Hellenic J Cardiol 2014; 55: 313-321

Original Research
Incident Atrial Fibrillation in Systemic Sclerosis:
The Predictive Role of B-Type Natriuretic Peptide
Ilias Giallafos1, Filippos Triposkiadis2, Evangelos Oikonomou1, Gregory Giamouzis2,
Konstantina Aggeli1, Pinelopi Konstantopoulou3, Vasilios Kouranos3,
Mironas Mavrikakis3, John Giallafos1, Christodoulos Stefanadis1, Petros P. Sfikakis3
1
First Cardiac Department, University of Athens, Athens, 2Department of Cardiology, University of Thessaly,
Larissa, 3First Department of Propedeutic and Internal Medicine, University of Athens, Athens, Greece

Key words:
Systemic sclerosis,
atrial fibrillation,
natriuretic peptide,
prognosis, outcome,
left atrium, diastolic
dysfunction.

Manuscript received:
June 10, 2012;
Accepted:
June 19, 2013.
Address:
Ilias Giallafos
Department of
Cardiology
University of Athens
e-mail: gialaf@yahoo.com

Introduction: Atrial fibrillation (AF) is common in patients with systemic sclerosis (SSc) and is associated
with significant morbidity, mortality, and healthcare expenditures. The aim of this study was to prospectively
determine the incidence and the independent predictors of AF in this patient population.
Methods: Forty-nine patients (age 50.15 ± 9.25 years, 87.8% female) and 21 healthy controls, all in sinus
rhythm, were studied. Evaluation included blood sampling, B-type natriuretic peptide (BNP) measurement,
comprehensive electrocardiography and echocardiography at baseline, and 24h ambulatory Holter monitoring at baseline and every 6 months.
Results: During a mean follow-up of 72 ± 24 months, 18 SSc patients (36.7%) developed AF (SSc-AF
group) while 31 remained in sinus rhythm (SSc-SR group); all subjects in the control group (Cl group) remained in SR. Baseline differences between SSc-AF, SSc-SR, and Cl groups included: a) left ventricular
(LV) mass: 84.5 ± 26 vs. 71.8 ± 18.6 vs. 60.5 ± 32.6 g/m2, respectively (p=0.017); b) mitral tissue Doppler imaging E velocity: 14.5 ± 2.8 vs. 17.5 ± 3.4 vs. 20.5 ± 4.4 cm/s (p<0.001); c) left atrial (LA) volume:
18.8 ± 7.8 vs. 13.5 ± 5.1 vs. 9.7 ± 5.4 cm3/m2 (p<0.001); d) LA active emptying volume: 7.6 ± 2.7 vs. 4.7
± 3.2 vs. 3.3 ± 2.2 cm3/m2 (p<0.001); and e) logBNP: 1.78 ± 0.47 vs. 1.31 ± 0.54 vs. 0.66 ± 0.38 pg/mL
(p<0.001). In Cox proportional hazard analysis, BNP was the only independent predictor of incident AF.
Conclusion: Incident AF was high in SSc, especially in the presence of LV diastolic dysfunction with LA mechanical overload and elevated BNP levels. BNP was the only independent predictor of incident AF; therefore,
it should be considered for risk stratification in this population.

S

ystemic sclerosis (SSc) is a connective tissue disease characterized by
vascular dysfunction and excessive
fibrosis of multiple organs. 1 Cardiac involvement may be isolated and affect the
endocardium, myocardium, and pericardium, separately or concomitantly,2 providing an ideal substrate for tachyarrhythmias dependent on re-entrant circuits.
Atrial arrhythmias, such as paroxysmal
supraventricular tachycardia, atrial flutter, and atrial fibrillation (AF), are present in 20-32% of SSc patients3,4 and may
be associated with increased cardiovascu-

