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Cardiac troponin; ated with the recurrence of atrial fibrillation (AF) in patients with paroxysmal AF (PAF). We
Combined use; investigated the clinical usefulness of combining PWD and cardiac troponin | to predict AF
Atrial fibrillation recurrence in patients presenting to the emergency department with PAF.
Methods: This study included 65 patients with PAF who were divided into three groups according
to baseline troponin I and PWD values (group 1, troponin 1<0.11 ng/dl and PWD<44.5 ms; group Il,
troponin 1<0.11 ng/dl and PWD>44.5 ms, or troponin I>0.11 ng/dl and PWD<44.5 ms; group lll,
troponin 1>0.11 ng/dl and PWD>44.5 ms).
Results: The AF recurrence rate was significantly higher in group Il than in groups | and Il.
Multivariate analysis revealed that the troponin | and PWD values in group Ill (odds ratio: 7.236,
95% confidence interval: 1.879-27.861, p=0.004) were independent predictors of AF recurrence.
Conclusions: The combined use of PWD and basal troponin | levels is a better predictor of AF
recurrence than either value alone.
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Valor clinico da utilizacdo combinada da dispersdo da onda P e dos valores
de troponina para prever a recorréncia de fibrilhacdo auricular em doentes
com fibrilhagéo auricular paroxistica

Resumo

Objetivos: A dispersdo da onda P (DOP) e os niveis séricos de troponina cardiaca estdo indepen-
dentemente associados a recidiva de fibrilhacao auricular (FA) em doentes com FA paroxistica
(FAP). Estudamos a utilidade clinica da combinacao entre a DOP e a troponina cardiaca | para
prever a recidiva de FA em doentes que se apresentaram no servigco de urgéncia com FAP.
Métodos: Este estudo incluiu 65 doentes com FAP, divididos em trés grupos de acordo com a
troponina | basal e com os valores da DOP (grupo 1, <0,11 ng/dL e DOP<44,5 ms; grupo Il,
troponina 1<0,11 ng/dL e DOP>44,5 ms, ou troponina |>0,11 ng/dL e DOP<44,5 ms; grupo lll,
troponina 1>0,11ng/dL e DOP>44,5 ms).

Resultados: A recorréncia de FA foi significativamente mais elevada no grupo lll do que nos
grupos | e Il. A analise multivariada revelou que a troponina | e os valores da DOP no grupo lil
(odds ratio: 7,236, intervalo de confianca 95%: 1,879-27,861, p=0,004) foram preditores inde-
pendentes da recidiva de FA.

Conclusées: A utilizacdo combinada da DOP e dos niveis de troponina | basal constitui um melhor
preditor de recidiva de FA do que os dois valores isolados.

© 2021 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier Espana, S.L.U. Este € um
artigo Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Atrial fibrillation (AF) is the most common type of arrhyth-
mia. It affects millions of people worldwide, and its
prevalence increases with age." AF is associated with stroke
and other thromboembolic events, low exercise capacity,
impaired quality of life, heart failure, left ventricular dys-
function, and increased mortality.? In addition to aging,
various clinical conditions are associated with AF, including
hypertension, diabetes, coronary artery disease, valvu-
lar heart disease, cardiomyopathies, symptomatic heart
failure, atrial septal and other congenital heart defects,
obesity, thyroid dysfunction, chronic obstructive pulmonary
disease, sleep apnea, and chronic kidney disease. Screening
for predictors of AF in at-risk groups plays a key role in
preventing the condition.?

Previous studies have established the clinical value of
left atrial size and premature atrial contraction, based on
Holter recordings and echocardiography, as predictors of
AF.>“ Additionally, maximum P-wave duration (Pmax) and P-
wave dispersion (PWD) have been used to assess the risk of
AF.>-8 PWD is defined as the difference between P, and
minimum P-wave duration (Pni,) recorded by 12-lead sur-
face electrocardiography (ECG).® Measurement of PWD is
an easy-to-use, low-cost method that reflects atrial muscle
activation, left atrial size, and changes in electrical conduc-
tion in the atrium.’

Cardiac troponin | is a specific and sensitive marker of
cardiac muscle damage. Recent studies have shown that
elevated levels of high-sensitivity cardiac troponin T (hs-
TnT) are associated with poor cardiovascular outcomes in
patients with AF.°-'"" Furthermore, a recent study found
that elevated hs-TnT was associated with AF recurrence in
patients with AF independently of traditional risk factors
and left atrial size."

