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Abstract
Background: Atrial fibrillation (AF) may result in endocardial endothelium dysfunction.
The main objective of the study was to evaluate the plasma concentration of endothelin-1 (ET-1)
during persistent AF and after sinus rhythm recovery following direct-current cardioversion
and to assess the predictive value of ET-1 in AF patients.
Methods: The study group consisted of 43 patients with persistent AF and normal left
ventricle systolic function who had undergone successful cardioversion. Blood samples were
collected twice: 24 hours before and 24 hours after cardioversion. All patients were also
examined in terms of sinus rhythm maintenance on the 30th day after cardioversion.
Results: There were no differences in ET-1 plasma concentration between the persistent AF
group and the control group (2.6 ± 2.9 fmol/mL vs 2.3 ± 4.5 fmol/mL, NS). Plasma ET-1
levels did not change within 24 hours after successful cardioversion (2.5 ± 2.8 fmol/mL vs
2.6 ± 2.9 fmol/mL, NS). There was no correlation between the baseline plasma levels of ET-1
in patients with persistent AF and sinus rhythm maintenance 30 days after cardioversion.
Conclusions: Persistent AF does not affect plasma ET-1 concentration in patients with
normal left ventricle systolic function and with no symptoms of heart failure. There are no
significant changes in plasma ET-1 level during the 24 hours after cardioversion. (Cardiol J
2010; 17, 5: 471–476)
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Introduction
The hemodynamic consequences of atrial fibrillation (AF) are related to the loss of atrial contribution to cardiac output, to an increase in heart rate
and to irregularity in the diastolic intervals. AF may
have a long term deleterious effect on left ventri-

cular function and may precede the development of
heart failure. It has been shown that patients with
AF and heart failure, but also with preserved left
ventricle (LV) function, have a similarly high mortality compared to those patients with decreased left
ventricular ejection fraction (LVEF) [1]. AF and
chronic heart failure are two common cardiac
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diseases, affecting 1–2% of the population, a proportion that rises with age [2, 3].
A pioneering work by Furchgott and Zawadzki [4],
published in 1980, initiated a new understanding of
vascular endothelium and its role as the main regulator of vascular homeostasis. Endothelin type 1
(ET-1) is synthesized by the vascular endothelium
and is a sensitive biochemical marker of its dysfunction and damage. It exerts in a paracrine fashion
pleiotropic effects, including vasoconstriction, direct chronotropism, growth effects on varying cell
types, and interactions with other neurohormonal
systems. ET-1’s influence on the overgrowth,
pathological reconstruction and fibrosis of atrial
muscle may be significant in AF pathophysiology.
The dysfunction and damage of vascular endothelium are the cause of numerous pathologies and constitute the main point of the theory of the continuum of the cardiovascular system’s disorders. The
disorders in the function of vascular endothelium
may occur in AF, which then may lead to increased
thrombogenesis and finally to the risk of stroke and
increased mortality. Elevated plasma concentrations of ET-1, and of its precursor, have been measured in patients with various levels of severity and
etiology of chronic heart failure [5, 6]. These observations have led to the hypothesis that pharmacologic blockade of endothelin receptors could improve outcomes for patients with chronic heart failure. However, clinical trials with different
endothelin receptor antagonists have not confirmed
these speculations [5, 6]. Studies published on the
subject do not include data on the possibilities of
the practical applications of ET-1 assessment in
patients with persistent AF, without symptoms of
overt heart failure, undergoing direct-current cardioversion (CV).
The main objective of this study was to evaluate the plasma concentration of ET-1 in patients
with persistent AF with preserved LV function and
with no symptoms of heart failure, compared to
a control group before and after sinus rhythm recovery, and to assess the prognostic importance of
these changes.