lar morbidity and mortality.3,5 Population
studies have shown that risk factors such
as aging, diabetes, hypertension, obesity,
elevated natriuretic peptide plasma levels,
and cardiovascular disease consistently
predispose individuals to AF.6-8 A recent
National Heart Lung and Blood institute
workshop drew attention to developing
prevention strategies for AF, for which a
thorough understanding of the predisposing factors is essential.9 However, to the
best of our knowledge, there are no studies addressing the risk factors predisposing SSc patients to AF. The aim of this
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study was to prospectively determine the predictors
of incident AF in patients with diffuse SSc.
Methods
Study population
From March 2001 to October 2002, 60 consecutive patients with diffuse SSc in sinus rhythm and 21
healthy control subjects were enrolled in this prospective observational study, conducted in the outpatient rheumatology clinic of the “LAIKO” University
Hospital in Athens, Greece. The diagnosis of SSc was
based on compatible clinical and laboratory findings,
according to the criteria of the American College of
Rheumatology.10,11 Patients with a recent myocardial
infarction (prior 3 months), heart failure (New York
Heart Association functional class III or IV), with left
ventricular ejection fraction <50%, known coronary
artery disease, pericarditis, pulmonary hypertension,
known valvular heart disease, known hypertrophic
cardiomyopathy, prior known episodes of AF or oth-

er arrhythmias, previously implanted pacemaker, or
chronic renal failure (serum creatinine >2.5 mg/dL)
were excluded from the study. Eleven SSc patients
in total were excluded from the study based on the
above exclusion criteria (Figure 1). Control subjects
were healthy individuals with normal resting 12 leadelectrocardiography and cardiac ultrasound.
Clinical assessment
The study population was surveyed for the development of AF every six months with a 24-hour continuous ECG recording (24h Holter). All individuals were
instructed to report every case of symptom deterioration or appearance of new symptoms. AF was diagnosed according to current guidelines.12
Echocardiography
Baseline echocardiography was performed in all study
participants using a Hewlett Packard Sonos 7500, 2.5
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Figure 1. Evaluation of the ability of BNP to distinguish SSc patients who developed atrial fibrillation from SSc patients who remained in
sinus rhythm with the use of receiver operating characteristic (ROC) analysis. SSc, systemic sclerosis; CI � confidence interval.
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MHz ultrasound system (Andover, Massachusetts).
From the two-dimensional guided M-mode echocardiogram, right ventricular (RV) diameter, left ventricular (LV) end-systolic and end-diastolic diameter, as well as interventricular septum and posterior
wall thickness at end-diastole, were measured.13,14 LV
mass was measured using the formula of Devereux
and Reichek.15 LV stroke volume and cardiac output
were determined with pulsed Doppler using the LV
outflow method.
Mitral inflow was assessed from the apical 4-chamber view with pulsed wave Doppler. From the mitral
inflow profile, the E- and A-wave velocities, E-deceleration time, A-wave duration, and E/A velocity ratio were measured. Doppler tissue imaging was used
to measure E’ and A’ velocities from the lateral mitral
and tricuspid annulus. Left atrial (LA) volume was determined using the biplane area-length method:16
LA volume = [0.85 � (LAarea in four-chamber) �
(LAarea in two-chamber)] / (LAcommon length)
where common length was defined as the longest line
between the posterior LA wall and the mid-portion of
the mitral valve. LA maximal volume was measured
at the point of mitral valve opening and minimal volume at the point of mitral valve closure. LA volume
at the onset of LA systole was considered to be the
volume corresponding to the onset of the P wave in
the simultaneously recorded electrocardiogram. The
LA active emptying volume was defined as the LA
volume at onset of LA systole minus the LA minimal
volume, and the LA active emptying fraction as the
ratio of the LA active emptying volume to the LA volume at onset of LA systole.17 The LA kinetic energy
(kdynes.cm) was obtained from the formula:18
LAkinetic energy = 0.5 � q � LAactive emptying volume � A2
where q is blood density = 1.06 gm/cm, and A is
transmitral A-velocity.
Active LA contribution was defined as the ratio of the LA active emptying volume to LV stroke
volume. All echocardiographic variables were determined from the average of three consecutive cardiac cycles and were corrected for body surface area
where appropriate.
Electrocardiography

