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Abstract

Background We investigated whether the increase of plasma natriuretic peptides (NPs) in atrial fibrillation (AF) is independ-
ent of the effect of AF on the left atrial (LA) hemodynamics.

Methods Hemodynamically stable patients scheduled for AF ablation underwent assessment of B-type natriuretic peptide
(BNP) and mid-regional pro-atrial natriuretic peptide (MR-proANP), echocardiography, and direct measurement of left
atrial (LA) pressure. Concentrations of the NPs were compared between patients in AF (n=31) and controls in sinus rhythm
(SR; n=31) who were matched for age, gender, heart rate, left ventricular ejection fraction, LA volume index, and directly
measured mean LA pressure. Eighteen patients underwent serial measurement of NPs and LA pressure during native SR
and after 20 min of pacing-induced AF.

Results Compared to the patients in SR, the patients in AF had 2.6 times higher unadjusted BNP [median (inter-quartile
range), 101 (63, 129) vs. 38 (26, 79) ng/L] and two times higher unadjusted MR-proANP [183 (140, 230) vs. 91 (67, 135)
pmol/L; both p <0.001]. Concentrations of both NPs correlated with mean LA pressure in the patients in SR (r=0.75 for BNP
and 0.62 for MR-proANP, both p <0.001) but not in the patients in AF (»=0.18 and 0.04, respectively, both p > 0.3). Both
NPs increased significantly during induced AF [adjusted median (IQR) relative change, BNP: 27 (22; 40)%, MR-proANP:
75 (64; 99)%, both p <0.001] without a significant change in the LA pressure.

Conclusions The increase of NPs in AF was independent of its effect on the LA hemodynamics.
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Introduction a better understanding of how AF affects the release of NPs

may have important clinical implications, especially for

Plasma concentrations of natriuretic peptides (NPs) are
usually increased in patients in atrial fibrillation (AF) com-
pared to patients in sinus rhythm (SR) [1]. It is still unclear
whether this phenomenon is caused by AF itself or whether
it is related to hemodynamic overload and cardiac remod-
eling induced by AF. Previous studies were inconclusive in
clarifying the mechanisms behind the increase of NPs in
AF because they either used non-invasive methods [2-9] or
they focused on patients with heart failure [4, 10]. However,
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the diagnosis of early stages of heart failure with preserved
ejection fraction (HFpEF). In these patients, symptoms and
clinical findings are often ambiguous but AF is highly preva-
lent [1, 10].

The present study aimed to determine whether the effect
of AF on the release of NPs is independent of its effect on
the LA hemodynamics. To this end, plasma concentrations
of B-type natriuretic peptide (BNP) and mid-regional pro-
atrial natriuretic peptide (MR-proANP) were compared
between hemodynamically stable patients in AF and a con-
trol group of patients in SR who were matched for directly
measured LA pressure and key clinical and structural vari-
ables. In addition, a subset of the patients underwent meas-
urement of the NPs along with assessment of the LA hemo-
dynamics during SR and after inducing AF. At last, the study
investigated whether the presence of AF would affect the
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relationship between NPs’ plasma concentrations and mean
LA pressure.

Methods
Study population and protocol

This was a prospective, single-center study. The study pro-
tocol was approved by our institutional ethical committee
in accordance with the standards of the Declaration of Hel-
sinki, and all patients signed a consent to the investigation.
The initial study population included 106 hemodynamically
stable patients scheduled for catheter ablation of AF who
were either in AF (n=32) or in SR (n=74) on admission.
Excluded were patients with dilated, hypertrophic or restric-
tive cardiomyopathy, patients with significant valvular heart
disease (previous valve surgery, or more than a moderate
degree of stenosis or insufficiency of any valve), and patients
with congenital heart disease.

On the day before ablation, all patients under-
went a thorough clinical evaluation and transthoracic

Table 1 Baseline clinical characteristics by AF status

echocardiography. Heart rhythm was monitored by Holter
ECG from admission throughout the entire study proto-
col for at least 18 h. Patients in whom the heart rhythm
alternated during this period were excluded. At the begin-
ning of the ablation procedure, after obtaining transsep-
tal access, all patients underwent direct measurement of
LA pressure and blood sampling for assessment of BNP
and MR-proANP. In 18 consecutive patients, the blood
sampling and measurement of the LA pressure were per-
formed during native SR and after 20 min of interrupted
AF, which was induced by rapid pacing from the coronary
sinus.