LV function in echocardiography examination
(LVEF > 50%), no symptoms of heart failure, properly treated main disease (arterial hypertension,
coronary arterial disease, diabetes). The control
group consisted of ten people of a similar age, evenly divided as to men and women, treated in hospital
for circulatory system disorders (arterial hypertension
and coronary artery disease) with sinus rhythm and
preserved LV function, with no symptoms of heart failure and no history of AF.
All patients included in the study were examined three times: 24 hours before and 24 hours after CV and on the 30th day after sinus rhythm recovery. Clinical data, echocardiography readings
and laboratory determination before and after successful CV were analyzed. In order to recover sinus rhythm, CV was performed with short general
anesthesia by means of a Medtronic Physio-Control Lifepak 12 with an electric discharge synchronized with the electrocardiography R wave. The
procedure started with an initial 100 J. In cases of
persistent AF, we twice attempted to recover sinus rhythm with an impulse of 200 J. The maximum
energy delivered within one CV procedure did not
exceed 500 J. The CV efficiency was defined as the
lack of AF in the 24th hour after the recovery of sinus rhythm.
The transthoracic echocardiography was performed with the use of a digital Siemens device,
Acuson Sequoia C 256, with an ultrasonic head with
frequency of 2.5–3.5 MHz.
Blood samples for ET-1 concentration were
collected into EDTA test tubes in the morning
hours by means of venipuncture from fasting patients. The blood was centrifuged at a temperature
of 4°C and plasma was frozen at a temperature of
–20°C. The ET-1 plasma concentration was marked
by means of an ELISA test using an Endothelin ELISA
(1-21) Biomedica set no. BI-20052. After successful
CV, most patients underwent anti-arrhythmic treatment. The statistical analyses were conducted by
means of SYSTAT 7.0 and MedCalc 4.16 software.
Permission for conducting the examination was obtained from the National Committee on Bioethics.

Methods

Results

The examined group consisted of patients with
persistent AF, normal systolic function of LV and
no clinical symptoms of heart failure, who underwent successful electrical CV. The main criteria for
inclusion were: persistent AF with no-valve etiology, no contraindication for recovering sinus
rhythm by means of electrical CV, with preserved

Initially, 45 patients aged 18–75 were qualified
for the study. Finally, 43 subjects with successful
CV were included. Patients’ characteristics are listed in Table 1. The main risk factors of AF occurrence in the study group were arterial hypertension,
ischemic heart disease and diabetes. The patients
from the control group were compatible in age and
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Table 1. The study group’s baseline characteristics.
Parameter
Age (years)
Gender: women/men

Study group (n = 43)

Control group (n = 10)

P

59.0 ± 11.6

57.5 ± 9.2

NS

8 (18.6%)/35 (81.4%)

2 (20%)/8 (80%)

NS

Body mass index [kg/m2]

28.5 ± 3.8

26.7 ± 4.3

NS

Heart rate [beats/min]

85.4 ± 13.0

80.4 ± 16.5

NS

Systolic blood pressure [mm Hg]

130.6 ± 14.9

131.0 ± 17.3

NS

Diastolic blood pressure [mm Hg]

80.3 ± 9.0

81.0 ± 8.7

NS

Hypertension

27 (62.8%)

7 (70%)

NS

Coronary artery disease

8 (18.6%)

3 (30%)

NS

3 (7.0%)

2 (20%)

NS

9 (20.9%)

—

—

Atrial fibrillation duration (weeks)

12.3 ± 15.3

—

Left ventricular ejection fraction (%)

57.3 ± 6.1

61.6 ± 6.8

NS

Left atrium dimension [mm]

43.7 ± 5.9

41.0 ± 4.4

NS

Diabetes
Lone atrial fibrillation

gender and did not differ in baseline clinical and
echocardiographic data. During the first visit (24 h
before CV), the average heart rhythm frequency
was 85.4 ± 13.2 bpm, systolic and diastolic blood
pressure were normal. The LVEF was of about 57%
in the study group. The left atrium diastolic diameter was 43.7 ± 5.9 mm and did not differ significantly when compared to the control group. ET-1 plasma concentration in patients with persistent AF was
2.6 ± 2.9 fmol/mL and did not differ significantly in
comparison to the control group (2.3 ± 4.5 fmol/mL).
In patients with persistent AF who underwent successful CV, plasma ET-1 concentration evaluated
24 hours after the recovery of sinus rhythm (2.5 ±
± 2.8 fmol/mL) did not differ significantly from the
samples measured 24 hours before CV (2.6 ±
± 2.9 fmol/mL). Plasma ET-1 concentrations in the
group of patients 24 hours before and 24 hours
after CV are presented in Figure 1. Within the
24 hours following CV, all 43 patients maintained
sinus rhythm. But after 30 days, sinus rhythm without registered episodes of AF was maintained in
24 (56%) patients. Depending on the presence of
sinus rhythm on the 30th day after CV, the entire
group was divided into two sub-groups: subgroup A,
patients with sinus rhythm in a 30-day follow-up
from CV; and subgroup B, patients with AF relapse
in a 30-day observation period.
Neither subgroup differed in terms of the basic
clinical and echocardiographical parameters evaluated by CV. There were no statistically significant
differences in the frequency of occurrence of the
concomitant circulatory system disorders (coronary
heart disease, arterial hypertension or stroke) as
well as diabetes in both subgroups. Additionally,