system (CardioControl NV, the Netherlands). The 12
ECG leads were recorded simultaneously at a sampling rate of 1200 Hz for 5 minutes. From each lead,
the average complex was calculated by the modular ECG analysis system (MEANS). Individual average complexes were stored digitally. The mean heart
rate (HR) was calculated. The averaged stored ECGs
were displayed on a high resolution computer screen.
Each averaged complex in each lead was separately
magnified at a magnification of 160 mm/s and 60 mm/
mV. The onset and offset of the P wave were defined
as the intersections between the P wave pattern and
the isoelectric line and were marked with a cursor. If
the baseline noise was >10 µV and/or the peak to isoelectric line P wave amplitude was <15 µV, the lead
was excluded from the analysis. Two independent investigators measured the P waves without access to
other information. The measurements of the two observers were averaged. The following indices were
derived from measurement of each ECG:19 1) maximum P-wave duration in any of the measurable leads
(Pmax); 2) minimum P-wave duration in any of the
measurable leads (Pmin); 3) P-wave dispersion (Pdis),
defined as the difference between Pmax and Pmin; and
4) presence of interatrial block (IAB) when maximum
P-wave duration exceeded 110 ms.20
Holter monitoring
Twenty-four-hour ambulatory ECG Holter recordings
were performed at baseline and every six months, using a portable three-channel recorder (processed by a
Synescope Holter, version 3.1 ELA Medical, France).
To be considered eligible for the study, each recording had to have a duration of ≥20 hours. Holter analysis
was based on the ACC/AHA Guidelines for Ambulatory Electrocardiography.21 Each ECG Holter recording
was analyzed by two physicians in a blind process and
the diagnosis of AF was established upon agreement.
B-type natriuretic peptide
Blood samples were collected by venipuncture performed at the time of the index visit. B-type natriuretic peptide (BNP) was measured using the Triage CardioProfilER panel method (fluorescence immunoassay; Biosite, Inc., San Diego, California).22

12-Lead surface ECG
A baseline 12-lead digital ECG was recorded in the
supine resting position using a computer-based ECG

Statistical analysis
Normally distributed data were expressed as means
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Table 1. Baseline demographic and clinical characteristics of the study population.
Variable

Cl Group
(n=21)

SSc-SR Group
(n=31)

SSc-AF Group
(n=18)

p-value

Female, n (%)
Age, years (±SD)
Body surface area, m2 (±SD)
Body mass index, kg/m-2 (±SD)
Mean arterial pressure, mmHg (±SD)
History of hypertension, n (%)
History of diabetes mellitus, n (%)
Disease duration, years (±SD)
Current smoker, n (%)
ACE inhibitors, n (%)
Beta-blockers, n (%)
Calcium channel blockers, n (%)
Prednisone, n (%)

18 (85.7)
48.4±11.7
1.53±0.79
26.0±4.2
88.1±11.3
0 (0)
0 (0)
0 (0)
8 (38.1)
0 (0)
0 (0)
0 (0)
0 (0)

27 (87.1)
49.9±10.2
1.68±0.37
25.0±4.4
88.5±7.4
3 (9.7)
1 (3.2)
8.17±7.87
4 (12.9)
3 (9.7)
2 (6.5)
18 (58.1)
16 (51.6)

16 (88.9)
51.3±9.6
1.64±0.19
23.5±4.4
92.4±15.8
3 (16.7)
0 (0)
11.74±9.98
1 (5.6)
2 (11.1)
0 (0)
11 (61.1)
9 (50)

0.957
0.692
0.574
0.206
0.412
0.612
0.442
0.209
0.018
0.873
0.272
0.834
0.913

ACE � angiotensin converting enzyme; AF � atrial fibrillation; Cl � control; SD � standard deviation; SR � sinus rhythm; SSc � systemic sclerosis.

