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Abstract
Background Pre- and postablation atrial fibrillation (AF)
brain natriuretic peptide (BNP) levels were shown to predict
increased recurrence of AF following ablation.
Objective Our objective was to assess whether elevated BNP
levels merely represent the presence of AF at the time of
measurement or indeed the true recurrence of AF.
Methods and Results In a prospective study of 88 patients
undergoing AF ablation, BNP levels were measured immedi-
ately before, after, 24 h, and 4–6 months postablation. BNP
levels were stratified by presenting rhythm and ventricular rate
at the time of measurement. Median BNP level preablation
was higher in patients presenting in AF compared to sinus
rhythm (SR) (54(44–79) pg/ml vs. 30(18–47) pg/ml,
p<0.001). Postablation restoration of SR in patients

presenting in AF reduced median BNP levels from 54(44–
79)pg/ml to 40(37–51)pg/ml, (p<0.001). However, no
change was noted in patients who presented in and maintained
SR throughout the procedure (30(18–47)pg/ml to 27(16–40)
pg/ml, p=0.270). At 4–6months, BNPmeasured in patients in
SR was not significantly different from postablation BNP
(35(22–53)pg/ml vs. 38(20–52)pg/ml, p=0.656), although
35 % of them had AF recurrence in 1-year follow-up.
Median BNP level measured in five patients while in atrial
arrhythmia was elevated compared to postablation BNP
(464(421–464)pg/ml to 37(36–37)pg/ml, p=0.043). BNP
levels and ventricular rates are positively correlated at all
times pre- and postablation.
Conclusions BNP level rises acutely during AF and with
rapid ventricular rates. BNP level seems to be a function of
atrial rhythm and ventricular rate rather than short- or long-
term predictor of AF ablation success.
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1 Introduction

Brain natriuretic peptide (BNP) is a neurohumoral substance
produced by the ventricles in response to myocardial stretch
and is a diagnostic marker of heart failure and systemic fluid
overload [1]. Plasma BNP levels are known to be significantly
elevated in patients with atrial fibrillation (AF) compared to
those in sinus rhythm (SR) even in those without heart failure
[2, 3]. These levels have been shown to drop acutely following
cardioversion of AF to SR [4–6]. Pulmonary vein antral
isolation (PVAI) is an effective and standard rhythm control
strategy in patients with symptomatic and drug refractory AF
[7, 8]. BNP levels have also been shown to decrease after
successful AF ablation by pulmonary vein isolation. Few
studies have suggested that reduced BNP levels 3-months
postablation are predictor of successful ablation in paroxys-
mal, persistent, and permanent AF patients [9–12]. Few others
have also suggested that preablation BNP levels correlate with
increased recurrence of AF postablation [13–16].

BNP has a short biological half life of 22 min and is
metabolized rapidly by an endopeptidase [17, 18]. Given its
short half life, BNP levels may reflect acute changes in rhythm
status and may predict meaningful hemodynamic and neuro-
humoral changes within 1 to 2 h of an atrial arrhythmic event.
Whether BNP levels can truly predict the success of a proce-
dure as indicated in some prior studies is questionable.

In our study, we aimed to answer this question by sequen-
tially measuring BNP levels pre- and postablation procedure
while monitoring rhythm and ventricular rate. We compared
BNP levels immediately prior to, after ablation, 24 h post, and
at 4 to 6-months follow-up in patients who presented for AF
ablation.

2 Methods

This is a prospective observational study that enrolled patients
with AF undergoing PVAI and substrate modification. The
study was approved by the human subjects committee at the
respective two institutions and conducted in accordance with
their regulations, and an informed consent was obtained from
all the participants.

Study population Consecutive patients (n=88) with symp-
tomatic and drug-resistant AF undergoing ablation for the first
time were enrolled after fulfilling the inclusion and exclusion
criteria. Patients with renal insufficiency (serum creatinine of
1.4 or greater), left ventricular ejection fraction less than 45%,
prior myocardial infarction, congestive heart failure, rheumat-
ic heart disease, moderate to severe valvular dysfunction,
moderate to severe diastolic dysfunction, severe uncontrolled
hypertension, severe left ventricular hypertrophy, and hyper-
thyroidism were excluded.

