure an absence of pericardial effu-
sion. Treatment was administered after the procedure 
in accordance with guidelines in force at the time of 
the inclusions.1,39 Usual anticoagulant therapy was 
then pursued for 8  weeks postprocedure in patients 
with CHA2DS2VASC scores of 0 or indefinitely for pa-
tients with CHA2DS2VASC scores ≥1.1,2 Antiarrhythmic 
agents could be continued at the operator’s discre-
tion. It was recommended that every effort be made to 
maintain sinus rhythm.

MRproANP and sST2 Measurements
MRproANP and sST2 were measured in peripheral 
venous blood drawn within 24 hours before the cath-
eter ablation procedure. MRproANP was also meas-
ured in a sample of blood from the RA at the start of 

the procedure and in a sample of blood from the LA 
drawn immediately after transseptal puncture. Tubes 
were centrifuged and stored at −20°C for later cen-
tralized analysis in the Biochemistry Department of 
the University Hospital of Besancon. MRproANP was 
measured using BRAHMS Kryptor Compact Plus 
(Thermo Fisher Diagnostics SAS, Dardilly, France). 
sST2 was also centrally analyzed in the Biochemistry 
Department of the University Hospital of Besancon 
using the Aspect Plus kit from Eurobio Ingen (Les Ulis, 
France).

Study End Points
The primary end point was recurrence of AF, defined as 
occurrence between 3 and 12 months after the proce-
dure of a documented episode (documented by ECG, 
Holter monitoring, ECG event recorder, or telemetry) of 
AF, atrial tachycardia, or atrial flutter lasting >30 sec-
onds. All patients were followed up with 24- hour Holter 
ECG monitoring and a clinical consultation at 3 months 
(the end of a blanking period) and 12 months after the 
procedure. Between the end of the blanking period 
and the 12- month follow- up, patients were followed by 
their treating cardiologist and/or general practitioner 
who were informed of the patient’s participation in this 
study and were requested to inform the coordinating 
center of any intercurrent events. In case of symptoms 
suggestive of recurrent arrhythmia, patients were seen 
in consultation and had an ECG with the possibility of 
additional Holter ECG monitoring, ECG event recorder, 
or hospitalization with continuous ECG to identify 
recurrence.

Statistical Analysis
Quantitative data are described as mean±SD or me-
dian (25th percentile [quartile 1]– 75th percentile [quar-
tile 3]) and were compared with the Student t test for 
normally distributed variables or the Mann– Whitney 
test for nonnormally distributed variables. Paired 
tests were used as appropriate. Qualitative data are 
expressed as number (percentage) and were com-
pared using the chi- square or Fisher exact test as 
appropriate. Multivariate analysis was performed 
using multivariable logistic regression. Variables with 
a P value <0.20 by univariate analysis were included 
in the model, and the results are expressed as odds 
ratios (OR) and 95% CI. Receiver operating charac-
teristic (ROC) curves were constructed to identify the 
threshold of sST2 and MRproANP that best predict 
recurrence. Survival curves were generated using the 
Kaplan– Meier method and compared with the log- 
rank test. Correlations between quantitative variables 
were examined using the Spearman correlation coef-
ficient. All tests were 2 sided, and a P value <0.05 was 
considered statistically significant. All analyses were 
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performed using SAS version 9.4 (SAS Institute Inc., 
Cary, NC).

RESULTS
A total of 106 patients were included from December 
2017 to March 2019. One patient withdrew con-
sent, and thus, 105 patients were followed up to   
1 year.

Characteristics of Study Population
The baseline characteristics of the study population 
are displayed in Table 1. Median age was 63 (56– 96) 
years, and 20.1% had diabetes mellitus. The median 
time since onset of AF was 18 (6.75– 48) months; 61 

patients (58.1%) had paroxysmal AF, and 44 patients 
(41.9%) had persistent AF.

Catheter Ablation Procedures
A total of 68 patients (64.7%) were in sinus rhythm at 
the beginning of the ablation procedure. Overall, 38 
(36.2%) underwent cryoablation, and 67 (63.8%) had 
radiofrequency ablation. Of the 105 patients included, 
all pulmonary veins were successfully isolated in 104 
patients (99%). A total of 14 patients (13.3%) had com-
plex fractionated atrial electrogram ablation in addition 
to pulmonary vein isolation, 11 patients (10.6%) had a 
linear ablation across the roof of the LA, 10 patients 
(9.5%) had cavotricuspid isthmus ablation, and 3 (2.8%) 
had a mitral line (Table S1).