Because in the initial non-selected population the
patients who presented in AF differed in some charac-
teristics from the patients in SR (Tables 1, 2), they were
matched with the patients in SR using propensity-score
matching (described in detail below). The final study
population consisted of 31 patients who presented with
AF and a control group of 31 patients in SR who had simi-
lar clinical, structural, and hemodynamic characteristics
(Tables 1, 2).

Variable Non-matched population Matched population

SR (n=74) AF (n=32) SMD SR (n=31) AF (n=31) SMD
Age (years) 58+12 61+8 0.26 6010 61+9 0.11
Male gender 58 (78) 19 (59) 0.41% 24 (77) 19 (61) 0.35
Body mass index (kg/m?) 29+5 29+4 0.09 29+4 29+4 0
Body surface area (m?) 2.1+0.2 2.1+0.2 0.13 2.1+0.2 2.1+0.2 0.19
History of heart failure 203) 2(6) 0.17 2(7 2(7) 0
Arterial hypertension 39(53) 16 (50) 0.05 17 (55) 15 (48) 0.13
Diabetes mellitus 9 (12) 4 (12) 0.01 7 (23) 4 (13) 0.25
Coronary artery disease 5(7) 13) 0.17 2(7) 13) 0.15
Peripheral artery disease 9(12) 209 0.09 7(23) 3(10) 0.35
TIA/stroke 6 (8) 2 (6) 0.07 5(16) 2(7) 0.4
CHA2DS2-VASc (0-9) 1(1-2) 2 (1-3) 0.4 2 (1-3) 2 (1-3) 0.16
Paroxysmal form of AF 64 (86) 6 (19) 1.82%%* 23 (74) 6 (19) 1.29%%**
AF symptom duration (years) 3(1-5) 2 (1-3) 0.19 2 (1-5) 2(1-4) 0.03
Lone AF 20 (27) 7(22) 0.12 7(23) 7(23) 0
Betablockers 47 (64) 24 (75) 0.25 19 (61) 24 (77) 0.35
ACEI/ARB 27 (36) 11 (34) 0.04 12 (39) 10 (32) 0.13
Loop/nonloop diuretics 12 (16) 10 (31) 0.35 6 (19) 10 (32) 0.29
GFR (ml/min) 82+18 81+14 0.05 8017 8114 0.08
BNP (ng/L) 33 (19-62) 103 (65-134) 0.88*** 38 (26-79) 101 (63-129) 0.51%*
MR-proANP (pmol/L) 83 (62-127) 184 (143 —234) 1.29%%* 91 (67-135) 183 (140-230) 1.0%%%*

Values are mean + standard deviation, median (interquartile range), and count (percentage)

AF atrial fibrillation, ACEI/ARB angiotensin-converting enzyme inhibitor/angiotensin receptor blocker, BNP B-type natriuretic peptide, GFR
glomerular filtration rate (CKD-EPI formula), MR mid-regional pro-atrial natriuretic peptide, SR sinus rhythm, SMD standard mean difference,

TIA transient ischemic attack
*[¥%[¥%%p value < 0.05/<0.01/<0.001 by logistic regression
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Table 2 Cardiac structure,