Although PWD and cardiac troponin have been reported
to independently predict AF recurrence, to our knowledge
no study has assessed the usefulness of combined PWD
and cardiac troponin | values for predicting recurrent AF
in patients with paroxysmal AF (PAF). We therefore inves-
tigated the clinical value of the combined use of PWD
and cardiac troponin | values for predicting AF recurrence
in patients presenting to the emergency department with
PAF.

Methods

This cross-sectional case-control study included 110 patients
who presented to the emergency department with palpita-
tions within the preceding 48 hours between April 2017 and
December 2018. Patients presenting with sinus tachycar-
dia (n=10), supraventricular tachycardia (n=7), ventricular
tachycardia (n=3), ventricular extrasystoles (n=8), multifo-
cal atrial tachycardia (n=5), coronary artery disease (n=5),
and other conditions (n=7) were excluded; thus, 65 patients
with PAF were finally included. The study was approved by
the local ethics committee, and all participants provided
informed consent. All patients underwent routine 12-lead
ECG and blood tests on admission to the emergency depart-
ment. Patients with no history of chronic AF were diagnosed
with PAF based on ECG findings. All patients were exam-
ined by a cardiologist in the emergency department and
appropriate medical interventions and follow-up procedures
were performed. Normal sinus rhythm was restored in all
patients through medical management without the need for
electrical therapy.

Cardiac troponin | concentrations and routine blood
parameters were measured in blood samples collected at
admission. PWD, defined as the difference between the
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Table 1 Selected descriptive and clinical features in recurrent and non-recurrent atrial fibrillation groups.
Recurrent AF group (n=21) Non-recurrent AF group (n=44) p

Age, years 47.1+5.0 46.1+5.8 0.568
Male gender, % 12 (57.1) 26 (59.1) 0.882
BMI, kg/m? 28.1+5.0 26.4+4.4 0.163
SBP, mmHg 127.1+10.1 122.3+12.9 0.182
DBP, mmHg 77.1£9.0 76.8+7.2 0.690
Heart rate, bpm 64.5+7.6 64.0+8.3 0.657
Ejection fraction, % 56.2+3.4 57.9+3.8 0.511
Left atrium, mm 33.442.5 32.843.3 0.849
Medical therapy

Beta-blocker, n (%) 4 (19) 21 (48) 0.056

Calcium channel blocker, n (%) 4 (19) 16 (36)

Propafenone, n (%) 13 (62) 7 (16)

AF: atrial fibrillation; BMI: body mass index; DBP: diastolic blood pressure; SBP: systolic blood pressure.

longest and shortest P-waves on 12-lead ECG, was recorded.
Two independent clinicians measured PWD, and the inter-
and intraobserver agreement rates were 98.5% and 99%,
respectively. All patients were closely monitored for six
months for recurrent AF. Patients with recurrent arrhyth-
mias were re-examined in the emergency department and
underwent 12-lead surface ECG to assess cardiac rhythm.
Blood samples were taken to measure troponin | levels. The
presence of AF on ECG was taken to indicate recurrent PAF.

Patients were divided into three groups according to
baseline troponin | and PWD values (group 1, troponin 1 0.11
ng/dl and PWD 44.5 ms; group Il, troponin | 0.11 ng/dl and
PWD>44.5 ms, or troponin 1>0.11 ng/dl and PWD 44.5 ms;
group lll, troponin 1>0.11 ng/dl and PWD>44.5 ms).

Electrocardiographic analysis

After a rest period of 20 min in the supine position, 12-lead
ECG was performed at a speed of 50 mm/s and voltage of 20
mV/mm in all patients. P-wave duration was manually calcu-
lated simultaneously. Three QRS complexes were recorded
for each lead. P-wave onset was defined as the time of
the first visible upward/downward deviation from baseline
for positive/negative waves, and offset was defined as the
return of the waveform to baseline. P, measured in any
of the 12 leads of the surface electrocardiogram, was taken
as the longest atrial conduction time. PWD was defined as
the difference between P, and Pyin (PWD=Pax=Pnin)-

Statistical analysis

All statistical analyses were performed using IBM SPSS for
Windows version 22.0 (IBM SPSS Inc., Chicago, IL, USA).
Continuous variables are expressed as means + standard
deviation or medians (25-75% interquartile range) and
categorical variables are expressed as percentages. The
Shapiro-Wilk test was used to assess the normality of the
data. Between-group comparisons of continuous variables
were performed using the Student’s t test for parametric
variables and the Mann-Whitney U test for nonparametric
variables. The chi-square test was used to compare categor-
ical variables. Receiver operating characteristic (ROC) curve

analysis was performed to determine the optimal cut-off val-
ues for PWD and baseline troponin I. Multivariate logistic
regression analysis was performed to identify independent
predictors of recurrent PAF. A p-value <0.05 was considered
to indicate statistical significance.