Table 1. Baseline Characteristics of the Study Population

Total, N=105 No Recurrence, n=71 Recurrence, n=34 P Value

Patient characteristics

Age, y, median (Q1– Q3) 63 (56– 69) 63 (54– 68) 65 (58– 69) 0.25*

Male sex, n (%) 78 (74.2) 55 (77.5) 23 (67.6) 0.28†

BMI, kg/m², mean±SD 28.7±5.2 28.7±5.1 28.8±5.3 0.96*

Medical history, n (%)

Hypertension 56 (53.3) 33 (46.5) 23 (67.6) 0.04†

Diabetes mellitus 22 (20.1) 11 (15.5) 11 (32.4) 0.05†

LVH 8 (7.6) 3 (4.2) 5 (14.7) 0.06†

Sleep apnea 12 (11.4) 8 (11.3) 4 (11.8) 0.94†

Coronary artery disease 12 (11.4) 3 (4.2) 9 (26.5) <0.01†

LVEF, %, median (Q1– Q3) 60 (55– 65) 60 (55– 65) 60 (50– 65) 0.19*

Prior stroke or TIA 7 (6.7) 4 (5.6) 3 (8.8) 0.54†

CHA2DS2VASC, median (Q1– Q3) 2 (0– 3) 1 (0– 3) 3 (1– 4) <0.01*

0, n (%) 30 (28.6) 26 (36.6) 4 (11.8) <0.01‡

1, n (%) 18 (17.1) 13 (18.3) 5 (14.7) 0.65‡

2, n (%) 15 (14.3) 9 (12.7) 6 (17.6) 0.50†

3, n (%) 21 (20.0) 16 (22.5) 5 (14.7) 0.35‡

4, n (%) 17 (16.2) 6 (8.5) 11 (32.4) <0.01†

≥5, n (%) 4 (3.8) 1 (1.4) 3 (3.8) 0.06‡

Arrhythmia history

Median time since onset, months, median (Q1– Q3) 18 (6.75– 48) 16 (6.25– 48) 24 (7– 48) 0.53*

Type of AF at inclusion, n (%) 0.17†

Paroxysmal 61 (58.1) 45 (63.4) 16 (47.1) 0.11†

Persistent 44 (41.9) 26 (36.6) 18 (52.9) 0.57†

Prior electrical cardioversion 37 (35.2) 23 (32.4) 14 (42.1) 0.38†

Prior ablation for atrial flutter 11 (10.5) 9 (12.7) 2 (5.9) 0.29‡

Rhythm control therapy at inclusion 74 (71.2) 53 (75.7) 21 (61.8) 0.14†

LA size

LA area, cm2, median§ (Q1– Q3) 22 (18– 26) 21 (17– 23.75) 24.5 (19– 29) <0.01*

AF indicates atrial fibrillation; BMI, body mass index; LA, left atrium; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; Q1, quartile 1; 
Q3, quartile 3; and TIA, transient ischemic attack.

*Mann– Whitney test.
†Chi- square test.
‡Fisher exact test.
§LA area measured by transthoracic echocardiography in the 4- chamber view.
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Regarding complications, 2 patients had transient 
ischemic attack or ischemic stroke, there was no car-
diac tamponade, one patient had persistent phrenic 
paralysis at discharge after cryoablation; 1 patient had 
an access point hematoma, 1 patient had postproce-
dural pulmonary edema, and 1 patient had perforation 
of the mitral valve with significant mitral insufficiency 
(Table S1).

In total, 62 patients (59.0%) received rhythm- control 
therapy at discharge (Table S1).

Primary Outcome
Overall, 34 patients (32.3%) had recurrent AF at 1 year 
(recurrence group). There were significantly more pa-
tients with hypertension (67.6% versus 46.5%; P=0.04) 
and ischemic heart disease (26.5% versus 4.2%; 
P<0.01) in the recurrence group. In this group, there 
was also a higher CHA2DS2VASC score (median, 3 
[quartile 1– quartile 3, 1– 4] versus 1 [0– 3]; P<0.01) and 
more dilation of the LA in terms of the area measured 
by transthoracic echocardiography (median, 21 [quar-
tile 1– quartile 3, 17– 23.75] versus 24.5 [19– 29] cm2; 
P=0.02).