. . Variable
function, and hemodynamics by

Non-matched population Matched population

AF status SR (n=74) AF (n=32) SMD SR (n=31) AF (n=31) SMD
Systolic blood pressure (mmHg) 135+19 133+21 0.14 137+19 133 +21 0.21
Heart rate (beats/min) 66+15 79+16 0.89%**  75+16 79+16 0.29
LV enddiastolic diameter (mm) 53+6 54+7 0.09 54+7 53+7 0.05
LV ejection fraction (%) 57+5 54+7 0.54* 56+7 54+7 0.24
IVS thickness (mm) 9+1 9+1 0.13 10+1 9+1 0.44
E-wave velocity (cm/s) T1+£22 84+18 0.69%** 75422 84+18 0.47*
E/E' ratio 7.7+3.2 8.7+2.7 0.33 83+3.8 8.6+2.7 0.08
Mitral regurgitation (0—4) 1.1+0.4 1.1+0.3 0.12 1.1+0.6 1.1+0.3 0.07
RV dimension at base (mm) 38+5 37+6 0.16 38+5 37+6 0.11
RYV tissue Doppler (cm/s) 13+2 12+2 0.41 12+1 12+2 0.07
Tricuspid regurgitation (0—4) 1+0.2 1.1+0.2 0.1 1.1+0.3 1.1+0.2 0.02
Right atrial pressure (mmHg) 5+3 3+1 0.43 4+3 3+2 0.25
Left atrial volume index (ml/mz) 37+9 41+9 0.44* 38+9 41+9 0.31
LA mean pressure (mmHg) 9+5 10+4 0.29 10+6 10+4 0.01
LA pulse pressure (mmHg) 17+7 18+7 0.18 19+38 18+7 0.15
LA pressure V-wave (mmHg) 16 +8 18+8 0.26 19+9 18+38 0.07
LA wall stress (kdynes/cmz) 55+28 68+34 0.42 63435 68+34 0.14
LA stiffness index 0.6+0.3 0.8+0.6 0.5% 0.6+0.4 0.8+0.6 0.38

Data reported as in Table 1

1VS interventricular septum, LA left atrial, LV left ventricular, RV right ventricular

*[FE[F*%p value < 0.05/<0.01/<0.001 by logistic regression

Assessment of cardiac function and hemodynamics

Transthoracic echocardiography was performed by experi-
enced operators (Vivid 7, GE Healthcare, UK). In case of
present AF, all measurements were obtained by averaging
of at least five consecutive beats.

LA pressure was measured before the LA mapping
through an 8-F fluid-filled transseptal sheath placed in the
LA cavity. The pressure transducer was zeroed at the mid-
thoracic level. Mean LA pressure was calculated from the
electronic mean of the pressure curve over at least three
complete breath cycles. The height of the V-wave and LA
pulse pressure (V-wave to Y-nadir) were measured manu-
ally at end-expirium, using the Prucka CardioLab Sys-
tem (GE Healthcare). LA meridional wall stress and LA
diastolic stiffness were calculated as previously described
[11]. The minimal and maximal LA volumes for calcula-
tion of the LA stiffness were obtained by echocardiogra-
phy using the area—length method [12]. Central venous
pressure was measured via femoral venous sheath. Exact
LA volume and relative extent of low LA bipolar voltage
(using 0.15 mV cut-off) were determined by point-by-point
electroanatomic mapping (CARTO-3, Biosense Webster,
Israel) as previously described [13].
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Assessment of natriuretic peptides

EDTA-anticoagulated peripheral blood plasma was obtained
immediately before the hemodynamic assessment. The sam-
ples were stored at — 70 °C until batch analysis. BNP was
assessed by a chemiluminescent immunoassay (Architect,
Abbott Diagnostics, USA) with a sensitivity of 10 ng/L.
MR-proANP was assessed by a luminometric immunoas-
say (Kryptor, BRAHMS, Germany) with a sensitivity of
2.1 pmol/L. The coefficient of variation was < 10% for both
assays. BNP <35 ng/L and MR-proANP < 116 pmol/L were
regarded normal [14, 15].

Statistical analysis

Initially, factors associated with increased NP concentrations
were identified in the non-matched population by stepwise
multivariable linear regression analysis. The covariates in
the models were selected by backward elimination of all
significant univariable predictors. The NP values were log-
transformed before the analysis because of a right-skewed
distribution [16]. The identified independent factors included
age, female gender, presence of AF, mean LA pressure, LV
ejection fraction (LVEF), LA volume (for both NPs), and
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glomerular filtration rate (only for MR-proANP). These fac-
tors, along with the patient’s heart rate, were subsequently
used for propensity-score matching of the patients in AF
with the patients in SR (using the nearest neighbor matching
with the ratio of 1:1).