Results

The study included 65 patients with PAF. Patients were clas-
sified as having recurrent or non-recurrent AF. AF recurred
in 21 (32.3%) patients within six months. Selected descrip-
tive and clinical characteristics of the groups are shown in
Table 1 according to AF recurrence status. Clinical char-
acteristics and laboratory findings were not significantly
different between the recurrent and non-recurrent AF
groups (Table 2).

P-wave dispersion and baseline troponin | values are
shown in Table 3. PWD (p=0.001) and baseline troponin |
levels (p=0.004) were significantly higher in patients with
AF recurrence than in those without recurrence. Further-
more, the percentage of troponin I-positive patients in the
recurrent AF group was significantly higher than in the non-
recurrent group.

Receiver operating characteristic curve analysis curve
analysis was performed to determine the optimal troponin
| and PWD cut-off values for predicting AF recurrence.
Troponin 1>0.11 ng/ml predicted AF recurrence with a speci-
ficity of 61.9% and sensitivity of 72.7% (Figure 1). PWD>44.5
ms predicted AF recurrence with a specificity of 79.5% and
sensitivity of 71.4% (Figure 2).

In total, 22 (%) patients were included in group Il (tro-
ponin 1>0.11 ng/ml and PWD>44.5 ms, 13 (20%) were
included in group Il (troponin 1>0.11 ng/ml or PWD>44.5
ms), and 30 (46.2%) were included in group | (troponin 1 0.11
ng/ml and PWD 44.5 ms). The rate of AF recurrence was sig-
nificantly higher in group Ill than in group | (59.1% vs. 16.7%,
p=0.001) and group Il (59.1% vs. 23.1%, p=0.039) (Figure 3).

Multivariate logistic regression analysis revealed that the
troponin | and PWD values in group Il (odds ratio [OR]:
1.025, 95% confidence interval (Cl): 0.189-5.553, p=0.977)
and group Il (OR:7.236, 95% Cl: 1.879-27.861, p=0.004) were
independent predictors of AF recurrence (Table 4).
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Table 2 Baseline laboratory characteristics in recurrent and non-recurrent atrial fibrillation groups.

Blood glucose, mg/dl 91.9+5.5
TC, mg/dl 168.8+70.9
LDL, mg/dl 113.1+£41.5
HDL, mg/dl 47.1+18.8
Urea, mg/dl 39.7+19.0
Creatinine, mg/dl 1.02+0.32
ESR, nm/h 18.0+12.9
CRP, mg/l 5.44+5.6
Na, mmol/l 136.3+2.9
K, mmol/l 4.0+0.7
Hemoglobin, g/dl 13.8+1.7
WBC, 103/mm3 11.5+3.2
Platelets, 103/mm? 246.0+63.2

89.3+6.5 0.113
181.1£49.5 0.421
125.7+£41.2 0.254
44.8+15.3 0.752
34.3£13.3 0.523
0.88+0.22 0.163
21.24+17.8 0.822
4.9+7.6 0.066
137.6+3.1 0.148
4.1+0.5 0.436
14.0+£1.8 0.630
11.4+£3.4 0.828
243.6+67 0.817

CRP: C-reactive protein; ESR: erythrocyte sedimentation rate, HDL: high-density lipoprotein, LDL: low-density lipoprotein; TC: total

cholesterol; WBC; white blood count.

Table 3 Distribution of P-wave dispersion and troponin | values between recurrent and non-recurrent atrial fibrillation groups.
Recurrent AF group (n=21) Non-recurrent AF group (n=44) p
PWD, ms 51.9+£14.2 35.8+9.0 (16-50) <0.001
Troponin I, ng/ml 0.16+0.16 0.07+0.11 0.009
Troponin category?®
Positive, % 14 (66.7) 17 (38.6) 0.034
Negative, % 7 (33.3) 27 (61.4)

AF: atrial fibrillation; PWD: P-wave dispersion.
@ Normal value for troponin I: <0.06 ng/ml.
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Figure 1  Receiver operating characteristic curve of troponin

level and atrial fibrillation recurrence. AUC: area under the
curve.

Discussion

We investigated the clinical value of the combined use of
troponin | levels and PWD for predicting AF recurrence in
patients with PAF. We found that the combined use of tro-
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Figure 2  Receiver operating characteristic curve of P-wave

dispersion and atrial fibrillation recurrence. AUC: area under
the curve.

ponin | and PWD was superior for predicting AF recurrence
than either measure alone. To our knowledge, our study is
the first to demonstrate the clinical importance of the com-
bined use of troponin | and PWD for predicting AF recurrence
in patients with PAF.