There was no difference in the rate of antiarrhyth-
mics use at 1 year after the procedure between groups 
(47.1% versus 35.2%, recurrence versus no recurrence, 
respectively; P=0.25; Table S1).

Biomarker Levels and AF Recurrence
MRproANP measured in peripheral venous blood 
drawn preprocedure was significantly higher in pa-
tients with recurrence versus those without recurrence 
(median, 192.2 [quartile 1– quartile 3, 155.9– 263.9] ver-
sus 97.1 [60.9– 150.7] pmol/L; P<0.01). MRproANP lev-
els measured in blood drawn from the LA and RA were 
also significantly higher in patients in the recurrence 
group (Table 2). Similarly, sST2 levels were significantly 
higher in the recurrence group (median30.3 [quartile 
1– quartile 3, 23.3– 39.3] versus 23.4 [17.4– 33.0] ng/mL;  
P<0.01).

ROC curve analysis of plasma MRproANP mea-
sured in peripheral venous blood identified a threshold 

value of >107.9 pmol/L as having the best predictive 
value for recurrent AF at 1  year after ablation, with 
a sensitivity of 94.1%, a specificity of 63.4%, and an 
area under the ROC curve of 0.838 (P<0.01; Figure 1). 
The associated positive predictive value and negative 
predictive value (NPV) were, respectively, 55.2% and 
95.7% (Table 3). For sST2, the threshold identified by 
ROC curve analysis was >26.7 ng/mL, with a sensi-
tivity and a specificity of 73.5% and 64.8%, respec-
tively. The area under the ROC curve for sST2 was 
0.678 and was significantly lower than the area under 
the ROC curve for MRproANP (P<0.01; Figure 1). The 
associated positive predictive value and NPV were, 
respectively, 49.0% and 83.3% (Table 3). The propor-
tion of recurrence and nonrecurrence per quartiles of 
MRproANP and sST2 are presented in Figure 2. There 
was a significant difference in AF recurrence be-
tween groups when classified according to whether 
MRproANP measured in peripheral venous blood 
was above or below the threshold of 107.9  pmol/L 
(Figure 3).

MRproANP levels were significantly higher in blood 
drawn from the LA and RA than in peripheral venous 
blood (median, 143.5 [quartile 1– quartile 3, 89.8– 
208.3] versus 131.5 [73.5– 200.6] pmol/L [P<0.01]; and 
median, 142.2 [quartile 1– quartile 3, 90.3– 210.3] ver-
sus 131.5 [73.5– 200.6] pmol/L [P<0.01]; respectively). 
There was a significant correlation between MRproANP 
levels in the atria (left and right) and peripheral venous 
blood (P<0.01; Figure S1). There was no significant dif-
ference in MRproANP levels between the LA and RA 
(Figure  S2). MRproANP levels were higher in the LA 
and RA when patients were in AF at the time of the 
blood draw compared with blood samples performed 
in sinus rhythm (median, 187.9 [quartile 1– quartile 3, 
135.1– 288.4] versus 115.2 [81.9– 168.6] [P<0.01]; and 
median, 191.0 [quartile 1– quartile 3, 127.0– 276.9] ver-
sus 109.4 [82.3– 169.8] pmol/L [P<0.01]; respectively; 
Figure S3). The predictive value of MRproANP was the 
same, regardless of the site of blood draw, as illus-
trated by the lack of difference between ROC curves 
(Figure 4) and the sensitivity, specificity, positive pre-
dictive value, and NPV (using the best predictive value 

Table 2. Results of MRproANP and sST2 Assessments

Total, N=105 No Recurrence, n=71 Recurrence, n=34 P Value*

MRproANP PV, pmol/L 131.3 (73.5– 200.6) 97.1 (60.9– 150.7) 192.2 (155.9– 263.9) <0.01

MRproANP LA, pmol/L 143.5 (89.8– 208.3) 110.7 (79.3– 172.1) 234.3 (163.4– 334.2) <0.01