Because of the different size of the matched and the non-
matched study populations, the differences between the
patients in AF and SR were expressed by standardized mean
difference, and between-group comparisons were performed
by logistic regression. Factors associated with increased NPs
were identified by linear regression, similarly as in the non-
matched population. The effect of AF on the relationship
between LA pressure and NP concentrations was evaluated
by linear regression with an interaction term (log(NP) = AF
present+ LA mean pressure + AF present * LA mean pres-
sure). Other baseline comparisons were performed by the
Student’s ¢ test, Mann—Whitney U test, ;{2 test, Fisher’s test,
or Pearson’s correlation, as appropriate. Serial change in
the NP concentrations and LA hemodynamic variables was
compared by paired 7 test and by multivariable linear regres-
sion. p value < 0.05 was considered significant. All analyses
were conducted in R 3.2 (R-Foundation, Vienna, Austria)
with the use of the Matchlt 3.0 package [17].

Results
Characteristics of the study population

The matched study population (n=62) consisted of mostly
mid-age men with paroxysmal AF and a relatively short his-
tory of AF-related symptoms (Table 1). Four patients (6%)
had a previous history of decompensated heart failure, but
all the episodes occurred >3 months before the study. The
patients had overall preserved LVEF and all were euvolemic
at the time of the study, which was documented by the low

right atrial pressure (Table 2). In the patients who presented
with AF, the arrhythmia persisted for a median of 3 months
[inter-quartile range (IQR) 1-9 months] before inclusion into
the study.

Factors associated with increased plasma NPs

Table 3 shows multivariable analysis of independent factors
of increased NPs identified in the matched population. For
both NPs, the presence of AF emerged as the strongest fac-
tor, accounting for ~25% of the NPs’ variance. Other factors
which were significantly associated with increased NPs in
univariable but not in multivariable analysis included higher
age, CHA2DS2-VASc score, E/E' ratio, E-wave velocity,
mitral insufficiency grade, LA wall stress, and right atrial
pressure. In addition, BNP was associated with greater LA
pulse pressure, V-wave height, and LA wall stress; and MR-
proANP was associated with greater LA volume. No asso-
ciation was found between NP concentrations and heart rate.
Within the whole matched population, the concentrations
of both NPs correlated with the relative extent of LA low
bipolar voltage [r=0.2, p=0.02 for log(BNP), and r=0.4,
p<0.001, for log(MR-proANP)], but no correlation was
found between the NPs and low LA voltage extent when the
SR and AF patients were analyzed separately.

Relationship between plasma NPs and mean LA
pressure in AF

Importantly, while in the patients in SR there was a strong
correlation between mean LA pressure and log-transformed
BNP and MR-proANP concentrations (r=0.75 and 0.62,
respectively, both p <0.001), no correlation was found
between the NPs and the mean LA pressure in the patients
in AF (r=0.18 and 0.04, respectively, both p > 0.3; Fig. 1).
Moreover, in multivariable analysis, the presence of AF

Table 3 Independent factors
of increased natriuretic peptide
plasma concentrations

N=62

Beta-coefficient (95% confidence interval)

Log(BNP) Log(MR-proANP)

Presence of AF

Mean LA pressure, per | mmHg
Female gender

LV ejection fraction, per %

LA volume, per 10 ml

0.5 (0.14, 0.8)** 0.5 (0.3, 0.7)***
0.05 (0.01, 0.09)** 0.04 (0.01, 0.06)**
0.5 (0.1, 0.9)* -

- —0.01 (0.002, -0.03)
0.1 (0.02, 0.2)* -

Abbreviations as in Tables 1, 2

*[F%[F*%p value < 0.05/<0.01/<0.001. The table shows results of multivariable regression analysis of inde-
pendent factors of increased NPs in the matched patient population. The covariates in the models were
selected by stepwise elimination of all significant univariable predictors. The following candidate variables
were considered in the models: age, CHA2DS2-VASc score, persistent AF, non-lone AF, E/E’ ratio, mitral
regurgitation grade, LA pulse pressure, LA wall stress, LA V-wave height, and RA pressure. The parame-
ters of the models were for BNP: intercept = 2.4, F(4, 56) = 12, R =0.46, p < 0.001 and for MR-proANP:
intercept = 4.1, F(3, 58) = 12, R = 0.4, p < 0.001
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Fig. 1 Correlation of mean left
atrial pressure and natriuretic
peptide plasma concentrations
according to the presence of
atrial fibrillation. The figure
shows good correlation of unad-
justed plasma B-type natriuretic
peptide (BNP) and mid-regional
pro-atrial natriuretic peptide
(MR-proANP) and mean left
atrial (LA) pressure in the
patients in sinus rhythm (SR;
blue triangles) but lacking cor-
relation in the patients in atrial
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caused a significant interaction effect on the relationship
between NPs and mean LA pressure (p value for interac-
tion=0.01 for both NPs).