—

Figure 1. Plasma endothelin-1 levels before and after
successful cardioversion (CV) in 43 patients with persistent atrial fibrillation.

neither group differed in terms of the anti-arrhythmic treatment after CV. There were also no differences in the frequency of the administration of angiotensin-converting enzyme inhibitors (Table 2).
The ET-1 plasma concentration, determined before
CV, did not differ significantly between the patients
without AF relapse (subgroup A) and the patients
with AF recurrence (subgroup B) and was 3.1 ±
± 3.8 fmol/mL vs 2.0 ± 1.4 fmol/mL respectively,
p = 0.25). In order to assess the prognostic value
of the ET-1 measurement in patients with persistent AF referred to direct-current CV, the logistic
regression method was applied. There turned out
to be no correlation between the initial ET-1 plasma concentration and the maintenance of sinus
rhythm 30 days after CV (p = 0.24).
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Table 2. The study subgroups’ baseline characteristics.
Parameter

Subgroup A
(sinus rhythm)
n = 24

Subgroup B
(atrial fibrillation)
n = 19

P

Age (years)

60.1 ± 10.3

57.7 ± 13.6

NS

Heart rate [beats/min]

85.5 ± 13.7

85.3 ± 12.9

NS

Systolic blood pressure [mm Hg]

133.2 ± 14.5

127.4 ± 15.7

NS

Atrial fibrillation duration (weeks)

12.6 ± 18.1

12.0 ± 11.0

NS

Left ventricular ejection fraction (%)

57.8 ± 5.9

56.5 ± 6.5

NS

Left atrium dimension [mm]