MRproANP RA, pmol/L 142.2 (90.3– 210.3) 108.8 (81.8– 168.1) 207.8 (159.1– 347.2) <0.01

sST2 PV, ng/mL 26.4 (19.5– 36.4) 23.4 (17.4– 33.0) 30.3 (23.3– 39.8) <0.01

Values are provided as median (quartile 1– quartile 3). MRproANP indicates midregional N- terminal pro– atrial natriuretic peptide; MRproANP LA, level of 
midregional N- terminal pro– atrial natriuretic peptide measured in blood drawn from the left atrium; MRproANP PV, midregional N- terminal pro– atrial natriuretic 
peptide measured in peripheral venous blood; MRproANP RA, level of midregional N- terminal pro– atrial natriuretic peptide measured in blood drawn from the 
right atrium; sST2, level of soluble suppression of tumorigenicity 2; and sST2 PV, soluble suppression of tumorigenicity 2 measured in peripheral venous blood.

*P values from Mann– Whitney tests.
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of MRproANP as identified by ROC curve analysis) 
measured in the LA and RA as well as in peripheral 
venous blood (Table 3).

There was a significant correlation between both 
MRproANP (r=0.465; P<0.01) and sST2 (r=0.256; 
P<0.01) levels and LA area (Figure S4).

Figure 1. Receiver operating characteristic curves showing the levels of MRproANP and sST2 
measured before the procedure in peripheral venous blood that best predict the recurrence of 
atrial fibrillation up to 1 year after catheter ablation.
AUC indicates area under the curve; MRproANP, midregional N- terminal pro– atrial natriuretic peptide; 
and sST2, soluble suppression of tumorigenicity 2.

Table 3. Sensitivity, Specificity, and Positive and Negative Predictive Values of MRproANP and sST2 for the Prediction of 
Recurrent Atrial Fibrillation After Catheter Ablation

Sensitivity, % Specificity,% PPV, % NPV, %

MRproANP PV>107.9 pmol/L 94.1 63.4 55.2 95.7

MRproANP LA>143.5 pmol/L 88.2 69.0 57.7 92.5

MRproANP RA>122.1 pmol/L 84.1 59.2 52.5 95.5

sST2 PV>26.7 ng/mL 73.5 64.8 49.0 83.3

MRproANP indicates midregional N- terminal pro– atrial natriuretic peptide; MRproANP LA, level of midregional N- terminal pro– atrial natriuretic peptide 
measured in blood drawn from the left atrium; MRproANP PV, midregional N- terminal pro– atrial natriuretic peptide measured in peripheral venous blood; 
MRproANP RA, level of midregional N- terminal pro– atrial natriuretic peptide measured in blood drawn from the right atrium; NPV, negative predictive value; PPV, 
positive predictive value; sST2, level of soluble suppression of tumorigenicity 2; and sST2 PV, soluble suppression of tumorigenicity 2 measured in peripheral 
venous blood.
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By multivariate analysis, MRproANP measured 
in peripheral venous blood was the only factor in-
dependently associated with recurrent AF at 1  year 

postablation (OR, 1.01; 95% CI, 1.01– 1.02; Table  4). 
When including MRproANP as a binary variable (using 
the ROC- identified threshold of 107.9  pmol/L), an 

Figure 2. Distribution of atrial fibrillation recurrence per quartile (Q1– Q4) of MRproANP and sST2 concentration as 
measured in peripheral venous blood before the catheter ablation procedure.
MRproANP indicates midregional N- terminal pro– atrial natriuretic peptide; Q1, quartile 1; Q4, quartile 4; and sST2, soluble suppression 
of tumorigenicity 2.

Figure 3. Kaplan– Meier curves of AF recurrence- free survival according to whether MRproANP level was above or below 
the threshold of 107.9 pmol/L.
AF indicates atrial fibrillation; and MRproANP, midregional N- terminal pro– atrial natriuretic peptide.
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elevated MRproANP value (>107.9  pmol/L) was as-
sociated with an OR of 24.27 for recurrence of AF at 
1 year (95% CI, 4.23– 139.18), after adjustment for hy-
pertension, ischemic heart disease, CHA2DS2VASC≥2, 
sST2>26.7 ng/mL, LA area>22 cm2, diabetes mellitus, 
left ventricular hypertrophy, type of AF and rhythm 
control therapy at inclusion, and left ventricular ejec-
tion fraction.