Pulmonary vein antral isolation Pulmonary vein antral
isolation (PVAI) was performed using intracardiac echo
and 3D electroanatomic mapping (CARTO or NavX)
guided, roving circular mapping catheter (Lasso®,
Biosense Webster Inc., Diamond Bar, CA) technique
involving isolation of all the pulmonary veins at the
antral level using an open-irrigated ablation catheter
(Thermocool®, Biosense Webster Inc., Diamond Bar,
CA) with double transseptal puncture.

Details of the procedure are described elsewhere [19]. The
ablation was done either in SR or in AF. Patients with parox-
ysmal AF had pulmonary vein isolation alone, and those with
early persistent and prolonged persistent had additional com-
plex fractionated electrogram ablation along the posterior
wall, septum, roof, and coronary sinus. If the patients did not
convert to SR at the end of the ablation, they were electively
cardioverted to SR. In patients where the AF organized into an
atrial flutter, it was mapped and ablated. All the patients
received 40 mg of IV furosemide immediately after the pro-
cedure and 12 h post procedure. Potassium and magnesium
levels were replaced appropriately.

BNP sampling Peripheral venous samples were used for
measuring BNP. A sample of 2–3 ml of blood was
collected in EDTA-coated 5-ml test tubes. A total of
four blood samples were obtained sequentially. The first
sample was obtained immediately prior to ablation on
the procedure table. The second sample was obtained
immediately after the ablation within 10 min of the end
of the procedure. The third sample was obtained on the
first postoperative day. A final sample was collected
between 4 and 6 months postablation.

BNP assay BNP is stable in whole blood. A portable, 15-min
immunoassay provided by Biosite (Triage BNP Test, Biosite
Diagnostics) [20] was used to measure BNP in the whole
blood samples. Blood was assayed as soon as the sample
was received, and the rapid in vitro quantitative measurement
of BNP was obtained within 15 min. Monthly quality controls
were performed and the instrument was calibrated as per the
specifications. The lowest limit of detection in this immuno-
assay was 5 pg/ml.

Follow-up and procedural success A final BNP sample was
obtained at 4–6 months follow-up visit. Clinical information
about patient status and symptomatic AF episodes were ob-
tained from the clinic notes. Success or failure of the AF
ablation procedure and episodes of recurrent AF and atrial
flutter (AFL) were ascertained from the follow-up clinic notes.
The first 12 weeks postablation was considered as the
blanking period. Patients free of atrial arrhythmias at 3 months
follow-up off antiarrhythmic drugs (AAD) were considered to
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have successful ablation in the short term. Recurrence of AF
beyond 3 months was considered a failed ablation procedure
[21]. Patients were followed further up to 1 year to assess the
long-term success.

Rhythmmonitoring All enrolled patients had a diagnosis of
either paroxysmal, early persistent, or longstanding per-
sistent AF refractory to drug therapy. Patients’ presenting
rhythm prior to ablation was obtained from the EKG and
telemetry monitor and review of the ablation procedure
notes. Rhythm of the patient during the procedure was
also reviewed, and any induction and occurrence of AF
during the procedure was noted. Rhythm on the first
postoperative day was noted from hospital telemetry and
12-lead EKGs. All patients were equipped with an event
monitor for 3 months, and recurrence of AF episodes was
assessed effectively during that period. Patients’ rhythm at
follow-up visits (at 6 and 12 months or any urgent care
visits) was assessed using a 12-lead EKG at the time of
the visit. A repeat event monitor was given if patients
complained of symptoms of AF that was not recorded on
a routine EKG. BNP measurement at 4–6 months
postablation was done along with the EKG. Heart rate
during each BNP measurement was also noted either from
the EKG, tele-monitor, or clinic visit encounter.
Specifically, the heart rate was observed on the monitor
in the EP lab during the BNP draw preablation and
postablation, and the highest heart rate was documented.
On the first postoperative day, the highest heart rate
during the BNP draw was obtained from the tele-
monitor. Heart rate at 4–6 month was obtained from the
EKG done immediately prior to BNP draw. For patients in
AF, rate controlled AF was defined arbitrarily as ventric-
ular rate <100 bpm at rest. AF with rapid ventricular
response is ventricular rate >100 bpm.