± SD. A log transform was used for skewed data. Intergroup differences in continuous data were examined using one-way analysis of variance, followed by
the Scheffe test. The chi-squared test was used for
comparisons of categorical data. The association between the time to AF development and variables exhibiting baseline differences between SSc patients that
developed AF and SSc patients that remained in sinus rhythm was explored using Cox proportional hazard analysis. Receiver operating characteristic (ROC)
analysis was performed to characterize the ability to
distinguish SSc patients who developed AF from those
who remained in sinus rhythm. P values <0.05 were
considered statistically significant. The Statgraphics
Centurion XVI (1982-2010 StatPoint Technologies,
Inc.) and the Prism 5.04 (1992-2010 GraphPad Software, Inc.) packages were used for data analysis.

any patient, while patients with AF received either
propafenone or amiodarone treatment as an antiarrhythmic and oral anticoagulants where needed.
Baseline characteristics
Demographic and clinical characteristics (Table 1)
No significant differences were observed between the
three groups with regard to sex distribution, age, body
surface area, body mass index, or mean arterial pressure. Similarly, no significant differences were observed between the SSc-SR and the SSc-AF group
with regard to disease duration, history of hypertension, CHADS2 and CHA2DS2VASc scores, or drug
treatment.
Ventricular function (Table 2)

Results
Incident AF
During a mean follow-up period of 72 ± 24 months
(range 6-96), 18 SSc patients (36.7%) developed
AF (paroxysmal, n=16, permanent, n=2; SSc-AF
group), while 31 (63.3%) SSc patients remained in sinus rhythm (SSc-SR group). The mean duration from
baseline assessment to incident AF was 54.36 ± 36.68
months. All subjects in the control group (Cl group)
remained in sinus rhythm. There was no thromboembolic complication during the follow-up period in
316 • HJC (Hellenic Journal of Cardiology)

LV end-systolic diameter, intraventricular septal
thickness, posterior wall thickness, fractional shortening and ejection fraction did not differ between the
three groups. In contrast, LV mass was higher in the
SSc-AF group, whereas LV end-diastolic diameter
was higher in the Cl-group. No differences were observed in the transmitral E-wave velocity or mitral deceleration time. In contrast, the transmitral A-wave
velocity was higher, whereas the E/A was lower in the
SSc-SR and SSc-AF groups. The mitral tissue Doppler imaging (TDI)E velocity was lower in the SSc-AF
than in the SSc-SR group and was lower in the latter
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Table 2. Echocardiographic/Doppler evaluation of ventricular function.

Left ventricle:
End-diastolic diameter, mm (±SD)
End-systolic diameter, mm (±SD)
Intraventricular septum, mm (±SD)
Posterior wall, mm (±SD)
LV mass, g/m2 (±SD)
Fractional shortening, % (±SD)
E-wave, m/s (±SD)
A-wave, m/s (±SD)
E/A ratio, (±SD)
Mitral deceleration time, ms (±SD)
Mitral TDIE, cm/s (±SD)
Mitral TDIA, cm/s (±SD)
Mitral TDIS, cm/s (±SD)

Right ventricle:
Diameter, mm (±SD)
Tricuspid TDIE, cm/s (±SD)
Tricuspid TDIA, cm/s (±SD)
Tricuspid TDIS, cm/s (±SD)

Cl Group
(n=21)

SSc-SR Group
(n=31)

SSc-AF Group
(n=18)

P value

47.2 ± 4.1
28.2 ± 3.8
8.6 ± 1.1
7.8 ± 0.87
60.5 ± 32.6
0.40 ± 0.05
0.80 ± 0.16
0.60 ± 0.14
1.40 ± 0.46
200.7 ± 42.2
20.5 ± 4.4
13.8 ± 3
13.3 ± 2.5