43.4 ± 5.9

44.0 ± 6.1

NS

Discussion
This study presents the outcome of the evaluation of ET-1 plasma concentration in patients with
persistent AF before CV and after sinus rhythm
recovery. The usefulness of the endothelium function evaluation for prognosis of the disease’s course,
as well as the possible response to treatment, was
analyzed. The study included both patients with
spontaneous AF and those with AF triggered by hypertension or coronary heart disease, with no symptoms of heart failure, normal LV systolic function,
short duration time of arrhythmia (approximately
three months) and successful CV with sinus rhythm
recovered.
There are few studies on peptides of the endothelin family concerning AF patients. Tuinenburg
et al. [7] in 1998 pointed to ET-1 as an important
factor responsible for the fibrosis of atrial myocytes
in persistent AF. Masson et al. [8] described higher ET-1 plasma concentrations in patients with
chronic heart failure and accompanying AF in comparison to the patients with no arrhythmia [8].
So far, no research has been carried out on the
influence of AF on ET-1 plasma concentration in
patients with normal LV systolic function and no
symptoms of heart failure. The mechanisms responsible for the increased release of ET-1 in patients
with AF are not well recognized. Atrial volume and
pressure overload due to the lack of synchronized
contraction of atria and irregular ventricular rhythm
may lead to endothelium dysfunction in AF [9, 10].
The mechanism which increases ET-1 plasma concentration may be the increased peptide secretion
and release of endothelium from the damaged cells
within the cardiac cavities [11]. Brundel et al. [12]
state that within the damaged endothelium in patients with AF, there is an increased gene expression for ET-1, increased synthesis and release of
active peptide. The increased ET-1 plasma concen-
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tration in patients with AF may stimulate the proliferation of smooth muscle cells and fibroblasts,
which could lead to overgrowth and fibrosis. ET-1
may also trigger the inflammation process through
the stimulation of cytokine production, growth and
transformation factors as well as the intensification
of leukocyte migration [13, 14]. ET-1 may also influence the electrical remodeling of atrial cardiomyocytes through increased intracellular calcium ions
concentration [15, 16]. The influence of ET-1 on the
renin–angiotensin–aldosterone system takes place
through the stimulation of aldosterone release, which
plays an important role in the structural, electrical
and neurohormonal remodeling of atriums [17, 18].
In our study, we noticed that ET-1 concentration was not higher in the study group than in the
control group, (2.6 ± 2.9 fmol/mL vs 2.3 ± 4.5 fmol/
/mL, NS respectively). The frequent occurrence of
arterial hypertension and type 2 diabetes mellitus
in both groups, associated with the dysfunction of
the endothelium and increased ET-1 plasma concentration, may have had some impact on the results obtained [19, 20]. However, early-stage atrial
disease in the examined group of patients may also
have some influence on the results. Our findings are
in contrast to the Dézsi et al. [21] study. These
authors described a rapid decrease of ET levels after catheter ablation, suggesting that a high ventricular rate could be a trigger of ET production.
Patients in our study had well-controlled ventricular rates (average 85 bpm, whereas in the Dézsi
study the rates were about 110–170 bpm). A detailed
evaluation of the importance of the pathophysiological role of the endothelin system in AF requires
further research on a larger group of patients.
In the group examined, there were no important changes in ET-1 plasma concentrations in the
first 24 hours after CV. It may be assumed that the
recovery of sinus rhythm by treating the hemodynamic disorders which are associated with AF leads
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to an improvement in the function of the endothelium. Although successful CV results in heart rhythm
stabilization and in a decrease of rhythm frequency, it most probably does not lead to a significant
improvement in the endothelium function within
24 hours after the procedure [22]. We observed that
the increased ET-1 plasma concentration was maintained from two to seven days after a myocardial
infarction or in acute coronary syndrome, which are
undoubtedly associated with acute endothelium
dysfunction of the coronary vessels [23, 24]. It may
also be assumed that the function of the endothelium is not heavily disturbed in patients with arrhythmia (lasting for a short period of time, on average
for 12 weeks) and in patients with normal LV systolic function and no symptoms of heart failure. Another reason for such results may be relatively wide
ranges of ET levels in both AF and control groups,
and inclusion of patients with co-morbidities e.g.
diabetes, coronary heart disease, hypertension,
obesity.
Predictors most frequently referred to as useful in the prognosis of CV outcome for patients with
AF are: patients’ age, duration of arrhythmia, arterial hypertension or valvular heart disease [25–27].
The only echocardiographical parameter with
a clearly defined negative prognostic value is the
significant enlargement of the left atrium, exceeding 60 mm [28, 29]. In patients with congestive
heart failure, ET-1 concentration was a better predictor of general mortality than natriuretic peptides
[30]. The increased production and release of ET-1
through the damaged endothelium my lead to the
intensification of fibrosis processes and unfavorable
outcomes of AF direct-current CV. Therefore, it
may be assumed that AF recurrence after the recovery of sinus rhythm would be more frequent in
patients with high initial ET-1 plasma concentrations. However, in the examined group of patients
with persistent AF with normal LV systolic function, there was no association between the basal
ET-1 plasma concentration and the maintenance of
sinus rhythm in a period of 30 days after CV. This
is the first study assessing ET-1 in AF with normal
LV systolic function and has come up with controversial results. The issue needs further study.

kins) with probable relation to ET levels were examined. Furthermore, the present study has the inherent limitation of its relatively small number of
patients. However, to our knowledge, the present
study is the first to assess ET-1 in AF with normal
LV systolic function after CV (not only baseline concentration) as predicting rhythm stability after CV.
Therefore the present study offers valuable new
insights. We examined patients referred by their
primary care physician to CV. The study does not
take into account the patients (asymptomatic, undetected or without consent to CV) who were not
referred. It would be important to replicate our findings in a larger cohort in order to confirm the data
presented.

Conclusions
1.

2.

3.

Persistent AF in patients with normal LV systolic function and with no symptoms of heart
failure does not lead to an increase in ET-1 plasma concentrations compared to patients with
sinus rhythm.
The recovery of sinus rhythm following electrical CV in patients with persistent AF does
not lead to a significant increase in ET-1 plasma concentration.
Plasma ET-1 concentration is not a predictor
of the maintenance of sinus rhythm in a period
of 30 days after successful CV.