Statistical analysis The demographic and clinical characteris-
tics of the patient population were described by percentages,
and means and standard deviations as appropriate. Statistical
analysis of categorical data was done using the chi-square
statistic. BNP measurements were not normally distributed.
For paired comparisons of BNP measurements, the nonpara-
metric Wilcoxon signed rank test was used, and for indepen-
dent comparisons of BNP measurements, the nonparamet-
ric Mann–Whitney U test was used. Correlations between
BNP levels and heart rates were made using Pearson corre-
lation. A general linear model was used to evaluate the
relative importance of atrial rhythm and ventricular rate
on the elevation of BNP. A p value <0.05 was considered
statistically significant. Univariate and multivariate step-
wise logistic regression analysis of AF recurrence was also
performed. The SPSS 16.0 statistical package was used for
statistical analyses.

3 Results

3.1 Baseline characteristics

A total of 88 patients were enrolled between June 2008 and
December 2009 (mean age of 60±8 years, 68 % men). Please
see Table 1 for baseline characteristics. A large percentage of
patients had early persistent AF at 63.6 %, followed by par-
oxysmal AF at 33.0 %, and longstanding persistent AF at
3.4 %. Mean ejection fraction of the study population was
56.6±8.3 %.

3.2 BNP levels and rhythm/rate before and immediately
after AF ablation

Forty (45.4 %) patients were in AF at the beginning of the
procedure and were either cardioverted (69 %) or spontane-
ously converted to sinus rhythm (31 %) by the end of the
procedure. Thirteen (14.8 %) patients were in SR at the
beginning of the procedure but developed AF during the
procedure and were also either spontaneously converted or
cardioverted to SR at the end of the procedure. Thirty-five
(39.8 %) patients presented in and maintained SR throughout
the procedure. Median BNP level preablation was higher in
patients who presented in rate controlled AF compared to
patients in SR (54(Q1 44–Q3 79)pg/ml vs. 30(Q1 18–Q3
47)pg/ml, p<0.001). Following the restoration of SR with
ablation (with or without cardioversion), median BNP levels

Table 1 Baseline characteristics of the study cohort (n=88)

Clinical variable Observation

Age (years) 60±8

Males (%) 68.2

BMI 31±6

Diabetes mellitus (%) 26.1

Hypertension (%) 58.0

Coronary artery disease (%) 29.5

Obstructive sleep apnea (%) 23.9

Ejection fraction (%) 57±8

Creatinine (mg/dl) 0.93±0.18

Left atrial size (cm) 4.16±0.98

Paroxysmal AF (%) 33.0

Early persistent AF (%) 63.6

Long standing persistent AF (%) 3.4

Anti-arrhythmic drug (%) 77.3

ACE inhibitor (%) 34.1

ARB (%) 13.6

Beta blocker (%) 63.6

Calcium channel blocker (%) 26.1

Digoxin (%) 23.9

Statins (%) 50.0
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dropped significantly immediately after the procedure to
40 pg/ml in the group that presented in AF (54(44–79)pg/ml
to 40(37–51)pg/ml, p<0.001). Median postablation BNP
levels did not change compared to preablation BNP levels in
those patients who presented in SR (30(18–47)pg/ml to
27(16–40)pg/ml, p=0.270). Median BNP postablation in
those who presented in AF was different from those in SR
(40(37–51)pg/ml and 27(16–40)pg/ml, p=0.001). Mean pro-
cedure time was 3.5±0.7 h. Figure 1 shows the BNP levels at
different time points in patients presenting in AF versus SR.

Mean ventricular rate in patients presenting with rate-
controlled AF was higher than those in SR (73.4±15.1 vs.
59.9±12.5 bpm, p<0.001). There was a significant positive
correlation of BNP and ventricular rate preablation (Pearson
correlation coefficient=0.645, p<0.001) (Fig. 2a). A signifi-
cant positive correlation was also seen between postablation
BNP levels and ventricular rate (Pearson correlation=0.599,
p<0.001) regardless of the rhythm (see Fig. 2b).