Comparison between patients in AF and SR

Tables 1 and 2 show comparison between the patients in
AF and the matched controls in SR. By design, both groups
did not differ in age, gender, key comorbidities, heart rate,
LVEF, LV diastolic characteristics, LA volume, or LA
hemodynamics, though the patients who presented in AF
had expectedly more often persistent than paroxysmal form
of AF and higher E-wave velocity.

Despite the similar clinical and hemodynamic profile,
the patients in AF had on average 2.6 times higher BNP
and 2 times higher MR-pro ANP unadjusted concentrations
than the patients in SR (Table 1; Fig. 2). Concentrations of
both NPs remained significantly increased in the patients
in AF even after adjusting the NP values for all other inde-
pendent confounders. Median BNP adjusted for gender,
mean LA pressure, and LA volume was 78 (63, 112) ng/L
in AF vs. 47 (35, 69) ng/L in SR (p <0.001); median MR-
proANP adjusted for LVEF and mean LA pressure was 172
(155, 186) pmol/L in AF vs. 101 (88, 117) pmol/L in SR
(»<0.001). Unadjusted BNP and MR-proANP, respectively,
were in normal range only in 3 (10%) and 5 (16%) of the
patients in AF vs. in 14 (45%) and 21 (67%) of the patients
in SR (p <0.01 for both).

Change in plasma NPs after induction of AF
Eighteen patients underwent serial assessment of the NPs

and hemodynamics during native SR and after 20 min
of sustained pacing-induced AF. While there was no
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Fig.2 Comparison of natriuretic peptide concentrations between
patients in atrial fibrillation and matched patients in sinus rhythm.
The figure shows comparison of unadjusted plasma B-type natriuretic
peptide (BNP) and mid-regional pro-atrial natriuretic peptide (MR-
proANP) between patients in atrial fibrillation (AF) and matched con-
trols in sinus rhythm (SR). Four data points with BNP values between
330 and 395 ng/l are not shown for visualization purpose. The p val-
ues were calculated by Mann—Whitney U test

significant change in the central venous pressure or mean
LA pressure, plasma concentrations of both NPs increased
significantly during AF (Fig. 3). The elevation of NPs
remained significant even after adjusting for CVP, heart
rate, mean LAP, and baseline NP concentrations [adjusted
median (IQR) relative change for BNP: 27 (22; 40) %;
NT-proBNP: 13 (9; 15) %; MR-proANP: 75 (64; 99) %;
all p <0.001 by Wilcoxon signed-rank test].
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Fig.3 Change in the natriuretic
peptide concentrations after
inducing atrial fibrillation. The
figure shows paired measure-
ments of BNP, MR-proANP and
mean left atrial (LA) pressure 150
during native sinus rhythm (SR)

and after 20 min of uninter-

rupted pacing-induced atrial

fibrillation (AF). The thick red 100
lines represent mean values with

standard error. The p values

were calculated by paired ¢ test.

The graphs highlight significant 504
increase in both natriuretic

peptides during AF that was not

explained by an increase in the

LA pressure

BNP
2001 <0.001

7

—

Discussion

This study found 2.6 times higher BNP and 2 times higher
MR-pro ANP in stable patients with preserved LVEF who
were in AF than in matched controls in SR. More impor-
tantly, the study demonstrated that the increase of the NPs
in AF was not related to alteration in the LA hemodynam-
ics, as both patient groups had comparable LA pressure,
LA volume, and LA meridional wall stress. These observa-
tions were further supported by showing that NP concen-
trations but not LA pressure increased significantly after
experimental induction of AF. Lastly, the increase of NPs
in AF seemed not to be related to chronic histopathological
changes in the LA tissue, which was indicated by the lack of
correlation between NP concentrations and LA low-voltage
area, and by the comparable LA stiffness between the AF
and SR groups.