44.3 ± 4.3*
25.6 ± 4.4
8.4 ± 1.1
7.9 ± 1.2
71.8 ± 18.6
0.42 ± 0.07
0.80 ± 0.19
0.78 ± 0.22*
1.1 ± 0.46*
189.1 ± 37.1
17.5 ± 3.4*
17.7 ± 4.3*
13 ± 1.9

43.7 ± 3.8*
25.6 ± 4.8
8.8 ± 1.2
8.4 ± 1.4
84.5 ± 26*
0.42 ± 0.07
0.86 ± 0.13
0.88 ± 0.22*
1.03 ± 0.26*
209.2 ± 55.4
14.5 ± 2.8*†
16.4 ± 5.1
11.9 ± 2

0.017
0.084
0.430
0.274
0.017
0.613
0.414
<0.001
0.011
0.289
<0.001
0.007
0.082

33.5 ± 4.6
14.3 ± 3.1
22,1 ± 5.3

29.9 ± 4.2*
15.7 ± 3.1
19.8 ± 3.8

31.7 ± 4.4
16.6 ± 5.5
14.3 ± 4.5*†

0.033
0.240
<0.001

16.2 ± 2.7

16 ± 2.5

15 ± 4.2

0.463

†

*p<0.05 vs. Cl Group. p<0.05 vs. SR Group.
AF � atrial fibrillation; Cl � control; LV � left ventricular; SD � standard deviation; SR � sinus rhythm; SSc � systemic sclerosis; TDI � tissue Doppler
imaging.

Table 3. Left atrial function.
Variable

Cl Group
(n=21)

Echocardiography:
16.8 ± 9.3
LA maximal volume index, cm3/m2 (±SD)
LA volume index at onset of atrial systole, (cm3/m2) (±SD)
9.7 ± 5.4
LA minimal volume index, (cm3/m2) (±SD)
6.4 ± 3.6
LA active emptying volume index, cm3/m2 (±SD)
3.3 ± 2.2
LA active emptying fraction, % (±SD)
0.28 ± 0.16
LA kinetic energy, kdynes.cm (±SD)
1.6 ± 1,1
Active LA contribution (±SD)
0.11 ± 0.08
Electrocardiography:
P maximal, ms (±SD)
118.4 ± 4.9
P minimal, ms (±SD)
82 ± 6.6
P dispersion, ms (±SD)
35.2 ± 8.2

SSc-SR Group
(n=31)

SSc-AF Group
(n=18)

P value

24.1 ± 7.3*
13.5 ± 5.1
8.8 ± 3.8
4.7 ± 3.2
0.33 ± 0.17
3.2 ± 2.9
0.15 ± 0.11

29.3 ± 8.4*
18.8 ± 7.8*†
11.1 ± 6.9*
7.6 ± 2.7*†
0.43 ± 0.13*
5.6 ± 4*†
0.26 ± 0.1*†

<0.001
0.01
<0.001
<0.001
0.01
<0.001
<0.001

123.8 ± 9.4*
81.1 ± 10.5
42.7 ± 8.4*

126 ± 7.9*
79.9 ± 10.6
46.1 ± 10.3*

0.009
0.788
<0.001

*

p<0.05 vs. Cl Group. †p<0.05 vs. SR Group.
AF � atrial fibrillation; Cl � control; LA � left atrial; SD � standard deviation; SR � sinus rhythm; SSc � systemic sclerosis.

than in controls. The mitral TDIA was higher in the
SSc-SR group than in controls, whereas the mitral
TDIS did not differ significantly between the three
groups. The RV diameter was lower in the SR than in
the Cl group. Finally, the tricuspid TDIA was lower in
the SSc-AF than in the SSc-SR group and was lower
in the latter than in controls.