DISCUSSION
To the best of our knowledge, this is the first prospec-
tive, multicenter study to investigate the impact of 
plasma levels of MRproANP and sST2 before catheter 
ablation of AF on the risk of recurrence of AF at 1 year 
after the procedure. Preprocedural levels of MRproANP 
and sST2 were higher in patients with recurrent AF at 

1  year. By multivariate analysis, plasma MRproANP 
measured preprocedure was found to be a signifi-
cant independent predictor of recurrent AF postabla-
tion. We observed a strong linear relation between the 
level of MRproANP before the procedure and recur-
rence of AF up to 1 year after ablation. In patients with 
preserved left ventricular ejection fraction, our results 
show that MRproANP >107.9 pmol/L before the proce-
dure is indicative of a significant, 24- fold increase in the 
risk of AF recurrence at 1 year. Conversely, MRproANP 
levels <107.9 pmol/L can identify individuals who will 
almost certainly not experience recurrence, with a NPV 
of >95%. sST2 was not found to be an independent 
predictor of AF recurrence after catheter ablation in our 
study.

There is a compelling need for simple and objec-
tive criteria that can identify patients likely to respond 
well to catheter ablation of AF, to facilitate selection 

Figure 4. Receiver operating characteristic curves showing the levels of MRproANP measured 
before the procedure in PV blood, the LA blood, and RA blood predicting the recurrence of atrial 
fibrillation up to 1 year after catheter ablation.
LA indicates left atrium; MRproANP, midregional N- terminal pro– atrial natriuretic peptide; PV, peripheral 
venous; and RA, right atrium.
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of candidates for ablation, and to guide postabla-
tion management. Certain clinical variables, such as 
LA dilation, type of AF (persistent versus paroxys-
mal), obesity, diabetes mellitus, hypertension, sleep 
apnea, or CHA2DS2VASC score have been shown 
to predict recurrent AF postablation.11– 23 However, 
to date no reliable biological parameter has been 
identified that can identify patients at risk of AF re-
currence after catheter ablation. In a previous single- 
center study, recurrent AF was found to be more 
frequent in patients with an MRproANP value in the 
fourth quartile compared with the first quartile.30 This 
is line with our findings, as in our study no recurrence 
was observed in the first quartile of MRproANP ver-
sus a recurrence rate of >60% in the fourth quar-
tile. In terms of quantitative thresholds, this means 
that patients with MRproANP<73.5  pmol/L prepro-
cedure have no recurrence, whereas among those 
with values >200 pmol/L, >60% experienced recur-
rent AF. Furthermore, our results also illustrate the 
linear nature of the relation between preprocedural 
MRproANP levels and postablation recurrence rates 
and identified MRproANP as an independent predic-
tor of the risk of recurrence, which is a novel find-
ing. Regardless of the site from which the blood was 
drawn (peripheral blood, LA, or RA), the predictive ca-
pacity of MRproANP for recurrent AF was the same. 
Thus, it would seem that assessing MRproANP from 
peripheral venous blood is sufficient to identify pa-
tients who will respond well or those who may be at 
increased risk of AF recurrence after the procedure.

proANP is stored and released by atrial cardio-
myocytes and is cleaved into mature ANP, and its N- 
terminal fragment, NTproANP.41 Within this fragment is 

the mid- regional section, MRproANP, which has a lon-
ger half- life than mature ANP (atrial natriuretic peptide), 
making its assessment more reliable.42,43 In stable 
clinical conditions, which was the case of the patients 
included in our study, the variability of MRproANP is 
low.44 It was previously shown that MRproANP is in-
creased in patients with AF, independently of he-
modynamic conditions, and also that there is a link 
between AF burden and MRproANP levels.45,46 Other 
studies have also reported that catheter ablation for 
AF significantly reduced plasma concentrations of 
ANP and MRproANP in the long term.47,48 In our study, 
MRproANP levels were higher in the RA and LA than 
in peripheral venous blood, with a strong correlation 
between the levels observed in the atria and those in 
the peripheral circulation, and the levels in the atria 
were higher during AF than in sinus rhythm. These 
data complement previous knowledge and suggest 
that there is an increased release of ANPs by the my-
ocytes of the LA and RA during AF. Taken together, 
these findings suggest that MRproANP may be a good 
marker of AF progression and prognosis. We purport 
that MRproANP could be preferred over BNP (B- type 
natriuretic peptide) in the context of AF, especially be-
cause it is established that ANP and BNP levels are 
discordant in patients with AF.49