Acknowledgements
The authors do not report any conflict of interest regarding this work.
This study was supported by the Polish Committee for Scientific Research, grant KBN 2 P05B
034 26.

References
1. Byrne M, Kaye DM, Power J. The synergism between atrial
fibrillation and heart failure. J Card Fail, 2008; 14: 320–326.
2. Khand AU, Rankin AC, Kaye GC, Cleland JG. Systematic review
of the management of atrial fibrillation in patients with heart
failure. Eur Heart J, 2000; 21: 614–632.
3. Fuster V, Rydén LE, Cannom DS et al. Task Force on Practice
Guidelines, American College of Cardiology/American Heart

Limitations of the study
Our cohort represents a non-homogenous
group of patients, clinically stable but with histories of hypertension, coronary artery disease or
diabetes, and with diverse duration times of AF
(seven days to 19 months). No other markers of
possible systemic inflammation (CRP-hs, interleu-

Association; Committee for Practice Guidelines, European
Society of Cardiology; European Heart Rhythm Association;
Heart Rhythm Society. ACC/AHA/ESC 2006 guidelines for the
management of patients with atrial fibrillation-executive summary: A report of the American College of Cardiology/American
Heart Association Task Force on practice guidelines and the
European Society of Cardiology Committee for Practice Guide-

www.cardiologyjournal.org

475

Cardiology Journal 2010, Vol. 17, No. 5

lines (Writing Committee to Revise the 2001 Guidelines for the

17. Rossi GP, Sacchetto A, Cesari M, Pessina AC. Interactions be-

Management of Patients with Atrial Fibrillation). Eur Heart J,

tween endothelin-1 and the renin-angiotensin-aldosterone sys-

2006; 27: 1979–2030.

tem. Cardiovasc Res, 1999; 43: 300–307.

4. Furchgott RF, Zawadzki JV. The obligatory role of endothelial

18. Rossi GP, Cavallin M, Nussdorfer GG, Pessina AC. The endo-

cells in the relaxation of arterial smooth muscle by acetylcho-

thelin-aldosterone axis and cardiovascular diseases. J Cardio-

line. Nature, 1980; 288: 373–376.

vasc Pharmacol, 2001; 38 (suppl. 2): S49–S52.

5. Masson S, Latini R, Anand IS et al.; Val-HeFT Investigators.

19. Mangiafico RA, Malatino LS, Spada RS et al. Treadmill exercise-

Val-HeFT investigators. The prognostic value of big endothelin-1

-induced release of endothelin-1 in patients with peripheral arte-

in more than 2,300 patients with heart failure enrolled in the

rial occlusive disease at Fontaine stage IIb. Int Angiol, 2000; 19:

Valsartan Heart Failure Trial (Val-HeFT). J Card Fail, 2006; 12:
375–380.

14–17.
20. Letizia C, Cerci S, De Toma G et al. High plasma endothelin-1

6. Luscher TF, Enseleit F, Pacher R et al. Heart Failure ET(A)
Receptor Blockade Trial. Hemodynamic and neurohumoral ef-

levels in hypertensive patients with low-renin essential hypertension. J Hum Hypertens, 1997; 11: 447–451.

fects of selective endothelin A [ET(A)] receptor blockade in

21. Dézsi CA, Szûcs A, Szûcs G et al. Short-term effect of rate

chronic heart failure: The Heart Failure ET(A) Receptor Block-

control on plasma endothelin levels of patients with tachy-

ade Trial (HEAT). Circulation, 2002; 106: 2666–2672.

arrhythmias. Exp Biol Med, 2006; 231: 852–856.

7. Tuinenburg AE, Van Veldhuisen DJ, Boomsma F, Van Den Berg MP,

22. Marín F, Roldán V, Climent VE et al. Plasma von Willebrand

De Kam PJ, Crijns HJ. Comparison of plasma neurohormones in

factor, soluble thrombomodulin, and fibrin D-dimer concentra-

congestive heart failure patients with atrial fibrillation versus

tions in acute onset non-rheumatic atrial fibrillation. Heart, 2004;

patients with sinus rhythm. Am J Cardiol, 1998; 81: 1207–
–1210.