Left atrial function (Table 3)
The LA maximal volume was higher in the SSc-SR
and SSc-AF groups than in controls, whereas the LA
volume at the onset of atrial systole, LA active emptying volume, LA kinetic energy, and the active LA
contribution were higher in the SSc-AF than in the
(Hellenic Journal of Cardiology) HJC • 317
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SSc-SR group and greater in the latter than in controls. The LA minimal volume and LA active emptying fraction were higher in the SSc-AF group. Although maximal P wave and P dispersion were higher in the SSc-SR and SSc-AF groups than in controls, no difference was shown in minimum P wave
or the presence of interatrial block.
BNP plasma levels.
The BNP plasma levels were significantly higher in the
SSc-AF than in the SSc-SR group and greater in the
latter than in controls (logBNP 1.78 ± 0.47 vs. 1.31 ±
0.54 vs. 0.66 ± 0.38 pg/mL, respectively; p<0.001).
Predictors of AF
The association between the time to AF and variables exhibiting baseline differences between the SScAF and SSc-SR groups was examined with Cox proportional hazard regression analysis (Table 4). BNP
emerged as the only significant predictor of incident
AF. At a cutoff level of 104.5 pg/mL the development
of AF was predicted with a sensitivity of 39% and a
specificity of 93% (Figure 1).
Discussion
The findings of this study indicate that: a) approximately one third of patients with diffuse SSc may develop AF within a mean follow-up of 6 years, b) AF
usually develops in those SSc patients with LV diastolic dysfunction associated with LA mechanical
overload and elevated BNP levels, and c) BNP is the
only independent predictor of incident AF in this patient population.

AF in SSc
These findings are in accordance with previous reports demonstrating transient AF, flutter or paroxysmal supraventricular tachycardia in 20–32% of SSc
patients.3,4 Although it has been demonstrated that
“AF begets AF”, the presence of a pre-existent pathological substrate is required for its manifestation.23
Atrial fibrosis, a common feature of clinical AF and a
hallmark of arrhythmogenic structural remodeling, is
directly related to the degree of LA dilation that accompanies LV diastolic dysfunction.24,25 Specifically,
in patients with LV diastolic dysfunction, LA myocyte
hypertrophy, LA areas of fibrosis, elevated LA pressure, and LA dilation constitute the basis for the occurrence of AF and have been associated with a poor
prognosis.26-28
Left ventricular diastolic dysfunction in SSc
LV diastolic dysfunction, a common finding in SSc,
may be due to direct myocardial effects (myositis,
cardiac fibrosis, coronary artery disease, and pericardial disease) and/or the indirect effect of other
organ involvement (i.e. hypertension resulting from
renal involvement). 29,30 Since patients with renal
dysfunction were not included in this study, LV diastolic dysfunction in SSc patients who developed
AF was most likely due to direct myocardial involvement. Thus, it is reasonable to assume that the LA
dilation that preceded the development of AF in
SSc was secondary to LV diastolic dysfunction. 30,31
The possibility, however, of direct LA myocardial involvement due to the disease process cannot be excluded.32

Table 4. Cox proportional hazards analysis with time to appearance of atrial fibrillation as the dependent variable.
Estimated regression model

Likelihood ratio test

Parameter
Estimate
		

Standard
error

Lower 95.0%
conf. limit

Upper 95.0%
conf. limit

LA kinetic energy
LA contribution to LV stroke volume
BNP
Mitral deceleration time
Tricuspid TDIE
LA volume at onset of atrial systole
LA active emptying volume

0.0626172
0.0259063
0.00211084
0.00310379
0.047762
0.0385796
0.110038

-0.00526394
-0.0352544
0.00293293
-0.00840059
-0.112919
-0.123988
-0.190455

0.240192
0.0662968
0.0112073
0.00376605
0.0743054
0.0272416
0.240888

0.117464
0.0155212
0.0070701
-0.00231727
-0.0193066
-0.0483732
0.0252163

Log likelihood = -79.4198.
LA � left atrial; LV � left ventricular; BNP � brain natriuretic peptide; TDI � tissue Doppler imaging.
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Chi-square