682



Revista Portuguesa de Cardiologia 40 (2021) 679-684

%
100

90 ———————— p=0.001

80
70
60 p=0.620
50
40
30

20
10 16.7

Group I

Figure 3

Group II

Group III

Comparison of atrial fibrillation recurrence rates in the three groups.

Table 4 Multivariate logistic regression analysis showing independent predictors of recurrence of atrial fibrillation.

Variable OR (95% Cl) p
Blood glucose 1.106 (0.990-1.235) 0.076
Group I? - -
Group Il 1.025 (0.189-5.553) 0.977
Group llI 7.236 (1.879-27.861) 0.004

Entered variables: age; C-reactive protein; white blood count; erythrocyte sedimentation rate; glucose; platelets; gender; groups.

Cl: confidence interval; OR: odds ratio.
a Reference group.

Because AF is associated with thromboembolic events
and various cardiac and systemic conditions that affect
quality of life, treatment and prevention of complications
are essential. Thus, predicting the recurrence of AF in
patients with PAF is important. Several parameters that
can be obtained non-invasively have been used to predict
AF, including left atrial size, Holter recordings, and prema-
ture atrial contractions,®>™ as well as ECG and laboratory
parameters.

Prolonged intra- and interatrial conduction times and
non-homogeneous propagation of sinus impulses are charac-
teristic of PAF. An increase in PWD indicates heterogeneous
intra- and interatrial conduction.’ Previous studies have
shown that PWD is significantly greater in patients with
PAF than in controls, and that PWD>40 ms can differ-
entiate patients with PAF with 83% sensitivity and 85%
specificity.”*3-1® Moreover, atrial diameter has a signifi-
cant effect on P-wave duration and PWD, while reverse
atrial electrical remodeling has been shown to reduce
both parameters.'*'” Our finding that PWD was significantly
greater in the recurrent AF than in the non-recurrent AF
group is consistent with previous studies. Taken together,
our findings suggest that PWD is an independent predictor
of AF recurrence.

Cardiac troponin | is a sensitive and specific marker of
cardiac muscle damage. Several studies have shown that
increased serum cardiac troponin T levels are associated
with poor cardiovascular outcomes and AF recurrence in
patients with AF.'%-'2'® Qur finding that troponin | levels

were markedly higher in patients with than without AF recur-
rence is consistent with previous findings. Furthermore, we
classified troponin | values as positive or negative based
on our laboratory reference range and found that troponin
| positivity was markedly higher in the recurrent AF than
in the non-recurrent AF group. These findings suggest that
elevated cardiac troponin | levels and positivity are inde-
pendent predictors of AF recurrence.

Previous studies found that the combination of two
parameters has higher predictive value that either param-
eter alone.”2' Although PWD and troponin | levels are
independently associated with increased risk of AF recur-
rence, the clinical importance of the combined use of these
values to predict AF recurrence in patients with PAF has not
been investigated. We found that the rate of AF recurrence
was significantly higher in patients in group Il than in those
in groups | and Il. Moreover, multivariate regression analysis
revealed that the patients in group Ill had a roughly 2.5-fold
higher rate of AF recurrence than those in group Il, and that
the OR of group Il (7.236) was higher than that of group Il
(1.025). Our findings suggest that the combined use of PWD
and baseline troponin | values has higher predictive value
than PWD or troponin alone.

Limitations

Our study had some limitations. First, the sample size was
small. Second, we measured only baseline troponin | values
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and did not perform serial troponin | measurements. Third,
only patients with PAF were included in the study. Compari-
son of PAF and persistent AF patients with healthy individuals
could have provided greater insight. Further prospective
studies with larger samples are needed to better understand
the clinical value of the combined use of PWD and troponin
I levels.

Conclusion

PWD is a simple and easily measured ECG marker, and tro-
ponin | can be obtained quickly and inexpensively during
routine laboratory analysis. In this study, we show for the
first time that the combined use of PWD and basal troponin
| levels is a better predictor of AF recurrence than either
value alone.

Conflicts of interest

The authors have no conflicts of interest to declare.

References

1. Camm AJ, Kirchhof P, Lip GY, et al. ESC Committee for
Practice Guidelines. Guidelines for the management of atrial
fibrillation: the Task Force for the Management of Atrial Fibril-
lation of the European Society of Cardiology (ESC). Europace.
2010;12:1360-420.

2. Yildiz BS, Sahin A, Yildiz M. P wave dispersion detected from
the surface electrocardiography and atrial fibrillation. Kosuyolu
Heart J. 2014;17:128-30.