sST2 is a marker of fibrosis, particularly cardiac 
fibrosis.32 The clinical course of AF is marked by the 
development of atrial fibrosis.31,50– 53 In clinical prac-
tice, sST2 is an important prognostic marker in several 
domains, such as heart failure and renal insufficien-
cy.34– 38,54,55 A previous study investigating sST2 found 
that it was an independent predictor of AF recurrence.56 
However, this was a single- center study performed 
in patients with nonvalvular paroxysmal AF undergo-
ing cryoablation of AF.56 In our study, we did not find 
sST2 to be an independent predictor of AF recurrence 
after catheter ablation. It would seem that sST2 is less 
determinant than MRproANP in light of our multivar-
iate analysis and the comparison of the ROC curves 
comparing the predictive capacity of each marker. 
However, we did observe a correlation between sST2 
and LA dilation, corroborating the findings of Okar et 
al.56 Taken together, the data regarding sST2 suggest 
that it is an important biomarker for the prognosis and 
overall follow- up of cardiac disease and progression 
toward heart failure, but not specifically useful in the 
setting of AF.

Our study has some limitations. First, it was an ob-
servational study with a relatively small sample size 
(N=105), and certain known predictors of recurrence 
(body mass index, sleep apnea) were not found to 
be significant in our study, likely because of a lack of 
statistical power. Second, the methods of assessing 
AF recurrence may have led to an underestimation of 
actual recurrence rates. Indeed, patients did not have 

Table 4. Independent Predictors of Recurrent AF After 
Catheter Ablation by Multivariate Logistic Regression

OR 95% CI

MRproANP*, per unit 1.01 1.01– 1.02

sST2, per unit 1.01 0.98– 1.05

Hypertension 1.78 0.47– 6.71

Coronary artery disease 5.40 0.76– 38.17

CHA2DS2VASC≥2 0.98 0.21– 4.45

LA area>22 cm2 2.69 0.71– 10.14

Diabetes mellitus 1.28 0.28– 5.92

LVH 0.35 0.02– 6.70

Type of AF at inclusion 2.00 0.93– 4.26

Rhythm control therapy at 
inclusion

0.45 0.14– 1.46

LVEF, per unit 1.03 0.96– 1.11

AF indicates atrial fibrillation; LA, left atrium; LVEF, left ventricular ejection 
fraction; LVH, left ventricular hypertrophy; MRproANP, midregional N- 
terminal pro– atrial natriuretic peptide; OR, odds ratio; and sST2, soluble 
suppression of tumorigenicity 2.

*Measured in peripheral venous blood.
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implanted Holter devices (implantable cardiac moni-
tors), and the duration of systematic ECG Holter mon-
itoring was only 24  hours, without the performance 
of longer duration monitoring. Nevertheless, the like-
lihood of underestimation of AF recurrence is low given 
than the recurrence rate at 1  year observed in our 
study was similar to, if not higher than that reported in 
other prospective studies.5,10,57 This may be explained 
by the fact that all patients were symptomatic, mak-
ing the detection of recurrence easier. Indeed, patients 
were instructed to consult the cardiologist or general 
practitioner immediately in case of symptoms. In addi-
tion, if underestimation occurred, it likely affected both 
groups equivalently. We therefore believe that the mon-
itoring modalities likely had little effect on the results. 
In addition, multiple factors affect the success rate of 
AF ablation and may confound the predictive role of 
the markers. Nevertheless, MRproANP was found to 
be an independent predictor even after adjustment 
for potential confounders in multivariate analysis, thus 
supporting the robustness of our findings. Finally, our 
data deserve confirmation in a larger population to 
confirm the prognostic value of MRproANP to identify 
patients at high risk of AF recurrence up to 1 year after 
catheter ablation of AF on top of previously identified 
predictors.11– 13,18– 23

CONCLUSIONS
An elevated MRproANP level is an independent 
predictor of recurrent AF at 1 year after catheter 
ablation, whereas sST2 levels do not appear to 
have any prognostic value in assessing the risk 
of recurrence of AF up to 1 year. An MRproANP 
level >107.9 pmol/L before the procedure is asso-
ciated with a 24- fold increase in the risk of recur-
rent AF within 1 year. Conversely, an MRproANP 
value <107.9  pmol/L identif ies patients unlikely 
to experience recurrent AF, with a high NPV. 
Larger prospective studies are warranted to 
confirm the utility of assessing MRproANP in this   
setting.
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Table S1. Procedural data and complications in patients with and without recurrence of 

atrial fibrillation after catheter ablation.  