3.3 BNP levels and rhythm/rate 24-h postablation

Median BNP on the first postoperative day (24 h postablation)
was 75(51–123)pg/dl and was significantly higher than the
immediate postablation BNP (37(23–50)pg/dl) in all individ-
uals (p<0.001). This is probably either related to fluid overload
from the ablation using an open-irrigated catheter or atrial tissue
necrosis. Twenty-four hours postablation, 83 (94.3 %) patients
were in SR. In these patients, there was no significant difference
in BNP among those who presented in SR versus those who
presented in AF (73 (55–115) vs. 64 (46–139), p=0.974). The
median BNP in patients in AF (n=5) at 24 h was 207 pg/dl.
Median BNP in these patients who were in AF 24-h post

procedure was higher than those who were in SR (207 (194–
207) vs. 71 (50–121), p=0.001). Mean ventricular rate in these
five patients in AF was significantly higher than those in SR
(93.2±14.6 vs. 75.3±12.0, p=0.022). There was a significant
strong positive correlation between ventricular rate and BNP
levels (Pearson correlation=0.674, p<0.001; see Fig. 2c).

3.4 BNP levels and rhythm/rate 4–6 months postablation

BNP levels were measured in 64 patients 4 to 6 months
after ablation and were compared to BNP immediately
postablation. All but five patients were in SR at the time
of this measurement. It was found that BNP levels at 4 to
6 months in patients in SR were not significantly different
from postablation BNP (35(22–53)pg/ml vs. 38(20–52)pg/
ml, p=0.656), although 21 (21/59, 35.5 %) of them had
AF recurrence. Median BNP levels of the five patients
who were in AF/AFL at the time of the 4- to 6-month
postablation measurement were elevated compared to
postablation BNP (464(421–464)pg/ml to 37(36–37)pg/
ml, p=0.043). Similarly, median BNP level of these five
patients at 4–6 months was significantly higher than the
BNP level at 4–6 months measured in patients who were
in SR at the time of measurement (464(421–464)pg/ml to
35(22–53)pg/ml, p=0.005). Of the 5 patients who were in
AF/AFL at the time of measurement of BNP, 4 of them
had rapid ventricular rates ranging from 188 to 220 and
much higher BNP values ranging from 421 to 990.3. One
patient who was in rate-controlled AF had a heart rate of
56 bpm and a BNP level of 26.1 pg/ml. All of these
patients have stopped their AADs and titrated down on
their AV nodal blockers at the time of the recurrence.
There is a strong positive correlation between ventricular
rate and BNP levels at 4–6 months postablation (Pearson
correlation=0.910, p<0.001; see Fig. 2d).

3.5 BNP levels and AF recurrence 1-year follow-up

Twenty-six out of 88 patients (29.5 %) had AF recurrence at 1-
year follow-up. When patients with and without AF recurrence
were compared, there was no difference in BNP levels at all time
points pre- and postablation. Taken otherwise, BNP levels pre-
or postablation did not predict AF recurrence; see Fig. 3.
Furthermore, when BNP levels were measured only when pa-
tients were in SR, BNP levels were reduced in both AF recur-
rence and nonrecurrence cohorts, again with no statistically
significant difference in both groups at preablation, immediate
postablation, and at 4–6 months (Table 2a). Similarly, when we
analyzed patients with paroxysmal and persistent AF separately,
there was no difference in BNP levels at any stage pre- or
postablation in patients with and without a recurrence. Only at
24-h postablation did recurrent cohorts have higher BNP than
nonrecurrence cohort when all patients were considered

Fig. 1 Differences in BNP levels in patients presenting to the EP lab in
sinus rhythm versus AF preablation at various stages surrounding radio-
frequency ablation irrespective of their rhythm during BNP measurement
at time points immediately before, after, 24 h, and 4–6 months
postablation
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(Table 2a). At 12-months follow-up, 78 % remained arrhythmia
free off antiarrhythmic drugs. None of them underwent redo
ablation within 1 year. No BNP levels were measured at 12-
months follow-up.

Univariate predictors for AF recurrence were found to be
age (p=0.1), preablation BNP (p=0.14), immediate
postablation BNP (p=0.06), OSA (p=0.09), and ACEI/ARB
(p=0.02). On multivariate analysis, OSA (p=0.01) and pres-
ence of an ACEI/ARB inhibitor (p=0.008) were found to be
predictors of AF recurrence. BNP levels were not found to
correlate with recurrence.