Df

1.47539
0.127209
4.10397
0.221649
0.0559785
0.502571
0.0230271

1
1
1
1
1
1
1

p-value
0.2245
0.7213
0.0428
0.6378
0.8130
0.4784
0.8794
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BNP, AF and SSc

Study limitations

B-type natriuretic peptide production is stimulated
by stretch receptors and reflects LV end-diastolic
wall stress;33-35 elevated levels have been reported in
AF patients.36,37 In a population-based study, a single determination of elevated BNP was found to be
predictive of the future development of AF. 38 Furthermore, a recent community-based study in the elderly showed that elevated NT-proBNP is a marker of substantial risk for AF, to a degree not shown
for any other known risk factor.8 These findings are
in full accordance with the findings of this study,
which showed that approximately 40% of the SSc
patients with BNP plasma levels ≥105 pg/mL will develop AF, whereas this arrhythmia is highly unlikely in SSc patients with lower BNP levels (specificity
of 93%). Importantly, elevated BNP in SSc patients
who develop AF reflect the presence of more severe
LV diastolic dysfunction.39 It is highly unlikely that
pulmonary arterial hypertension leading to RV dysfunction contributed significantly to BNP elevation
in the SSc-AF group, since no differences were detected between the SSc-AF and the SSc-SR group
regarding RV diameter, tricuspid TDIE, or tricuspid
TDIS.40,41

The use of BNP as a tool for the prediction of AF in
SSc is limited by factors that may influence its concentration.48 Advanced age, low hemoglobin values,
low body mass index and renal failure increase BNP
levels.49 Moreover, pulmonary arterial hypertension
(PAH) increases BNP levels in proportion to the extent of right ventricular dysfunction. However, the
prevalence of PAH in SSc patients is as low as 1012%,50 varying from 4.9% to 26.7% in different reports.51 Thus, elevated BNP levels point to non-PAHrelated cardiac involvement associated with the increased incidence of AF in the vast majority of SSc
patients. Finally, it should be noted that the number
of patients enrolled in our study was rather small, and
only speculations about the pathophysiological mechanism can be made. Although rheumatic disorders
like systemic sclerosis are inflammatory diseases, and
inflammation has been associated with atrial remodeling, we did not have the opportunity to provide data
regarding inflammatory markers in this setting.

Clinical implications
AF is highly prevalent among SSc patients and its onset is associated with increased morbidity and mortality.3,42,52 Therefore, early identification of patients at
risk for developing AF is important, since it may allow AF prevention and/or early targeted intervention.
There have been no clinical trials on the primary prevention of AF in SSc. Experimental data indicate that
activation of the renin–angiotensin system and inflammation contribute to the initiation and auto-perpetuation of AF.24 Accordingly, upstream therapy for
the prevention of AF has included non-antiarrhythmic drugs, such as angiotensin-converting enzyme
inhibitors43 and statins,44 with encouraging results.
Thus, careful extrapolation of these treatment modalities to the individual patient with SSc seems rational.
It is not known whether the treatment target should
be normalization of the BNP plasma levels, as the
findings of the relevant randomized controlled trials
in heart failure patients have been inconsistent. 45,46
However, the weight of the available evidence suggests that a BNP-guided approach might be effective
in young patients.47

Conclusions
The incidence of AF is high in SSc, with one third of
patients developing AF during a mean follow-up of 6
years. AF occurs predominately in SSc patients with
LV diastolic dysfunction associated with LA mechanical overload and elevated BNP plasma levels. Conversely, the incidence of AF is extremely low in SSc
patients with low BNP levels. Finally, among many
parameters examined, BNP was the only independent
predictor of incident AF in this patient population.
Although there are no data on the primary prevention of AF in SSc, aggressive medical treatment aiming at restoration of LV diastolic function and normalization of BNP levels seems a rational approach
that needs further study.
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