 Total (N=105) No recurrence 

(n=71) 

Recurrence 

(n=34) 

P value 

Sinus rhythm at start of procedure 68 (64.7) 48 (67.6) 20 ( 58.8) 0.39* 

Catheter ablation techniques 

Cryoballoon ablation 38 (36.2) 24 (22.9) 14 (13.3) 0.46* 

Radiofrequency ablation 67 (63.8) 47 (66.2) 20 (58.8) 0.46* 

Pulmonary-vein isolation 104 (99.0) 71 (100) 33 (97.1) 0.14* 

Ablation of CFAEs 14 (13.3) 8 (11.3) 6 (17.6) 0.37* 

Linear ablation across the roof 11 (10.6) 2 (2.9) 9 (26.5) <0.01* 

Linear ablation in mitral valve 

isthmus 

3 (2.9) 1 (2.8) 2 (2.9) 0.97* 

Linear ablation in IVC-tricuspid 

annulus isthmus 

10 (9.5) 6 (8.5) 4 (12.9) 0.59* 

Total procedure duration 

(minutes), median [Q1-Q3] 

115 [90-150] 105 [90-143.75] 120 [90-150] 0.32† 

Procedural adverse events 

Groin site complication 1 (0.9) 0 (0) 1 (2.9) 0.32‡ 

Cardiac tamponnade 0 (0) 0 (0) 0 (0)  

TIA or stroke 2 (1.9) 1 (1.4) 1 (2.9) 0.60‡ 

Phrenic nerve injury 1 (0.9) 1 (1.4) 0 (0) 0.49‡ 

Other complications 2 (1.9) 0 (0) 2 (5.9) 0.04‡ 

Rhythm control therapy at discharge  



Antiarrhythmic drugs (all) 62 (59.0) 42 (59.2) 20 (58.8) 0.97* 

Sotalol 10 (9.5) 7 (9.9) 3 (8.8) 0.87‡ 

Amiodarone 19 (18.1) 11 (15.5) 8 (23.5) 0.32‡ 

Flecainide 15 (14.3) 12 (16.9) 3 (8.8) 0.27‡ 

Beta blockers 42 (0.40) 26 (36.6) 16 (47.1) 0.31* 

Rhythm control therapy at follow-up 

Antiarrhythmic drugs (all) 41 (39.0) 25 (35.2) 16 (47.1) 0.25* 

Sotalol 7 (6.7) 4 (5.6) 3(8.8) 0.87‡ 

Amiodarone 9 (8.6) 5 (7.0) 4 (11.8) 0.81‡ 

Flecainide 5 (4.8) 3 (4.2) 2 (5.9) 0.93‡ 

Beta blockers 30 (28.6) 18 (25.4) 12 (35.3) 0.56* 

 

CFAEs: Complex Fractionated Atrial Electrograms; min: Minutes; TIA: Transient Ischemic 

Attack. 

Other complications: 1 mitral valve perforation, 1 pulmonary oedema  

[Q1-Q3]: quartiles [25th and 75th percentiles] 

*Chi square test 

† Mann Whitney test 

‡ Fisher’s exact test 

 

  



Figure S1. Correlation between MRproANP levels in the left and right atria, and in 

peripheral venous blood.  
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Figure S2. Correlation between MRproANP (pmol/L) concentration in peripheral 

venous blood, and in the left atrium (LA blood) and right atrium (RA blood) prior to 

the catheter ablation procedure. 
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Figure S3. MRproANP (pmol/L) concentration in the left atrium (LA blood) and right 

atrium (RA blood) prior to the catheter ablation procedure in patients in atrial 

fibrillation and in patients in sinus rhythm at the time of the blood draw.  

 

 

 

  



Figure S4. Correlation between MRproANP and sST2 levels measured prior to the 

procedure in peripheral venous blood, and left atrial area.  
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