3.6 Elevated BNP levels as a function of atrial rhythm versus
ventricular rate

BNP levels measured at any time pre- and postablation are
significantly higher if patients are in AF at the time of mea-
surement than if they are in SR (see Fig. 4). Similarly, BNP
levels at all times (pre- and postablation) were positively
correlated with ventricular rates (see Fig. 2–d). Since BNP

Fig. 2 a–d Shows the Pearson’s
correlation between BNP levels
and the rhythm (AF, red and SR
black) at the time of measurement
and ventricular rate immediately
before, after, 24 h, and 4–
6 months post-RF ablation. a
Shows correlation of heart rate
with preablation BNP levels in
those presenting in SR versus AF.
b Shows correlation of heart rate
and BNP levels immediately after
ablation. All the patients were in
SR at the end of the procedure. c
Shows the correlation of heart rate
and BNP levels at 24-h
postablation in those who were in
SR versus AF at that time. d
Correlation between ventricular
rates and BNP levels at 4–6-
months follow-up in those who
were in SR versus AF

Fig. 3 Differences in BNP levels in patients who had AF recurrence
versus those who had no AF recurrence at 3-months follow-up on event
recorders irrespective of their rhythm at the time measurement at various
stages around radiofrequency ablation
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levels have been shown to be elevated with atrial fibrillation as
well as with an increase in heart rate in our study, we sought to
determine if the elevated BNP is secondary to the atrial rhythm
or the ventricular rate or both. Figure 5 shows the increase in
BNP levels as the ventricular rate increases in both SR and AF.
A general linear model showed that ventricular rate accounted
for most of the variability (p<0.001) in the model suggesting
that it is the ventricular rate rather than the atrial rhythm that has
contributed mostly to the increase in BNP level.

4 Discussion

Main study findings Our study confirms the following: (1)
BNP levels are elevated during AF and normalizes when SR is
restored. (2) BNP levels are much higher in AF patients with
rapid ventricular rates than those with rate-controlled AF, and
BNP levels continue have a linear correlation to ventricular rates.
(3) Higher ventricular rates in SR predicted higher BNP levels
than lower ventricular rates. (4) BNP levels seem to correlate

Table 2 Differences in BNP levels at various stages surrounding AF
ablation in patients who had a recurrence of AF (a), in patients with
paroxysmal AF who had a recurrence of AF (b), and in patients with

persistent AF who had a recurrence of AF (c) versus those who did not
have any AF recurrence, (excluding patients who were in AF at the time
of measurement)

Timing of BNP measurement No. AF recurrence median (Q1–Q3) Recurrence median (Q1–Q3) p value

a

Preablation 26 (13–50) 32 (24–39) 0.280

Immediate post 37 (18–42) 38 (23–55) 0.207

1 day post 64 (49–111) 106 (65–123) 0.028

4–6 months post 35 (19–52) 40 (32–55) 0.206

b

Preablation 21 (8–37) 32 (26–35) 0.2

Immediate post 30 (11–39) 37 (19–39) 0.4

1 day post 75 (53–129) 118 (71–179) 0.2

4–6 months post 35 (22–40) 34 (25–41) 0.9

c

Preablation 27 (18–60) 31 (25–46) 0.5

Immediate post 25 (14–53) 40 (30–60) 0.2

1 day post 59 (46–109) 106 (61–123) 0.12

4–6 months post 31 (20–56) 50(35–61) 0.1

All values below were measured when patients were in sinus rhythm irrespective of AF recurrence

Fig. 5 BNP levels as a function of ventricular rate and rhythm at the time
of BNP measurement

Fig. 4 BNP levels measured as a function of rhythm at the time of BNP
measurement during various stages pre- and postablation of AF. Note:
none of the patients were in AF at the time of BNP measurement
immediately post ablation. Five patients were in AF 24-h postablation
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with the atrial rhythm and ventricular rate for a given point in
time and are not predictive of either short-term or long-term
success of AF ablation as was shown in earlier studies.