From a clinical perspective, the most important finding
was that plasma concentrations of both NPs correlated well
with invasively measured mean LA pressure in the patients
in SR, but no such correlation was found in the patients in
AF. This finding has implications for clinical use of NPs as
a surrogate of left-sided pressure overload, particularly in
the diagnosis of latent heart failure with preserved LVEF
(HFpEF) [18]. AF occurs in 25-60% of these patients [1,
19, 20] and it is difficult to distinguish whether the patient’s
symptoms are related to the heart failure or to AF alone [1,
21]. The lack of a correlation between NPs and LA pres-
sure in AF suggests that the diagnostic performance would
unlikely improve by applying higher concentration cut-offs.
Moreover, the intrinsic increase of NPs in AF not reflect-
ing the hemodynamics implies that clinical trials on HFpEF
should be careful with including patients based on increased
NPs [22], as this could lead to enrollment of disproportion-
ately more patients with AF [1]. The higher prevalence of
AF in such a trial could, in turn, translate to unsatisfactory

147
MR-proANP LA pressure
p<0.001 16 p=06
400
300 12
200
8
100
4
SR AF SR AF

response to the tested therapy, and it could bias the study
results if the NPs represented an outcome measure [23].

Previous studies could not determine conclusively
whether the increase of NPs in AF is independent of the
impaired LA hemodynamics because they employed only
non-invasive methods [2-9]. The only study investigating
this phenomenon invasively enrolled unselected patients
with established HFpEF. Nevertheless, the study found that
the relationship between NT-proBNP and AF was independ-
ent of pulmonary capillary wedge pressure [10]. The original
feature of our study was that the patients in AF and SR were
matched according to the same level of LA pressure which
was measured directly in the LA cavity. Our study was also
the first to perform serial assessment of NPs in parallel with
invasive hemodynamic assessment. While previous studies
evaluated decrease of NPs after restoring SR [24-26], our
study was the first to demonstrate an actual increase of NPs
after the onset of AF.

Evidence from experimental studies indicates that the pri-
mary trigger for the release of NPs from myocytes is cellular
stretch, which is partially mediated by mechanoreceptors
and mechano-sensitive ion channels [27-30]. This likely
explains the intrinsic acute release of NPs in AF, as cel-
lular stretch will increase even without an increase in atrial
pressure. Although the underlying cellular signaling has not
yet been fully elucidated, it may involve activation of the
CaMII kinase or calcineurin/NFAT pathways [27, 28]. It is
conceivable that chronic activation of these pathways during
AF could cause a relative depletion of intracellular calcium,
which in turn might explain the blunted release of NPs in
response to the increase of LA pressure in patients with AF
[29]. At last, the increase of NPs in AF might be related to
the heart rhythm irregularity and ensuing greater cyclic rises
in LA hemodynamic stress, which could stimulate the NP
release more potently than a gradual elevation of the mean
LA pressure [31]. On the other hand, the hypothesis would
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partially contradict to the fact that the average LA pulse
pressure and V-wave height did not differ between AF and
SR patients. Further research is needed to clarify the mecha-
nisms responsible for the increase of NPs in AF.

Limitations

Our study did not reevaluate the relationship between NPs
and LA pressure after restoring the SR. This would have
required a prolonged waiting period after the ablation pro-
cedure with a catheter inserted in the LA until the concen-
tration of NPs stabilizes. Serial measurement of NPs and
hemodynamics were performed only in a subset of the
patient and only after 20-min AF. The main reason was to
avoid unnecessary prolongation of the ablation procedure.
The LA voltage is incomparable between AF and SR, as it
is affected by the LA cycle length [32]. Therefore, the rela-
tionship between the LA voltage and NPs could be evaluated
only separately within the AF and SR groups. Our study
included only hemodynamically stable patients with overall
preserved LVEF. While this had the advantage in that the
study population was homogeneous and well defined, our
results cannot be fully extrapolated to patients with decom-
pensated heart failure with reduced LVEF.

Conclusions

In hemodynamically stable patients with preserved LVEF,
the presence of AF was associated with significant increase
in plasma concentrations of BNP and MR-proANP. This
association was independent of the LA structure and hemo-
dynamics. Moreover, the presence of AF disturbed the rela-
tionship between NP concentrations and mean LA pressure.
The latter has implications for the use of NPs for diagnosis
of latent HFpEF in patients with AF.
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