90: 1162–1166.
23. Vojácek J, Kolár J, Lisý O et al. Time course of endothelin-1

8. Masson S, Gorini M, Salio M, Lucci D, Latini R, Maggioni AP.
Clinical correlates of elevated plasma natriuretic peptides and

plasma level in patients with acute coronary syndromes. Cardiology, 1999; 91: 114–118.

Big endothelin-1 in a population of ambulatory patients with

24. Zuk-Popiołek I, Flak Z, Francuz T, Tendera M. Plasma endothe-

heart failure. A substudy of the Italian Network on Congestive

lin-1 in patients with stable or unstable angina. Kardiol Pol, 2003;

Heart Failure (IN-CHF) registry. IN-CHF Investigators. Ital
Heart J, 2000; 1: 282–288.

58: 429–437.
25. Dittrich HC, Erickson JS, Schneiderman T, Blacky AR, Savides T,

9. Takahashi N, Ishibashi Y, Shimada T et al. Atrial fibrillation

Nicod PH. Echocardiographic and clinical predictors for outcome

impairs endothelial function of forearm vessels in humans.

of elective cardioversion of atrial fibrillation. Am J Cardiol, 1989;

J Card Fail, 2001; 7: 45–54.

63: 193–197.

10. Roldán V, Marín F, Blann AD et al. Interleukin-6, endothelial

26. Brodsky MA, Allen BJ, Capparelli EV, Luckett CR, Morton R,

activation and thrombogenesis in chronic atrial fibrillation. Eur

Henry WL. Factors determining maintenance of sinus rhythm

Heart J, 2003; 24: 1373–1380.

after chronic atrial fibrillation with left atrial dilatation. Am J

11. Saetrum Opgaard O, Adner M, Peters TH et al. Endocardial
expression and functional characterization of endothelin-1. Mol
Cell Biochem, 2001; 224: 151–158.

Cardiol, 1989; 63: 1065–1068.
27. Van Gelder IC, Crijns HJ, Van Gilst WH, Verwer R, Lie KI.
Prediction of uneventful cardioversion and maintenance of sinus

12. Brundel BJ, Van Gelder IC, Tuinenburg AE et al. Endothelin
system in human persistent and paroxysmal atrial fibrillation.
J Cardiovasc Electrophysiol, 2001; 12: 737–742.

rhythm from direct-current electrical cardioversion of chronic
atrial fibrillation and flutter. Am J Cardiol, 1991; 68: 41–46.
28. De Piccoli B, Rigo F, Ragazzo M, Zuin G, Martino A, Raviele A.

13. Goette A, Arndt M, Röcken C et al. Regulation of angiotensin II

Transthoracic and transesophageal echocardiographic indices

receptor subtypes during atrial fibrillation in humans. Circula-

predictive of sinus rhythm maintenance after cardioversion of

tion, 2000; 101: 2678–2681.

atrial fibrillation: An echocardiographic study during direct cur-

14. Potaczek DP, Sanak M. Endothelin-biosynthesis, function and
role in cardiovascular diseases. Pol Arch Med Wewn, 2002; 108:
703–714.

rent shock. Echocardiography, 2001; 18: 545–552.
29. Okçün B, Yigit Z, Küçükoglu MS et al. Predictors for maintenance of sinus rhythm after cardioversion in patients with non-

15. Lauer MR, Gunn MD, Clusin WT. Endothelin activates voltage-dependent Ca2+ current by a G protein-dependent mechanism
in rabbit cardiac myocytes. J Physiol, 1992; 448: 729–747.

-valvular atrial fibrillation. Echocardiography, 2002; 19: 351–
–357.
30. Van Beneden R, Gurné O, Selvais PL, et al. Superiority of big

16. Matsumoto Y, Aihara H, Yamauchi-Kohno R et al. Long-term

endothelin-1 and endothelin-1 over natriuretic peptides in pre-

endothelin A receptor blockade inhibits electrical remodeling in

dicting survival in severe congestive heart failure: A 7-year fol-

cardiomyopathic hamsters. Circulation, 2002; 106: 613–619.

low-up study. J Card Fail, 2004; 10: 490–495.

476

www.cardiologyjournal.org