BNP is a 30 amino acid cardiac neurohormone peptide.
Lungs, kidneys, and adrenal glands are known to produce this
peptide, with the ventricles being the primary source of BNP
in patients with heart failure. [22–24]. Even though ventricles
are the predominant source of BNP, atria have also been
shown to secrete BNP in patients with AF [25]. The exact
mechanism of its production in the atria is unclear, although
BNP mRNA has been detected in atrial myocytes. Increased
atrial stretch has been proposed for the elevated levels in
patients with AF [18, 25, 26]. BNP elevation during AF is
probably related to significant atrial stretch and volume over-
load which becomes even more profound when AF is associ-
ated with rapid ventricular rates. Altered myocardial contrac-
tility and hemodynamics from rapid rates probably causes
ventricles to secrete quantitatively much higher levels of
BNP. Such correlation between rapid ventricular rates and
high BNP levels was shown by Magioncalda et al. in patients
presenting to the emergency rooms with supraventricular
tachyarrhythmias [27].

BNP levels on postoperative day 1 have been found to be
significantly higher in all individuals in our study irrespective
of presenting rhythm. This observation may be related to
significant fluid and pressure overload caused by open-
irrigated catheter use for ablation or by the direct traumatic
effects on the atrial tissue producing ablation necrosis [28]. A
study by our group in the past has shown that open-irrigated
catheter use for AF ablation can cause significant fluid over-
load (up to 4 l) and associated symptoms [29].

Prior studies have shown elevated levels of BNP in sub-
jects with AF [30–32]. Preoperative levels of BNP have been
shown to predict the occurrence of postoperative AF [33]
while others have shown that preablation BNP levels predict
post-AF recurrence postablation [13–16]. Some studies have
shown that reduction in BNP levels 3 months after AF abla-
tion is predictive of procedural success [9–12]. It is possible
that someone who presents in AF or other atrial tachyarrhyth-
mia 3-months postablation is likely to have an elevated BNP
level. It was not clear in most of these studies what the rhythm
was when BNP levels were measured or what their ventricular
rates were at the time of measurement. It is possible that those
who were classified as failed ablation were in AF recurrence
with high BNP levels and those who had successful ablation
were in sinus with low BNP levels. Thus the difference in
BNP levels would simply reflect their rhythm and ventricular
rate at the time the sample was obtained. The conclusions of
the above-referenced studies probably do not apply to patients
who are in SR at the time of BNP measurement but later had
recurrent AF. Other studies have demonstrated preablation
BNP and/ or N-terminal pro-BNP levels to predict
postablation recurrence of AF [13–16]. This was not

reproduced in our study. In our study, BNP levels at 24 h were
elevated in those with AF recurrence (albeit no difference was
detected when considered separately for paroxysmal and per-
sistent AF patients likely due to a smaller power). It is possible
that most of the patients who had AF recurrence were those
who presented in AF with a more complex arrhythmia sub-
strate requiring extensive ablation and infusion of more fluid
thus causing an elevated BNP 24-h post procedure. Our study
is important because it challenges the conclusions from other
studies that pre- or postablation BNP levels cannot predict AF
recurrence. We believe that elevated BNP levels are marker of
the nature of the atrial substrate, presenting atrial rhythm,
atrial arrhythmia burden, and ventricular rate and not a con-
clusive predictor of short-term or long-term procedural
success.

Limitations and clinical implications This is a small study
with limited study population. We did not measure source-
specific BNP to see if the elevated BNP in AF patients was
mostly from atria or ventricles. However, it was obvious that
there was linear correlation between ventricular rates and BNP
levels both in patients with SR and AF, suggesting that quan-
titatively ventricles to be the bigger contributing source than
the atria. When the ventricular rates are well-controlled, pa-
tients in AF had relatively higher BNP levels than those in SR.
Again, the highest heart rate at the time of BNP draw was
documented, and heart rate was not averaged over a period of
time. Occurrence of AF postablation was monitored by event
monitor reports, but if a patient had asymptomatic AF epi-
sodes not captured by the event recorder, we could have
missed those AF recurrences. Our study suggests the nonutil-
ity of measuring BNP to predict AF recurrence after ablation.
Clinicians should rely on clinical evidence of recurrence in-
cluding symptoms and documented arrhythmia rather than a
short-lived biological marker when making important deci-
sions regarding discontinuation of antiarrhythmic drugs and
anticoagulation postablation. Multiple comorbidities can af-
fect BNP levels; rigorous effort was made to exclude the most
obvious confounders. These limitations probably apply to
most studies published on this subject.

5 Conclusions

BNP level rises acutely during AF and with rapid ventricular
rates. BNP level seems to be a function of atrial rhythm and
ventricular rate rather than short- or long-term predictor of AF
ablation success.
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