3. Cui Q, Zhang W, Wang H, et al. Left and right atrial size and
the occurrence predictors in patients with paroxysmal atrial
fibrillation. Int J Cardiol. 2008;130:69-71.

4. Varounis C, Dagres N, Maounis T, et al. Atrial premature com-
plexes and heart rate have prognostic significance in 1-month
atrial fibrillation recurrence after electrical cardioversion.
Europace. 2007;9:633-7.

5. Brasier N, Engelter S, Kolbitsch, et al. The quest for indicators
of paroxysmal atrial fibrillation in sinus rhythm - the DETECT
AF trial. Acta Cardiol. 2018:1-7.

6. Perez MV, Dewey FE, Marcus R, et al. Electrocardiographic pre-
dictors of atrial fibrillation. Am Heart J. 2009;158:622-8.

7. Dilaveris PE, Gialafos EJ, Sideris SK, et al. Simple electrocar-
diographic markers for the prediction of paroxysmal idiopathic
atrial fibrillation. Am Heart J. 1998;135:733-8.

8. Perzanowski C, Ho AT, Jacobson AK. Increased P-wave disper-
sion predicts recurrent atrial fibrillation after cardioversion. J
Electrocardiol. 2005;38:43-6.

9. Dilaveris PE, Gialafos EJ, Andrikopoulos GK, et al. Clinical and
electrocardiographic predictors of recurrent atrial fibrillation.
Pacing Clin Electrophysiol. 2000;23:352-8.

10. Van den Bos EJ, Constantinescu AA, Van Domburg RT, et al.
Minor elevations in troponin | are associated with mortality and
adverse cardiac events in patients with atrial fibrillation. Eur
Heart J. 2011;32:611-7.

11. Folsom AR, Nambi V, Bell EJ, et al. Troponin T, N-
terminal pro-B-type natriuretic peptide, and incidence of
stroke: the atherosclerosis risk in communities study. Stroke.
2013;44:961-7.

12. Hijazi Z, Siegbahn A, Andersson U, et al. High-sensitivity tro-
ponin | for risk assessment in patients with atrial fibrillation:
insights from the apixaban for reduction in stroke and other
thromboembolic events in atrial fibrillation (ARISTOTLE) trial.
Circulation. 2014;129:625-34.

13. Tukek T, Akkaya V, Atilgan D, et al. Effect of left atrial
size and function on P-wave dispersion: a study in patients
with paroxysmal atrial fibrillation. Clin Cardiol. 2001;24:
676-80.

14. Andrikopoulos GK, Dilaveris PE, Richter DJ, et al. Increased vari-
ance of P-wave duration on the electrocardiogram distinguishes
patients with idiopathic paroxysmal atrial fibrillation. Pacing
Clin Electrophysiol. 2000;23:1127-32.

15. Nakatani Y, Sakamoto T, Mizumaki K, et al. Coefficient of varia-
tion of P-wave duration is a novel atrial heterogeneity index to
predict recurrence of atrial fibrillation after catheter ablation.
J Cardiovasc Electrophysiol. 2016;27:542-8.

16. Dursun H, Tanriverdi Z, Colluoglu T, et al. Effect of transcatheter
aortic valve replacement on P-wave duration, P-wave dispersion
and left atrial size. J Geriatr Cardiol. 2015;12:613-7.

17. Ogita M, Miyauchi K, Tsuboi S, et al. Impact of combined C-
reactive protein and high-density lipoprotein cholesterol levels
on long-term outcomes in patients with coronary artery disease
after a first percutaneous coronary intervention. Am J Cardiol.
2015;116:999-1002.

18. Nakanishi K, Fukuda S, Yamashita H, et al. High-sensitive car-
diac troponin T as a novel predictor for recurrence of atrial
fibrillation after radiofrequency catheter ablation. Europace.
2017;19:1951-7.

19. Tanriverdi Z, Colluoglu T, Unal B, et al. The prognostic value
of the combined use of QRS distortion and fragmented QRS
in patients with acute STEMI undergoing primary percutaneous
coronary intervention. J Electrocardiol. 2018;51:210-7.

20. Tanriverdi Z, Colluoglu T, Dursun H, et al. The Relationship
between neutrophil-to-lymphocyte ratio and fragmented QRS in
acute STEMI patients treated with primary PCI. J Electrocardiol.
2017:876-83.

21. Ramos PS, Araujo CG. Cardiorespiratory optimal point during
exercise testing as a predictor of all-cause mortality. Rev Port
Cardiol. 2017;36:261-9.

684



	Clinical value of the combined use of P-wavedispersion and troponin values to predict atrialfibrillation recurrence in patients with paroxysmalatrial fibrillation

